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In 1964, the first collection of the "pioneers of rocket techno1ogy, 
was published, it included selective works of N.I. Kibal'ic, K.E. Ciolkàvskij, 
F.A. Cander and Ju. V. Kondratjuk. The present book is considered as the 
second collection in which the works of the most outstanding Soviet scientists 
and specialists in the field of rocket technology as V.P. Vet6inkin, V.P. 
Gluko, S.P. Korolev and M.K. Tihonravov are represented. These works were 
carried out within the period 1929-1945. During these years, the fundamentals 
of the native rocket construction and the prepared cadres were mainly laid, 
which provided the rapid development of rocket—space technology in the post-
war period. 

The prez;ent collection presents the valuable ideas given by the Soviet 
scientists for the developçent of the theories of propulsion the practice of 
space flights, and the construction of rocket engines. 

Compiling Editor 
S.A. Soko3va 

Responsible Editor 
T.M. Mel'kumov. 

\
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Editor's Foreword 

In 1964, the first book of the series "Pioneers of socket echnolor", 
which contained selective works of N.I. Kibal 
and )u. V. Kondratiuk was published. Assuming the reader's attenionL selective 
works of V.P. Vet	 V/VV 

published in the second book of the series. These works were written within 
the period beginning by the end of 1920 to 1945. So far, only some of the works 
of the pioneers of rocket technology are included in this collection. The works 
of many Soviet scientists, engineers and designers will be published in the 
future.

Following the course of the first book, the articles in the present 
publication are not arranged in sequence of their contributing importance to 
science and technology, but in a chronological order. 

Vladimir Petrovic Vet": .......(1880-1950). He is one of the most out-
standing scientists in the field of aerodynamics, the theory of propellers 
and the dynamics of flight. He is the first research worker to establish a 
method for the calculation of the aircraft's stability, and founder of the new 
field "The Dynamics of light". The first issue of his book (bearing the same 
title) appeared in 1927 and the second reprint in 1938. 

In 1916, V.P.	 , the student and the closest assistant of 
Professor N.E.	 took the initiative, which was supported by N.E. 

and laid the foundation of the aviational computing-testing. bureau 
at MVTI (The Moscow technical military institute). In 1918, through the active 
participation of V.P.	 .	 , the Central Institute of Aero-hydro-dynamics 
(A.G.I.) was organized. Being the deputy chief of this institute, he headed 
the general theoretical department. Since 1921,	 studied the develop-
ment of jet flight and interplanetary travel. Shortly afterwards, he partici-
pated in the organization and works of the Society of Interplanetary Communi-
cation Studies. The rough copies of V.P. 	 .	 . on "The possibility of 
flying the moon by rockets", written within the period 1921-1925, are kept in 
the archives of the scientific-memorial museum of N.E. V: 

The documents. in the N.E.	 museum indicate that in 1922 V.P. 
-	 gave a lecture entitled "The Travel to Other Planets". The placards 

of the lecture, the announcements on this subject, the programmes and catalogues 
of the slides, are kept in the museum's archives. These reports and lectures 
of V.P.	 3Li (within the period 1921-1925) included not only the popular 
works of K.E. ' 	 , H. Goddard and other scientists, but also the results 
of -	 V	 -_ personal investigations and calculations. The photographs of 
the 1924 placards are cited in the appendix where the contents of the two 
lectures given by V.P. . 	 .. on "Interplanetary Travel" are shown. These 
lectures were given on the 31st of October and the 2nd of November in the 
Polytechnical museum. The photocopies of some slides of these lectures, pre-
pared autographically by the author, are also shown. . 	
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V.P. Vetinkin was interested in many problems. On the basis of V.G. 
Fesenkov's (presently Academician) observations, carried out within the period 
1915-1916, on a long sunset, he calculated the atmospheric temperature and 
density up to 300 km, and its coinpsition up to 120 kin. His calculations co-
incided well with the observations existing at those times. 

Following the year 1925, V.P. Vetinkin did not paicipate in any 
popular lectures and reports. As shown in his biography, 	 within the period 
1925-1927, he worked on "The flight dynamics of winged rockets and jet air-
crafts" which is published at the present time and has an international sig-
nificance. The published works in this collection give the reader a clear 
idea of the serious contribution of V.P. Vet6inkin to the flight dynamics of 
rockets and jet airorafts, long before their appearance. 

In 1923, V.P. Vetinkin published "The descent and gliding in a medium 
of variable density" in the collection of CAGI (The Central Institute of Aero-
Hydro-Dynamics). This article is related to the landing of an aircraft. The 
theoretical studies of Vetinkin on "The vertical motion of rockets" and 
"Several problems on the dynamics of a jet aircraft" were published in the 
collection "Reaktivnoe dvizenie" (Propulsive motion), No.1, 1935; "The flight 
of a winged rocket at supersonic speeds" written in 1934 was published in the 
collection "Raketnaja tehnika" (Rocket technology-), NO-4, 1937 . All these 
studies are included in the present collection. 

In the first investigation of the above-mentioned studies, the mathema-
tical analysis of the missile motion during its vertical rise by inertia under 
constant and variable weights, is given. The fuel consumption during the rise 
is also approximately determined. In the second investigation, the problems 
associated with gliding from high altitudes to a medium of variable density 
are mathematically solved; the effect of centrifugal forces is considered; the 
optimum flight velocity for jet engines is computed; the acceleration and rise 
of a jet aircraft to high altitudes with the estimation of the fuel consumption 
at the optimum flight velocities, and other problems, are also investigated. 
The third investigation is concerned with the theoretical determination of the 
forces acting on the wing during flight at supersonic speeds, computation of 
the curves of the required thrust for supersonic speeds, investigation of the 
acceleration and rise of a jet aircraft with a constant incidence angle. 
Several problems were almost completely solved after making the necessary 
assumptions. 

£1any of the problems solved by V.P. Vetcthkin, in the field of rocket 
and jet aircraft dynamics, undoubtedly show that his knowledge extended deeply 
in the theoretical principles of this new field of science and techno1o, 
which were still practically unsolved. His rough Copies "To the theory of 
rocket flight beyond the atmospheric limits" (1943) are preserved. 

il V.P. Vetinkin, "Atmosfera na bol'ih vysotah" (The atmosp1ere at high 
altitudes) "Russkij astronomi8eskij 2urnal", Vol.IV, issue 110.4, Moskva, 
p. 267-278. 

Kept in the archives of the Scientific-memorial museum of LE. 2.ukovskij..
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V.P. Vetcinkin, participated in the activities of the Rocket Scientific-
Research Institute (RNII) "Hakelzio Nauno Issled.ovatel ' skij Institute". He 
referred attentively and kindly to the investigations carried out by the other 
authors in the field of rocket technology and interplanetary travel. In 1925, 
V.P. Vetinkin greatly supported the study of Ju.V. Kondratjuk on "The conquest 
of interplanetary space". This work was forwarded and published under the 
editorial supervision of V.P. Vetcinkin in 1929 at Novosibirsk. In 1927, in 
his conclusive remarks in the Glavnauki's (Head of Science) department, V.P. 
Vetinkin distinguished quite positively the work of F.A. Oander "Flight to 
other planets" on which he was asked to make a comment. In 1932, he gave 
valuable remarks to the suggestion of M.K. Tihonravov "Inertial gas rockets". 
In the same year, he attended the test of the rocket engine (0Riv9), which was 
designed by V.P. Glusko, and gave constructive recommendations on its perfor-
mance. The book pub1ihed by V.P. Gluko on "Liquid fuels for jet engines" 
was highly appreciated by V.P. Vetinkin (below we shall come back to this 
book).

V.P. Vetinkin, maintained business relations with F.A. and.er up to 
his death. He also corresponded and exchanged research works with K.E. 

Ciolkovskij, forten years since they met. 
Many great scientists and designers were the students of V.P. Vetinkin. 
Valentin Petrovi6 Gluko (born in 1908). A prominent designer and a 

research scientist in the field of rocket engines. The idea of interplanetary 
travel drew his attention since his childhood. In a letter to K.. CLolkovskij, 
dated September the 26th 1923, V.. Gluko pointed out that he already digested 
the idea of interplanetary travel since more than two years. In a second 
letter, dated March the 10th 1924, he confirmed that interplanery travel"is 
my ideal and wish to devote my life to this important science". 

In 1924, the first article of V.P. Gluko entitled "Conquering the 
Moon's Surface on the 4th of July 1924" was published in the journal "Izvestia 
Odesokogo Gubkoma KP(b)U", in the volume of May the 18th. It was written in 
connection With press informations for the future preparations for sending 
automatic powered devices (rockets) of Goddard to the moon on the 4th of July 

1924 . In this article, the different ideas for flying to the moon weredis-
cussed. V.P. Gluko decisively confirmed that the idea of K.E. Ciolkovskij 
for flying by jet interplanetary devices, which was described in his article, 
appeared to be the only reliable one, followed by those of N. Esno-Pel' tn, 
R. Goddard and G. Obert. 

In a next article entitled "A station beyond the Earth", published in 
1926 in the journal of "Nauka i Tehnika" (Science and Technology), No-40, 
(185), V.P. G1uko convicingly substantiated the need for establishing orbital 
stations of earth satellites (sputnik) for astronomical and meteorological 
observations as well as optical and radio-communications with the earth. He 

Archiv "AN SSSR" (Archives of AN USSR), P.555, op.4 7 d.178, l.. 

Arhiv "AN SSSR" (Archives of AN USSR), F.555, op.4 2 d.178 1 1.9 ob. 1.
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pointed out that: "not only astronomy and meteorology are rich with the most 
valuable contributions and widest horizons of new investigations, but all the 
subjects of natural science are similarly important". In the years 1928-1929, 
V.P. Gluko developed a project for a space-ship using the solar energy as a 
source of power. 

In 1929, V.P. G1uko had the facilities in the GDL (Gas Dynamic Laboratory) 
in Leningrad for conducting experimental work on this project. Within the period 
19 29-1933 having the physical experiments of Anderson (1920) in his background, 
he carried out a series of investigations and calculations on the explosion of 
metals and liquids by electric energy. It was shown that the flow rate of the 
metal vapours during explosion (initiated by electric means) exceeded that of 
the products of chemical reaction, which is quite important for space engines. 
Simultaneously, V.P. Gluko, jointly with his assistants, developed and tested 
rocket engines using chemical liquid fuels, and carried out similar studies 
for finding out the most effective components of rocket fuels. 

The first tests were carried out in 1931. This year and the subsequent 
ones evidenced the fruitful works of V.P. Gluko for the development of liquid 
rocket engines. The following processes which are related to rocket engines 
were studied: establishing the nozzle dimensions, investigation of the thermo-
insulations, the development of special devices and methods for the measurement 
and design of rocket engines. Already in 1933, the 0Rii-50 engine developed a 
thrust of 150 kg at rest for a specific impulse of 210 kg sec/kg. In the same 
year, the OIth-52 engine successfully underwent the official tests; it developed 
a thrust of 270 kg through 30 sec at a chamber pressure of 25 atm. Similarly, 
the specific impulse of the 01U,1-52 engine exceeded 200 kg sec/kg. The maximum 
thrust of R. Goddard's 1931 engine amounted to 131.1 kg for a specific impulse 
of 158 kg sec/kg. In 1933, V.P. Gluko developed the technological specifica-
tions for a turbo-pump aggregate, which found later a wide application in 
rocket engines. 

In the period 1935-1936, V.P. Gluko developed a gas generator for 
driving fuel pumps. The generator was subjected to official tests in 1937 and 
performed for hours on nitric acid-kerosene fuel mixed with water, producing 
pure neutral high temperature gas under a pressure of 25 atm. tithin the same 
period, G. Val'ter (Germany) developed a steam gas generator producing hydrogen 
peroxide dissociation products. The first oxygen-gazoline fuel gas generator 
of H. Goddard was tested in 1939. 

In the period. 1934-1935, V.P. G1uko gave a course of lectures in the 
specialized department of "Voennàvozdunoj akademii imeni prof. X. E. lukovskogoll 
(The military-air academy, named after Prof. N.E. ukovskij). His bqok "Liquid 
fuels for jet engines" was published in 1936; it is a quite comprehensive and 
original work and was excluded from the present collection due to its large 
volume. However, due to its bibliographic scarcity it will be published 
separately. similarly, a series of other V.P. G1uko's works are excluded, 
and in particular, those enlightened in 1936, concerning the dissociation 
processes taking place in rocket engines.
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The problems of gas generators forturbo-pump aggregates received V.P. 
.usko's unfailing support, so was the investigation of ignition in the rocket 

engines, and many other problems, particularly those related to the construc-
tion, technolo' and reliability of rocket engines. From the articles, refe-
rences to author's testimonials and patents (up to 1945), included in the 
present collection, the reader could get an idea of the largeness and depth 
of the investigations and the constructive elaborations that had been accomp-
lished by V.P. Gluko, separately and independently, and in many cases ahead 
of those carried out by West scientists. 

V.P. Gluko occupies one of the most prominent positions in the glorious 
Pleiades of the pioneers of rocket space technology, and supervised many 
designers, theorists and investigators of rocket engines. 

In the paper entitled "Investigation of the world space by jet devices" 
(1926), in the introductory article of N.A. hynin's book"K.E. Ciolkovskij - 
his life, works and rockets" (1927), and in the paper entitled "Cosmic rocket 
trains" (199), K.E. io1kovskij refers to V.P. Gluko as one of those scientists 
who were publishing works on rocket problems in the Soviet Union. 

Sergej i-avlovi Korolev (1907-1967). A prominent scientist, designer, 
investigator and oganizer in the field of rocket space science and technology. 
He was preoccupied by gliding since 1923 and already by 1925 he started the 
design and building of gliders. In 1927, he flew in gliders and by 1929 he 
successfully mastered piloting of aircrafts. In the same year, he designed 
and built, jointly with S.N. Ljuinyj, the original glider "Koktebl'" on which 
he acconii1i;lied flight by himself. In 1930, he built the first glider in the 
history of gliding SK-Z "Krasnaja zvesda" (Red Star) which was originally 
designed for iigh altitude piloting; on which the Pilot V.A. Stepanenok 
achieved the llesterov loop. In this year, 6.P. Korolev invented the light 
K-4 aircraft of an original design, and in the subsequent years he was occu-

pied in the conutiuctiori of gliders, particularly, the six-placed ZK-7 and 
the two pl.ced K-9, motoglidrs (the 1934 project). In 1935, Korolsv, 
accompanied by the pilot Roznanovyj, accomplished, the flight Moscow-}G1arh.ov-
Krivoj RoKoktebe1' on the SK-9 glider which was originally designed for the 
installation of a rocket engine on a tow behind the aircraft. 

By 199 1 S.K. Korolev became familiar with the ideas of K.E. Ciolkovskij, 
to which he was deeply attracted; this attraction became later decisive in his 
course of life. He was also deeply affected by F.A. dander, since they met in 
1931.

In 1931, at Osoaviahim in iOSCOW, an organization was established for 
the study of propulsive motion (GIPD) (Group for the Study of Propulsive 
hotion), in which	 Korolev played the leading role. By 1932, he headed 
the organization on which the principle developments of Soviet rocketry was 
based.

At the end of 1933, S.P. Kox-olev actively participated in the founda-
tion of the Rocket .cientific Research Institute (RIUI) (haketno Uaucnoj 

Issledovatel'skij Institut), in which the CDL (Gas Dynamic Laboratory) and the
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GIRD (Group for the Study of Propulsive Motion) contributed.. In this institute, 
he became a prominent scientist in rocket powered aircrafts. In the All-Union 
Conference, which was held. on April the 5th 1934 for the study of the stratos-
phere, S.P. Korolev leciured on the possibility of achieving flight in the 
stratosphere by rocket powered aircrafts. In his book "Rocket flight in the 
stratosphere", which was issued in 1934, a special attention was give to 
rocket engines. This book was highly recommended by K.L. c'iolkovskij 

The first flight of a pilotless winged 06 rocket was achieveaon the 5th 
of May 1934, and its development was initiated by GIRD. Since 1934 to 1936; 
the work on winged rockets caught the creative imagination of S.P. Korolev and 
thus he paid a greater attention to the organization of studies on the automatic 
stabilization and control of rocket flights. On March the 2nd. 1935, S.P. 
Korolev gave a speech in the "All-Union Conference on the application of rocket 
devices for the study of the stratosphere". He analyzed the requirements of 

rocket engines, formulated clearly the necessity of sealed cabins for pilots, 
and discussed other problems. 

In 1936, S.P. Korolev, jointly with E.S.	 etinkov, developed a project 
for conducting an experimental work on a rocket aircraft with three RD 
(liquid rocket engines) having a total thrust of 900 kg. In 1938, 3.P. Korolev 
and E.S. Sdetinkov reported substantiating the need for the creation of a 
fighter-iiiterceptor with rocket engines the summaries of this report are 
included in the present collection. Within the period 1937-1938, dry and firing 
ground tests were carried out on the rocket plane 218-1 (318-1) which was 
developed from the SK-9 model and from the winged rocket (212) of long range 
performance. In 1939 (January the 29th and April the 8th), two test flights 
for the winged rocket were conducted.. On the 28th of February 1940, the pilot 
V.P. Fodorov mounted on a rocket glider which was towed by a P-5 aircraft. 
Soon after the detachment of the glider the ZRD (liquid rocket engine) RDA-1-150 
was 6witched on and the speed and height of the flight was quickly increased. 
This day entered the history of the Soviet aviation and rocket techno1oy as a 
celebrated occasion for the first manned flight on a device with a liquid rocket 
engine. The rocket glider tests, as programmed by S.P. Korolev, are included 
in the present collection. The programmes indicate the accuracy and depth of 
understanding the problems, and the characteristics of the ground and flight 
tests of the rocket devices which are related. to S.P. Korolev. 

The next prominent scientific, constructive and organizational activij 
of S.P. Korolev is associated with the creation of rockets for different 
purposes, including the intercontinental ballistic missiles. The creative 
contribution of S.P. Korolev in rocket-space science and technoloy was 
immense. In collaboration with a big team of scientists and designers, estab-
lished under his supervision, he set .nd solved all new and most cornlicated 
problems. ..P. Korolev was the first man in history to realize the grand 

The letter of K.1. diolkovskij to the deputy chairman of the committee for 
the study of tne stratosphere at Osoaviahiin, hytin. V.., on the 8th of 
February 1 935. ( .rhiv AN SSSR (Archives of the AN USSR), P.555 1 op.3 ) d.152, 
11-10-12).
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conceptions that brought international glory to the Soviet science and tech-
nology, and showed the undrained poseibilii r of the creative ideas of man in 
combination with the powerful and highly developed pruductive powers. 

The following are the prominent achievements and results of the hard 
works carried out by S.P. Korolev and coworkers and other groups working 
jointly with this genious scientist: the creation of a series of powerful 
rocket carriers, the launch, for the first time in history, of a series of 
successive artificial earth satellites (sputniks) including the ISZ Isektronhl 

(electron) (1-5) and "Kosmos" (space) space-ships who photographed and trans-
mitted images of the hidden side of the moon, which is unseen from the earth, 
the-launch of a series of automatic space stations "Luna" (Moon) (reaching the 
moon and soft landing on its surface), the first space travel of man (Ju. A. 
Gagarin) in his tory, the daily orbital flight of G. S. Titov, the group flight 
of A. 0. Nikolaev and P.R. Popovid followed by V. F. Bykovskij and V. V. Tere-
kova-Nikolaeva on the space ship series "Vostok" (East), the launch of the 
space ship "Voshod" (Sunrise) by a modernized rocket carrier with three astro-
nauts on its board, the walk of the astronaut A.A. Leonov in space (1965), the 
launch of the automatic interplanetary stations "Mars", "Venera (Venus) (1-3), 
"Zond" (Probe) (1-3) from large earth satellites, the lach of the "Molnija" 

_(-Fl.aeh) satellites that could be linked in space. Some of the already success-
fully achieved projects, in particular the space ships "Sojuz" (Union), were 
similarly initiated under the supervision of S.P. Korolev. 

Although S.P. Korolev was very occupied in his projects, yet he gave a 
series of lectures on the principles of rocket theory, engines and dynamics, 
in the period 1948-1949, for students of the Moscow higher technical school 
(named after Bauman). At that time, the lectures were published lithogra-
phically, and are now considered a bibliographic scarcity. In fact, they are 
the first systematic studies of the latest problems related to rocket techno-
logy.

A thorough survey of the genious scientific-design and organizational 
activities of the Academician S.P. Korolev, his contribution to the development 
and achievement of the Soviet investigational space programmes, and the inven-
sion and testing of the complicated projects, give the reader an idea of the 
enormously tense conditions under which S.P. Korolev conducted his work. He 
had almost no time for writing articles and publishing his investigations, 
especially during the war and post-war periods; although he himself did not 
leave for summation in a series of mpnographs, the ideas, the results of 
investigations and the experience of creation of all his numerous designs, 
starting, from the glider "Koktebel'" and ending with the most complicated power-
ful multi-step rocket-carrier. 

Nihail Klavdievi6 Tihonravov (born in 1900). . very famous scientist 
in the field of theoretical cosmonautics. However, he is usually related to the 
experimental scientific research activity. N.K. Tihonravov, became interested 
in rocket technology since he was a student in the military-air academy (named 
after N.E. ukovskij) and desied gliders. After graduation in 1926, he 

worked in the aviation industry as an aircraft designer. 

ucz (isz) - "Iskusstvennye Sputniki Zeznli" (Artificial earth satellites 
(sputniks))
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M.K. Tihonravov is one of the organizers and supervisors of the GIRD 

(The Group for the Study of Propulsive Liotion), in which he first joined in 
1932 and was the deputy of S.P. Korolev and the head of the second brigade, 
designing liquid rockets and engines. Up to that time, M.K. Tihonravov was 
still an experienced aeronautic engineer and brought to the GIRD many original 
ideas and conceptions for designing rockets. In here, he designed and built 
the first Soviet liquid rocket (09). This rocket had an engine of an original 
construction, in which liquid oxygen was used as an oxidizer and benzene as 
a fuel prepared in the form of a paste.(solution of calophony in benzene) 
which was inserted in the combustion chamber in a specially perforated shape. 
The rocket was subjected to multifold ground tests during which many firing 
launches were conducted on a special test device; bn August the 17th 1933, it 
was successfully launched. Later on, the (05) rocket with the OR14-50 nitric 
acid engine of V.P. G1uko, and the (07) rocket with the IRD (liquid rocket 
engine) consuming liquid oxygen and kerosene, were designed and flight tested 
by 14. K. Tihonravov. 

After the foundation of the RNII (The Rocket Scientific Research 
Institute), M.K. Tihonravov headed one of its departments. In the period 
1934-1937, he investigated mainly the problems associated with the construe,- 
tion of the ZhD and the idea of supplying the components to the combustion 
chamber by a solid propeller accumulator (PAD). On the latter, he conducted 
the first known studies on this sort of system. As an example of the 
constructive works of M.K. Tihonravov, within this period, it could be referred 
to the experimental ZRD-208, for which different variants for premix-chambers 
have been set, and to the alcohol-oxygen ZR605. 

•

	

	 Before and during the world war II, M.K. Tihonravov contributed consi-
derably in the development of launch installations for rocket mortars, sub-
stantiated by ballistic investigations for finding out the optimum directional 

•	 distances. Later, he took part in the development of a fighter-interceptor 
with the combined engine installations. 

14.K. Tihonravov' s reputation as an author of uiany publications on various 
problems of rocket technology is known all over. In 1935, his book "Raketnaja 
tehnika" (Rocket techno1o7) was published in Moscow, in which the problems of 
the design of liquid propellant rockets were enlightened. Also the studies 
of those problems concerned with the stability of the vertical rise of rockets, 
and their use in conjunction with other rocket devices for the investiation 
of the stratosphere, were published in this book. The characteristics of the 
rocket engines and many other problems were also reviewed in this book. This 
work is not included in the present bollection because of its big volume. 

In 1934, in the All-Union Conference for the study of the stratosphere, 
M.K. Tihonravov reported on the application of rockets for the investigation 
of the stratosphere (See pages	 of the present collection). 

M.K. Tihonravov was the scientific editor of many publications enligh-
tened with rocket-space technology, and joined the editorial staff of the 
collections "Reaktivnoe dvienie" (propulsive motion) and "Rakethaja tehnika" 
(Tocket technolor).
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M.K. Tihonravov, did and is still doing many efforts in the preparation 
of the cadres of specialized scientists in rocket technology. He gave a series 
of interesting courses in the high educational institutions. 

After the first edition of the book 'Pioneers of rocket technology", 
the rocket space science and technology achieved a great progress. In the 
Soviet Union, in 1965, the series of automatic space stations "Luna-5" (1.100n-5), 
"Luna-6, "Luna-7," and "Luna-8" were launched with the purpose of getting more 
elaborate luiowledge for the preparation of a flight to the moon and soft 
landing on its surface. On January the 31st 1966, the automatic station 
"Luna-9" was launched and successfully landed softly on the moon on the 3rd 
of February, in the region called "Bur' ocean" (ocean of storms). The station 
transmitted a circular panorama of the moon's surface at different altitudes 
from the sun. Within the year 1966, the three stations "Luna-10 11 , "Luria-1111 
and "Luna-12" were launched and became the first artificial moon satellites, 
transmitting photoprints of the different parts of the moon's surface from a 
distance of 100-340 km. On December the 21st 1966, the automatic station 
"Luna-13" was launched, which landed softly on the moon after travelling, for 
80 hours. A panoiama of the moon's surface was again transmitted by this 
station and. the propexties of the moon's soil were also measured. I.iany 
additional informations were given by the automatic station "Luna-14" which 
was launched on April the 7th 1968, and which became an artificial moon 
ate1lite. On July 1969, the space ship " Luna-15" became an artificial moon 
satellite. It was then directed 'towards the moon on receiving an order from 
the earth, after achieving 52 rounds, and arrived successfully at its surface. 

The most outstanding flight was that of the automatic interplanetary 
station "Luna-16" which was launched on the 12th of September 1970. The 
station achieved a precise soft landing on the moon's surface in the region 
of "Isobili sea" and stayed there for 26 hours and 15 minutes. A series of 
scientific measurements (temperature, radiational and others) were carried 
out by the instruments installed on , the station. A special drilling mechanism 
sampled about 100 grams of the soil which was then laid in a hermetic seal in 
the returning capsule. On September the 24th the capsule landed smoothly in 
the specified region on the earth's surface, delivering the soil specimens 
for scientific investigations. This unique experiment confirmed the high 
accuracy by which all "Luna-16" systems operated and, in particular, its 
automatic controlling devices. The launching platform of "Luna-16" was left 
on the moon and served later for conducting several communications with the 
earth.

A moie impressive evidence for the success achieved in the creation of 
automatic interplanetary stations is "Luna-17" which was launched on November 
th 10th 1970. This station delivered the automatic self-propelled eight 
wheeled device "Lunohod-l" to the moon, which run on its surface on the 17th 

of November. "Lunohod-l" which was controlled and guided on the moon's
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surface from the earth, carried out several scientific investigations (geological 
structure of the surface, chemical an4ysis and physico-mechanical properties 
of the soil, measurement of the intensity of cosmic reontgen radiations and 
others). "Lunohod-l" hada stabilized radio communication system with the earth 
and transmitted panoramic television views of the moon. According to a Soviet-
French agreement, a special French light reflector was installed on the moon's 
surface for the precise determination of the distance between the moon and the 
earth, and for the investigation of the proper rotation of the moon, by means 
of laser beams. Till August the 10th 1971, "Lunohod-l" performed for nine 
moon days and nights actively and passively at maximum and minimum temperatures 
(on the moon's surface) of 125-1300C and minus 100°C respectively. In spite of 
such a wide variation in the external temperature and the long duration of the 
moon's days and nights, the developed systems of air conditioning and thermo-
insulation successfully preserved the assumed temperature and pressure inside 
the capsule. The Soviet automatic investigator "Lunohodl" was admired through-
out the whole world for successfully operating for more than 10 months. Within 
this period, it run a ditance of 10540 metres in various directions, inspecting 
an area of about 80000 m of the moon's surface, and transmitting valuable 
informations. On the 4th of October 1971 "Lunohod-l" closed down. 

The station "Luna-18" was launched on the 2nd of September 1971, but 
its journey came to an end on the 11th of September on touching the moon's 
surface. Following this, the automatic station "Luna-19" was put into the 
moon's orbit thus acting as an artificial moon satellite. The station trans-
mitted valuable informations of the moon and the adjacent atmosphere. 

The Soviet series of automatic stations "Mars", "Venera" (Venus), and 
"Zond" (Probe), conveyed many useful data on interplanetary ionized plasma, 
interplanetary magnetic field, cosmic rays, micrometeorites and other informa-
tions. The station "Venera-3" was launched on the 16th of November 1965 and 
arrived at the planet Venus "Venera" on the 1st of March 1966, delivering a 
pennant with an emblem of the USSR. The launch of "Venera-4" on the 12th of 
June 1967 achieved, for the first time, the landing (October the 18th 1967) of 
a capsule on the surface of Venus by a parachute system which was triggered 
from the landing device. The scientific instruments of the station made' it 
possible to determine the composition, pressure and temperature of the Venus 
atmosphere at different altitudes. On the 5th and 10th of January 1969, the 
automatic interplanetary stations "Venera-5, and -6" were launched and arrived 
at Venus on the 16th and 17th of May, respectively. They transmitted different 
scientific and technical informations concerning the planet's atmosphere 
(composition, pressure and temperature, up to a height of 20 km from the 
surface), cosmic space, the flow of plasma and the magnetic field. 

On the 17th of Auist 1970, "Venera-7" was sccesfu11y launched. 
Utilizing the temperature and pressure data of the Venue atmosphere, which were 
previously obtained by the Ai1S (automatic interplanetary stations) "Venera-411, 
"Venera-5" and "Venera-6 11 , a new parachute system was developed-which achieved 
more rapid penetration into the upper atmospheric layers, for conditions of 
high temperature and jireure. It achieved also a smooth landing on the
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planet's surface. According to the data of the ANS "Venera-7", the tempe-
rature on the surface of Venus was equal to 475 + 20 0 C and the pressure was 

90 + 15 atmospheres. It is interesting to note that the transmitted sia1s 
of "Venera-7" continued for 23 minutes even after its landing. 

On the 1st of November 1962, the automatic station "Mars-1 11 was launched 
and directed, for the first time, towards the planet Mars. This station 
transmitted valuable data for the far space, concemirg the intensity of its 
magnetic field, the flow of "solar wind", meteorites and their density in the 
"Taurid" (urine) flow, and the new hither to unknown meteorite flux at a 
distance of 20-40 million km from the earth. Radio communication has been 
achieved, for the first time, between the station "Mars-1 11 and the earth at 
a distance of more than 106 million kin. 

On the 19th and 28th of May 1971, the automatic interplanetary stations 
"Mars-2" and "Mars-3" were successfully launched. "Mars-3" weighed 4650 kg 
and "Mars-2" had approximately the same weight. During flight, both stations 
conveyed scientific information on interplanetary spaces their launching within 
a certain time interval enabled the scientists to get an idea of the dynamics 
of the processes taking place in the cosmic space between the orbits of the 
earth and Mars. A French instrument was installed on "Mars-3" for studying 
the structure of the radiation emission of the sun. 

On the 27th of November 1971, "Mars-2" shifted to an orbit very close 
to the planet Mars on its receiving two remote control, corrections from the 
earth. Near the target, a third automatic correction brought the capsule for 
the first time in space history, on the surface of Mars. The capsule was 
carrying a pennant with an emblem of the USSR. 

On the 2nd of December 1971, the automatic station "Mars-3" was put 
into the orbit of the artificial Mars satellite achieving, for the first time, 
smooth landing of a capsule on the planet's surface. For this purpose, aero-
dynamic and parachute brakes were used, and very complicated problems had to 
be solved for achieving this programme. 

The automatic stations "Mars-2" and "Mars-3" successfully accomplished 
complex scientific programmes for the investigation of Mars and the surrounding 
space, including the photographing of its surface, and the obtained informations 
were transmitted by radio lines to the earth. 

A big series of artificial earth satellites "Kosmos" (space) have been 
systematically launched since 1962 and provided many informations on the gravi-
tational and magnetic fields of the earth, the upper atmospheric conditions, 
the solar activity, the ionosphere, the meteorological conditions, the forma-
tion and direction of the cyclone's movement, and others. On the 30th of 
October 1967, the artificial earth satellites "Kosrnos-186" and "Kosmos-188" 
achieved, for the first time, the outstanding experiment of the automatic docking 
and joint flight on the orbit. The same experiment was repeated and success-
fully accomplished on April the 15th 1968, by"Kosmos-212" and "Kosmos-213". 
The entire processes of docking and the separation of satellites were remote 
controlled from the earth, and were viewed on the television screen. The 

satellites were brought back to the earth after achieving their programme, carry-
ing valuable scientific informations. The series of "Kosmos" artificial
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satellites fulfilled important national-economic targets. Similarly, the 
system of "Meteor" satellites provides regular informations concerning the 
meteorological conditions in the earth's atmosphere, which made weather 
forecasts more accurate. 

The series of "ISZ" (AES) (Artificial Earth Satellites) "flolnija" 
(Lightning), with a stretched elliptical orbit, enabled the transmission of 
super-long range radio and television waves within the USSR territory. 

In 1969, the automatic station "Zond-7" (Probe-7) took coloured pho-
tographs of the moon and the earth from close and far positions. These 
photographs and other scientific data were obtained after the successful 
landing of the station in the pre-determined region. The "Zond-7" experiment 
permitted also checking of the reliability of the thermo-insulation on flying 
with the second space velocity, with which the station entered the earth's 	 4 

atmosphere. In addition, the ieliability of the controlling system, was 
similarly checked, which is quite important. 

The launch of manned space ships of the series "Voshod" (Sunrise) 
deserves a special attention. On the 12th of October 1964, "Voshocl—l" was 
put into orbit with three astronauts on board - V.M. Komarov (commander), 
K.P. Feoktistov (research assistant) and B.B. Egorov (medical assistant). On 
the 18th of March 1965, "Voshod2" was put into orbit with two astronauts; 
P.I. Beljaev (commander) and A.A. Leonov, who, for the first time, got out 
into the upace and returned safely to the ship, thus successfully completing 
his mission. 

On the 23rd of April 1967, a large experimental space ship "Sojuz-l" 
(Union-1) with the astronaut V.1.1. Komarov on board was put into the earth' s 
orbit by a powerful rocket carrier. On April the 24th, after a successful 
flight and on completing the test programme, the space ship underwent satis-
factorily the most difficult part of its journey, braking at the dense 
atmospheric layers, but as a result of some disturbances in the parachute 
system it flew at the lower altitudes with a very high velocity and, conse-
quently, the astronaut died. 

On the 26th of October 1968, "Sojuz-3" was put into the earth's orbit 
with the astronaut G.T. Bereg4fon board. The space ship came twice near the 
unmanned "Sojuz-2" which was launched earlier. After completing his'mission, 
within four days, the astronaut successfully landed. 

On the 14th and 15th of January 1969, the space ships "Sojuz-4" and 
"Sojuz-5" were launched successfully, carrying the astronauts V.A. 3atalov 
and B.V. Volynov (commander), A.S. -Eliseev (flight engineer) and E.V. }Lrunov 
(research engineer). Besides the general scientific and medico-biological 
investigations, the astonauts achieved two important targets: As a result of 
IaanoeuverizLg in space, the two ships approached each other and on January the 
16th they were manually docked successfully. H.runov and Eliseev got out the 
capsule wearing their space suits, and after carrying out some observations 
and experiments, for one hour, they shifted to "Sojuz-4". On January the 

11th, the space ship "Sojuz-4" landed successfully with the three astronauts 

(Satalov, Eliseev and Hrunov) in the specified region, followed by "Sojuz-5" 
on the 18th of January (with the astronaut Volynov). The docking process of
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the two space ships lasted for 4 hr and 35 mm, and the conducted experiments 
were very significant for the future mastering of space. 

On October the 11th 1969, the space ship Sojuz-6" carrying the astro-
nauts 0.3. Sonin (commander) and V.N. Kubasov (flight engineer) was put into 
the earth's orbit, followed by "ojuz-7" and "Sojuz-8" on the 12th and 13th 
of October. The astronauts A.V. Filipenko (commander), V.11. Volkov (flight 
engineer) and. V.V. Gorbatko (research engineer) were on board of the former, 
and V.A. Satalov (commander) and A.S. Eliseev (flight engineer) on board of 
the second. All three ships manoeuvered and achieved a prolon'ed dTOUp flight 
which lasted five days for each ship. Welding in the open space was carried 
out for the first time, which is of great siifioance for future-assembly 
works in space. The crews of the three ships accomplished many scientific and 
medico-biological investigations, photographing geological and grographical earth 
objects and determining the boundaries of the glaciers distribution and 8flOW covers. 

Lie sjee ship "Sojuz-9" with the astronauts A. 0. Nikolaev (commander) 
and V.I. eiast'janov (flight engineer) was put into the earth's orijit on the 
first of June 1970- It's journey lasted for 18 days, terminating on the loth 
of June by satisfactory landing in the specified region, thus achieving a new 
record in the flight time. The flight programme of "$ojuz-9" was loaded with 
scientific technical works, medico-biological investigations and geological 
and geographical explorations. 

On April the 19th 1971, the unmanned scientific station "Saijut'.' (salute) 
was put into the earth's orbit, carrying a great number of instruments and 
special devices. On the 23rd of April, the space ship "Sojuz-10" was launched 
with the astronauts V.A. Satalov, A.S. Eliseev and N.N. Rukaviriikov on board, 
and on the 24th of April it docked with the orbital station "Seijut"; the 
joint flight lasted for 5 hr. and 30 mm. Neaitwhile, the approach during the 
initial sLtges was controlled automatically up to a distance of 180 m, and 
then manually by the crews. On accomplishing their scientific and technical 
missions, the space ship and the station were separated, and the space capsule 
of "Sojuz-10 11 , carrying the three astronauts, landed smoothly in the specified 
region on the 25th of April, while the station "Seijut" was left in the orbit. 
The scientific instruments and devices in the station fulfilled their progaiiime 
by transmitting valuable informations. 

On the 6th of June 1971, the space ship "Sojuz-11 11 carrying the astro-
nauts G. T. Do'orovol' skij (commander), V. N. Volkov and V. I. Pacaev, was put 
into the earth's orbit. On the 7th of June, it successfully docked in the 
station "Saijut", after a manual correction of the orbit. The total volume 
of "Sljut-3ojuz-ll", which is the first orbital station in the world, reached 
100 in , with an approximate length of 20 in and a cabin diameter of 4 in; its 
weight wa6 more than 25 tons. Being loaded with various instruments and devices, 
tue orbital station transmitted regular extensive scientific and technical 
inforiiiations. The observation and photographing of space bodies were performed 
through telescopes installed on the station. The flight of the orbital station 
"Saljut-Sojuz-11 11 lasted for almost 23 days, and the astronauts had good physical 
and moral states. The astonaute, instruments and other devices appeared



-15-

regularly on the television screen. Also, the astronauts could be seen while 
performing their daily works. "Sojuz-11 11 was brought back to the earth after 
its separation by :witching on the braking engine; it landed smoothly in the 
specified region. The crews accomplished an extensive investigational programme, 
systematically transmitting information to the earth, and delivering all the 
valuable data that accumulated during their flight (24 days). To the great 
sorrow of the whole humanity the s4onau nsJ life came to an end during the 
last stage of flight on entering the dense atmospheric layer, due to leaks in-• 
the space ship.	 I 

ring  this period, the investigational space programme in the USA was 
not less saturated and comprehensive. 

Diffe ent complicated missions were achieved by the manned space ship 
"Demini"	 mini). For the firstT1'me, on the 23rd of March 1965 the astro- 
naut V. Cis (accompanied by 	 on 'mini-3" varied ti orbital para- 
meters by a manual control. On June 1965, the astronaut s1	 Maivitt and E. 
Uajt (E White) on board of 'emini-4" accomplished 62	 within 98 hours, 
and on the third round E. Uajt (E. White) ot out into te space. On March 
1966 ) N. Arrnstrong4.rst pilot) and D.	 tt, docked enini-8" into the
rocket rnissiie ",A4ena'. Simila.y, on July 1966, the pilot-astronauts D. Jang 
and M.,'llins	 the ship 'mini-10 11 into the same rocket missile, by 
swi,thg on its engine; astronauts manoeuvered in space at a height of 764 km-
m. Kollins got out twice into the spacetq take off the measuring devices of 
"Adzena", . Lovell (first pilot) and. E. 0 d.rin docked the pace ship "1emini- I	 /	 .	 I, 12" into tIie rocket missile "Adzena." several times, and E. (9.i 

ft-) drin left the ship k 
for quite a long period. 

Distinguished results were achieved by the space ship series poilo" 
(Apollon). "Apollo-8" with the astronauts F. Borman, 	 Lovell and 1/F. Anders 
on board, was directed to the moon on December 1968 by a powerful rocket carrier 
( Saturn-5)- The ship performed 10 rounds around the moon and returned success-
fully to the earth with the second space velocity. "Apollo-10 11 with T. Stafford, 
Ju. Sernan and D. Jang accomplished almost a circu].a motion -around the moon. 
The capsule (moon compartment) with T. Stafford	 then detached 
from the ship approaching to a distanee of 15 km from the moon and returning 
to the orbit of the commanding compartment where they were finally docked. The 
astronauts transmitted 19 coloured television views befo1e ending their journey. 
On July the 16th 1969, the astronauts N. Armstrong, E. , ld.rin and M. foiiins 

-were directed to the moon on "Apollo-11 11 . On July the 19th, they arrived at a 
distance of 100 km from the moon, moving in an almost circular orbit. The 
capsule (moon compartment) soft landed in the so-called "Morja Spokojstvija" 
(Sea of - tranquility) on the 20th of July, and N. Armstrong stepped on the moon's 
surface, followed by E.ldrin. The astronauts fixed a seismic detector, a 
laser reflector, and co'lected rock sples from the moon's surface, joining 
the commanding compartment (where M. Tollins was waiting) after 21 hr. and 37 
mm, where docking took place on July the 21st. The space ship (already with-
out the capsule (moon compartment)? was then directed to the earth, successfully 
ianing in the Pacific Ocean "Tihij Okean" on July the 24th. N. Armstrong and 
E. Aldrin were thus the first men to step on the surface of other planets. This
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All historical experiment was repeated on November the 14th 196 q by C. )onrad  

R. Gordon and A.on the ship "Apollo-12 11 , where 6. nrad and A. BinJ 
stepped on the moon's surface after achieving smooth landing, and planted 

the ,c\apsu1e not fom the automatic station 11 3ervejer-3" (Surveyer-3). 

. jSnraci and A. Ri"ncarried  out a series of investigations, recorded some 
data from "Surveyer-3"and sampled about 50 kg of the soil from the so-called 
"Bur' Okean" (Ocean of storms) where they landed. The astronauts came back 
to the earth where they landed safely in the Pacific Ocean on November the 
24th, after achieving their programme. 	 - 

The journey of "Apollo-13", whic was 1auhed on the 11th of April 
-	 -	 c 

1970, carrying i. Lovell (commander), .	
JE&1J 
uiuzer and. F.	 waE: less 

successful and dramatic. On their flying towards the moon, the oxygen-fuel 
ttnk supplying the space ship with the electric enerr, exploded, and the 
astronauts were faced with quite difficult conditions. However, they succeeded 
skirting around the moon and found their way to the earth, using the capsule 
(moon compartment) and its systems for life protection and for the supjly of 
electric energy. Fortunately, the flight ended satisfactorily. 

On the 21st of January 1971) the space shi p "Apollo-14" carrying 
A, 6fiepard (commander), B. Mitchell and S. Ru was dispatched to the moon. On 
the 5th of February, the capsule with 3hepard and Mitchell landed on the moon's 
surface in the crater of "Fra Nauro" where the astronauts got out twice, 
stepping on its surface and collecting 50 kg of rock samples. On the 10th of 
February, the commanding compartment with the three astronauts landed success-
fully in the southern part of the Pacific Ocean "Tihij Okean". 

"Ap01115" started its ourne to the m 	 the 26th of July 197l,1 
carrying D.	 ott (commander), 1. Irvin and	 As with "Apollo-14" 
the Virial stage of the rocket carrier was directed (by remote control from the 
earth) to the moon after detaching the space ship and putting it into the 
moon's orbit. The carrier failed at a distance of 190 kin from the seismometer, 
previously planted on the moon, which registered for several hours the ground 
vibrations. Daring the night of the 31st of July, the capsule was detached 
from the commanding compartment and landed smoothly on the gulf of •"Gniloe 
boloto" at the foot of the moon's Apenhin "Apennines mountains" (having a 
heigh,f 4600 meters). From the 31st of July till the 2nd of August, Stt 
and ri4i toured three times on the moon, with a four-wheeled cross-country 
moon vehicle which was under their disposal, collecting rock specimens from 
different places and sampling the soil from two wells drilled at depths of 3 
and 2.4 metres. Having completed their mission, the astronauts brought back 
the moon vehicle into the capsule and left the moon in the late night of the 
2nd of August. For the first time, such aquxywas televised through ins- 
truinents installed in the moon vehicle. 	 who was left in the 
commanding compartment, was continuously revoPiiñg for six days round the 
moon at angle of 26 0 to the equator, photographing its surface. The time of 
docking the capsule into the commanding compartment was two hours. On the 
4th of August, the rocket engine of "Apollo-15" was switched on and the ship 
destined to the earth. On the 5th of August, 1br	 got out the ship and
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removed the casettes carrying the photographs from the cameras which were 
fixed in the engine compartment. A small moon satellite was launched from 
"Apollo-15" to a hiher orbit. The space ship with the three astronauts 
landed in t1acific 0an on the 7th of August (at 23 hr, 46 mm). The 
astronautsit and In stayed on the moon for 67 hours spending 18.5 hours V 
of this time outside the cabin. In contrast to previous flights, all three 
astronauts, on their return from the moon, where not kept in quarantine, since 
the scientists were convinced (from the previous flights) of the absence of 
harmful bacteria on the moon. Undoubtedly, the "Apollo-15" journey is one of 
the most outstanding flights amongst manned space ships. 

Similarly, in the USA, a wide launching programme of Artificial Earth 
Satellites (AES) ((Isz)), and interplanetary stations and devices, was accomp-
lished. The series of "Ranger" (Reinder) ships transmitted many photographs 
of the moon at different distances from its surface before crashin. Since the 
30th of May 1966, a series of self-controlled apparatusses "Surveyr" (Servejer) V 
were directed to the moon where they landed smoothly on its surface. Through 
these apparatusses, coloured panoramas of the moon's surface were obtained and 
transmitted to the earth; soil samples were taken and analyzed and other inves-
tigations were also carried out. The American artificial moon satellites 
"Lunar-orbiter" were built somewhat later than the Soviet ones. "Mariner-4" 
which was launched on November 1964, passed by the planet "Mars" at a distance 
of about 1.000 km, transmitting from a distance of about 200 million km 21 clear 
photographs for different regions of its surface. In 1969, the self-controlled 
stations "Mariner 5" and "Mariner 6" were destined to the planet Mars. 
July the 318t, the second station came close to the planet by a distance of 
3400 km and transmitted 51 photograph. The number of the transmitted photog, 
raphs reached 114 by "Mariner-7" which was launched somewhat later, passing by 
Mars on August 1969 at a distance of about 4000 km. 

On the 31st of May 1971, the self-controlled 1114ariner-9" was directed 
to Mars, following the unsuccessful launching of "Mariner-8 11 , and became an 
artificial satellite of Mars. 

In the USA, systematic launching .00mmunicational, television, meteo-
rological (of the series "Tiros" and "Nirnc", navigational and other satellites 
is carried out. Of these, several stair'ofiary satellites for ultra-radio and 
television transmission ("Sinkoui" and rliBerd!) are included. 	 c4 

During the last years, artificial earth satellites were put into orbit 
in France, - Japan, England, Italy, FRG (The German Federal Republic), Australia 
and	 (Tae 	 People's Republic). Meanwhile, until now, only France, 
Japan and W (The Chinese People's - Republic) used their own designed rockets V 
for 1aunchin. the satellites. 

A brief survey of the investigations carried out for space and sIr bodies 
adjacent to the earth, show the outstanding and numerous reEults which were 
obtained within a very short period (1965-1971). 

In this respect, the earlier works of the pioneers of rocket space 

science and technoloy were highly interesting and significant. These pioneers 
were the enthusiasts for interplanetary travel.
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Selective works of V.P. Vetinkin, V.P. G1uko, 3.P. Korolev and I.I.K. 
Tihonravov, written within the period 1929-1945, are included in the present 
collection. The collection of the most interesting works of native scientists 
in one volume is undoubtedly very interesting. Many of these works were 
published for the first time. Those series of works which were published 
during the thirties in various periodicals, became a bibliographic scarcity. 

In the present edition, the works of the pioneers of rocket space 
techno1oy are taken from former publications or archives with the preservation 
of the terininoloy and all the characteristics of the author's style. Only 
the necessary modernization of units and conventional abbreviations were per -
mitted; correction of the distinct mistakes and misprints was also done. The 
editor's quotations are given in square brackets. The works of V.P. Gluko 
which are partly represented by abbreviations by the author's permission in 
the present collection, due to their large volume, are the only ex.eej3tions 
hey are referred to by interlinear remarks. 

Separate indistinct faulty or questionable quotations, also the terms 
differing from other acceptable stipulations, are included in the commentaries 
at the end of the book. The sources on which the published text of the work 
is based are also referred to in the commentaries. 

The prejtration of the text iias carried out under tho eupervision of 
the rouj ;ihich assists the candidate of tec1tnoloica]. :cinc;e .A. Sokolov, 
at the in:titute of the hi.tory ç)f natural science and technoloy affiliated 
to the USSI'. Academy of Sciences. 

The contribution of i.A. Sokolov in the technical formulation of the 
hand copy was given by I. V. Bulandin, N. V. Beketov, and R. F. Rokov. The 

eut tsiItrice of the collaborators of the USSR Academy of Sciences archives, 
L. G. 6umulivalova and G. S. Krukova, in the preparation Of this book, should be 
also mentioned. 

December 1971	 T.M. 14e1'kutiicv. 

Ju. I. llovokonov (the candidate of technological science), contributed in 
the reparation of the publications and comments on the text of V.P. Vetirikin's 
,works and j:ar't of those of S.P. Korolev. 
The OUfl;_ cicntific collaborator V.I. Belolij'eckij, particip-ted in the 
.reparatior: of a part of V.P. Gluko's work and those of I.K. Tihonravov. 
The enineer Ju. V. Birjukov, participated in the preparation and comments of 
a part of 3 .P. Korolev's works. He also described the desim of S.P. Korolev 
arid i.hK. Tihonravov.
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THE VERTICAL MOTION OF ROCKETS 

(1935) 

1- The Vertical upward motion of an artillary shell by inertia 

The problem under question is analogous to the vertical fall of objects 
in air. The earlier solution of this problem was concerned with the case of 
constant density. Its solution for conditions of variable density is given 
in the books "The Dynamics of Flights" §38, and "The Aircraft Dynamics", (pp. 
366-372).11-7. 

Assuming that the shell moves in a resistant medium vertically upwards 
by its inertia, we shall have the following acting upon forces: gravitational 
(me), which is directed downwards; and the aerodynamic drag, which is propor-
tional. to the air density and to the square of the shell's velocity, and is 
also directed downwards. We can thus have the following relationship. 

,,	 I) 
I'	 - ing	 A, 

where,	 the maximum velocity of the shell falling in air on the 
earth l s* surface where the air resistance is equivalent to the shell weight; 
Aia the ratio of the air densities at a height Z and on the earth's surface. 

We shall consider the weight of the shell is equal to G mg constant. 
Under such considerations, the equation of motion could be written in 

the form

fit 
(1	 02	

iiig -- A.

 (i)
oil 

This equation can be integrated to a final form if Newton's exponential 
law is applied for A [2].

A	 e'	 (2) 

where, H a the vertical height of the homogeneous atmosphere. 
Equation (i) will thus take the form 

ft	 / v	 \	 1••• 

I)	 -g-g--- ,_ 1 ii• 

For its simplification we shall introduce the following designations 

I" -,.. 
•, dz..:I/iLr, 

where, V a the falling velocity in space from a height H. 

A Precisely at sea level for normal temperatures (+ 1500) and pressures 
(760 mm Hg).
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Equation (1) could thus be rewritten as follows

(3) 

i. e., it will take the normal form of the first order linear differential 
equation.

tly 

its well known integration is as follows 

!J OIJ 

Here
P	 a•4t• , ()	 - 2g//	 cu,tsL. 

By substitution, we get

V.
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We shall introduce the following new variable. 

t	
IL	 (114 

- u	 --X=• I,i--- ; dx	 - - a-	 U 

Equation (4) thus leads to the form 

V 14	 Cul	
It

	

dal -.	
(5) 

The functionf — du - Ei(-u) - ii(e_U) is transcendental and is called 
the integral loarithm 

The series by which the similar function	 could be expressed are 
given in "The Dynamics of flights" ( pp.271-272) an.1 in "The aircraft dynamics" 
(p.367),

	
12lu-At U<0, these series deterr4ne the function 	 du. The tables for 

this function are given in Jahnke und Emd.e "Funk tionentaeln mit Formein und. 
Kurven" and in more details in "The Dynamics of flights" and "The aircraft 
dynamics". 

For the function Ei(-u), we have the following similar series
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Iii a - a	
--. 21	 -i • 3	 . 

where the Eiler's constant is equal to 

( , I . .	 -.. I -	 . ..	
1	 ,'	 (7) 

At high values of juf, i.e. at $u) >17, the asymptotic series could 
be applied.

Ii(c)	
.	 .:i	 I	 (.j)U 

where	
.4

() 

since the members of the series (8) will firstly undergo a decrease and then 
an increase, the true value of the function will lie between the sums of the n 
and (n + i) members of the series. It is thus normal to break the series 
ahead of its smallest member. 

Assuming that x is not an integer, we can put z 

afl-.I-,	 U(i:.1. 

and have the following successive members of the series 

(ii -- 2)!	 - (a -	 1	 ,, - I	 (14 -- 1)!  
'	 (a.j_.,)s•-I	

'	 •(u--:' 

S.-	
"-I	 I "S

	

(a I	 'I 

From which it i8 clear 
the third is smaller than the 
third. It follows therefe, 
or at the next member / 

For the computation of 
calculated ones, we could use

that the second member is smaller than the first, 
second, while the fourth is greater than he 
that the series (8) are broken either at 

the values of the functions close to he already 
the Ostrogradnyj's quadratic equation and get : 

See the author's book "Xdetody pribliennogo.i aislenno-go integrirovanija obykno-
vennyh differen6ial'nyh uravnenij" (Approximate methods of numerical integration of 
normal differential equations). first edition,23, pe 9 2-94 Izd. Voenno-vozdunoj 
akademii RKKA im Prof. N.E. 	 kovskoga, 1932.
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Table 1 

Fotione	 (-x) - li(e_X) 

X ,- Iè(-.)

wl

- 

I , .r s 1)21225 -0,09288 

(1,01) I	 ,Ill)i)) --- I	 ,; 0,20190 -0,086:)) 

(1,1)1 0,99005 --40379 I ,I5 0, 19205 -0,()8024 

0,1)2 0,1)3021) -2,3517 1,7 (),18268 -0,07465 

l 0,7015 9591 I ,75 0,17377 

9,l)' 0,1ftU71) -2,63)3 I U, 16510 --0,06471 

(1,05 i),95)23 --2,'79 I ,85 U, 1572'i -0,060-Il) 

0,06 )),9',176 1,21351 I ,9 0,) 157 -0,05620 

(1,1)7 i)'.) 123'.) - -2. 150-i I ,95 U, I'227 -0,05241 

0,03 1,92312 --.2 ftUU ),l353 1, -0,01890 

(1,01) 0,91311:1 _1,9H7 2, o.') U, 12373 -0 045W1 

I), 0) 1)9((34 - -1,'i229 2,1 0,12246 -0,01126 

0,15 0,36071 -.I	 4645 2,15 0,18t48 -0,03980 

0,20 0,8187:1 -1,2227 2,2(1 0,11031) -0,03719 

0,25 0,77880 •I 3)443 2,25 U, 1)1540 -0,03476 

0,30 0,74032 ---0,91157 2,3 0,10026 -0,0325)) 

(1,35 0,70469 -U,792 2:15 0,095:17 -0,030%)) 

0,10 0,670:12 --(I	 712 2,4 0,09072 -0,02844 

0,45 0,63763 -(1,6253 2,/5 0,03629 -0002661 

(1,51) 1,60653 - •_0,5593 2,5 0,03203 -0,02491 

u,55 0,57695 ----0,5o:v 2,55 0,07808 

11,61) (),5$3) U, 4544 2,6 (1,07427 --l),02185 

(1,65 1)5223)5 ._(),	 11115 2,65 0,07065 __0,02047 

0,7(1 (1,4116511 •.t),:17:13 :1,7 0,06721 _0,I)IUIM 

0,75 0, 47237 - -(1:1403 1,75 0,06393 M 798 

0,30 (l,','933- __0,3I011 2,8 (1,06081  

0,85 (), 42711 ._0,28i0 2,35 0,0578 -0,1)158) 

11 ,9) 0, '0657 __0,26U2 2,9 0,3)5502 _0,0I/82 

11,95 (),:7 -, 0,237 2,95 0,l)52:Ii, _0,0l:1tlI 

1,00 0,36733 - -,2l1I4 3,0 0,04979 _0,0)395 

1,1)5 0,;) 1994 _..0,2UI9 :1,05 0,04736 _0,0122't 

1,0) ,33287 _0, 13111) ,1 0,O'iSOS _0,Ul1 'iu 

1,15 },31("1;' -- I), 1716 :1,15 0,04285 _0,111078 

1,20 0,303)9 _U,153't 3,2 l),0-1071; -J),l)Iul:I 

1,25 '),2$65u -J0, (464 3,25 0,03877 0,00951 

1,31) 0,27253 _0, 1355 3,3 0,03633 _0,008939 

i ,35 0, 25924 __0, 1254 :1,35 )),0:I508 _0 

I , 40 (),2'1GUO __J), 31312 3,4 0,03337 0,007890 

1, /15 0,2:1457 _-0, 3078 :3,45 0,03175 -0,00741 

1 ,50 ',223t3 _U, 30002



S

8,5 o , o:)2r) - -(I, ($118371) 
: 1, 55 0,02872 -.( ) , ( 10055 
8,0 0,12782 --o,orn; too 
3,05 0, 0251(9 -0,0057!) 
:,7 0,02472 •(I,11115448 
-3, 75 0,112:82 -0:00512
;,8 O,u2237 ----0,0820 

:1,85 0,02(28 ---0,11015" 
1,!) 0,02024 '	 -0,00120 

0,01925 -O,00'02 
.,() 0,0(832 I	 -0,003771) 

1 0,01057 -.01003340 
,2 0,01500 -0,00291;1.) 

0,01357 -0,002033 
"I 0,01228 -0,00231.8; 

0,01111 -0,002073 
( 0,01005 -0100181 

,7 ()009095 -0,001635 
H 0,008230 -01001453 • 

.9 0,007447 --0,00(21)1 
() ,000738 -0,001148 

I 0,006097 --(1,00(02 
,2 0,005517 -0,01)091 

(),00191)2 -0100081 
4 1),004517 -0,00072 
5 0,004087 -0,000114 
(1 0,00301)g --0,00057 
7 0,003310 -0,00051 
8 0,003028 --0,011045 
9 0,002730 -0,000lo

0,/I 

0,5 

I;, I1 

0,7 

0,8 

0,1) 

7,0 

7,1 

7,2 

7,3 

7,/I 

7,5 

7,1; 

7,7 

7,8 

7,9 

8,0 

1) 

U) 

11 

12 

14 

15 
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Table 1 (Final) 

0,(;1i2479 

(.1,002213 

I, 

(1,111)1 H:(; 

I), Oil) 002 

(1,1(1)) 593 

0,(K)1 3{ 

0,Oi)J •:t 

0,Oi)J III 

0,()ulOOH 

0,01)1)9119 

I), ($)0'25 1 

0, in 107400 
I), 0006755 

0,0010,1 l; 

0005531 
I), 0005005 

I),000'528 
0, iM)0007 

0,00:)37W 

0, 01 .11 

0,000)2:14 

0,0000)4170 

0,00()0n;1 11 
I), 000{KJ22Go 

0,000OiJ0H31 5 
0,00188103059

-I,,00(110f) 
--(1,00032 

-0, (10020 
--11,100)2:1 
-(1,01(1)20 
0,00018 

-0,0(1014 
-0,00013 
-0,000155 
-0,000103 
-1), 00001)2 
-0,000012 
---0,000074 
•-O, 0000013 
-U, 000059 
-0,00005:1 
---0,000047 
--0,000012 
•-0,037t7 

-0,054,157 

064751 

--0, 00 1022 

--(), 055(8; 
--O,0i 1)18 

(11Ij((:.X).1	
••__._•_*/i 

e.-x_ z + h -f-1	 ,,\ 
24 \	 x	 (x -- /j	

, 
 

Hence the last member is	 h - 
h5	

, and the remaining one which has not -x24 
been mentioned 18<	 •-. For he approximate calculation of Ei(-u) for 

125 x u ) 201 the following'equation could be applied 	 - 

+  

The values of the functions e 1 and Ei(-x) - li(eX) are given in 
table 1. These values are adopted from the tables of Laska, Jahnke-Emde, 
P.V. Preobraenskij, after making the necessary corrections and recomputations. 
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Example 1. Find, the muzzle velocity at which a shell should be fired 
from a Zjul'vernovekij'e gun so that its flying velocity at an atmospheric 
height of 70 km reaches the value of 11 km/sec.	

2	 2 Use the following data for the shell : D • 2.75 m and D - 7055 in 

the weight 0 - 20000 lb - 9000 kg [3]. 
The air resistance at high supersonic speeds (if it 18 considered 

proportional to the square of the velocity, according to Loreno's law) will 
be

- 0,1 pui I)2 v =. 4j- i)v1. 

The maximum falling velocity (v) is determined from the equation 

/1 . (; = 901)0 

thus

I.	 1)1)
r)(J(), vo'=309 %I/(.l.I4I.	

/ 4C 

Assuming H 6700 in, we have : 

2g!I	 i;i 000	 V; V	 302 M/(ct;  

v	 j:ij 000 
a- -•-	 .......P------	 j 9r r(j() 

= e ": = ti3O01J0)u(J; 

=0,0000412. 

aking the initial conditions at the height of 70 km 

1l000	 121 . iU U 	 C" (C -F 2g/II1 (-- u)}	 1,0000412 (U + 
j i11 ('0 )Ei(_- 0,0(iUU'I )J r.	 ,0 I J ) )0'4 (U -F 131,000(-10,520)) 

r.	 ,)l)(1112 ((J	 1 381) (100)  

or
	 I r'	 C .-- I :10.10'; 

U 122,:th. W. 

The velocity on the earth's surface will thus be 

•	 : . .gJI	 (.	 • :1,013 1122,314.10 1 — 131 0110.0,1 2)	 470.10'.
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Answer

The air resistance on the start of the shell motion and ataheight of 
Z - 70 km is found o_b44j

	

0	 755 

	

- II J 	 lV =80 1011 	 45 . 1O',:,:	 5000G, 

i.e., it exceeds the shell weight by a factor of 5000 times. 
At a height of 70 km we have : 

II7U'	 -;•-	 121 •I•.	 II,4.lt)'.e ""	 t1,/1.M	 ;. 

i.e., at Z >70 km the shell could be considered moving infspac. 
At the present time, the resistance to the shell motion for high super-

sonic speeds is not considered proportional to the square of the velocity but 
to its absolute value (the curve of Siai) [5]. In this case, the required 
initial velocity is less. 

jul' Vern gives V3 - 16000 rn/sec. 
If the motion is examined by the more complicated law of resistance 

which is expressed by the following relationship : 

R= rntk/(v), 

then the integration, of the equation of motion as a function of time leads to 
a non-linear equation of the second order 

tit + 
dz 

	

 inAki	 ,ug=O,	
(a) 

whose integration in a general form is impossible. 

Examining the motion by different ways, we could similarly arrive at 
a non-linear equation of the first order 

iiw4_+ inAkf (v) . ing=U,	
(b) 

which can be written in the form

I 	 .JL=O. 
V	

(c) 

This equation permits various simplifications which turn it better the 
more we know about its approximate integral.



- 27 - 

For example, in our case the velocity (v) is very high, the term A is 
very small and could be put in its first approximation as zero. Then the 
variables can be separated.

V(1V 

1(v) 

and we obtain a solution in a parametric form 

I,.
it

 ,	 I ( i• 

If f(v) is a complex function of velocity, then the integral on the 
left hand side of the equation should be computed graphically or by approximate 
quadratic equations. 

In the right hand side, the integral could be easily taken as a law to 
a power or as an exponential law of the density change with height. 

To show that the effect of gravity on motion is negligible under, 
certain conditions, the whole flight (up to 70 km in our case) was achieved 
with a velocity exceeding 11 km/sec, i.e., the flight time was less than 6 sec. 
Within this time, the gravitational force could decrease the velocity by not 
more than 60 rn/sec, and the aerodynamic drag, according to our calculations, 
by 10800 rn/eec, and according to the data of 1jul l vern by 5000 rn/eec, i.e., 
at least by more than 100 times. 

To check on using the last term of equation (c) (which was not consi-
dered before) we rewrite this equation in the form z 

p	 -	 -. 
/ ( I )	 I ('') 

by its integration an	 pressing (v) by (z), as given by the intial solution 
of equation (d)

() ;I 

we obtain

.\ 1(v)
	

kçL\(lz	
'/iq'ii

	 (f) 

From equation (f), the closest value to the actual relationship between 
(v) and. (z) in the form v	 2(z)'is found and substituted in the same 
equation, and the quadrature is accomplished once more, and so on. In this 
way it Is possible to achieve the required high degree of accuracy. 

For a shell leaving the atmosphere and flying beyond its limits with 

a high velocity, the above solution will be very satisfactory and could be 
limited by the simplified equation (a).

(d) 

(e)
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However, for shells remaining within the atmospheric limits, the 
solution of (d) and (e) is applied only for that part of the trajectory 
where the drag exceeds its weight several times. The problem should be 
solved by the normal method of numerical integration. 

Finally, when the drag is greatly lees than the shell weight we can 
resort again to the approximate analytical solution, considering principally 
the motion in space. 

We thus obtain

v1;	 •gv/:	
(g) 

hence, it is possible to put approximately 

,:.. 

where h - the assumed flight height over the highest part of trajectory. By 
substitution, we obtain ;

(li) 

It is possible, therefore, to divide the whole trajectory into three 
parts :

1) A lover, where the aerodynamic drag is much greater than the shell 
weight; this problem could be solved by equations (d) and (f); 

2) A middle, where the drag is comparable to the shell weight; this 
problem is solved by. the method of numerical integration; 

3) An upper, where the drag is less than the shell weight; this 
prc .em is solved by equations (g) and (h). 

If approximate results are required, it is possible to join the lower 
part directly with the upper one, thus the trantion point where the drag is 
equal to the shell weight should be approximate. 

2— The vertical upward rise of rocket missiles with 
constant weights 

This problem is similar to the vertical fall of a body in air, published 
in the book "The Dynamics of Flights" § 38. 

Approximate because an accurate determination of a given place on the 
trajectory may appear difficult. 2
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Assumin& that the missile moves in a resistant medium of a variable 
density wider the influence of reactive forces, we shall have the following 
acting upon forces: propulsive n mg, directed upwards /6/; gravitational 
-mg, directed downwards; aerodynamic drag, proportional to the air density 
and to the square of the velocity, directed also downwards. The vector 
sum of these forces will be equal to :

A, 

where, v	 = the maximum velocity of the falling missile in air under 
N.T.P. (normal temperatures and pressures). 

We shall consider the missile weight G = mg = constant, since otherwise 
the problem will not be solved in a final form. 

The equation of motion is thus written as 

Fd (_)	
iing ,:,::- A.	

(1) 

In order to bring the solution to a transcendental function of the 
integral logarithm, for which ready tables already exist, we must apply 
Newton's law for the density ( s) 

I\
	

(2) 

where, H is the vertical height of the homogeneous atmosphere. 
If an exponential law is applied for the density as for the normal 

atmospheric conditions, equation (1) could be integrated only in the form 
of series, computing their sum individually. 

Designating 

V2.. S/,	
2Ii = ( V)2	

2 

V0	 \Vo 

where V -	 - the falling velocity from the height of the homogeneous 
atmosphere, equation (1) could be rewritten as z 

2cxy2g1f(n_).	
(3) 

By integration fi]

f. (4)
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and introducing a new variable

du 
a; dx = - 

we get

- CU :.(X2(fl_	 cu {C	
xv(fl —1) Ei  

If the wei&ht is considered variable, and it is desirable to make use 
of the obtained solution, it follows that the propulsive force should be put 
proportional to the weight. Similarly, the air resistance should be proportional 
to the weight. The last assumption is slightly substantiated at supersonic 
speeds, since the shape and area of the rocket can hardly change proportional 
to the fuel consumption. At supersonic speeds, however, the resistance coeffi-
cient gradually decreases with respect to the aquare of the velocity, passing 
through a maximum at V - 350 - 400 rn/sec. In some oases, the decreasing weight 
and resibtance may appear quite close to each other. 

3— The vertical rise with a variable weight 

We arrive at the more complicated problem of the vertical rise of a 
rocket with a variable weight. Assuming that the reactive force is constant, 
and the aerodynamic drag is independent of the rocket weight /8] ; 

= 1411i0g = nG0 = cons 

V. 

--	 --- au2A,	 (1) 
V0 

where 'v • the maximum velocity of the rocket, falling initially with a weight 
of rng, and

a =
V 

In this case, the rocket engine should be assumed performing a uniform 
work, i.e., a uniform decreasing weight with time : 

ing = 11l 0g (1 - kt).
(2) 

The equation of motion will be thus written in the form : 

M -a=t, + aA ( dt ) = F — inog (1 — ki), 

or
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 g	 i

	

(dz2 

	

1110	 kt)— 
g —
	 T:	 w);	 (3) 

its integration as a function of time should be carried out numerically. 
Taking into consideration that 

dv	 dv	 dz	 dv	 dv2\ - 

	

-7,— Z^ --Wz	 dt_Vdzdz (2/? 

we can write

I d (0) 	 - - g	 0A
2 	 dz	 1110 (i - kt)	

g	
I -	 (4) 

However, 

equation (4) could, therefore, be put in the form : 

-2	 iL 
I,'	

r i.	 "	 iiz	 (5) 
p	

I 
I) 

Initially, V 0 and all integrals - zero; the subintegral function 
- -	 at V 0. V	 To simplify the case, the following initial conditions are assumed 

V r	 lit; 

where b	 - g, and further (by the law of uniform accelerated motion 

can be used in such a form as for example up to V 40 in/see; at 
higher values, we shift to equation (5) which could be solved at successive 
points by the following method 	 r 

1) Given the expc ted. values of V and - , find those of J - 
2) Inserting j	 in th right side oY equation (5) aocomlish the 

included quadxabires and find V in its first approximation.



- 32 - 

	

3) From the obtained value of V, corret that of 	 and the included 
basic integrals in the right side, and find. V in its seconX approximation. 

Usually, the third approximation is not needed, as it frequently happens 
that the first approximation of (v), obtained from equation (5),d confirms the 
accuracy of its initial value which was chosen for computing 	 ; it is not 
necessary in this case therefore to proceed for the second approximation of V. 

Example 2. We shall calculate the vertical rise of a rocket under the 
following conditions: the maximum falling velocity V = 200 m/sec (on the 
earth's surface for an initial weight 0 ); the propulsive force F' - 10 mg - 
constant, the combustion time is 10 sec witin which half of the initial 
rocket mass is consumed, i.e., at a rate of 	 mg/sec. 

20 o 
For simplification, we shall consider the aerodynamic drag proportional 

to the square of the velocity; although in the numerical integration the intro-
duction of the ballistic function 0(V) does not represent 2any complications. 

(g) is conventionally considered equal to 10 rn/sec 
The initial conditions are : 

I r- (I;	 0;	 p., 0;	 A  

Integrating equation (3) of motion 

1t)w	
-	

A	 f1Z 2 

/	 --	 I	 \	 2)	 i	 \ _(It 

by numerical numerical methods we find (Table 2) : 

Table 2 

t z v
d  A

Note 

0 0 0 90 1. The initial conditions 
1 46 91.6 93.0 0.996 The intermediate point of Runge's 

method. 
2 184 185 91.9 0.982 Obtained by the generalized Runge's 

method. 
4 730 357 77.9 0.932 ) 
6 1586 493 58.5 0.856 )Obtained by the generalized 
8 2677 594 44.0 0.767 ) Kou11's method. 

10 3948 674 37.'4 0.672 )
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4— The approximate determination of the fuel consumption 

We arrive at the computation of the coefficient K, which depends on 
the fuel consumption. 

Denoting: L as the amount of air (or oxygen) required for the combus-
tion of one kilogram of petroleum (or an equivalent amount of kerosene or 
benzene);oC - as the coefficient of excess air. 

Thus for each kilogram of consumed fuel (petroleum) (1 +L) kg of 
combustion products are produced. 

As regards the exhaust velocity (c), its highest value can be calculated 
from the chemical energy of the combustion. Neglecting all the losses, i.e., 
assuming ideal performance, the Carnot's coefficient and the mechanical effi— 
ciency (' 

tm ) 

are equal to unity. Assume that E Cal/kg are produced by the 
combustion of one kilogram of petroleum, i.e., 28 kg m/kg[9]. Thus, on the 
combustion of mg kg petroleum, a total energy of 428 rug E kg. ui. is produced, 
which (on the absence of losses as assumed) is completely converted to a kinetic 
energy, which is equal to :

I cx!,) c. 

The highest flow rate of the combustion products could thus be found; 

This equation could be written in a different forui, computing at first the 
assumed flow rate

(2) 
( •	 - ('I r / ,	 - --	 i •)	 I)	 C 

and then writing

(c)	 -__
-+ a 1,

(2') 

almost the same flow rate of the combustion products will be obtained for 
petroleum, kerosene and benzene 

(c0 )	 91!0 ii/CC.	
(3) 

On the combustion of petroleum at a rate of rug kg/sec and an exit 
velocity of the combustion products (c), we shall have a propulsive force of: 

III (I +cxL)c.
	

(4)
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If the required oxygen for combustion is related to the jet aircraft, 
then its loss/sec will be

(IC	

() 

Since the reactive force is constant and equal to 

= ,fl(l	 (6) 

then the coefficient of wei lDht loss (x), as given by equation (2) (Cf. Section 
3), will include its own oxygen

dG
	

(7) 

at

c 3000 4000 4ec. 

If atmospheric airs used for flight at low altitudes, and the same 
considerations for oxygen are applied for the computation of the exist 
velocity of the combustion products and the reactive forces, then equations 

(4) and (6) are satisfactory and the fuel consumption will be 

-	
rr	 *	

(8) 

Accordingly, the coefficient of weight loss could be found in the form: 

,zg 

c (t -- cLf)
	

(9) 

where, the subscript (a) denotes the use. of air; the amount of air (It) 
necessary for the combustion process will be approximately 5 times greater 
than that of oxygen (L) due to the: ; presence of the inert nitrogen. 

Taking into consideration that the heat of combustion can not be 
completely converted into a kinetic energy of effluent combustion products, 
and considering also the efficiency losses ( 	 ), we shall have the following 
equations instead. of (i) and (3) 

The dimension of Jc - see.1. 

This is not completely true; In this con.nection1 see the more correct 
assumptions of B.S. Stekin in his article published in the Journal of 
"Tehnika Vozdunogo Flota" No.2, 1929 /ioJ. 

m a the mass per sec of the particular fuel.
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= 91,5	 = (co) V11,	 (10) 

Cu	 - 

=-71M NT	
1•	

(ii) 

which should be included in (7) and (9). 

In s tud
y

ing the flight with pure oxygen we can, apparently, substitute 
the velocity in equation (7) by the following VJUS 

C = 3000 -.4000 ,4ISeC. -.
	 (12) 

During the combustion of petroleum in atmospheric air, as given by 
equations (9) and (ii), we shall have 

ng 

(cu)J//Vj.7 '	 (13) 

it is, therefore, possible to assume 

I	 ct1, ::> I 0; 	 i	 0,007;	 11) 
.4115CC4. 

Under the given assumptions the equation will be ; for atmospheric 
air

- sly	 51

(14) 

and for pure oxygen

I	 300 

1	 ii	 U 

Under much lower pressures (and, consequently, temperatures), very 
low efficiencies should be expected in the combustion chamber, i.e., a 

higher fuel consumption for the production of the required reactive force. 
Thus, some designers consider the fuel and oxygen consumption to 

proceed by the relationship

(I	 11,0114 , F	 (14')
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from which

I	 !f	 I'll

(14") 

For air jet engines, which drew the attention during the last years, 
in which the supply of air is fully automatic (without pumping), the thrust 
does not only remain constant, but it also rapidly increases with the velocity 
and is almost proportional to its square L12,7. The fuel consumption is 
similarly proportional to the thrust [13]. From the theoretical calculations 
it is possible to put : 

The reactive force

(15) 

where C 	 1; S the area of the critical cross—section of the exhaust nozzle;

f the air density; r - the velocity of flight. 
The fue], consumption is equal to :

(i6). 

where, A -	 - the air density ratio at the flight altitude and on the earth's 
surface.	

2 
At L 1; S - 1 in , we have the following tabulated values (table 3 ). 

Table 3 

SI) lUll ISil 21)1) 25t) 3(11) •'iu iiu 
?, '9i9"C 

11)000k
I) 1,57 2,35 3 1 'i,US 0,43 5,07 12,15 17,3 

2,9 2,35 1,00 1,23 1,03 0, 90 0,7G 0,09 

0010 701) 501) [101) 1(101) 1100 12(11) 1300 I 41)1) 

1001(0k
23,0 31,6

11 

1 5 53,5 07,8 85,5 105,1 129 1St; o,os -, 0,6 4 0,05 0,00 0,075 0,70 0,7:1 0,76 (1,81)

/

t
As given by the engineers Ju. A. Pobedonoscev and E.S. Scetinkov. 
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THE FLIGHT OF A WINGED ROCKET AT SUPERSONIC SPEEDSE 
(1934)

1- The forces acting on the wing profile at supersonic speeds. 

Buzeinan and Val'hner tt stidied the profile formed by two arcs (see 
Fig. 1). In Figure 1 the following terminology is used 

the angle formed between the tangent to the upper arc and the direction 
of speed '; 
the angle between the direction of speed and the tangent to the lower 

U	 arc at the given point; 
= the angle between the direction of speed , )- and the aerofoil chord AB; 

t - AB the chord length; 
d	 the maximum aerofoil thickness; 
v	 the velocity of flight; 
a	 the sonic speed. 

•	
:	

/ ()-Y•--•1	

(i) 

2 V.- 4 
•	

-	

(1

	

-

(2) 

where ic	 the adiabatic index; for air 1.4, at r = 1.47a, C1	 1.856,
02 - 29435. For V 3a we get the approximate relationship 

i 1	 :_._	 2	 C,	 1,2.	
(3) 

For an aerofoil of an infinitely long span, neglecting the air friction 
on the wing's surface, we get :

S
N 

Fig. 1 

"Presented for publication in summer 1934. 

Forscnung auf dexn Gebiete des Ingenieurwesens Aufgabe A, I4artz-Apriel 1933, 
Bd. 4 9 N2 1 S 87-9 2 (vDI).
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Fig. 2
	

Fig. 3 

for syuimetricalaerofoils (see Fig. 2) we get : 

C(j = 2Cj;	
(4) 

cw= .--c1 (--..i- 2C1(;	 (5) 

For aerofoils of the Rate type, limited by the are and chord (see 
Fig. 3), we get

2C1; 

(4d)2	
2C1ft.	 (1) 

When	 0, we will have c < 0, and then, as in the case of subsonic 
speeds, we could have c. >0 /1]. 

11e should remember that 

- Y • 

	

Ca	 S 
-	 i	 =

(8) 

The theory is applied for v> 1, 3a and at an inclination angle between 
the terminal edge and the direction of flight not exceeding 110, undoubtedly, 
in this case, the incidence angle will be equal to P < 110. 

For symmetrical aerofoils, we get 

	

Y =c0pS4-	 =	 2pSIJ1av;	 (9)
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X	 s_. = sc1v2J__. (2(1)2 - 

.--- 2au j_!r PtLY J r. j-	 I /i.	 (10) 

Taking into consideration the friction of the air on the wine and 
the inductive resistance caused by the extremity of the wjn 2 Pn, we arrive 
at the earns equations but with hier coefficients : F5. 

 j () +fr in 
the free term, and x 1 [2] at 

Therefore, within limits, the thrust and drag at high supersonic speeds 
are proportional to the first order velocity and its performance does not 
depend on the speed but is a function of the incidence angle (p) only [7. 

Y	 I 

T •- ---•• Ti4T	 (11) 

The lowest value ofu is applied when 

2	 1 

x	 t 

and is equal to
p.= 2 I---- . --.

(12) 

with such a contact angle we have : 

2Sau j,/1i 'L	 p.S(U) 
---ir 4-X fit	 15'au	

(d )4	
(13) 

For the flat—convex profile at high supersonic speeds, C paases 
through zero and gets a negative value. Such a profile will not therefore be 
examined. 

The Liliental's curve and those of the necessary thrust and forces 
for supersonic speeds could be plot exactly as for the aircraft at subsonic 
speeds, by assuming the forces proportional to the speed and by introducing 
a correction factor 

,)	 '-'l -J  yj  i ( : )	 ( €-
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From these curves, we could carry out the investigations on supersonic 
flights, comparable to those for normal conditions but with a different resis-
tance law.

2- The required thrust and power curves for supersonic speeds 

1 4:ti (11 	 0..-	 Gf 

a lp

2iJ' '; (';	 I; •. -; . .. 

y;_	 (;q, V -.-..-.----. $ 
upSI)j	 afiSi)jI	 ZapS!)ia 

(ij' ( 2atSI)jv 
•• 

The power

f	 zG'fi	 2a:SJ)Ja2 - - v \	 --
N .	 No :••.	 I' t,$Ij-- 1 

ilX	 ., d/)	 xG2q	 di)1 ( I I ..	 .1 2(t$.S(v ----- --- ----- • - 
dv	 (IV	 2tj	 tiv 

f 
•	 il,	 a	 /	 a	 a	 a	 a 

if 

(?... i'. 
\	 /	 a 

a	 •--1
a / 

Putting D1	 constant, we find x - mm. at : 

V7,1	
r •• 

This equation is only approximate, since the derivative of D as a 
function of v is not included. 

When v = v, we get 

I	 ,,',,	 \	 - •	 I	 ,,,.,	 i 

1,,U	 I	 1?1U	 - 
/	 ..	 ((IS t) -- -.-	 I (; C($ I) 

r	 \	 r 
N .-.	 tI )M 0 -

	 -	 _,	 •..	 .•.. r	 a('.' /)	 /)



- 41 - 

3- The acceleration and rise of a jet aircraft at a constant 
'incidence angle and supersonic speeds 

elementary solution analogous to that given before for supersonic 
speeds is shown here. 

If the initial weight of the jet aircraft is designated by G. Then 
its weight at the examined moment will be equal to 

(8' 

If the fuel consumption per unit time is constant, then G 1 - Kt. 
F' - ziG the reactive force, which is considered constant throughout the 
flight lime. 

We shall consider the incidence angle of the aircraft constant. Then, 
according to equation (9) and (10) we get 

The rising force is equal to 

- r	 (14) 

The aerodynamic drag is equal to ; 

\ -.	 xj) t'/),	
('5) 

the reciprocal performance

XrCOflSI.
(16) 

Here

V 

1)	 -----:	 I.............(.)-

V (•-:;'-Y- '
	 ( It) 

where a the sonic speed.

I	 f't1\ 
:	 t ) 

According to the Buzeman and Val'hner's theory, equations (14) and 
(15) are valid, for v > 1,3a. 

To simplify the solution, we shall, sometimes, consider D, constant, 
and for the velocity increments w introduce the average value or D 1 for each 
stage.

From equation (14) we find an expression for the velocity of flight 

/	 (flt)i \ 
( ((8$ (1 - ,: ) 

I)	
-------;-7----	 EL 2apSli (16') 

* See below: "Neskol'ko 2ada iz linamiki reaktivnogo samoleta" (Se'eral 
Problems on the dynamics of a jet aircraft), 3 [47.
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The power required for the aircraft motion is equal to : 

I	 mv\ 
N=Au=t G cos O__,)V. 

An expression is developed for projecting all the forces on a tangent 
to the trajectory, as follows

(17) 

or

	

(j	 g (11	 (r stit 0), 1110 

where 0 - the inclination angle of the flight trajectory to the horizon, 
which is considered positive during rise. 

The acceleration of the aircraft could be easily found from (ii) 

	

I	 g	 sin 0. 
/	

(18) 

I1UltijJly1flgbyv,we get

ii 
i i ' I gv sin 0 - g 

((; :. 
0

(19) 

substituting v sine by	 [5] 

	

1	 / a	 G	 a 

	

jv g'1	 gu,	 7)	 AM	 (20) 

and multiplying by . , we get : 

1-	 Iii	 7	 11-11.1J jv:\	 g	 gv,1	
'.--- 

t	 gi10	

(21) 

Further,we have

	

I it (1')	 ":	 ii	 (;4	
'\	 -	 I	 iiz 

2	 2	 ils	
j.;j •-;;-	 f/ ii i ii I-

V(	 G(1	 )	 a	 (IV 

	

+ -.-.	
i)TTh'	 (22) 

U )

	

Iv	 \2	 v 
Vo	 d	 d:	 V	 is - ) - U	 ilv tj 

( ii d ..	 iII•	

(23)
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Inserting this expression in equation (21) we get: 

Ad () + v
U 

(1 () + gAd:	 gv	 dt.	

(24) 

from the relationship : 

Ad () A M(?	 2 )—-'d1t	 (1(G)	
(1(-_)	 2

j 
f: 

we can write

11( A1A
dz 	 . 

	

(//,	 (25)	 (25) 

or

Id () 
.1 (1	 + 

'1 — 	 v; d2 (Ti- )	 / V 
t)ii	

ir	 A	 7,11---.-d

(26)

 Integrating equation (26) we get 

vo 
7- •	 •F Adz	 V(Jç__J_(/II

AY

(27) 

or

V	 {?	 I	 tlA	 GIt  

	

2J,, /) IA t A	 •':' 	 A 	 'a	 v	 2vJ 

	

-Adz - ?J1,',)""dt-1	 •-	 --- -
	

d (62)
 

- I . C,

(28) 

where the arbitrary constant (c) is chosen according to the initial conditions. 
The included integrals are taken as 

C ii — ILG	 a -	 ii	 i	
'

 '
	 C, 

	

!i (t=:—-J)	 •-,i•-—m';-
,	 (29)
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since

(;	 1	 kI, 1G	 lull, iii	 '6" , /) 

1L	 ,	
e' -,'-	

If/\ • I . C,
(30) 

if Galle's law [6] is applied for the uensity 

(i	 --4U(J I—jj-F C• 

I.	
(31) 

and if an approximate equation is taken, giving results almost close to the 
standard atmospheric density (See "Dinamika Sainoleta" (The aircraft (lynamics), 
chapter I). 

From (29) and (30), by integration within the limitsand z;;-z1  
while £< LII, G < G1 , and neglecting the value of the integral depending on 
the speed, we get 

	

( • I l 1 (A 1	 A)	
[	 (

d --	 k ('	 2)I + 

,1i 
'

A 
I	 (32) 

or

[(	 I	 \. (I 

iII(L'tj.-L)

(33) 

For 
52 > J, it is better to use equation (33), while for 

equation (32) is more favourable. 
In equation (33) we have

'	 I	 I 
•	 '	 A	 A, 

-.	 Since equations (32) and (33) include two unknown parameters, viz.: 
G and LI , then on computing the integral, which depends on both variables, 
the upper limit of LI can be first determined by equation (32), assuming 
approximately :
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I:,

Vr

I	 I	 I 

-	 /' I) 
U 1 . A. 

then, we get

V2	 --
__-_. (GH 	 ) 

A

7:.,L.. ((; -
	

IL	 (O -

	
-.	 - -	 :I.._F '-	 I II.\
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SEVERAL PROBLEMS ON THE DYNAMICS OF A JET AIRCRAFT 

(1935) 

1-. Glidin from high altitudes in a medium of variable 
density 

Generally speaking, gliding of an aircraft can take place under various 
incidence angles. The descent from vertical diving to gliding under the 
optimum incidence angle, and the parachute landing, are also included.. 
However, we are mainly interested in either the distance, that is, gliding 
with the optimum incidence angle, or the duration, that is, gliding with an 
economic incidence angle [1]. 

In both cases, the incidence angle must be maintained constant through-
out the gliding time. 

Turning to the conclusion of the basic equations of gliding we shall 
first assume and then prove that 

1) fs a sult of the small centrifugal force, due to the trajectory's 
curvature	 a	 , its effect on the risinc, force can be neglected. However, 

at quite high speds, the trajectory's curvature is a sequence of that of the 
earth's surface () and should not be neglected. As the gliding trajectory 

1.	 1 is almost horizDntal at the high altitudes, its curvature - a	 + - could be 
i.

	

	 r	 r1	 r9 i taken close to -, where r s slightly greater than the earth's radius due to 
flight height

r a 6400 km 

2) As a result of the slight changes in the air density with height, 
and particularly along the path (due to the small descent angles), it is 

possible to apply the speed of the identified motion at the same height (at 
moderate velocity, v < 500 rn/see) 

(U3 U	 V0
 

V 77j& = 

where v a the gliding velocity and v a the velocity of the horizontal flight 
on the earth for an incidence angle similar to that of gliding. 

Concerning the tangential forces of inertia 

tiv	 UL (I (iii)	 in 11 (v 2) (1Z 121 

Inlet 

they are considerable at high altitude flights, and could not be neglected. 
However, their effect is manifested for trajectory's angles inclined to the 
horizon and not for the flight speeds.
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We write now the equation of motion for the investigated flight. 
Projecting the forces perpendicular to the trajectory (see Fig. 32 

P. sG), we get;

Y	 llv2 A (:osl)  

Projecting the forces tangential to the trajectory, we get 

(Gso	
(2) 

Since

• -	 dv	 ' 
3(1i	 ti( 

equation (2) may be represented in the form 

I	 ?fl (1(V) ft iiitg co () -. ;: )
	

ing sin o - -- ------

or in the form

v\	 I c1(v)  
Sill f) =i (coso_ )	 (3) 

Assuming a positive descent angle (a ), we get ; 

dz dx = — 

from which ;	

--sin O, (Is	 dz 

and equation (3) takes the form :

C(Ix 0 — - - 
gr

(4) 
+2g ik 

From equation (1) we find the speed, taking into account the decreasing 
weight due to the centrifugal forpe 

__________ • - 	 ________	 (11	 cos 0 -- vcus() 
-	 A--L 

r	
()
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where

IllfitI, 
•
	 I t  

- •	 iJ	

(5' ) 

On the earth, for A - 1, we shall have :

(5") 

The very small value of X is not noticeable  during flights on the 
earth and at relatively low altitudes (up to 20-30 kin). But at high 
altitudes of the order of 50-100 kin, where the density ( L) becomes quite 
small, the value of (k) begins to play a considerable role, since for aircraft 
speeds of 2000 and 4000 rn/sec (7200 and 14400 kin/hour) the corresponding 
centrifugal force is equal to 6 and 25 per cent of the weight. On attaining 
a space speed of 8000 rn/sec (28800 kin/hour) the centrifugal force completely 
counter-balances the gravitational one, and the airlifting force is not 
therefore needed for a flight without a descent. 

Assuming that both the coefficient of the rising force (Pt ) and the 
reciprocal of aircraft performance (y ) are constant, we get 

U	 i/A	 •\	 I. 
1.:	 /\	 \	

(i	
/) •/	 :\	 i/A 

Substituting in (4), remembering that : 

I,., 

	

and neglecting the small value of tan	 , we find.

(6) 

	

II	
- 

II 4)	 ii 

I.	 1)	
II" 

c	 -- - I i;:: 
/	 1 

	

For v	 50 m./sec	 k = 

	

0	 '	 ' 

	

For v - 100 m/sec,	
- 25 00

oo 

	

For v - 200 rn/eec,	
- 1600

ills I) 

A I I. •	 ._- -	
/A 

(1)54) 
JA I)	 iI

(7)



- 49 - 

The inclination of the flight trajectory during the aircract gliding 
with a constant incident angle could therefore be determined by considering 
both the variable air density and the trajectory's curvature which becomes 
important when it is a sequence of that of the earth's surface. 

The Distance of aiding 

From figure 1 it is easy to deduce that : 

ilL 

thus, the minus sign is taken duo to the increase of (L) with the decrease 
of height (z). Substituting the expression of tan 0 by the value given in 
equation (7), we find that:

(IS,	 I.' ilL.- 
•H1 

H	 . 

Fig. ]. 

Shifting the second term in the brace brackets to the third position 
and integrating, we get the distance of gliding within z and z2 < z1 

\	 I.•	 "1/.  

IL

j-

.5,	

hi
—IL

..	 (9) 

Here, the first term represents the normal distance of the aircraft 
gliding, and the second takes into consideration the increase in the distance 
on the expense of the decreasing excess kinetic'energy of an aircraft flying 
upwardsand downwards with high and. low speeds, respectively. The third" 
term, however, takes into consideration the effect of the centrifugal forces 
due to the earth's surface curvature and the somewhat docreasg rising force 
as a consequence of the aerodynamic drag of the jet aircraft. 

On gliding at altitudes less than 10 km, the effect of the change of the 
kinetic energy could be neglecteth 

At This term could be neglected on gliding at altitude less than 30 km. 

(8)
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Assuming A - e_Z1'H (where H - the height of the homogeneous atmosphere) 
then for high altitudes of approximately 6500 m. we can have a full integration 

of equation (8). Accordingly, for the limits of z up to the earth's surface 
we get:	 --	 -	 -	 - 

Ith•1

(10) 

and for z to z2 < z1 we get :

I -- -
	

Ai 

 

2 
tk 

 (:—	 (cs1))--.Iii	

•-._:	
(ii) 

Thus, the factor	 is replaced by the equivalent 

We could obtain such a result from the general principle of the conver-
sion of energy. The work of the aerodynamic drag along the paths (a) is 
equal to ;

/	 •'ii
(12) 

Concerning the enery that the aircraft may loose during the descent 
gliding, we refer to that lost by heiht as well as the kinetic energy loss. 
In this case, the aircraft flight on earth with a velocity of v// l+k will 
be considered as its final state. Equation (13) is obtained by neglecting 
the decreae in the gravitational force with height 

akl
v 

f	 _I_•'\ 

1 . 1 I1	
(13) 

and by takin this change into consideration, we get : 

•- ,	 -h) •	 ( 14) 
Comparing (12) with (13) and (14) we get equation (9) or (10). 

The Time of Gliding 

We turn now tthe determination of the time required for the aircraftUa 
gliding. Since if 	 , then 

dt

'..
 

1)	 .'itit)
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From this relationship and according to equation (7), we find that 

(A j . /.	 L dA 

ill	 -.--._if._._._

(16) 

Therefore, at high altitudes : 

0	 0, Co." 0.  

Applying these assumptions and taking an exponential relationship for 
we get

A	

('7) 

If we put m1 - m 1, then we will get the following relationship : 

I	 \ A  
— ( mp -I- 1 ) U )	 Li-j7TA	 (17') 

Assuming m - 5 and H 8400 in. we obtain an almost standard atmospheres 
for m W Oc> , we arrive at Galle's equation.	

dz 
Equation (16) could be easily integrated by £ . Substituting dz by 

and taking the derivative from equation (17'), we get : 

IL ±! 
On	 1111	

2---	
2g11 A V A: k 

A	 J	 (18) 

The integration for m1 =oo gives the following expression for the time 
of descent from z to z 

l it	 (Ir:7. •-- VATrI)	 ,(YJfi. ... 

( 2 r v	 vA -I-- k -i- VI) 

On 

I	
(19) 

For the case m - 4 1 the first term of equation (18) leads to an 
elliptical integral oi the second qrder 

\L iJ-"L.	 \ ( i
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where

II	 - 

2- The effect of the centrifu gal forces 

It was assumed before, that at lower altitudes the effect of the centri-
fugal forces caused by the trajectory's curvature of gliding is not high and 
could be neglected. At higher altitudes it was considered that the trajectory's 
curvature of gliding is almost equal to that of the earth's surface. Th here, 
it will be proved that the errors resulting from these assumptions are quite 
small. Designating

I	 ,.  
H )  

we determine tan 49 from equation (7). Adopting the density of Gallei's law, 
we find, that

(A	 1/.	 I' ¶n	 I)	 p
I'

(20)

1 d49 
The additional trajectory's curvature , which should have been 

added to that of the earth to
_ 1	 cis 

obtain the actual curvature of the trajectory, is 
now determined. 

We have

lit	 IV I	 1A	 IA 	 I . 
i'•'

k	 (i\ -j-	 /,)'	 I

() 

Since this equation is conformable with that of Newton's then on its 
basis we get

I	 ii	 A 

Taking into consideration that sin Q	 tan 49 cos Q. and dz -d.s sin 49, 
we get

ii	 I	 \'	 I\	 !-j(;\-I	 I.).\ 

H	 II-' I'. ) j-.L\ 	
(22) 

The additional curvature	 acquires its greatest value which is 
equal to

[I	 ii

(23) 
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at	 2A and jr - gil a 280 rn/sec (if 'Jgr is taken equal to 8000 rn/see). 
Apparently, at such low absolute velocities (<300 rn/eec) the effect of the 
curvature of the earth's surface, in addition to the centrifugal force, is 
very small (of the order of 0.1 - 0.2%) and could be neglected. 

Only at speeds over 2000 rn/eec, will be the centrifugal forces due to 
the curvature of the earth's surface considerable amounting to more than 6 
percent of the weight). The additional curvature 	 will therefore be computed 
by assigning a value 1exceeding 1000 rn/eec to the asolute velocity of flight. 

Representing	 , which is given by equation (22), by 
rl

A	 I.•	 :\-I k	 ..\ 

and since

	

-	 •i	 l\ 

i	 :I!	 I.	 ,	 •'	
2:II ( 

we can write

y 

	

(:_:II\	 •1• 

I .,	 //	 \	 I	 ii 

"	 Il (
	 Mt	 'U 

We shift now to the computation of the normal acceleration of the jet 
aircraft. Since the trajectory's curvature is equal to 

I ...	 r' 

(where, r	 6400 km - the earth's radius, and 	 - the previously mentioned 
additionaY trajectory's curvature), then the normal acceleration will be equal 
to

( 
I	 I \	 t	 :.r - o  

(24)
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Expressing the normal acceleration in fractions of that of gravity, we 
get the centrifugal force of the aircraft (expressed also in weight fractions). 

2 !.'	 _.	
grn	

'	
() 

This second term of this expression has a maximum when the velocity of 
flight is approximately equal to 500 rn/eec, where the earth's curvature has 
almost no effect on the normal acceleration ; 

Designating

2!II, 
gr 

and by rearrangement of (5), it will take the following form 

I 21u .-

	
:•;  t I n I 2 2Z ((,a0	

(26) 

where

!'	 -I 

z	 =z1.	
(27) 1	 x• 1-x I 

The value of B is equal to 
to 70 km, and lies between 0.0028 
km.

The values of x 2 and 2 are 
of Jn calculated from equation (

2gH/gr - 0.002, for heights ranging from 11 
and 0.0030, for heights ranging from 0 to 11 

shown in table 4, which shows also the values 
26) for-the cases : 

-= 0, 1;	 0,2	 1),5) 

0,22's;	 0,311; cL\(),5 
1wt 1? = 0,002. 

The values of the velocity (v), and the approximate values of 

,, "1 	 •- 

calculated  from euation (27), are given in the present study. 

The Z and _ curves are represented in figure 2 for the cases 

2I 2 . 0,0; 0,1; 0,2; 0,5 [41•
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The simplified value of 2L , almost coinciding with 	 has a maximum 
which is determined by the following relationship ; 

0:,+ it) 2x  I
 7 - -	 (i1 •- 11) 

able 4 

I -I
	

11.1	 1.
),,	 j

Ii..'	 7
•1,	 Ii 

•	 p or. z 

80 0,00()1 O,00210 0,002)43	 0,000:11); 0,1100532 0,004 

177 0,(1(105 ,0320 0, 03,11 00	 0,0071) o,00I;90 0,01I5 

251 0,00) ().0740 0,07407	 0,010339 0,01 5713 (1,03W) 

355 0,002 0 12/l I (1,125()))	 () • 01/i4 (i,l'.112 (,,0t3'5 

50') (1, (K) 0 , t /IHII 0,1/1815	 0.1)1 87 0, 0:,1 3 0, u70 

l3'7 0,091307 0,1302 0,137'	 0,0202 0,0339 0,0740 

79' 0,01 0,1153 0, -11574	 o,ozis o, 03:o 0 ,(el;70 

I 120 0,02 010741) 010751:i	 (1,0272 0,ü3'i' 0,0574 

1590 (I	 O'i 0,0113N 0,111319	 0,0443 0 ,01W 0,0)315 

2(15)) 0, ((007 0,02720 0,02744	 o,009'i 0,07214 00803; 

2510 (),1 0,01870 0101884	 0,111)9 0,1038 0,1093 

550 0,2 0,0090 (1,0(1971	 ((.29119, 0,21(19 

391;)) o,:!!*) I 0,00770 0,0078) I 1, 2515, I 1, 

5(U)() 0,4 0,00190 0,00192	 0/005 u,4010 

51100 (1,5 o,oi:' )),))0395	 )j,Si)iil 0,591(13 

6:90 (4,)' (4,0(1:325 (1(11)33(1	 ()	 0(1(13 il, GO( i)',7 .1/11 

1)3:1(4 0,7 010020)) o,00:'.04	 , '/i o ,	 oo:;r, o 
"if 

i11 

'/14)1) (),8 ((((0244 (1,1)1)218 	 0,01)02:; 0,801)5 (i,%ll1 

75)11) 0,9 0,00232 0,(fl)2200	 (1,80022 0,80(11 ((,i1(lli 

7937 1,0 0,01)00() 0,11(i) 99	 1 ,((()0 10)(0) 1,()()0

From the foregoing relationship we get the following values 

.5(l)) .l7/('( 	 /1	 0,0(12; 
(1,0773,	 v -. G12  

It is hoped below to consider the value of Z.1 throughout the flight 
trajectory.

•1 

Fig. 2	
(); 

ii) It 0; 210, - 0,41; 

b) )L=0,224; 21t=0,1; 

C-) It0,31 fl); 21L1 =0,2; 

4))'	 0,5(10;	 21 t,-,	 (),5

IT Y3/0C. 
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The investigated case of gliding may be generalized for an aircraft 
rising with a constant weight, constant incidence angle and a fixed difference 
between the reactive force F' and the aerodynamic drag X. To be sure, let US 

investigate figures 3 and 4. In the former, the drag X is equalized by the 
projection of weight (G

? Q) alone the trajectory's path and. by the inertial 
force of the aircraft (m ). In the second figure, the reactive force F' 

dt 
counter-balances the projection of the weight, the inertial force (mj) and the 
drag (x).

iia1 

Fig. 3	 Fig. 4 

In both cases, the inertial force is directed in one direction (figure 
on the left); the inclination angle of the trajector (a), the velocity (v), 

mv 
the rising force (Y) and the centrifugal forces (-) are equal in both figures. 
Figure 3, however, shows the gliding movement of the aircraft, whereas figure 4 
shows its rise. In the last case, the drag (x) is counterbalanced by part of 
the thrust (F'), while its role is represented by 

(, SI:i I)	 ii,,
(IL 

3- The acceleration and rise of a jet aircraft 

The initial weight of the aircraft is designated. by G and the weight 
at the investigated moment is represented by : 

(4•	 -	 ( I ---

where, k	 the fuel consumption per unit time, expressed in a fraction of the 
initial weight of the aircraft. It is assumed that )c - constant and F' - nG 
the reactive force which is also constant throughout the acceleration process. 

We shall consider the incidence angle of the aircraft constant and, 
consequently, its characteristic coefficients: R , R and	 -	 will be 

also constant. Neglecting the earth's curvab.ariand assuming co 	 - 1, we 
can write the following equation :
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I 

It A

 
1/ .".. I I	 . 
' ,(,, V K	 " J/ A	 (i) 

Accordingly, an expression i.e developed., which projects all the forces 
on a tangent to the trajectory (see Fig. 4) 

11C -- (! siu (	 (;,, (a - 1	 (.siii 0) 

or	 (2) 
-- (j	 g (n	 ii'.	 (,  

where,	 the angle between the flight's trajectory and the horizon, consi-
dered positive during rise. The acceleration could be easily found from 
equation (2) as follows ;

1	 g	 0	 sIll (1).	
(2') 

Multiplying by #v, we get 

1)	 'I (1	
i: (" 

/
	 ti'

	

I	
(3)0

dz 
and since 'u sin 49 -	 , we can write the following equation 

dt

dZ 
Iv	 gv (' V.	 (4) 

Multiplying by	 , we are left with a time dependant function on the 
right hand side

	

j' V7t I g V I' ..:- -	 V 

Now we express the tangential acceleration by the height, and the 
vertic.l velocity by

Ii:')	
"r	 ; ;:..,	 (6) 

Jv-i	
( ) fit
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Substituting in equation (5), we get : 

:.1 
J'Ad (A 1 :i -vo(1.:  

since

Ad	
,\dG— GdL	

j. 27d	 = 

-1 I \ 

\I'i\J 

we can bring all the terms of equation (7) but one in the form of complete 
differentials as follows : 

il	
Gd (.--) ( + 

g VAdz	 - I	 (8) 

or

(1 (
	 .	 .-	 (1 . -	 1(---	 Ig j/d.

A JIpAl 	 A/ 

( P'(: ''
	 L I/'G) (1€.	

) 

By integration we obtain the following relationship : 

'I'	 -	 - i)d( . 	 g \Vtdz 

gv0	 '	 G!:dt 'I- (7,	
(9) 

where the value of the arbitrary constant (C) is chosen from the initial 
conditions.	 z 

The curve representing	 \J . dz as a function of the parameter 
u = 1/V2 is illustrated in fiure 5. 

If it is assumed that the reactive force of the rocket (F') is not 
constant (nG) but proportional to the weight, then 

uG
	

(10) 

and in tiiiu case the right term of. equations (8) and (8 1 ) could get the 
form

gv0 (n - it) VGdt,	 (11)
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Consequently, we may have the following integral 

- 

= 9v0 (n - t) J Vridt C.	 (12) 

C	 -	 00 7
ltz

2T 

 

it/ ii . ,i,'j 
Fig. 5 

Assuming that the use of the atmospheric oxygen at the high altitudes 
is impossible, we come to the conclusion that the fuel (petroleum, benzene) 
as well as the necessary oxygen for combustion should be carried by the 
rocket. In this case, the combustion will be independent of the altitude, 
and for a constant reactive force (F'	 conet) we shall have 'a constant fuel 
consumption per unit time. Therefore, for integrating equation (9) we can 
assume that :

i — /ct,
	

(13) 

where X = a small value. For t 0, 0 1; at the end of the combustion 
process when no excess fuel is left we can consider (depending, more or less, 
on the successful desi)

- 
3' 2 or even 

From (13) we can deduce the following equations 

C	 -	 --	 t	 -----	 (14) 
I - = - 4- 	 i_4Ivt_,it

(14')
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çvG(11 - 
4

(15) 
(t —/ct)"  

VWdt. ._ L(t	 /ct)"_. (1 — k1 2)"i	 tii	
(15' ) 

Representing the density by Newton's equation 

A e 

we find that :

	

(IZ	 2!! (I	 ' A);	 (16) 

	

I •\ (1	 // (p g	 I i\). 

Applyin6 an exponential law for the density [5] 

i'1-•—n ) 
711 

\	 ml! 

we get

ln+t 

--	 .:n--I)	 A"'1 '	 ( 17) 

Concerning the integral

E;)il (--) 

it depends on two variables: the time (t) and the density ( A ) (or the time 
(t) and the height (z), since the density is a function of height). Conse-
quently, the differential equation (8) does not lead to quad.ratures, and 
should be partially integrated, i.e., it should be integrated by the ordinary 
method of the numerical integration of differential equations. By the mean—
value theorem we can write for any part (big or small) : 

) .(	
(18) 

hence
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(I	 () (-
	 - -)<	 ( l -- 

7)d (-) < 

<(I  

	

\J i\	 I 

Integrating equation (9) within the limits from the earth's surface 
(where G 1 and 1 1) to the height z, we can substitute the indefinite 
integrals by definite ones and write (assuming the reactive forces constant) 
the exponential law of decreasing density with height : 

2._1	
(.)(--L	 l-II(I -,	 ') J" A1	

" I /\fl4 

J.i)	
--(' —(')I.	

I	 (19) 

Here, G denotes the least weight at the end of flight. 
Another tmmethod for the integration of the differential equation (8) 

consists of applying the method of successive approximation to the entire 
equation.

7	 It 

Fig. 6 

For simplification we designate l/JA. u and rewrite equation (19) by 
substituting the lower limit by the values 0 - 1 and 1 a 1 a 

(I • 1	 2	 .:1L 	 (i	
' )	

( I 	 (;) i/H 

— I i; .) ..--(Iijl)J.	 /)•	 .	 (9') 

Neglecting ,. (1 - ö) du and assigning a value for 0, we can easily 
determine the corresponding value of u from the quadratic equation 

0 1 	 (_'._ 2). /(i).	
(20) 

Carrying out the calculations for the different values of 0, we can 
draw a curve of the relationship between 0 and u, • Meanwhile as abscissa and 
(1 - G) as ordinate (see Fig. 6.).
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The area lying between the abscissa and the curve OMà, (the shaded area 
in figure 6) gives the unknown value 5 (1 - G)du as a first approximation. 

We can proceed now to the solution of the problem of the second 
approximation

/(i) I
(20') 

Meanwhile, the integral is taken from the OML curve. The calculation will 
give for the predetermined, values of G new values cf u) u,, which will 
produce a new curve OM	

t, 
'A' (the dotted curve in figure ). 	 'he new value of 

(i - G)d.u 2 , which is slightly greater than the previous one, is expressed 
by the area OM'm'O instead of OMmO. 

Such a method can be applied for the third and fourth approximations 
and so on. But, practically, further approximations than the second are not 
necessary. 

For integrating equation (19), the velocity of flight (v ) on the earth 
should be Civen, which depends on both the load per a square meter of the 
wing's surface and the incidence angle. 

The foregoing equations were derived for a constant incidence angle. 
If the incidence angle is considered variable with respect to height, then we 
can carry out partial integrations considering the incidence angle constant 
for each part of the height. 

Concerning the characteristic coefficients of the aircraft: R , R and 
)L, they must be changed not only with respect to the incidence añgl/but also 
with the velocity, particularly on flying beyond the sonic speed. At present, 
we are not in a position to say anything definite about the characteristics of 
these changes. 

We proceed now to the selection of the optimum incidence angle with the 
consideration of the aircraft performance and the efficiency of its jet engine. 

4- The optimum flight speeds 

It was previously assumed that the jet aircraft achieves gliding and 
powered flight with a constant incidence angle, which could be assumed as the 
most effective flight, i.e., coresponding to the lowest value of the reciprocal 

performance of the aircraft p.. For gliding, this assumption will be 
true. But for a powered flight, t could only be verified if the useful power 
developed by the jet engine is independent of the velocity of flight. As a 
matter of fact, the thrust of the jet engine (reactive force F') can be 
considered constant and dependent only on the fuel consumption and not on the 
velocity of the rocket motion. Consequently, the useful power developed by 
the jet engine is proportional to the velocity of flight and is equal to 
F'r6].

Under such conditions, the optimum incidence angle, corresponding to 

the lowest value of p., will not represent the highest'excess power which could
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be spent on rising or accelerating the aircraft. This is clearly seen from 
the investigation of figure 7, where the velocity of flight (v) [7) is 

I'	 /f 

I // 

V.

Fig. 7, 

represented by the abscissa and the necessary values of the power of flight 
(w) by the ordinates. Figure 7 shows Peno's curve /8J AB and the power 
straight lines OC, OD and OE developed by the jet engine for the different 
values of the reactive forces F', F, F. Evidently, the highest excess 
powers correspond to the ordina4e sections m 

1 
n 1 , m 

2 
n 2 , m 

3 
n 
3 

derived such 
that the tangent to the Peno's curve atm1 , m2 and m3 is parallel to the 
straight lines OC, OD and OE, respectively. 

The problem is therefore solved graphically. Taking into consideration 
that in jet flights we are dealing with an unsteady motion in a highly variable 
density, and that the solution of the problem will certainly lead to the 
integration of a differential equation, we should find an analytical expression 
for the F'eno's curve and for the optimum velocity of the flight. 

Assuming that the jet aircraft should have a good aerodynamic design, 
and that the flight is accomplished with relatively small incidence angles, we 
can express the coefficient of the aerodynamic drag for the aircraft (the 
abscissa of Liliental's curve) according to the theory of inductive resistance 
as follows :

fIX V f/(:, _I.c,	 (i) 

The reciprocal performance of the aircraft ( 1u) could be expressed as follows 

It	 •(t/Ii	
(2) 

ince the weihb of the aircraft for horizontal flights is equal to 
GivL ,we find that; 

y.

II,, -•. --,- ,	 i	 - .	 lit!2,	
() 

For inclined flights (with rise) it follows to replace G by G(Cos Q - 
C.C-= Centrifugal force (The translator).
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where

/l 

This analytical expression Of Peno's curve is quite close to reality 
for velocities exceeding the optimum values. The velocity at which	 has 
the lo,est value will be determined. Starting with the ordinary rules of 
differential calculus, we find that 

J'	 l.',,	
(4) 

Now, we apply for the obtained velocity v a unit value and designate 

I) 

Thus, the reciprocal performance can be expressed by 

II	 I	 I 
It

(5) 

and Peno's curve by

N.	 (it	 Gi'.	
(--	 (6) 

The optimum speed is chosen under the following conditions 

'It. 
•	

(7) 

where N represents the effective power of the jet engine expressed in meters 
per second, while the weight and the reactive force in kilograms. 

Assuming that the weight of the aircraft and the air density are 
constant, then by differentiating we get for the given moment 

	

':'	 L.1:w) 
V V dv	 V 

and we shift to the biquadratic equation for the determination of the optimum 
velocity

•-- 'jttflifl'.	

(8) 

This quadratic equation gives for V2 a positive root as well as a 
negative root which does not correspond to the conditions of flight.

V
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Taking into consideration that we have only one root and that its value 
is more than unity, the velocity can be determined in the following form and 
not as given by the quadratic equation

L	
(9) 111111 

where

: 

Introducing this value of the optimum velocity into the differential 
equations of the jet motion of the aircraft we get the highest altitude and 
the flying distance. 

Equation (9) is suitable for the expansion of the square root of 
equation (8) in a continued fraction. 

For simplification we designate

(•,	 -:i II 

and therefore we find that

I	

(io) 

The subsequent approximation of this fraction will be as follows : 

(II) 

(J1i 
,'	 (

I I) 

To get the actual value of the optimum velocity we notice that the 
velocity v, corresponding to the lowest value of j, is determined by the same 
velocity v on the earth for the initial weight G : 

m 0 	 0 

	

V,,,	 .	 ( 12) 

Thus, we get :

(	 I	 :'	 I 1)	 - V,I)	
--) 

A ((. 
I -; 
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and finally, we have :

	

•	 (13) 

On the other side of the approximate equality'siga we assigp for V2 
the second appropriate continued fraction, i.e., 

•iY• 	 i4. 

For small values of,ii . and a quite high reactive force, we get the 
followin6 relationship z	

m

1'.- 

The velocity of flight appears to be almost independent of the aircraft weight 
(due to the small value of the second term). For the reciprocal aircraft 

performance,j., corresponding to the optimum velocity, we obtain the following 
expression :

=	 (2	 p	 1-	 (14) 

Table 5 

11111 $fl, c G

I
	

-:1 

:,	 :5:1 I	 ,i;i;7 1 
4 3,':3 1,i7; 1,1287 

r, 19 2,37212 1	 41 ii (1 ,1 I67) 

4,518 2,3632 1, :1567 (1 ,(IU)) 

1% 4% 

1,8u(;7 i,:i:c.; 1,1(0) 
7163 :,/3o:s I ,8'.7J 1, 23U , (1,000u) 

1% <'•% 

2 ,92G' 4,510 /1 2,3722 1 ,58:13 1 ,26389 
3 8,92(;2 4,518 2,31;32 1,5487 1,173 

1% <2,2% <8% 

131 ' :148: 11 G, 7167 :1,4333 2, 1667 1,583:1 
I :,:1

 
6, 7163 :i, 430:5 2,1 547 1 ,5487 

2,2% 

Note : The upper figure of each horizontal column was calculated by the following 
approximate equation

•. 2	 1	 • 

Gu	 Gl L 1i ,	 2I' 

The lower figures were calculated by the fol1owin	 precise quadratic 
equation ; 2	 V'	 i

1•
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Meanwhile, the expression represented by equation (14) corresponds to the 
second appropriate velocity v2. 

Finally the aerodynamic drag for the aircraft at the optimum velocity 

	

is again equal to the second appropriate velocity	 as follows : 

I C

	

:.	 (15) 

G O
t;	

;	 +	 (16) 

The obtained expressions (
l ),( 13), (15) and (16) made it possible to 

construct table,for the values ir , 
IT2 ,i and X which are of interest, by using 

the parameters G , Amin- rd G. 
The values of	 'tr calculated by both the approximate and the precise 

equations are given in table 5, The precise values are given for the case 
G - 1.

From table 5 it is clear that the approximate velocities are slightly 
greater than the precise values. Therefore, all furthr calculations (tables 6, 
7, 8) were carried out by the approximate velocities 'r. 

Table 6 

?..i	 IGO, --

: ic 
-l)G 

IL 

I)) 

I i,677 1,233J - 
4 1 ,71t7 - 

I ,3722 I,	 ',111 I, III7 - 

I,IIII u, 7 ,.117 - 

I ,7I7 ,US:3 0,7917 

I t 
.1 2,257 I ,:tus 
I 6,711,7 2, 166.7 1 

6,6792 3,383 2,W117 I,395S

Note : The upper fires are for 0 - 1, and the lower are for 0 - 0.5 
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Table 7 

ItI,Iu /	 I 

:

'III	 II 

_1• 

III

(Il.:;-17:;Il) 
623 II,22:t 1 ,3722 u,)tItp 

1:1 169 ".2 11 1.11 (0.:r17:II) (I)J'117t11) 
1)	 2" II,	 7i2li 0,51377 

11,3 17-P-1 (I,0595) 
Ii,	 ':H' 1 It 11,I7: 

2	 I,27ii 1. :7i: (),3 ;915 ()JI377 
II i,5 

',:: It,:72 1:Hu IlJr7:i 
11 , 7:!1:.7 1I,7377 

Note; The upper figures in the table are for G - 1, and the 
lower ones are for G • 0.5. The values in the brackets 
correspond to a reduced flight* 

Table 8 

G, :;,,	 r

Ii 
I

I.
I 

. 	 ;t: I).3: (1), 5277S) (I	 ,II;::c() 
'I, u, iui . i u 

I ,IIII II.::1I1I t1I,''''' (I),Mhlit) 

ti,iu I,29H;I 

Ii,	 I I-'u ;

 

(1,31 i89 ((I. III7 
2 ,171;7 i,17i;i;7 11,22222 11,291 G7 

2 (1,2:1722 IV2 -1 0,3 4 149 (1, 59722 
: I,2217 l,27- i;:, 0,:1II7 

I l,,:17:;-1 fl, ,.	 1 
I ' : 1 lxt.;

Note: The upper values in the table are for G - 1, and the 
lower ones are for G - 0-5- The values in the brackets 
correspond to a reduced flight. 
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5- The acceleration and rise of a jet aircraft into 
high altitudes, taking into consideration the fuel 
consumption at the optimum flight velocities' 

Nomenclature: G	 the initial weight of the aircraft; The aircraft's 
weight at the investigated moment is equal to 

G,fl	 (J,(i - It), 

where K • the fuel consumption/unit time, expressed in fractions of the 
initial weight of the aircraft. (x) is assumed to be constant, but this is 
not necessary. 

F'	 nG - the reactive force, which is assumed to be constant through-
out the acceleration of the aircraft. 

The aircraft incidence angle is considered as the optimum angle, of 
flight. Consequently, the aircraft characteristic coefficients R, R and 
,L -
	 will be functions of the air density and the aircraft's weight. 

y The following expression is developed for projecting all the forces 
on a tangent to the trajectory (see Fig. 4) : 

	

- X — GiO,	 (i) 

where,, - the angle formed between the flight's trajectory and the horizon, 
which is considered positive during the rise of the aircraft. Here, the 
aerodynamic drag (x) for the aircraft is taken from the optimum velocity of 
the aircraft flight, and is expressed in the form of the approximate equation 

(15) (Cf. section k4), as follows 

A	 •J 
I.:.ILIh, (isO -

	

(2) 

where , i	 , is the lowest reciprocal value of the aircraft performance, 
express.in an analytical form (see equations (2) and (5) in Section 4). 

Combining equations (1) and (2), we get 

IL
(cofl	 Gic1O.	

(3) 

Dividing the obtained result by (m) and multiplying by the velocity 
of flight (v), noting that v sin Q = d.z/d.t, we get : 

/1' 1 g -,'-:.. g	 'c'v('u	 L,)2.1	
(4) 

Here, 'V' is the optimum velocity, which, according to equation (13) of the 
previous section, is expressed as follows :
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'r (rso -.	 21
Ing 

211	 Ili 

I.	
-	 (5) 

where C:C desiaate the centrifugal force (C.f.), which depends on the curva-
ture of the flight trajectory according to the following relationship 

.'•.	 111J,	 1flV• 

For simplification, assume that cos Q - 1 and C.0 (c,f.) - 0 , and 
for abbreviation suppose that 

	

r	 (: ?	 IL 

	

:I(;0IL1	 1I 

-. _.IL') ±_ 

hE	 2
n

dft\ 11df 
From which	 we get

dx \ A ) 
-

A	 d	 (1 \ l/Z il	 ( ( 
2 .	 dz	 \ A I i'd1 dz k, A ) vdt 

iv	
[n

(_)  

Subtitutin	 this value in equation (4), we get 

(1)j
J 

''".	 ( '	 :. / tii •' 	 i	 i I(; (1/ 
/

(7)

lulultiplyinL by 4a and noting that 

')
	 12)

	 =	 T2j(_-
/	 A/	

\ , 

d( \JA/ 

we finally obtain the followin relationship 

i 
Ad 

(--p-) 
-. 

lid (-j-)	
I)'.(l (-)]
	

g j/\ ilz -_ 

g1111,,1 (-.' - -	 I ' ít-J?; ill.

(8)  

Or insert the factor (cos Q -	 in the value of 16 and consider it constant 
within small distances along the path so that 0 acquires a new value at each 
distance.
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On the right hand side of equation (8), only a function of time-exists; 
the first two terms of the left hand side are complete differentials, the 
fourth term is a function of height (z), and the third.. term is the only term 
that depends on both the height and the time. For the integration of equation 
(8), it should be approximately calculated by assigning an average value 
(G2) for each height (from z1 to z2). By integrating equation (8), we get: 

	

I	 / 

	

:.i I	 --.--.	 -	 I	 /1 ( --- -• ---
,\-	 I A, /	 \ p - -\	 j- A1 

I g	
" Il( • 2(i ( 1 )	 - 

- K y,, L ,, 1	 - :nC) In	 /I(.dL.

(9) 

The last integral on the left can be substituted by the following 
expresulon

/	 -	 -. : ((/;	
lu),	 (10) 

where the following relationship was introduced in this expression 

II	 -	 -	 --
A 

and for the integration, the quadrilateral equation was applied. In the right 
hand side of equation (9) it is possible to insert the following relationship; 

Since a simpler function exists in the left hand side of equation (9), 
its computation should be carried, out in the following manner: Starting by 
any initial conditons given for the summation of weight 	 height z and 
density 6 , and assigning for the taken height a final weigt 

°2' we compute 'the right hand side of nation (9) and subsitute its value in the 
equation. The unknown value u 2	 - , and consequently the height z 2, could 
therefore be found.	 - 

The integrals included in equation (9) are taken as : expressing the 
density by the following experiential relationship: 

C	 A i.	
(U)
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we get the following equations :

(ii') 

I	

—2IIe	
(_)	

211 (c 211 -- (!211)	 211211	

(12) 

Taking for the density the following exponential relationship : 

(t - _,__\ 4 

\	 42flt11) / 

(where the height (z) and. the denominator in the fraction are expressed in 
meters) we get the equations z

I/ AN	 (i - 
42 OUU 

)2,	

(13') 

ZI - 
It•
	

(
i - /i2UUtI )2

	

i (fliU[(i - 
42 (AR) ) 

	

(t	
_-'---I	

1't(flfl)I/\'4— \i•4p 14 000 

	

\	 i2 lull) /	 UI •	 2	 (14) 

For the integrals existing in the right side we shall have : 

'•---•--	 I/	 1/	 ,j2	 ./ A I l?L	 I_!_ r__ III

	 .......
	

(15); 
V -j-	 v 

a \27 Vi -I 1 2dr =
	 VA fld(C2) 

(A -i. J32)3ff	
COflSL	 (15') 

From the quadrilateral equation (10), and by keeping in the left side 
the terms containing the unknown u 2 only, and expressing the density by the 
exponential relationship (11'), the following relationship will be obtained 

2 I :i 2	 1 

- 
21Z 1 1 

•. 4"	 +	 :--	 ] u 1 -I . gv0	 x	 (16) 

	

I'	 t	 h(	 - jii1!. _J__!__-___	 (A I 1I(2)1} 

I	 I	 11 -.-1

(13)
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The.integration limits G and. G 

	

1	 2 are represented here for fixing the 
+ sign in front of the last multi-term; they are also necessary for the: 
calculations. 

If the density is exonsntia11y exprese by equato(13), then analo- 

	

0U8 terms will be introduced in place of (- 	 ) and. ( f) in 	 the right 
band side of equation (16).

in the left side

(17)

	

fi
l l 	 in the right side 

As seen, equation (16) is a quad.rature 1with respect to u2, since the

	

coefficients acquire values for given u and 	 . The solution of this 
equation is possible by the ordinary mehod, but it is simpler to use te 
successive approximations by means of the slide rule. 

On the other hand, the solution of equation (17) should be carried out 
by the method of successive approximations 19]. 

In such cases when it is necessary to compute the weight of the aircraft 
corresponding to a certain fixed altitude z 2, it is possible to proceed by a 
reverse way, namely: Assign the value of u to the left side of equations (16) 
or (17) and select the weight G from the inegrals (15) and (151) to satisfy 
the equation. However, the solution of the transcendental equation should be 
carried out by the graphical method, since it 18 more convenient to begin with 
the computation of the right side for several values of G 2 and plot the curve 

versus U. 

Anot
,

er method which could be used for solving the differential equation 
(8) consists 9fpplying the successive approximations, at first by neglecting 
the integral G du in equation (9) and getting the unkown value u in the 
first approximation (u1 ), then computing the integral 5 0 du and finding .0 in 
the second approximation (u 2), and so on. 

	

Designating	 S 

we get get

I?if2) i'ut.F/I(;
 

-	
SI -	 It(	 I 

J1 •• /' 	 (t.' 

	

••1•	 p	 : h1	 :	 •
	

(18) 

and finally, we represent the integration of equation (9) by ;
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2: (ii	 U1) I.
(Jill 

-s---	 •  

/.' (i7) -	 tlii. 
I,.	

tl	 (19) 

For the first 2approximation we assume thatdu 0, and get U1, 
then we compute B5 0 du  and. get u2, and so on. 

The computations show that proceeding beyond the second approximation 
is not necessary.

6- The rising angle of the j et aircraft 

Nomenclature  

The weight is equal to G - G G; most frequently, G - l-kt. 
The reactive force is equal o F' - n Go. 
The velocity of flight is represented by 

V	
cos 0 

where

V((V 

is the velocity of the horizontal flight for the same incidence angle and 
initial weight G , measured at sea level (A_ 1) and. a flat earth surface 
(r-oo).	

0 

The trajectory's curvature is equal to z 

I 
r	 r1, 

since	 is the earth's our 

curvature (the trajectory's 
The forces acting on 

can be expressed as follows

vature (r 1111 6400 km), and rr -	 - the additional 
ds 

curvature for a flat earth surface). 
the aircraft (see Fig. 4 in Section2, page 56) 

)•	 G (.JJS ()	 !1_ 

-	
- -. ?	 t1G (cos ()	 .;). J	 (i) 

The acceleration of the aircraft during flight is equal to 

-. ) - mli	
(2) gr 

thus, we have
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Mili() -•-	
.-.	

(3) 

Since

(1Z	 d• sin U,	 (I.'(	
ri) 

we get :

j	 I d(v)	 I c1v	 n	 ( '--MlllO--... Ill4.H() 
•--•-j - -
 sill 1); g	 (18	 2g (IZ	 (J	 pr 

thus

gi• 

	

Miii U. .	
( 4) 

Noting also that :

-. c -/,,	 '-	 -	 A 

ii 

we get

vi	 - (J ( 

	

-	
.vvMtl viz	 1z	 A	 gr 

-	 '.{A	
.-. 'H I	

(iU	
;	 ( 5) 

and further we have

jt	

I, -gr
G 

Mill (1

- -	 . (

gr)i	 (6) 

For abbreviation we designate 

(

(7) 

we can therefore write the following expression 

o  
1.	

J	
'II	 (6') dz 

where

(G I)	
(l/(t
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Assuming G f(t), we get

-	 L 

ii.:	 ',	 ill	 ill	
(8) 

For oxygen-fuel engines, the fuel consumption is equal to 

(	 I	 ii.	 /,	 k	
(s II,	 a	 (I ' 

For air-fuel engines, the relative fuel consumption is equal to : 

'I 

1;;,	
q	

..	
1(0, A)	 /2(0, 

mv	

i/	 I)	 I' 44 U 

2	 Remembering from the glidinL., calculations that the centrifugal forces 
constitute only a amall fraction of the weight at the low altitudes, 

wile they play a considerable role only at higher altitudes, where the. 
trajectory's curvature is close to that of the earth, we can assumes 

Accordingly, we could easily get the following approximate expression 

-	 I	 I	 I	 ii (''I 

actually, we have

1 4°l,M II	 1((P	 ill) 

i1	 its -,i p i I) 

where	 <0, since with increasing altitude and speed the trajectory becomes 
flatter. 

From equation (5) we get 

41(1 : )	 I	 ;	 (;	 1)	 1 
IG

!t) I (-- 
gr	

2 
k To get the last relationship, the term containing the fac tor (in the first 
equation) should be shifted to the left side where the brackets are removed and 
the contents divided by the remaining terms in the right side.



2 

where	 is a small value, comparable to	 at very high altitudes only 
(of the ra8 of 40-60 kin). 

Coming back again to equation (7), we get from equation (6) the following: 

sill 1)	 •-_!Lj".L_ 
4 

I	
-.--_-__. 

.g11 's-I-
•

 
(F/
	 II \ 
1 
--j

-- - 
. 

1r.1 

-. 
/I )	 1••'	 •	 I 

1 -

.!gI/ (A	 I	 r(

--

(,	 //—__ . jr- 
\	 'suut 0)	 1 (•-

Nowwe multiply both the upper and lower sides of the fraction, which exists 
on the right, by sin Q, and obtain 

sin I)	 — "I.LG 

siii()
2g/I	 1\ - I	 -(;)

/ 
I(;siuiu	 //	 ----- J 
\	 /'	 /

II 
aSill r

By abbreviating with sin Q and its elimination from the denominator, we get : 

lft sill u..JJ L')Il.I.E7sj,io .gI1 . \ . 14") .\ 	 4) /
	 r 

V. 

	

I	
I

p (\ -I

I	 II

Of 

I .. --- .	 •---.-- c -i-

	

:.: ii A	 -	 r 

hence, such a transformation is repeated here as in the derivation of 
equation (9). 

Finally, we shall have in the open form 

— - (io 
! 	 --	 gr 

1741s 0 

	

g'!v\)	
(10) 

Designating

- 
- 1L ____I	 Ii 
g 4'(A-r.G)	 _Thit,ir_ - N; 

11 -	 .-	 II 
2g11 (A	 i-(:	 r' 
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we get

sill 0
It

 

and come to the following quadratic equation 

(1 Sill 0	 iV --	 (1)S U	 iv ' --- t1
	-i 11 2 0,	 Cu) 

from which we determine

z;V - Lt Va2 I .
Itul 

 sill	 (12) ()	 -- - 
(I 

- ..........._______ 

	

',	
J 

Here, the coefficients a, )a, and N are variables. Since cos Q and the 
unknown parameter H/r' are included in (a), therefore, by somehow . assigning a 
value to (a), sin Q and cos Q could be determined in the first approximation. 
Substituting the obtained values in (a) and making the necessary corrections, 
we find again sin Q and cos Q in the second approximation and so on till we 
get a full matching. 

To avoid the successive approximation, we could arrive from (10) at an 
equation of the 4th order with respect to Q; its solution is considerably more 
difficult than that of (ii). 

It appears to the author that the suggested method is simpler from the 
computation stand point. 

We turn to the investigation of equation (12) 
1) For N<a, we should take the upper sign (-) in front of the root 

into consideration, otherwise a negative value for cos 0 is obtained which 
contradicts the postulation of the problem. 

This is because the rise during flight (N) should be greater than 
2) If N = a, by the upper (-) sign we get : 

	

-	 2au, 

	

.g ill 01,	 ( I ,s 0 

	

(L 4-	 -I- i 

and by the lower (+) sign we get 

in	
2	 0,	 ,,	 ;oo 

which crrespons to the vertical rise of the aircraft. 
') If in this case ,1 = a = N either a horizontal flight = 0, or 

a vertical ris G	 99° will be possible. 
3) If a <N<a + u1 , both solutions are possible, since the upper (-) 

or the lower (+) sign gives a flat or a sharp rise respectively.
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4) IfN2
	 2 

a +)a 1 , then we have 

if It + 

and

Hill 1)	 ---:-::_., 

V cos () 

5) if N2 a2 + u , a xnissleading solution will be obtained. 
But this does not mean that the flight could not be achieved for high 

values of reactive forces. The flight is always possible, but the higher is 
the reactiv$pce the smaller should be the wing's incidence angle; a higher 
speed v0 -j - a greater coefficient (a) and lower N and should also be 
attained. The missleading solution shows that, for high values of reactive 
forces and incidence angles, a flight close to a rectilinear one is impossible 
and the aircraft will perform a loop. 

In the suggested solution it was not obviously mentioned, anywhere, 
whether the incidence angle is constant or variable throughout the flight 
(i.e. whether the incidence angle has the optimum value for each altitude). 
It is not clear also whether the optimum incidence angle is included in the 

expressions V2 or H , since the change of the inclination angle of the 
trajectory to the horizon and its radius of curvature depend on the change of 
the incidence angle in relaton to both the height and time. - 

The lowest value of a will exist on the earth, where G w 1)A, 1, and 
where we have the sharpest rise angle. Neglecting in this case the value of 

we get the following limiting inequality, which if not maintained, we 
get a loop flight. This unequality should always be maintined, since even at 
cos Q - 0 and H/r'	 0 (a vertical rise) we can increase ,j. 1 which in its tarn 
(at small incidence angles) causes the velocity z to increase to the fourth 
power.
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METAL AS AN EXPLOSIVE SuBSTANCEt 

(1929) 

In the case investigated by the author, explosion takes place by the 
rapid transformation of the solid substance to the gaseous state, that is, by 
purely physical processes without a change in the chemical structure of the 
exploding material. Particularly, those materials to which any electrical 
conductor may belong, are not considered explosives and may be better called 
"exploding materials". Moreover, by analogy with the results of ordinary 
explosions they will be called "explosives". 

The genious experiments of Anderson [1] underlie the principle of using 
metals as explosive materials. In these experiments, the electrically initiated 
explosion of the metallic wire was carried out in air under normal and reduced 
pressures. 

During explosion in air, the combustion products (metallic vapours) 
could not ultimately expand due to the resistance of the aurrundinggaseous 
medium. As a consequence of the instantaneous explosion (10 - 10 -' sec), 
the metallic vapours will not be in a state to let them go through the ambient 
air. They will, therefore, remain in the compressed state under high pressure, 
and take the form of a cylinder with hemispherical ends. The air layers close 
to the metallic vapours receive the impact and transmit it to the neighbouring 
layers. Cunuequently, the enery needed for the expansion of the metallic 
vapours iu uuud for thu vibration of the surrounding zuue or gas. Thuu vib-
rations, aceording to Anderson's measurements, are transmitted with a velocity 
of 3300 m/sec for open air explosions. If the wire is confined in a notch of 
a woody block, the velocity will attain a value of 4500 rn/eec, which can be 
easily calculated from Anderson's experimental data. 

If the metal is exploded in a more rational chamber fitted with a nozzle, 
that ic, in a chamber especially designed for that purpose, higher expansion 
velocities of the metallic vapour will be undoubtedly achieved for the same 
quantity of released energy. 

Since more than ten years ago, Suster and Gel'mzaleh photographed 
the spectrum of the metallic vapours in the spark on a plate moving perpendi-
cular to the spark, through the slits of a collimator with a shutter speed of 
100 rn/sec. From the extent of the distortion of the spectral lines, they 
concluded that the metallic vapours move along the spark with a velocity 
ranging from 400 to 1850 m/sec; the velocity decreases with the increase of 
the atomic weight. 

$ummarized (Edit). 

O.D. Hvol'son,.. "Kura Fiziki" (Course of physics), vol.11, page 316, 1923.
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R. Goddard found out that the correponding velocity in vacuum is 20 
percent higher than that in air. Apparently, if a metal is exploded in air 
in an explosion chamber, the determined velocity will be greatly reduced due 
to the consumption of a part of the explosion energy in compressing the surroun-
ding air. Thus, the effect of both the pressure and the volume of the surroun-
ding gas on the flow rate of metallic vapours is clear. 

To give a correct estimate of the foregoing values (3300 rn/sec and 
4500 rn/see) we should know the mechanism by which the explosion Propagates. 
Within the initial half time of the discharge a certain quantity of energy, 
constituting the majority of the released energy, ,s transfitted to the 
exploding metal. In the experiments of Anderson, 	 was	 sec. Within 
such a short period, the metal is transformed into vapou!s, us undergoing 
a volume increase of many thousands of times. During explosion in air, the 
gas surrounding the wire appears to be highly compressed and, as a consequence 
it glows and obstructs further expansion of the metallic vapours; at this 

moment, the partial pressures of the vapours and the ambient air layers, are 
in a state of equilibrium /. As a result of the homogeneity of the wire, 
we get a uniform explosion along its entire length. Consequently, a perfect 
very bright cylinder of cleaved, metal atoms is obtained, which is recorded on 
a photographic plate. From the discharge photographs it is evident that the 
formation and duration of the very bright cylinder occur only within the 
initial half time of the discharge. Velocities of the 1 order of 3300 rn/sec 
could be explained if it is considered that within 

00000 
sec the metal 

atoms run a distance equal to the radius of the gasous cylinder (ii rnsi). 
From this, the average velocity of the translational motion of the metal 
atoms could be obtained for explosions in a gaseous medium, but certainly 
not under atmospheric pressure, due to the compression of the adjacent air 
cylinder. 

Within the next half time of the discharge (1/300000 see), the air 
layer adjacent to the wire acquires the same speed, that is, within the 
second half time of the discharge a rarefaction wave follows the compression, 
with the evolution of a small amount of residual energy, and the metallic 

I I 	 _______ 

Fig. 1	 Fig. 2 

vapours rush outwards from the centre of the cylinder, forming a more less-
defined seconu concentric cylinder as compared with the first one. The 
dimensions of the second cylinder could be similarly determined frorn the
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photographs taken by Anderson. Both cylinders are sharply outlined as 
illustrated in figures 1 and 2, duo to the inertia of the air. For 
explosions in the woody block, the cylinders were sharply marked as well, 
due to the greater pressure developed in this case. 

The pressure under which the first cylinder, or the similar adjacent 
air layer, appears to be compressed, will be determined below. 

The propagation rate of the air wave is equal to 3300 rn/see. Within 
1/300000 sec, 1/4 of the air wave appears to be compressed, to which corres-
ponds an oscillation time of 4/300000 sec. The length of the air wave ( ) 
will therefore be equal to C Za 4.4 cm. 

Apparently, the maximum pressure (p 1 ) exists at a distance of 1.1 cm 
(corresponding to a radius of (r1 ) for the inner cylinder). At distances of 
r - 2.2. and r2 - 3.3. cm, we have an atmospheric pressure of () and a 
minimum pressure of (p2 ) respectively, and so on. 

If we assume that the expansion of the monatomic metallic gas takes 
place adiabatically, then we will get : 

•1	 ,.	 (i) 

where, k - C /c - 1.666, v1 - the volume of the inner cylinder, and v	 the 
volume of a Eyllnder having a radius (r) corresponding to the atmospheric 
pressure. 

The photographic record of the external cylinder does not permit the 
determination of the transient huge value of V 2 (with respect to r2 ), which 
is of interest to us, as its external boundary is not quite clearly outlined. 
Actually, on the reduction of the air pressure, the metallic vapours expand 
and attain their terminal position (radius r 2), but they are driven backwards 
again by the fresh compression. Examination of the photograph shows that the 
inner and intermediate parts of the cylinder are more clearly defined than 
the peripheral ones where the vapours are less glowing, due to the greater 
decrease of pressure. 

For the calculation of V1 and v., the cylinder should be assumed 
having a hemispherical shape. 

From equation (1) we get s 

Pt	 r0 (:)k	 I :3,3 
() 

1.117	

( 2) 
Vi 

From the determined ratio	 (which is equal to 4.91) we get 1 - 14731 
i.e., 14.26 atm. Ts value will be needed below. 
Now it is possible to estimate the energy consumed in compressing the 

air layer. This is approximately equal to 2.12 cal/mg in the experiments of 
Anderson, constituting more than 9 percent of the released energy during the 
half time of the explosion. 

The experimental procedure was as follows: 2 mg of iron were exploded,
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each mg consuming 30 cal. In this case, 28 cal. were only considered, since 
2 cal. are consumed in melting and vaporizing the metal. In addition, during 
the first half time of the explosion about 84 percent of the energy was only 
released, that is, 25.2 cal. Therefore, only 23.2 cal. should be considered. 

The observed propagation rate (3300 rn/see) of the open air explosions 
needs the consumption of 1.3 cal. We add to this figure, 2.12 cal. which are 
wasted directly in the work done for compressing the air layers. The total 
quantity of energy needed for accelerating the expanding metallic vapours 
during a similar expansion, in the absence of atmosphere, could therefore be 
obtained. The corresponding rate for explosions in vacuum will be 5350 rn/eec, 
for which 15 percent of the released energy is utilized. Nothing to be said 
on that, the skilfully developed explosion chamber, which is fitted with a 
nozzle, will increase the fraction of the utilized energy to a comprehensive 
maximum. We have already seen that the explosion in a simple notch of a woody 
block in air gave for the rate of flow (4500 rn/see) a utilized energy of 10.4 
percent. It should be noted that in ordinary rockets, where the ignition of 
the propellant takes place in a cylindrical chamber, the utilized energy does 
not exceed 2 percent 137. 

Anderson used the ballistic pendulum method for solving the problem 
of the gas pressure nucsssary to get a continuous spectrum. He drilled a 7 
mm diaznutur hole in a woody block and cut it along the axis of the hole into 
two equal halves, each weighing 65 g. One half was firmly fixed, and the 
other was suspended like a pendulum, but the two halves were put together so 
that they eonstituted one single body. The wire (nickel) was centred along 
the hole's axis and was then exploded. The rate at which the half of the 
woody block was pushed was measured, and it was found to be equal to 135 
rn/sec. Inside the cavity, a 48 mm exploding wire was placed along its whole 
length. The wire had a diameter of 0.127 mm and a weight of 48 mg. 

Let us use these data: From the momentum equation we find that the 
metallic vapours an. the ambient gas existing in the ood cavity (which had 
a volume of 1.82 cm and a weight of 0.0013 x 1.82.10 - 2.37 mg; thus, 
having a total weight of 4.8 + 2.37 - 7.17 mg) expanded at a rate of 12245 
rn/sec. If the experiment is carried out in vacuum, we get for the same 
pushing rate (135 cm/sec) 4.8 mg of nickel vapours and an expansion rate of 
18270 rn/sec /4,7. 

These values are still lower than the actual ones because the leakage 
of the metallic vapours during explosion through the open ends of the cavity 
was not taken into account. If this was even approximately considered, 
knowing the cavity dimensions, the expansion rate in air wld have been more 
than 13000 rn/eec, and in vacuum, not far from 20000 rn/sec. . This rate is 

Z 
In h?.s work, Anderson studied exclusively the aim of the investigation of 

the spectra of metals (iron) at high ternperabires. 

Ack The highest flow rate that could be obtained by ordinary explosive substances 
does not exceed, according to Goddard's experiment, 2500 rn/eec, although he 
utilized a specially designed flow chamber, which was not used in the described 
experiment.
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of the same order of magnitude as that which would be expected in the case 
of hydrogen atoms if we succeed getting it in sufficient amounts. 

We shall investigate the following elements of explosion: the tempe-
rature and the pressure of the produced gas. 

In the case of ordinary explosive substances, the explosion temperature, 
being a consequence of a chemical reaction, cannot exceed the dissociation 
temperature of the reacting materials. In the case of the electrically 
initiated metal explosion, the temperature of its vapouxe will depend only 
on the experimental conditions. The greater is the energy which we let pass 
through a unit mass of metal, the higher will be time temperature and, conse-
quently, the vapour pressure as well as the work done by both. Also the 
higher is the temperature, the higher will be the flow rate which, as it is 
known, is proportional to srI, where (T) is the absolute temperature. There-
fore, we should not only avoid low temperatures, but also aim at attaining 
high temperatures in any possible way. 

If the consumed quantity (Q4 KCal) of electric energy is known, the 
theoretical explosion temperature (t°C) could be easily determined from the 
following equation for ideal conditions (by neglecting the heat losses due 
to radiation, conduction and others) 

IUU() Q - (Ill -1 . P2)
	

(3) 

where, p1 and p 2 are 
metal, respectively; 
equation (3) we have

the latent heats of fusion and vaporization of the 
C O is its specific heat and m is its weight. From 

1(11) (	 I" 
"IC 

or for a unit mass

L'..:J! ±)L!
	

(4) 

where, q = the quantity of heat in cal., A = the atomic weight of the metal 
and C its atomic heat capacity. 

For similar calculations, in the theory of ordinary explosive sub-
stances, the heat capacity at a constant volume (c) is used due to the 
small expansion rate of the gases and their considerable rapid dissociation. 
In the electrically initiated metal explosions, on the other hand, it is 
better to use the heat capacity under a constant pressure (C ). For vacuum, 
this will be more close to reality than analogous explosionsin gaseous media. 
The heat capacity of both the monatomic gases and the metallic vapours is 

independent of the temperature, and according to the kinetic theory of gases 
it will be equal to 3 for (c) and 5 for (c) for one gram atom. Thus, for
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iron in the case of the experiments of Anderson (q = 30000) 2 t = 230060 - (50 + 2000)355.84
3130000 C as a higher limit. 

From quation (4) we come to the conclusion that, the greater is the 
atomic weight of the metal, the higher will be its explosion teinpratare. In 
other words, the lower is the required released enerr, the higher will be 
the atomic weight of the metal in order to obtain the same temperature f7. 

If the explosion temperature of iron is taken as unity, then the 
temperatures obtained by the explosion of the different metals, for the same 

quantity of (q), will have the values shown in table 1. According to table 1, 
the metals are mainly arranged in three groups. The metals of the first 
group (chromium ) manganese, nickel, copper, zinc and others) give temperatures 
of the same order of magnitude as iron. The metals of the second group 

Table l 

Meta l
Explosion 
Temperature

Metal
Explosion 
Temperature

Metal 
Explosion 
Temperature 

Lithium 1.00 Iron 8.05 Tungsten 26.51 
Beryllium 1.30 Cobalt 8.50 Osmium 27.51 
Sodium 3.31 Nickel 8.45 Iridium 27.82 
Magnesium 3.50 Copper 9.16 Platinum 28.13 
Aluminium 3.89 Zinc 9.42 Gold 28.31 
Potassium 5.65 Molybdenum 13-83 Mercury 28.90 
Calcium 5.75 Palladium 15.37 Lead 29.85 
Vanadium 7.35 Silver 15.54 Bismuth 30.12 
Chromium 7.49 Cadmium 16.20 Radium 32.56 
Manganese 7.91 Tin 17.11 Uranium 34.32

In this table, the temperature developed during explosion of lithium was 
taken as unity (for the given quantity of consumed electric energy). 

(molybdenum, silver, cadmium and tin) give temperatures which are two times 
higher than that of iron, and the metals of the third group (tungsten, mercury, 
lead, bismuth and so on) give temperatures that are 3.5 times higher. The 
alkaly and alkaline earth metals give the lowest temperatures. 

However, the explosion temperature alone is not a measure of the 

strength of the explosive material. The second, not less important index is 
the volume of the produced gas. It is more useful to obtain from a unit mass 
of metal the highest possible gaseous products for the same temperature. The 
lighter are the metal atoms, the greater will be the volume occupied by their 

vapours at the same given conditions. In this connection, it is more useful 
to use metals with the lowest atomic weights. The explosion temperature is 
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inversely proportional to' the volume of the produced gas. This gives the 
possibility to select amongst the metals the ones which possess the required 
correlation between the explosibility characteristics, the temperature and 
the volume of the produced gas, at a constant explosion strength. 

Having such a selection possibility, it follows, undoubtedly, to stop 
at metals of lower atomic weights, since the decrease of the explosion tempe-
rature extends the service life of the explosion chamber and, in particular, 
as it is desirable, if this is not associated with a decrease in the strength 
of the explosive substance. 

One of the greatest drawbacks of ordinary explosive substances is 
their low density which does not greatly differ from that of water, thus, 
giving rise to a quite small ener' concentration. For the electrically 
initiated metal explosion, the case is quite different. Here, the exploding 
metal can have any specific weight in the range of 0.5 - 22.5, which is in the 
average ten times heavier than that of ordinary explosive substances. This 
advantage permits to decrease the weight of the rocket device (the storage 
space of the explosive metal) by ten times, and its size to a corresponding 
figure. Obviously, among the metals of low atomic weights, it follows to 
select those which have the highest density. 

The foregoing considerations are those which should be followed on 
selecting the most suitable metal for its use as an explosive material. 

It should be noted that each metal has its own minimum flow rate 
(assuming a full use of the released energy). The normal methods of computa-
tions are not applicable for the low values of flow rates, since the released 
energy is not even sufficient to smelt the wire. A minimum electric energy-
per unit mass is required for the explosion of wires with the lowest melting 
points and, possibly, the lowest heats of fusion and vaporization. Let us 
determine &he minimum energy required for the vaporization of one gram of an 
iron wire using the following data: the boiling point of iron metal	 245cioC2 

• 50 cal. and	 - 2000 cal. From these data, it follows that the simul-



taneous evolution of 2150 cal. is necessary. This quantity of heat corresponds 
to a rate of v	 4580 m/sec, if it is considered that the latent heat is 
evolved duringmEe expansion of the vapours and that it is used in their 
translational motion, and if it is also considered that the vapours perform 
a work on their expansion up to 0°C. If these assumptions are not fulfilled, 
then v • will be less. This ideal case is not surely applicable to the 
conditions of Anderson's experiment which, due to practical reasons, was asso-

ciated-with certain losses. However, a flow rate of such an order of magnitude 
causes certain limitations and can' hardly be used. 

In any case, it is useful to take metals with possibly lower boiling 
points, as they will be volatile at much lower temperatures, and their vapours 
will be highly utilized (see table 2). 

Thus, amongst the metals of group II, cadmium acquires an obvious 
advantage when compared with molybdenum and tin. The most suitable metals, 

in the sense of getting high exploáion temperatures, are mercury, followed by 
bismuth and lead. From the point of view of the maximum volume of the produced
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gas, preference should, undoubtedly, be given to the metals of group I, 
and to zinc in particular (Avogad.ro's law). 

The heat of vaporization decreases the explosion temperature, due to 
its high m.itude. However, it can be utilized during its evolution for 
the expanciori of gases. In this respect, it may be useful under the condition 
of expanding (cooling) , the explosion products to the vaporization temperature. 

The explosion conditions are highly significant for the boiling point 
of metals, whether the explosion takes place in vacuum or under normal atmos-
pheres. Thus, the following relationship between the boiling point of metals 
and pressure will exist : 

C 100 mm 19800 ( 103 mm 1660° 
Cu	 ( 257 mm 2180 0 Ag ( 263 mm 17800 

( 760 mm 23100 ( 760 mm 2000'

M 011 

It is evident, therefore, that under the conditions of cosmic space 
(full vacuum) the explosion will be very useful, for the production of more 
volatile products. 

It is worth to mention also the low melting point alloys giving volatile 
products at much lower temperatures. According to their atomic (average) 
weights, these alloys can be related to the metals of group III. 

The theoretically computed explosion temperature will, undoubtedly, 

exceed the observed value. The result will depend on the following factors: 
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gas, preference thould, undoubtedly, be given to the metals of rouj I, 
and to 1AC in	 rticular (Avogadro's law). 

The heat of vaporization decreases the explosion temperature, due to 
its high m.ii-de. However, it can be utilized during its evolution for 
the expirtuiw1 of gases. In this reapest, it may be useful under the condition 
of expanding (cooling) the explosion products to the vaporization temperature. 

The explosion conditions are highly significant for the boiling point 
of metals, whether the explosion takes place in vacuum or under normal atmos-
pheres. Thus, the following relationship between the boiling point of metals 
and pressure will exist : 

( 100 mm 19800 C 103 mm 1660° 
Cu	 ( 257 mm 2180° Ag ( 263 mm 17801J 

( 760 mm 23100 ( 760 mm 2000"

It is evident, therefore, that under the conditions of cosmic space 
(full vacuum) the explosion will be very useful, for the production of more 
volatile products. 

It is worth to mention also the low melting point alloys giving volatile 
products at much lower temperatures. According to their atomic (average) 
weights, these alloys can be related to the metals of group III. 

The theoretically computed explosion temperature will, undoubtedly, 
exceed the observed value. The result will depend on the followin& factors: 
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whether the explosion takes place in vacuum or air, the time period (T), and 
the logarithmic decrement of damping the discharge. 

The combustion temperature in the experiments of Anderson should have 
been close to 313000 0 C, but that determined by the photometric correlation of 
the combustion brightness with the sunshine brightness was of the order of 
20000 C only. Anderson considered that the consumed energy was not fully 
conducted through the wire, but only a art of it, which was capable of deve-
loping a temperature of 20000 0 C. This constitutes less than 6.4 percent of 
the energy which should have been released during the first half time of the 
explosion. Let us see now whether this conforms to reality. 

In addition to the previously mentioned losses, the following three 
categories are also possible : 

1) losses in the condenser (as a result of the dielectric hysierisis 
and flow from the edges of the surfaces at high voltages); 

2) losses in the discharge chain (resistance, excitation of Fuko's 
current in adjacent conductors and others); 

3) losses in the exploding metal wire. 
The losses in the wire, besides the normal inevitable radiation and 

heat conduction, can be represented as follows: the discharge does not occur 
instantaneously, but, practically, in a measurable time interval. Still at 
the beginning of the initial discharge a certain quantity of energy can pass 
through the wire, which is sufficient to vaporize the metal and to induce in 
it a certain impulse. As a result, the metallic wire does not participate in 
the subsequent discharge, but the cylinder of the quite hot metallic vapours, 
which during the entire explosion time (discharge) increases in radius. As 
a consequence, the resistance of the metal can not remain invariable and the 
decrement of damping changes. The decrease of the latter can not be considered 
desirable. However, in this case, the most probable change is the increase of 
the decrement. 

As a result, summing up the above mentioned facts, it is possible to 
conclude that, if it is required to transfer the greatest part of the stored 
energy in the condenser to the wire we should investigate thoroughly the 
experimental conditions and prevent the possible losses. Fortunately, this 
could be achieved. However, these losses cannot explain the discrepancies 
observed when the experimental data of Anderson are manipulated. Fiom the 
conditions under which these experiments were conducted it could be concluded 
that the greatest part of the stored energy in the condenser should have been 
transferred to the wire. This is confirmed by the relatively high flow rates, 
even under the most non—ideal conditions, which give a utilized energy higher 
than 10 percent. At the same time, the other measurements are biased towards 
the evaluation of the explosion temperature by 200000 C, which gives 6 percent 
utilization. This contradiction forced the author to analyze the entire 
explosion mechanism adequately, and to derive a satisfactory, from the author's 
point of view, explanation for the apparent discrepancy. 

Let us now close the discharge circuit. The arising powerful electric 

field along the exploding wire will transform the metal instantaneously into
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a vapour, and a certain quantity of energy will be consumed in this process. 
This vapour is capable of expanding, thus, spending some of the energy in 
overcoming the resistance of the surrounding gaseous medium. During the entire 
explosion time (the initial hafi time) a very high temperature is developed, 
the pressure similarly increases as a result of the extra-ordinary intensive 
collision of the atoms with the electrons and with each other. For this 
reason, more intensive atomic excitation and ionization processes take place, 
and a corresponding quantity of energy is consumed. 

Thus, we see that during the discharge time, i.e., during the existence 
of an appreciable external electric field, only a part of the consumed energy 
is transformed into a thermal energy, a smaller part is radiated, and the 
greatest part is consumed in the excitation and ionization of the impact atoms 
of the metallic gas. In this case, ionizations of higher orders are also 
possible and should not be excluded. 

The rise in temperature, taking place during the electric discharge, 
increases the kinetic energy of the atoms, which is consumed in considerable 
quantities by the work done for the internal deformation of the atoms Z-6,7. 

All these processes hinder the development of high explosion temperatures. 
However, this also does not mean that the energy of the condenser passes 
completely through the wire as Anderson suggests. Actually, a considerable 
part of the external field energy is transformed into an internal (quantum) 
atomic energy. This situation corresponds to the end of the initial half time, 
where from its brightness, Anderson determined the combustion temperature. 
Following this, during the large decrements of damping, which are of the same 
order of magnitude as in the experiments of Anderson, the external electric 
field could be set to a sufficiently low value and may thus be neglected. 

As a result of the atomic collisions, the represented gas itself 
releases all the quantum energy in the form of thermal and radiational ener-
gies. Obviously, this does not take place instantaneously, but quite rapidly 
during the cooling of the gas, in order to form a mechanical work. After the 
initial half time of the discharge, a powerful expansion of the gas (a rare-
faction wave) is initiated, leading to a cooling, which is somewhat compensated 
by the recumbination of the positive ions and electrons on the expense of the 
early absorbed energy. In spite of this, the visible combustion brightness 
falls due to the rarefaction of the material, which obviously does not lead 
to a decrease in temperature. 

Therefore, it is necessary to conclude that the energy released from 
the condenser is not so simply transformed into heat as expected from ordinary 
thermodrnarnic considerations L17,7. 

Let us determine the necessary minimum work required for the full 
ionization of the 	 oms of one milligram iron; One atom of iron weighs 

55-84 x l3 x 10	 gram. Trefore, one milligram of this metal contains 
10	 1.1 x 10 atoms. The kinetic energy of electrons, cones- 

n	 potential •of one atom of_eon (8.06 v), is equal to 
4-. - eV 1.592 x 107 x 8.06 joule a 1.592 x 10	 x 8.06 x 0.24 cal. By 
calcultion, it could be shown that the consumption	 energy for the ioniza-
tion of one atom is approximately equal to 3.1 x 10	 cal., and for one
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milligram it is equal to 3.4 cal. The energy of a two-fold ionization amounts 
to 10 cal., of a three-fold ionization is equal to 23 cal., and so on. 

Apparently, in the experiments of Anderson the atoms were not fully 
ionized because the consumed energy was only 30 cal. for the one ing. Of 
course, this does not elude the presence of higher order ionizations but 
reduces their probability. 

Presently, we are convinced through evidence given from the presented 
data, that the work of the ionization process is not so far small; ionization 
is capable of absorbing an energy exceeding many times the consumed energy 
However, does it mean that the ionization or excitation energies leave the 
sphere of their use into the mechanical work done for expanding the gas? 
Certainly not. The disturbed atoms return to their normal state by recombina-
tion and mutual collisions if they are left by themselves, hence the early 
consumed energy is evolved. The lower is the temperature and pressure under 
which the gases exist, the more rapidly will be the transformation. 

Itadiation from the vapours after the lapse of the initial half time 
of the discharge could be neglected, since the maximum radiation takes place 
in the first bright cylinder. Since the latter gives a continuous spectrum, 
it is possible to conclude that, only the outer surface layer of the cylinder 
participates directly in radiation through the surrounding space of the 
cylinder. Meanwhile, radiation from the inner layers is absorbed by the mass 
of the cylinder. Concerning the value of the radiation temperature which is 
necessary for the calculations, that of Anderson (20000 0 ) could be used, since 
it was directly obtained from the radiation intensity of the investigated. 
cylinder. Assuming that radiation from the latter, for such values of tempe-
rature, is clo&e to that of the absolute black body, we find a loss of 2.29 
cal. for one mg, which constitutes about 10 percent of the consumed energy. 

This profound percentage of energy loss in the given experiment, leads 
to the thinking of whether the radiation energy is always lost; in the author's 
view, it is not always the case. If explosion takes place in a chamber fitted 
with a nozzle, almost the full radiation energy will be consumed in performing 
a work for removing the electrons from the surface layer of the metal, from 
which the chamber and nozzle are made (photo effect), and subject an impulse 
to the photo-electrons. In fact, the latter will compensate the partial loss. 

By summation of the early computed different losses, taking place during 
explosion in the experiments of Anderson, it is possible to find out the 
quantity of energy which was completely used in rising the temperature during 
the initial half discharge time, if no ionization and excitation took place. 
We proceed as follows : 

On the mechanical work for the expansion of gases 1.3 cal. are consumed 
on overcoming the inter-particle forces (the latent heat of fusion and vapori-
zation) - 2 cal., on the work donefor overcoming the external resistance - 
about 2.12 cal., on radiation - 2.29 cal. Thus the total sum constitutes 7.8 
cal. (.ractically including the minor losses due to heat conduction). Luring 
the initial half time of the discharge, 25.2 cal. are evolved, from which, 
up to its end, 17.4 cal. should develop a. temperature of 1940000 C (G.f. 
equation 4).
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Knowing the dimensions of the inner cylinder (r1 = 1.1 cm) and the 
pressure (p.1 = 14.26 atm) under which it exists, it is possible to determine 
its temperature at the end of the initial half time of the discharge by using 
the Clapeyron's equation, thus 

II I
 

This is the most probable explosion temperature. It shows that 39 
per cent of the enerr, which should have been spent on the temperature rise, 
was consumed in the excitation of the atoms, i.e., 6.8 cal * from each milli-
gram of the metal. 

Now it is not difficult to determine the quantity of energy taken 
from that passing through the wire in the form of useful heat during the 
initial half discharge time. 

During this half time 25.2 cal. were evolved, which should develop a 
temperature of

2 5 20() i',h 1,
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Actually, however, only 118000 0 C was developed in addition to the 
useful heat available for the translational motion of the explosion products 
(1.3 cal.) and the heat consumed in overcoming the external resistance (2.12 
cal.), which will not be lost when explosion takes place in vacuum. All 
these enuithrationu give a temperature of 

:,1:) 1()i)Ip., 

Therefore, for the initial half discharge time we use 

(11uu)	 : IH PnP) IOU	 rr 7 p 
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In addition, as shown above, within the initial half time of the dis-
charge a considerable part of energy went for the excitation and ionization 
of the atoms; its largest part should have been released during the sunsequent 
half dischare time in the form of thermal energy. 

In any case, it is possible to conclude roughly, on the basis of the 
experimental data, that in the given experiment not less than 60 percent of 
the consumed ener' was transmitted through the wire, without the consideration 
of the energy consumed in covering the inevitable heat losses (the latent 
heats, radiation and others). 

At very high temperatures, the free electrons begin to play a certain 
role in the thermal regime of the mass of the given metal due to the ionization 
of the atoms, thus, increasing the heat capacity of the vapours which should 
decrease the explosion temperature. However, this correction is hardly 

essential. If even a full ionization of the first order of the metal atoms 
is taken, then the mass of the free electrons, for example iron, will constitute
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0.01 percent of the total weight. Participating independently in the thermal 
motion, they can hardly increase appreciably the heat capacity of the metal. 
Unfortunately, this problem to the best of the author's knowledge was not yet 
subjected to detailed investigations /9. 

The limitin. frequency (V .) of the lines of the spectral series of 
iron is determined from the equation eV. 1 . h\) ., where V.	 the ionization 
potential and appears to be equal to 2.18 ', i.., .A .

	
1500 1'. Anderson 

measured the wave length ( ) in the direction of the short waves only up to 
2270 A. The abundance of lines in the ultraviolet region of the obtained 
spectrum confirmed the presence of numerous strongly excited and ionized 
atoms.

In all the cases, it is desirable to take the most suitable values of 
the period (T) and the logarithmic decrement of damping the discharge for the 
explosion process to approach a diabatic condition.. Anderson took such 
values for the self-induced circuits, and the result was immediately mani-
fested in a quite interesting form. In his experiments, he states the absence 
of any external thermal effect. Thus, during the explosion of a copper wire 
(of 0.08 mm diameter) with a double paper insulation, the insulation, in many 
cases, was not almost changed. The cigarette paper, tightly wrapped around 
the wire, was torn to small pieces, but it did not ignite or even char. 

The reason for this lies, of course, in the rapid explosion of the gas 
during the very short explosion time (due to the production of a large volume 
of gases within a short time interval). In the given case, the duration of 
the explosion is so small that it does not give any possibility for the 
combustion reaction to take place, inspite of the high temperature and the 
large volume of the produced gases (which are determined by the high tempe-
rature). The absence of the thermal effect, or even its reduction, is highly 
useful, as it ensures against the distruction of the explosion chamber (by 
its oxidation and combustion) and against the heat losses through thermal 
conduction. The overwhelming part of ener', which is transmitted in the 
wire, will be spent on the mechanical work done for the expansion of metallic 
vapours, only within the instantaneous explosion. This fact favours the 
high utilization of the released energy. If Goddard obtained for the case 
of insignificant temperatures and relatively considerable explosion time 65 

percent utilization then for the corresponding conditions in the present 
rocket we will obtain not less than 90 percent of the' energy transmitted in 
the metal which can be spent on the work done for the exapansion of gases. 
Apparently, the problem of the rational utilization of the electric energy 
stored in the condenser is concerned mainly with forcing, as far as possible, 
its greatest part to be transmitted in the exploding metal. Further losses 
can be considerably reduced. 

The next serious complication is the presence of a jolting buffet, 
which is overcome by the design of the apparatus and the mechanism of the 
explosion: the explosion of the metal is accomplished in small portions and 
a continuous succession in a series of chambers concentrically arranged 

around the apparatus (that is, the explosion is accomplished in conjugated 
pairs of chambers).
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In this respect, the explosive materials are used as substances capable 
of doing a tremendous work. Being in this state, they are also capable of 
releasing a certain amount of energy within a short time interval. The 
shorter is this time interval for given conditions, the more severe will be 
the explosion resulting from the explosive material. The quantity of ener' 
released from the substances is not so important as the time interval within 
which this energy is released [iQ. Taking radium as an example, we find that 
it releases an energy of 3.7 x 10 kcal/kg. However, as a substance capable 
of doing work per unit time, the metal should be regarded weaker than the 
poorest qualit4y of black powder by 12300 times. The explosion strength of 
the unit weight of metal can be increased by two ways - decreasing the 
explosion time or increasing the quantity of the released energy per unit 
weight. We shall try to follow both ways as far as possible. 

Generally speaking, we can assign to the metal any dissociation rate 
by varying the decrement of damping. The most rational rates for the different 
explosion conditions should be better determined only by experimental inves-
tigations. 

We make a halt on the explosion products of metals. The clausious 
equation could be used for the quantitative treatment of the results of the 
produced gas. According to this equation we have ; 

(u 	 fiT. 

However, as a result of the high temperature we could neglect the 

correction of the pressure, i.e. the following single-term equation could 
be used

(u	 c ) I' 

where, o- a the co-volume. 

It is possible to take the co-volume as the volume occupied by the 
metal at normal conditions, without a significanterror. From this, it is 

clear that the volume correction is similarly insignificant for the explosion 
of gases inan open space, and also for explosions in chambers under small 
leading densities. 

Besides the high temperature, the accuracy of the calculation will 
favour the fact of the homogenjy of the explosion products (the monatomic 
metallic vapours). In fact, it is necessary to know the actual explosion 
temperAture. 

Tue volume increase during the electrically initiated explosion is 
deteri:ned by the ration 

VO 
Vf , where, vthe volume of the gas cylinder 

expanded to atmospheric pressure, v =0 the volume of the wire before explosion. 
In the experiments of Anderson thisratio is equal to 474350, i.e., a volume 
increase of about half million times. None-of the existing chemical explosive 
substances can give a similar ratio. If lithium was exploded by Anderson, 
the volume increase would have amounted to 3818500, and for ma& esium 1103000.
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However, in the caae of bismuth, the increase would have been 128200 times 
only.

If the produced gas of bismuth is assumed to be a unity, that of the 
remaining metals will acquire the values represented in table 4 (under the 
same conditions of explosion temperature). 

The composition of the products of the electrically initiated metal 
exL)losiorxs does not depend by any means on the pressure developed during the 
discharge, which is not known for many ordinary explosive substances. For 
the latter, it is noticed, that the change in the loading density involves a 
chane in both the volume of the gases (set to normal temperature) and the 
heat of dissociation.

Table 4 

Metal
}'roduced 
gases

M	 t	 l ea ea 
Produced 
gases

M	 t	 l
Produced 
gases 

Lithium 30.12 Manganese	 3.80 Molybdenum 2.18 
Beryllium 23.17 Iron	 3.74 Cadmium 1.66 
Magnesium 8.60 Cobalt	 3.54 Tin 1.76 
Aluminium 7.75 Nickel	 3.56 Tungsten 1.14 
Vanadium 4.10 Copper	 3.29 Lead 1.01 
Chromium 4.02 Zinc	 3.19 Bismuth 1.00

such relations are not applicable in the case of metals. Only for 
high loading densities should the temperature in the author's explosion 
chamber, according to the kinetic theory of gases, increase slightly, which 
could not be considered undesirable if a sufficient rapid expansion of the 
gases i taken into connideration. 

The pressure developed during explosion can be easily calculated. It 
depends first of all on the loading density (La), i.e., on the ratio m/., 
where m	 Lhe weight of3 the exploding metal in grams, V the volume of the
explosion chamber in cm . Secondly, the developed pressure will also depend 
on the initial pressure and volume of the ambient gas, if explosion takes 

place in air. Usually, the maximum pressure (p) is calculated from the 
following equation /iiJ

It IA 
I, 1	 -u\' 

where,	 - the co—volume. The closer is the value of ( 	 ) to the specific
weight of the metal, the higher will be the developed pressure. But since 
the specific weight of the metal is very high, as compared with that of the 
chemical explosive substance, the pressure developed during the electrically 

initiated metal explosions may be very high at lower volumetric loading 
densities (since the concentration of the enerr is higher). 
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As shown experimentally durin the explosion of two milligrams of iron 
under atmospheric pressure, ;20-7 cm of metallic gas is formed. If the 
explosion is carried out in vacuum in a chamber having a volume of 120.7 cm , 
we get a pressure of one 

a
 mosphere (in air, we get from 10 to 15 atm). If 

we.use a chamber of one cm capacity, a pressure of over 120 atm is obtained 
(this is again for vacuum; in air it is considerably igher). If a 50 mg 
wire of this metal is exploded in a chamber of one cm (the wire occupies a 
fraction of 1/157 of the chamber's volume), consuming the same energy per unit 
weight of material, a pressure of over 3000 atm will be obtained. 

We shall halt at the problem of the most reasonable pressure in the 
explosion chamber. This problem was treated in details by K.E. Ciolkovskij 
in his work entitled "Investigation of the world space by rocket devices" 
(1926), which is a quite valuable publication and an extension of his former 
works. However, a comprehensive answer was not given for the problem. 

In the present case, it could be considered, with a sufficient degree 
of accuracy, that the work done for expanding the gases is carried out adiaba-
tically. The work in this case can be expressed by the following familiar 
thermodynamic equations

PI)	 -	 I 1)---1.\k-I

(i) 

or

r	 PV{i	
()]•	 (2) 

With the assistance of equation (i) we can derive the relationship 
between the utilization of the energy of the compressed gas and the volume of 
the whole reaction tube (relative to the explosion chamber). The result will 
depend, to a great extent, on (K), i.e., it will depend on the kind of the used 
gas. For a metallic gas, as for monatomic gases, we get the highest value of 
X

-	
, which according to theory and practice is equal to 1.67 and is 

indepent of temperature. The case of polyatomic gases is quite different, 
here,	 has a quite small value which sharply decreases with the increase 
of temperature. Thus, according to the extensive investigations of Berthlot's 
and Beli, Ic 1.10 for water vapour at 37500C (the explosion temperature of 
the detonating gas (a mixture of org-en and hydrogen)). For moderate explosion 
temperatures in the range of 3750 -, 5000 2 1< 1.15. For alcohol—oxygen 
explosion, considering the temperature of 17500 C as the high temperature limit, 
the obtained value of c) is in the average of almost the same magnitude. 

The calculated data are represented for both cases in table 5. From 
the table, the great difference in the use of the various explosive substances 
is clear. For the metallic vapours, therefore, it is quite sufficient to take 
a flow chamber having a volume exceeding that of the explosion chamber by four 
times, to get 66 percent utilization of the energy. In the case of oxy.en-
hydrogen—alcohol rockets of Ciolkovskij—Obert, to obtain 65 percent utilization,
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a nozzle having a volume greater than that of the explosion chamber by 1000 
times is necessary. 

It should be mentioned that for 95.5 percent utilization of the 
explosion of an iron wire, with the consumption of 30 cal/mg, the temperature 
of the exhaust gases from the rocket reaches a value of about 54000 C. It is 
apparent in this case that the talk about the utilization of the latent heat 
of vaporization is quite difficult. In general, the latent heat of fusion 
could be neglected due to its small value. For sufficiently long flow chambers, 
it is quite possible to give the effluent gases such low temperatures, so that 
the heat of vaporization could be used, but this leads to an undesirable 
increase in the rocket's weight.

Table 5 

3	

k	 t, I!; 

I  

1 1,0(1 (),00 1,()() 0,00 
1,5 i ,ui 23,66 I ,60 
2 z4 :11,50 2,30 9,01 

52,15 3,97 15,25 
5 14,81 w)-, 98 7,33 21,26 

II) 27,37 7s,(;3 17,54 20,08 
20 1 5I,5 MOM 12,86 36,30 
50 701,8 92,73 128,8 44,41 

1(H) 2215 9:;,45 382,8 49,37 
541(1 3320(1 t)( ,44 2366 (10, l3 

1000 1(1520(1 99,112 5650 G/1, 
100 0,j 100

However, if complications will arise from the use of the latent heats, 
they can be neglected. In this case, the higher is the consumed ener r per 
unit weight of the metal the lower will be the losses, i.e., the greater will 
be the flow rate. If we take iron, which is a metal possessing the highest 
heat of vaporization, then the losses can be insignificant. The calculated 
data for iron are shown in table 6. Die to the fact that only high flow 
rates should be used, these losses will be insignificant, since already at 
a flow rate of 41000 rn/sec the loss will be lees than one percent. 

For explosions in vacuum with the same utilization percen-tage  
it is possible to develop lower pressures than those of 2265 atm; pressures 
of even 500 atm. are possible in5 is case. The gases leaving the nozzle will 
therefore acquire a pressure of 2265 = 0.22 atm. 
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Table 6 

ncc . 

10

1CV
A see 

9 150

I	 -

20,0

I
ai!ce

L 

200 40'JUU 1,0 
15 )4) ;, 7 41)1) 57830 0,5 

50 113 5N 4,0 800 81 800 I, 25 

25895 2,5 1000 0  500 0,21) 
1110 914 2,0 

Without a correction for the losses. 

The application of presuies of the order of few hundred atmospheres 
in the explosion chamber has its advantages. In this case, the chamber wall 
does not need to be of a considerable thickness, and the chamber's weight will 
be reduced. In addition, it facilitates the process of the supply of the 
explodin wires in the intervals between the explosions. As a result of the 
periodical explosions in the concentric chambers, this process may be minimized 
if the supply is carried out in the intervals between the explosions when the 
pressure in the chamber is not more than one atmosphere. 

According to Lame's equation 

= i1.s 

We can calculate the necessary wall thickness of the explosion chamber, while 
that extending from the exlosion chamber to its end is decreasing relative 
to the law of falling pressure. Thus the weight of the entire system could be 
determined. 

Using Puasson's equation we compute the pressure drop (in percent) along 
the flow chambers for both cases, taking into consideration the increase in 
volume occupied by the expanding gases. For the electrically initiated metal 
explosions, A. = 1.67, and for oygen-hydrogen-alcohol explosions, 1K = 1.15. 
The result are represented in table 7. 

Table 7 

?lc . i
Q,I	 bf

chcp	 * 

kr	 167 k'1,15 k--1t7 k -Ith 

1 1(1(1 1011 21) 0,t7 3,19 
2 31,55 45,/iS 30 u,:;' 2,00 

15,79 23,09 50 0,15 1,11 
5 102 15,71 1 O 0,U6 0,50 

10 2,14 7,03 500 0, 003 0,079

Z Tue pressure in the explosion chamber is taken as 100 percent. 
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Frcm the table it is clear that for the electrically initiated metal 
explosion the pressure along the flow chamber decreases more rapidly than in 
the case of ordinary chemical explosions. This fact permits to design the 
walls of the flow chamber with a thickness decreasing with the length, which 
considerably facilitates the construction from the point of view of the weight. 

The shape of the flow chamber can only be determined by tests. The 
diverg-ance angle (c2.) of the walls, assuming a conical chamber, is related to 
the dimensions of the whole nozzle by the following equation 

cc . O , 5are i gi; ± l I 

where D and D . are the diameters of the narrow and wide nozzle exits respec-
tively, and L is the distance between the exits, which should decrease with 
the increase of the flow rate. It is possible to assume that at flow rates 
of the order of 50000 rn/sec and over, the shape of the flow chamber should 
be strictly cylindrical. For similar flow rates,. even at a small nozzle 

divergence angle (° ), tearing off the stream from the walls will take place. 
However, due to the monatomic structure of the products of the electrically 
initiated metal explosion, a relatively small expansion is sufficient to get 
a considerable utilization, not resorting to the burdensome long nozzles which 
are inevitable for the Ciolkovskij-Obert rockets, even at sufficiently low 
flow rates. 

The state of the inner surface of the flow chamber bears a particular 
significance in the present rocket. The flow rate as well as the rate of the 
errosion of the chamber depend on the degree of the smoothness of the inner 
surface. 

As we were sure in the electrically initiated metal explosion that the 
effect of the external heat could be practically undetectable, the cigarette 
paper tightly wrapped around the exploding wire did not ignite or even char. 
The reason for this lies in the short duration of each explosion and in the 
tremendous increase in the volume within a short time interval, i.e., in the 
high expansion rate. As this rate increases, the external heat effect will 
be less and less manifested. This is one of the numerous valuable advantages 
of the suggested rocket, which could travel without a cooling system. This 
is particularly important because a satisfactory cooling system was not yet 
found out due to its complications. 

Moreover, an additional advantage of the electro-jet rocket installation 
is outlined in the following. 1e to the short duration of the electrically 
initiated metal explosion an adiabatic process was assumed, which is closer 

to reality. In this case, the fall in temperature with the expansion of the 
gases is confirmed by the following expression 

T1 ( vI)l_t 

The calculated data from this equation are represented in table 8.
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Those data speak for themselves. 

Thus, it should be assumed that in the explosion chamber, in spite of 
the huge explosion temperature, the thermal losses can be made insignificant. 
In the nozzle, the temperature sharply falls due to expansion. In addition, 

the explosion products rapidly leave the chamber. For quite frequent explo-
sions, it is quite probable that the inner surface of the explosion chamber 
will be heated. However, due to the conducted heat in the chamber's walls 
along its length and width and also due to thermal radiations in the cosmic 
spaces the chamber will be automatically maintained at a constant low tempe-
rature which, anyhow, does not appreciably affect the mechanical properties 
of the materials from which it is made. 

Table 8 

•	 . co	 t1uc1te	 ,. 0

4
QOc 

.. ...... .•••• 

1;	 1,117 •i;y ;;• 

I 1 Of) ,	 . H 

I :1') I o,: 
7 

(I f,()	 '/?$, 1(H) 41 
1ff 21,4	 70,!'. I

A The temperature in the explosion chamber is taken as 100%. 

One of the reasons for burning of the chamber's walls when chemical 
explosive substances are used is their occlusion by the gaseous explosion 
products. A Tadual change of the metal surface layer is therefore necessary. 
In the case of the electrically initiated metal explosions the products are 
highly volu.tile metal vapours. some of these products will obviously settle 
on the chamber's walls. Nevertheless, with the lapse of time, this highly 

strong uniform metal deposit will increase the thickness of the wall and 
improves its strength. 	 - 

High pressures in the Ciolkovskij—Obert chambers should be avoided, 
since they enhance tearing of the metal particles from the incandescent- wall 
surface by the hot gase streams. A similar limitation is applied to the 
present author's rocket due to reasonable causes. 

The 1eprerited data in the present chapter are sufficient for the 
.relimihax' calculation of the elements of both the rational exjlosion and 
the flow chambers. However, a precise calculation is only possible after 

certain experimental investiations. These investigations will be carried out 
by the present author who hopes to be able to give a comprehensive answer on 
the mighty questions that may appear. However, the author still considers it 
possible to be limited by the represented materials. 

S
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It is interesting to determine the explosibility characteristics of a 
metal as an explosive material. The most essential requirements that should 
be specified for the explosive materials are listed below: 

1 Possibly high calorific value, 
2 possibly high volume of gaseous products, 
3 possibly high specific weight, 
4 Easiness and safety of their fabrication* 
5 Convenience in handklirog and transportation* 
6 possibly low costs, 
7 invariable composition and properties on prolonged storage in a 

place and during transportation. 
8) the ability to explode instantaneously by certain suitable ignition 

sources, 
9) a uniform explosion mechanism, and a steady mechanical effect which 

is associated with the explosion, 
10) the absence of corroding chemical properties (essential for the 

storage chamber). 
To what extent do the materials suggested by the present author fulfil 

these requirements ? This judgement should be deduced from the analysis 
of the data of the investigations. 
The data which give the metals certain explosibility characteristics for 

their use as explosive materials are represented in table 9. The calculations 
are carried out for the case of the explosion of iron. 

Table 9 
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*The explosive material should possibly possess a low sensitivity to mechanical and 
some physical properties such as : impact, friction, temperature, vibrations and othe 
others. 

**Thel decrease of the explosion temperature (for metals) due to ionization is 
taken into consideration. 
***The given values for the metal represent the order of their magnitude. To compare 
the volume of the gaseous products of ordinary explosive substances with those of 
metals, their values are set to the explosion temperature and mormal pressure, while 
the corresponding values at 0°C and 760 mm Hg are shown between brackets. 
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FLUID CARBURETTORS  

(Carburettors working on liquid fuels) 

(1929J 

The idea of liquid fuel carburettors, suggested by the present author, 
is based on the following principle 

In a small cylinder (A) a certain amount of purified mercury (Hg) is 
introduced under a pressure which is registered by an indicator (P) (see Fig.1). 
The mercury fills completely a tube (C) which is connected with the cylinder (A) 

Fig. 1 

by one of its ends. On the other and of this tube, a nozzle with a quite 
narrow exit (o) is fixed along the axis of the. tube (A). 

If a pressure is exerted on the mercury in the cylinder (A) by any 
means, for example, of an aggregate compressor with an electric motor, the 
mercury will be forced to flow from the aperture of the capillary tube to 
the nozzle in the form of a thin stream (fine thread). The exact diameter of 
this fine thread is almost equal to that of the capillary tube (precisely, 
the diameter will be slightly less due to the stresses exerted by the boundary 
layers of mercury on the inner walls of the capillary tube, where its rate of 
flow is almost nil). 

If a nozzle is fixed (screwed) to a capillary tube of different dia-
meters, it will be possible to feed the mercury in the carburettor in the 
form of fine threads of various cross—sections. 

As in the case of wire carburettors, an opposite electrode in the 
form of a rod (D) is inserted at a certain distance from the end of the 
capillary tube. 

If the pressure inside the cylinder (A) is maintained constant (by the 
indicator), it will be possible to get a steady flow of mercury in the form 
of a regular stream of constant cross—section. For this purpose, we should 
select a suitable diameter for the capillay tube which should be quite short 
to minimize the resistance to the flow of mercury, and consequently, to 
prevent the decrease of the necessary pressure. However, the length of the 
capillary tube should be suitable for the flow of mercury to acquire a 

A Summarized.
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potential (to become parallel to the wall of the tube). In order to get such 
a laminar flow, the following conditions should be satisfied: the end of the 

capillary tube, from which mercury is introduced, should be well rounded and 
smoothly connected with the wider tube (C). For the final creation of a 
laminar flow, according to the hydrodynamic laws, the mercury should also 
flow a distance of L = 0.029 Rd, where R the Reynold.'s number, and d. = the 
diameter of the capillary tube. 

In smooth longitudinal cylindrical tubes, the flow is always laminar 
if R < 2300 (critical Reynold t s number). 

Obviously, it is quite sufficient to assign to the distance L a value 
which is equal to 0.029.2320. 2.10 	 cm - 0.135 cm, if d.-is taken equal to 
0.02 mm. This figure is approximately 70 times greater than the ratio of the 
tube length to its diameter. 

The change of the flow rate is controlled by the variation of the 
pressure in the cylinder (A). Accordingly, by lowering the pressure in the 
cylinder the carburettor will be switched off. 

As in the case of metal wire carburettors, where the supply of metal 
takes place regularly, in the present case of fluid carburettors it will be 
possible to determine whether a considerable increase in the consumption of 
the supplied mercury will take place during the time of explosion. Of course, 
such an increasedconsuinptjon of mercury may be followed by a corresponding 
decrease in the consumption of the electric ener r per unit mass. 

Assume that 0.5 cm of a mercury thread is consumed in each explosion, 
and that the number of explosions is equal to 100. Thus, the rate of the flow 
of the mercury stream will be equal to 50 cm/sec. The initial half time of 
the electric discharge, which plays a role only during radiation losses, will 
not last by any means more 5than 1075 sec, During this period of time, a3 
mercury thread of 50 x 10 cm length will flow, which constitutes a 10 
part of the exploding wire. Even with a carburettor having a frequency of 
1000 cycles per see s not more than one percent of the exploding mass will 
be released during the first half time of the explosion. 

Therefore, the regular supply of mercury provides the carburettor 
with a high efficiency, and offers a great performance reliability even at 
very high rates of supply. 

A theoretical solution for the problem coneerning the flow of a 
liquid in a capillary tube was given by Puazejli's equation. (This equation 
is based on the following conditions: the coefficient of internal friction 

is equal to oc and., consequently, the slip coefficient is equal to 0). 

(1	 _2'_ i"± 'j' 
ttj	 I, 

where	 the volume of liquid flowing in the capillary within a period of 
time T, 'Y1 = the coefficient of friction, p = the pressure, L = the capillary 
length, and d the capillary diameter. 

The volume of mercury consumed during a single explosion is represented 
by ii	 , where 1	 the length of the stream (between the exit of the
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capillary tube and the tip of the counter-current rod). For an explosion 
frequency of n cycles per sec, the volume of mercury will be equal to n 
by substitution in Puazejli's equation and carrying out the calculation 
respect to p, we get :

I28nnl21Ij --- 
7J1'	 d 

For mercury, I is equal to 0.015 at 20 0C, and consequently : 

J) 

This is the basic equation for the computation of the liquid fuel 
required for the carburettor. 

We will carry out an exemplary computation for te required pressure. 
Assume n	 100;	 0.5 cm; d. 0.002 cm; L	 0.3 cm	 thus : 

p - 1. 80. iO dynes 0.183 k9/cm2 

A pressure of similar magnitude can be easily realized. 
We will determine, as an example, the total capacity of the cylinder 

(A) and the supplying tube (C). 	
3 During each explosion, a quantity of f cm me9ury is consumed, 

that is, the mercury is consumed at a rate of 1 cm  per sec. Using 
similar exemplary data for 1,, d and n, we ge t -57-10 3 c , and accordingly, 
the rate 1of he consumed. mercury is equal to 91 42.10 	 cm per mm, i.e., 
5.65.10	 cm per hour. 

Apparently, 2 cm of mercury will be sufficient for the steady perfor-
mance of the carburettor for a period of 3.5 hours. 

To avoid the need for the frequent filling of the cylinder 3with 
mercury, it is quite sufficient to take a total capacity of 20 cm , which 
secures a steady performance of the carburetto for a period of 36.6 hours. 
According to calculations, a capacity of 50 cm will allow the carburettor 
to work for a period of 89 hours. 

For the creation and maintenance of the required pressure, it is 
possible to use a . cylind.er with a compressed air instead of a compressor with 
an electric motor. However, according to the point of view of the engineer 
V.I. Serov, it is simpler to maintain a constant pressure. For this purpose, 
V.I. Serov suggests the insertion of a corresponding load on the piston of 
the cylinder (4. However, it is technically easier to fix a free moving 
piston to the cylinder upwards by means of a thrust screw. In this-case, 

k In the calculation, the length of the spherical (expanded) part of the 
capillary tube should be taken into consideration (that is ) the total 
resistance).
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the adjustment of the necessary pressure as well as the accurate regulation 
of the rate of the fuel supply by the carburettor could be achieved by means 
of this thrust screw through a spring, without the need of loads. 

It is interesting to check the possibility of the considerable deflec-
tion of the mercury stream as a result of the effect of the gravitational 
force when the carburettor is laid in a horizontal position. This problem 
should be enlightened for designing purposes. The magnitude of the deflec-
tion of the mercury stream, as a result of the effect of the gravitational 
force, will depend on two factors: the rate of flow (V) and the length of 
the fluid path, i.e., it will depend on the distance between the two poles. 
Taking the frequency n - 20, we get, within the time of flight of the mercury 
particles, which is equal to 1/20 sac, a deflection S (from the horizontal 
axis) due to the effect of the gravitational force 

- _522-- 

However, already at n - 50, we get S - 2 mm and at n - 100 2 S 0.5 mm. 
The great advantage of the application of high frequency explosions, 

which permit the utilization of the small capacity condensers, is to achieve 
an insignificant deflection of the mercury stream. ThiB, will, to a large 
extent, improve the characteristic mechanism of the wireless liquid fuel 
carburettor, which permits to increase the magnitude of the explosion frequency 
to thousand cycles per second. This is. one of the main advantages of the 
liquid fuel carburettors, in addition to its performance reliability (that is, 
the absence of fine metal wires which are substituted by liquids). We will 
only discuss the deflection for a frequency n lying in the range of hundreds 
and not thousands of cycles per second, since 

ic 

The current of the charged condenser is not a direct current but an 
indirect one, with a bilateral rectification. Therefore, in order to avoid 
any imperfections in the performance of the carburettor, it is necessary that 
the' ratio of the number of cycles of the charging current per second to the 
number of explosions per second (n) should be an integer, that is

(1) 

Also, n should not be greater than 2N. In this case, it becomes in-
different for the carburettor to start work at any moment of the oscillating 
phase current, and equal quantities of energy will be accumulated in the 
condenser at equal time intervals, which guarantees a normal performance of 
the carburettor. 

Thus, it is possible to get a carburettor frequency of up to 100 cycles 
per see. on using the town current (50 cycles per sec). In this case, it is 
possible to take for the frequency (n) only those intermediate values which 

lie in the range of one to 100 cycles per second, which satisfy the conditions



- 106 - 

given by equation (1). In fact, these limitations could be overcoined if a 
filter is used to level the pulsations of the current. However, this filter 
which may be connected in front of the condenser will complicate the installa-
tions. Assigning a given value to the rate of the supply of the carburettor 
with fuel does not introduce any complications. 

In those cases when the explosion process is required to last for a 
certuin period of time (for example, in the case of reactive missiles), it 
will be necessary to use liquid fuel carburettor, which permit to get practi-
cally uniform pressures within such periods of time. This fact acquires a 
special significance in all the cases when it is desired to utilize the 
electrically initiated explosions for practical applications. 

In the latter case of applications, the utilization of a pure mercury 
will be less desirable due to the high--temperature developed in this case. 
Nevertheless, this high temperature is quite beneficial in other cases. It 
should be mentioned, however, that liquid fuel carburettors could work not 
only on mercury but also on liquid amalgams of some metals, which may have an 
average atomic weight of approximately twice less than that of mercury. 

Taking into consideration the application of liquid fuel carburettors 
in jet instruments, the great significance of the investigations concerning 
the performance of a carburettor by using different electric conducting 
liquids (such as acidified water, alkalies, organic acids and so on) should 
be mentioned. 

In this way, by using, for example, organic acids (constituted mainly 
of C, H, o) it will be mainly possible to classify the materials giving the 
highest volume of produced gases flJ.
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EXPERIENCE IN THE ELECTRICAL IGNITION OF LItJIDSt 

C'9 30) 

General Considerations 

Actually, any explosion of a substance could be considered as a sudden 
transformation of the substance into the gaseous state and the expansion of 
the liberated gases due to the evolution of a quite large amount of heat, 
irrespective of the means by which this evolution takes place. This objective 
approach acquires a very high significance, since it does not confine the 
phenomena of explosions within the frames of chemical processes. 

In reality,, if we are able to release a sufficiently large amount of 
heat per unit mass of material within a sufficiently small period of time, 
we will succeed in this case to explode this material, i.e., transform it to 
an exploding material. The release of heat may take place by chemical, 
mechanical, or elecrical methods. 

It should also be mentioned that from this point of view, the one or 
the other state of material does not constitute the basis on which it could 
be related to the category of non-explosives. Applying this conclusion to 
the present work, it is possible to say that if any substance is capable, in 
one way or the other, of conducting an electric current with a certain 
resistance, and of transforming the electric energy to heat, this substance 
could be subjected to what may be called the "electric explosion". 

Apparently, all electric conducting materials, irrespective of their 
state, could be exploded by means of the application of an electric energy. 

According to the fact that the electric conductivity may take place 
by either electronic (metallic conduoion) or ionic means, we get two basic 
types of materials: on one side, there exist the solid bodies (metals and 
semi-conductors), and on the other, lie the gaseous and liquid materials 
(electrolytic conduction). Moreover, there exist some bodies which are 
characterized by a mixed type of conductivity (certain types of crystals such 
as copper iodide - Cul). However, these materials are very few. 

According to the author's point of view, metals, semi-conductors, 
conductive liquids and gases, are considered as substances capable of being 
used as explosives. 

In the present work, the gases and liquids will only be discussed. 
The metals and the semi-conductors will be excluded, as their properties are 
subject to separate investigations. 

The small density of the gases and the small resistance existing 
during the discharge current, specify the nature of the gas explosion by 
certain characteristics. The discharge between the conductors in air is 
actually considered as an explosion. It is difficult to predict the proper-
ties of the gases which are considered as electric explosive materials. For 
the explanation of this phenomenon, laboratory investigations for the 

t Summarized (Edit.).
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elucidation of the discharge processes in air at the plane which is of 
interest to us should be carried out. 

The processes taking place during the "electric explosions" of liquids 
on one side and met.ls on the other, vary greatly from each other. In the 
case of metals, the explosion products are not chemically different from the 
original metal [1]. In the case of liquids, (instantaneous) electrolysis of 
the liquids takes place under the influence of the discharge current, and 
the ions will thus dissociate to atoms due to the evolved large amount of 
heat. Therefore, as a result of the explosion, we get a full dissociation 
of.the liquid molecules into their simplest components (atoms). However, 
this is not the only process which is taking place, and during expansion the 
explosion products are cooled and could be recombined to form simpler com-
pounds. As a consequence, the energy absorbed during the dissociation of the 
molecules is partially released.. 

This is the basic feature of the "electric explosion" of liquids. The 
abundance of liquids and solutions. characterized by various electric conduc-
tivities and average atomic weights, provides a large basis for the selection 
of the most suitable materials specified by a certain kind of explosibility 
characteristics. 

Some experiments on the investigation of the explosibility 
characteristics of electrically conducting liquids 

The development of a liquid fuel carburettor 

The development of a laboratory type liquid fuel carburettor is quite 
a simple process. The supply of liquid is accomplished by means of a specially 
designed apparatus (see Fig. i). The pressure which causes the liquid to flow 
through the nozzle (6' ) is exerted by the height of the column of the liquid 
itself inside the cylinder (A). Therefore, the rate of flow, i.e., the supply 
of liquid (or the liquid consumption) is regulated by either the level of the 
liquid column inside the cylinder (A) or the tube (C). The (iron) nozzle is 
fixed at the end of the glassy tube (C) by means of a sealing wax. The internal 
diameter of the tube and that of the exit nozzle are in the range of 1.3 to 
1.1 nun. The cylinder (A) is kept in a vertical position by its clamping in an 
iron stand. The start of the carburettor performance is carried out through 
the valve (B) which serves also for ceasing the liquid supply. A small liquid 
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both (D) serves for the collection of the excess liquid at very high rates. 
The current was supplied by 2 mm diameter copper electrodes. After 

passin, through the liquid stream in the metallic nozzle, the current was 
let through the output electrode to the earth. The stand was earthed for 
safety considerations. Any of the following liquids or both were used as 
explosive fuels: water acidified with copper sulphate (CuSOA), and nitric 
acid (03 ). A prirnus type brass piston with an exit diameter of 0.25 mm 
was similarly used as a nozzle. 

To ensure a sufficient uniform flow rate of the liquid stream through 
the nozzle, we should pay attention to the pressure of the liquid in the 
cylinder (A) (which is controlled by the level of the liquid column inside 
the cylinder (A)). 

To get individual explosions, liquid is poured in glass tubes of an 
appropriate length and suitable cross-sections. In addition, individual 
explosions could be obtained by the carburettor itself if the conducting 
poles of the current are set to give large sparking gaps. 

A schematic diagram of the set up is illustrated in figure 2. 
The present investigation is. equally related to the planning work of 

the designers as well as to the basic work of the jet engines. 

Experimental results 

1- From the preliminary investigations, explosions were observed in 
all the cases with acidified water within the range of 2.5 - 31 percent (the 
last figure refers to the highest electrical conductivity of the HN0. solution). 
Higher concentrations were not investigated. However, it was notices that 
the increase of concentration favours explosions, since the resistance of the 
nitric acid, is two times greater than that of the graphite filament of the 
electric lamp. The explosion could not be obtained with dilute solutions, 
i.e., on increasing the resistance of the stream to an excessive value, the 
stream will be practically transformed into a dielectric. It should be 
mentioned that, the concept of the explosibility or non-explosibility of a 
given quantity of liquid with a given resistance is quite relative. A stream 
may not be exploded, by a given source of ener, while the same stream may be 
exploded by a more powerful source of energy. This fact, which is quite 
understandable from elementary theoretical considerations, was confirmed 
experimentally by laboratory investigations. 

To find out the minimum conducting concentrations for the purpose of 
getting explosions with the least strength characteristics, deserves the 
greatest attention. Distilled water was used as a solvent, and chemically 
pure nitric acid as a solute. Initially, a concentration of 0.2 percent was 
taken, which was then gradually decreased. For each concentration, the 
liquid wac poured into the carburettor and the obtained stream was tested 
for explosion. The length of the stream, i.e., the distance between the 
poles of the conductors of the supplying current and the end of the nozzle, 

was fixed. Its dimension was chosen so that in the absence of the stream
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the discharge of the current between the nozzle and the poles of the conductor 
through the ambient air could not take place; the discharge condenser is 
always connected in series to the circuit. For conducting a new experiment 
on a solution of a new concentration, the carburettor was previously washed 
with distilled water. 

By following the above mentioned measures and precautions it was 
observed that, when the sparking gap between the poles of the conductor is 
equal to 10 mm, I e., when the enerr of the electric spark was equal to 

.24.	
2	 0.246w 27.7 cal., the explosion took place at any concen-

tration up to 1-5 X 10 percent. In this case, the attained length of the 
stream was 30 mm for a nozzle diameter of 1.4 mm. 

Further quantitative investigations were not carried out To confirm 
the validity of the obtained results, the carburettor was filled with some 
tens of cubic centimeters of distilled water after its washing, and trials 
for explosion were carried out, but the water di 9not explode. However, when 
10 drops of the liquid solution of the 1.5 x 10 percent concentration were 
added to the water, explosions were again obtained. In this last case, the 
concentration of the 8acid in the water was not more than one per hundred 
million percent (10 %). 

Practically, during the computation of the heat capacity, average 
atomic weights and so on, it could be considered that water is the only sub-
stance which participated in the explosion. 

It is therefore clear that the resistance of such a stream is very 
high. In this case, it may be quite useful to use an oscillograph to determine 
the explosibility characteristics of the acidified water. 

2- When the length of the stream which was subjected to explosion had 
the value of 120 mm, or even 170 mm, for a nozzle diameter of 1.4 mm, the 
consumed ener r in the explosion amounted approximately to 73 cal. 

3- In this case, as a result of the rapid transformation into the 
gaseous state (see point 2) a very powerful noise and even a big mechanical 
effect is obtained (the glass tube in which the liquid fuel column is kept 
may explode). 

4- As in the case of metallic wires, the explosion of the water stream 
is accompanied by a luminous hot gaseous cylinder which is visible to the 
naked eye. The form of the cylinder is not uniform throughout, which may be 
attributed to the irregular form of the liquid stream. 

5- Following the explosion of the stream, a cloud of released gaseous 
products is formed and spreads in all directions. 

6- During explosion, the intensity of the luminosity of the iition 
spark in the gaseous cylinder is not homogeneous throughout; it varies on 
each pole and in the middle of the cylinder. In other words, the luminosity 
of the gaseous cylinder could be characterized by three colours. The longer 
is the steam the more clear will be the variation of the intensity of the 
luminosity. 

It could be assumed that the reason of this phenomenon lies in the 
electrolysis of the solution, which takes place at the initial stages of the
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explosion. As a result of electrolysis, the ions of the solution are accumu-
lated around each pole and the intensity of the explosion lurninositywill be 
determined accordingly. The boundaries of these fields, i.e., the middle of 
the cylinder, due to the confusion of the colours, acquire a third original 
colour.

However, it should be mentioned that the contribution of the material 
from which the nozzle is made, as well as the metal of the conducting rods 
(1C.), in the intensity of the explosion luminosity is not less important than 
the role played by electrolysis. 

These metallic parts, serving as electrodes, could participate in the 
process of electrolysis. 

7- The surface layers, of both the tip of the electrode (K.1 ) and the 
rear of the nozzle appeared to be damaged after the performance of the carbu-
rettor. For example, the exit diameter of the nozzle was dilated from 1.3 
to 1.4 mm after a certain performance time. This dilation is attributed, first 
of all, to the mechanical impacts of the explosion products, and secondly, to 
the chemical corrosion of the supplied liquid.. Thirdly, it is also attributed 
to the participation of the metallic material of the electrode in the electro-
lysis reaction. 

To overcome the latter two phenomena, to maintain a constant dimension 
throughout the inner diameter of the nozzle, it appears rational and necessary 
to coat the metallic parts of the nozzle with a platinum metal. 

8- For long streams and low concentrations of explosive liquid solutions, 
i.e., when the resistance of the stream is high, the following phenomenon was 
observed: the explosion of each stream was preceded by several (from 4 to 5) 
spark discharges between the poles of the electrode, i.e., there is a minimum 
amount of stored electricity, which is necessary for the explosion of te 
liquid of the given resistance. The quantity of the stored electricity could 
lead only to a weak electrolysis of the liquid. 

This phenomenon distinguishes the behaviour of the metallic wires from. 
the liquid (non-metallic) streams which are not good electric conductors. 

This effect is analogous to the behaviour of the following scheme (see 
fig. 3), where the sparking gaps between the poles of the electrode are taken 
in an exemplary scale.

+ —0 

Fig. 3
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Here, for an explosion to take place in (B), several discharges should 
be obtained in (C). As a result of the very high resistance of the stream, it 
behaves as a bad capacitance, since it transmits some quantity of ener 
(direct current) through itself. This quantity of energy is consumed in the 
dissociation of the liquid molecules, and consequently, in the increase of 
the electrical conductivity to a value favouring the quick initiation of an 
explosion. 

9— Each explosion is accompanied by a relatively powerful noise and 
light phenomena. 

10- The above given schematic diagram of the experimental set up of the 
liquid fuel explosions is simultaneously applied for individual as well as 
systematic (i.e., as in the case of the carburettor) explosions. 

To increase the frequency of the explosions, it is quite sufficient to 
bring the poles of the discharger closer, under a constant set up power. 
A1ternative1, if it is possible, we could increase the power supply of the 
installation • In this way, we could get an explosion frequency not less than 
25 cycles per sec (according to the investigation of the bright sources, 
carried out by Helmholtz). 

11- The noise intensity of the systematic explosions was quite high. 
The hearing could even distinguish breaking up of the noise in individual 
explosions, which were analogous to the noise produced from the machine gun 
firing, but more frequent. 

12- The second bright cylinder is usually observed during the systematic 
explosions in the form of slightly diffused luminous layer of gases, surrounding 
the first bright cylinder. 
• 13- When the second electrode (K 2 ) becomes closer to the stream to a 
distance less than that existing between the nozzle and the other electrode 
(K ) supplying the current (since both these electrodes are joined to each 
otier), the stream will be deflected and pulled up by the electrode (K,), 

•	 where a discharge of the current will take place through it (see fig. ). In 
this connection, the stream behaves as a metallic wire. 

14- Good precision and full stability as well as performance reliability 
prevailed, in all the cases of the carburettor performance. 

The problem concerning the temperature which is developed during the 
explosion of the liquids, as regards the heat capacity of the substances, 
deserves great attention. It is of great interest to know that the heat capa-
city does not remain constant during the course of the release of the electric 
energy. Actually, before dissociation, the heat capacity of the liquid 
molecules is considerably higher than that after their dissociation. However, 

after the full dissociation of the molecules, it becomes much higher than in 
the case of the monatomic metallic vapours. Therefore, the temperature will 
be considerably lower than in the case of the metallic wire explosion which, 
on preserving the explosion strength, is quite suitable for ' jet engines. 

In this case, it is necessary to pay attention to the resistance of the 
explosive liquid stream.
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To sum up the results, it is necessary to mention that the non-metallic 
liquids are useful materials for electric explosions. In this connection, 
they may be even more valuable than the metallic materials. Accordingly, in 
the present author's view, special investigations on the study of the charac-
teristics of the electric ignition of the non-metallic liquids should be 
carried out. 

It is also necessary to develop liquid fuel carburettors with a pressure 
indicator, as suggested by the present author in his schematic diagrams and 
according to the present data, which permits to get a different explosion 
regime for the detailed study of the characteristics of the electric ignition 
of the liquids.
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WIRE CARBURETTORS 

(Carburettors Working on Metallic Wires) 

(19301 

The schematic diagram illustrating the performance of the carburettor 
is represented in figure 1. The metallic wire is unrolled from a coil by 
means of two roller pairs (A and ) at a certain rate dictated by the 
necessary amount of the metal required per unit time. The explosion of the 
wire takes place in that part which lies between the rollers (in the rear 
of roller A) and the copper wire conducting the current. 

The rollers are set to rotation through a system of gears by means of 
a synchronizing motor of alternating current. The specification of the motor 
is as follows: the number of rounds per minute 3000 2 the horse power = 1/322 
the voltage m 110-120, and the motor type - -1 produced by the photocinema-
tographic technical school.

Fig. 1 

The clutch junction made it possible to change smoothly the feeding 
rate at small time intervals (about 25 times per see). The body of the small 
motor, which carries an electric current during the moment of the discharge, 
was isolated from the carburettor and from the general assembly of the metallic 
board by means of a rubber packing. 

Each pair of the steel rollers, whose surfaces are polished, deliver 
the wire by a mechanism which is illustrated in figure 2. 

The wire is joined to the frame of the carburettor which is made 
mainly of brass and partly of iron (the clutch disc with the axis, and the 
bolts tightening the side wall of the carburettor), and serves as an element 
of the discharge circuit. 

The carburettor is connected to the earthing side as shown in the 
schematic diagram represented in figure 3. 

$ 
Fig. 2	 Fig. 3
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The carburettor was manufactured in the progress factory according to 
the present author's instructions and under the supervision of the engineer 
V.I. Serov, with the participation of the designer engineer Dobrovol'skij. 

The continuous supply of the wire does not empede the performance 
of the carburettor. This fact has already been proved by the present author 
in a previous report on the study of "liquid fuel carburettors", published 
on November the 10th 1929 /11. Therefore, this sitution will not be inves-
tigated in the present paper. 

For the development of the construction of the carburettor, laboratory 
investigations which were carried out before for this purpose were used. 
These investigations are given in the report published on August the 15th 
1929 fJ.

Experimental results 

1- Initially, the performance of the carburettor was investigated by 
using a 0.05 mm diameter nickel wire without the production of explosions. 

It was necessary to check the regulation of the clamping force exerted 
by the feeding rollers on the wire as in the case of any irregularities the 
wire may not be drawn, or it may be considerably deformed and twisted during 
its exit from the front pair of rollers. 

The regulation of the clamping force of the wire is admitted in the 
design of the carburettor. 

2- On switching on a high voltage to the feeding apparatus, the carbu-
rettor works, spreading the metallic vapours around the cell. 

3- The second bright cylinder is usually observed in the form of a 
slightly diffused luminous layer surrounding the first bright cylinder. 

4- The shape of the cell depends on the length of the exploding wire, 
and consequently, it may acquire a cylindrical or a spherical shape; when 
the exploding wire is very short it acquires an elliptical shape with the 
longer axis lying in a direction perpendicular to the length of the wire. 
The shape of the cell is quite regular. 

When the clamping force exerted by the rollers on the wire is 
irregular, the wire will be Pulled from the slot by the force of the explosion. 

6- Daring the preliminary tests of the carburettor, when the frame of 
the small electric motor was joined with the carburettor by a metal (and 
thus the discharge current passed through the frame), the conducting leads 
of the st.rter coils of the small motor appeared to be ruptured. The inves-
tigation of this phenomenon showed that a short circuit on the frame took 
place with the least dielectrically protected position of the leads. 

lioreover, this phenomenon could not have resulted from the electro-
motive force of the induction coils of the starter due to the presence of 
a powerful high frequency field in the vicinity of the motor (the frequent 
explosion of the metal), since in this case the delicate insulation of the 

loop coils of the starter would have been punched one over the other and not 

on the frame.
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This conclusion has been proved by the following experiment which was 
conducted many times. 

The small motor was located in a place very close to the cell of the 
liquid fuel carburettor which created an alternating electx-magnetic field 

similar Lo the wire carburettor. The liquid fuel carburettor was used because 
of its more p*rforivance reliability and simplicity in handling. The small 
motor was not earthed with its counterpart in the liquid fuel carburettor. 
•	 To investigate the effect of the rapidly alternating field, the electric 
motor was adequately screened by iron sheets. The electric motor and the 
liquid fuel. carburettor were then allowed to start. The screening was gradually 
decreased and finally it was completely removed. The small motor was working 
continuously and punctually. 

The small motor was then earthed with its counterpart in the liquid fuel 
carburettor, and rupture took place exactly in the same way as that observed 
during the performance of the wire carburettor. 

Apparently, the current transmitted through the circuit during the dis-
charge produces this kind of rupture. 

On the basis of these data, the small motor was isolated from the 
metallic body of the wire carburettor by a rubber lining of a total thickness 
equal to 3-4 mm, in the place of the clutch junction on the small wheel of the 
motor, rubber rings were stuck. 

In this case, the email motor was protected from damage and worked 
efficiently throughout the subsequent investigations. 

6-a. The rollers conveying the wire, as reard.e the front pair of 
rollers, appeared to be damaged very rapidly at their surface layer. In 
addition to this phenomenon, it was observed that their discharge current did 
not spread. One of the reasons of thiu damage is the oxidation of the rollers 
during the discharge of the simple sparks taking place besides the explosions. 
The main reason, however, seems to be the mechanical impacts to which these 
rollers are subjected during the frequent explosions. 

Therefore, the rollers had to be replaced by new ones of more high 
quality steel. 

However, inspite of these damages, a wire of 0.05 mm thickness was 
delivered in a quite good condition._ Only more fine wires, such as tungsten 
wire of 0.016 aim thickness, were found to turn vigorously and sometimes cut 
by the teeth of the rollers. 

7- The procedure of setting the wire carburettor to motion, as found 
out during its performance, should be mentioned. 

Before setting the small electric motor to motion, the electromotive 
force feeding the carburettor shou14 be first switched; the motion of the 
electric motor should not start by any means before this. In this case, the 

discharge of the simple sparks will precede the explosion by approximately a 
second, which is the time required for the small motor to develop the normal 
number of rotations. 

If the small motor is áet to motion before, the wire delivered within 

a fraction of a second before the explosion will be so much that it is almost
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frequently entangled and tightened by the rollers. This again forces to set 
the wire in the carburettor, and the phenomenon should be investigated. 

Fig. 4 

From the economic point of view, it will be more rational to switch 
on the transformer and the small motor by the same switch, for example, by 

a double pole knife. 
8- Concerning the incorrect or the irregular speedJthe.wire supply, 

we mention the following 
If more substance is fed than the optimum quantity, the explosion 

strength remains practically without a change if some conditions are followed. 
Actually, in the case of the wire carburettor, a greater length of the 

wire is delivered than the optimum (see fig. 4), but up to the moment of 
explosion it is pulled by the leading wire (K) and only the piece between the 

contact points (o 
1

and	 will participate in the explosion. The remainder 

of the wire (N) will be completely unconsumed, and the pieces of the wire will 

be torn. 
A similar tearing of the wire into pieces of equal lengths was observed 

during the experimental work. This phenomena served as an indication of the 
abnormal performance of the carburettor. Some inevitable losses will always 
take place in this case. The wire pieces were heated at the place of their 
tearing and were thrown off in the form of sparks during the explosion; 
certain amount of energy will be therefore lost in this case. Accordingly, 
the carburettor was accompanied by similar spark trajectories on its working. 
The following measures were used to overcome this abnormality and to get a 

normal performance of the carburettor. 

a) The rate of the rotation of the rollers was slowed down by means 

of the clutch system which transmitted the motion from the small motor; or 

b) by increasing the length (1.) of the exploding wire by removing the 
leading wire (K). However, this process stipulated an increase in the cell 

and a decrease in the strength of the explosions; 

c) by increasing the frequency of the explosions, without changing the 

power of the feeding system, by approaching the poles of the discharger. In 
this case, the strength of each individual explosion will be decreased; or 

finally,
d) by increasing the power of the supplied current, i.e., by increasing 

the number of explosions per second. 
It is clear that the first measure does not disturb the iven regime 

of work, and is the most applicable measure.
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Fig. 5 

However, tearing of the wire and the maintenance of the strength of 
the explosion, at excessively increased, rates of transmission, can take place 
only when the next conditions are followed.: the supplied wire should be set 
against the lead (K) and it should be in direct contact with it. The contact 
is accomplished by the electrostatic pulling of the wire, otherwise, bending 
the wire and a change in the form of the cell will take place, and the whole 
wire will be exploded with a consequent decrease in the strength of the 
explosions. 

An analogous phenomenon was observed in the case of liquid carburettors, 
only under the following conditions; when the liquid stream in the lead (K) 
is blocked, spraying of the excess liquid and losses in the material will 
take place. However, the performance of the carburettor for the given work-
ing regime is not affected. 

The case is quite different if the supplied, material is less than the 
optimum quantity. In this case, the liquid stream or the wire will not reach 
the lead (K) and the discharge takes place partly through the ambient air 
(see fig. 5). Accordingly, the character of the explosion and its strength 
will vary, which will result in great unnecessary losses of ener. 

Apparently, it is much better that the carburettor gives more rather 
than less material than that prescribed. 

Any of the following methods could be used to adjust the regulation 
of the wire if its supply is insufficientz 

a) by increasing the rate of the rotation of the feeding rollers, or 
b) by decreasing the distance between the feeding front pair of 

rollers and the lead supplying the currents 
c) by decreasing the power of the supplied current, i.e. by reducing 

the number of explosions per second, or 
d) by reducing the number of explosions per second, by moving the 

poles of the discharger without changing the power of the supplied current, 
i.e., by increasing the strength of each individual explosion. 

Similarly, it is more rational in the given case to use the first 
method so as not to disturb the given regime of work. 

9- It should be mentioned that the electric motor of the carburettor 
should be switched on without a rheostat, i.e. a sudden switching on of a 
full voltage. In this case, the carburettor will rapidly acquire the given 
rate of rotation, and no abnormalities in the consumption of energy or 

materials will take place, i.e., the performance of the carburettor will be 
more economic. 

For this purpose, we should use electric motors specified by.a sudden 
switch on characteristics. 

10- We should pay attention to the length of the lead which feeds the
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current, its cross-section, material and thetype of bolting, in order to 
minimize the vibrations of the conductor, which will appear after frequent 
explosions. This is important since the vibration of the conductor result 
in a change in the length of the exploding wire as well as the form of the 
cell. Attention should also be paid to the cores-section of the conductor 
to avoid its heating by the discharge current. 

11- The intensity of the sound accompanying the carburettor during 
its work on a 0.05 mm diameter nickel wire was not so great (weaker than the 
sound produced by a. revolver shot). The intensity of the sound was much 
weaker when a. 0.016 mm diameter tungsten wire was used. 

Generally, it was noticed that, the less is the quantity of the exp-
loding metal for the same quantity of consumed energy the weaker will be the 
produced sound. 

12- The manipulation of the wire carburettor requires certain practice, 
knowledge and skill to deal with the fine wires. In addition, certain un-
reliability in the supply of the metallic threads exists. 

The complications accompanying the regulation of the wire and the 
existing unreliability, lead to the thinking that the trend of the future 
development of the carburettor will be in the direction of liquid carburettors 
since liquids can substitute metals. 

13- In some special cases when the explosion is not required to last 
for quite a long time, the electric motor could be successfully substituted 
by a spring mechanism with a. regular to guarantee its smooth running. 

14- The luminosity of the cell is quite uniform throughout. On work-
ing with a nickel wire of 0 - 0.05 mm diameter, the luminosity acquires a 
light green colour. With a tungsten wire of 0.016 mm diameter the colour of 
the luminosity is light blue. 

15- If it is required to use wire carburettors for the purpose of 
their application in jet projectiles, the remarks which have been pointed 
out before on the nozzles of the exploding wires (see point No. 6 of the 
report on ".1srcury carburettors", published on January the 20th 1930 f37) 
ihou1d be considered. 

16-. The explosions took place at an approximate frequency of 25 cycles 
per second.. This estimation is based on the physiological effect of the 
uniform luminosity. 

At the present time, it is planned to carry out investigations with 
the assistance of a tachometer and a high speed camera. It is hoped that by 
means of these equipments a detailed study of the performance of the wire 
carburettor could be obtained.
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DESCRIPTION OF THE JET ENGINE 

C19313 

From the theory of propulsive motion it is known that the thrust of 
the jet engine as well as the velocity of the propulsive flying device are 
proportional to the rate of flow of the combustion Products of the fuel 
supplying the engines. It is known also that the maximum velocity attained 
by the combustion products at the end of the combustion process, which deter-
mines the performance altitude (flight range) of the device, could he expressed 
in the first approximation by the following equation 

'I) 
V	 IL In (i-i- -7;-) 

where v is the mentioned maximum velocity, u	 the rate of flow of the com-
bustion products, w	 the weight of the total fuel reserve in the rocket, 
P the remaining weight of the rocket, and in the sign of the natural loga-
rithm.

Since the rate of flow of all known types of fuels which are proposed 
for use in jet engines does not exceed, in the best case, 4000 rn/see, then 
all the devices using liquid propellants as fuel are usually characterized 
by very high values of the ration - • It is easy to realize that this method 

of increasing the speed is extremely less beneficial, even if its huge compli-
cated. technical installations are put aside. This is because the ratio w/p 
is included in the expression of velocity under the logarithmic sign, and by 
increasing the value of w/p, the speed (.v) increases quite slowly. It is 
known (Cioikovskij, and Kondratjuk) that without the application of a special 
measure as, for example, the ignition or discharge by the method of evacuated 
fuel tanks, the achievement of cosmic speeds by the use of ordinary fuels is 
impossible. 

The present invention is intended for a jet engine which could achieve 
quite high flight speeds on account of utilizing the high exhaust velocities 
of the gaseous combustion products. 

This could be achieved as follows: A certain amount of any electric 
conductive material is gradually supplied into the combustion chamber of the 
engine which is fitted with a nozzle, and an electric energy is then discharged 
through this material. The electric current is supplied by means of wires 
from a source of energy which is fixed in the same apparatus or may be installed 
somewhere outside. On a sufficiently strong electric discharge, the conductive 
material is instantaneously transformed into gaseous products (see the experi-

ments of J.A. Anderson, published in "The Astrophysical Journal", 1920, No.1). 
The explosion products of the conductive material, which are heated to 
excessively high temperatures, expand in the combustion chamber and flow 
from the nozzle. The exhaust velocity of the combustion products could be 
increased to any value corresponding to the consumed electric energy per unit 
weight of the exploding material.
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In the table given below, the rates of flow of the combustion products 
of the conductive Material are given for various values of consumed electric 
energyper one gram of exhaust products, for a 100 percent utilization of 
the consumed energy. 

The consumption of	 The rates of	 flow 
electric energy per 	 of the combustion 
one gram of exhaust	 products, rn/sec. 
products, K.Cal. 

	

1.92	 4 000 

	

2.99	 5 000 

	

11.95	 10 000 

	

298.7	 50 000 
1195	 100 000 

To obtain the actual values of speed, the given values should be 
corrected in conformity with those of the efficiency. 

The performance of the engine, at any given rate of flow of exhaust 
products, could be regulated in a wide range by the appropriate selection of 
the parameters of the discharge circuit', namely, self—induction, resistance 
capacity, logarithmic damping of the discharge and so on. Thus, it is 
possible to obtain various temperatures, flow rates, and other factors for 
the gaseous products. 

As materials suitable for feeding the engine, any conductive or semi—
conductive material could be used, such ass metals, metalloids (carbon and 
others), metallic and non—metallic liquids, in addition to the all possible 
combinationsof these materials. 

It was shown experimentally that the use of metals saturated with 
hydrogen, such as iron and palladium, as materials that could be erploded by 
electric discharge, give excellent results. At high explosion temperatures, 
the hydrogen is released in the dissociated state and absorbs part of the 
energy. When the explosion products cool, the energy which has been previously 
absorbed by the dissociation of hydrogen is released once more due to the 
recombination of the hydrogen atoms. 

As a result, the average explosion temperature for any given engine 

power appeared to be decreased, which leads to an increase in the efficiency 
of the engine. 

In modern electrical engineering, the stated principle of the design 
of a jet engine may prove to be quite economic by using an electric energy 

supplied, from an installed source. Consequently, this principle will be 
applied mainly for flying devices which are subjected to acceleration on 
ground, and in particular artillary shells.
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Fig. 1 - ERD /i,7. General view and cross-section 

The subject of the Patent 

1- The rocket engine is characterized by the use of any electric 
conductive material which is gradually supplied and exploded in the combustion 
chamber by the discharge of an electric current and the evolution of gaseous 
combustion products. 

2- According to point number 1 of the patent, the propellant on which 
the performance of the engine depends is composed of a metal saturated with 
hydrogen, such as : iron, palladium ... etc. The material will be exploded 
by the discharge of an electric energy. 

3- according to both points number 1 and 2 of the patent, the perfor-
mance of the engine is distinguished by the fact that the conductive material 
exploded by the discharge of electric energy is regularly introduced into the 
combustion chamber in portions. 

4- The performance of the engine, according to points number 1, 2 and 
3 of the patent, is characterized by the following: in the case of supplying 
the engine with a liquid substance, the required energy for the electric dis-
charge is supplied to the feeding system (injectors) which is used as poles 
for the dischargin circuits. 

5- the performance of the engine, according to points number 1, 2, 3 
and 4 of the patent, is characterized by the following: one of the poles which 
feed the electric enerr is directly connected to the metal of the engine.
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FUELS FOR JET ENGINES 

(1930) 

The present investigation is concerned with the process of improving 
the calorific value of any type of liquid or colloidal solid fuel. For this 
purpose, the liquid or solid fuel is mixed, by means of a special procedure, 
with some types of impurities which are intended mainly for use in engines 
of direct reaction /1]. 

It is known that if oxygen is used as an oxidizer, then the best exo-
thermic oxidative reaction is that of the combustion of hydrogen. This 
combustion process is characterized by a calorific value which amounts to 
3200 Kcal per one kg of the combustion products (the fuel is taken in the 

liquid state) which are exclusively composed of gases (water vapour). 

However, as a result of the many complications which are associated 
with the use of hydrogen as a fuel for jet engines, most of the research 
scientists working in this field prefer to use liquid hydrocarbons which give 
not more than 2300 - 2500 Kcal per one kg of the mixture. 

The given values are the maximum values that could be obtained for a 
fuel giving only gaseous combustion products if monatomic and tn-atomic 
hydrogen are still considered, at the present time, as technically inaccessible 
products that could not be prepared in large quantities. To overcome these 
limitations, the use of other substances which release considerable quantities 
of heat on combustion has been suggested. A series of elements, metals and 
metalloids that belong to these substances are given in table 1. 

Berillium should have also been included amongst the substances shown 
in this table, as its combustion reaction is distinguished from these known 
reactions by the release of the highest quantity of heat (if mon-atomic hydro-
gen is not considered) (see table 2). 

However, the use of such elements as those shown in the table for jet 
engines, in the pure state, may not be sufficient, since the products of 
combustion are not easily exhausted from the engine (the product is a non-
volatile residue). We have, therefore, to come to a compromise and combine 
liquid hydrocarbons (such as benzene) or hydrogen with one of the above-
mentioned elements. However, we are faced in this case by some obstacles of 
a purely technological character. For the full transfer of the heat of the 

combustion of solid particles to the gas existing in the combustion chamber and 
in the nozzle of the jet engine, the size of these particles should be suffi-
ciently small (to give a high rate of heat transfer).
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Table 1 

Element
The heat of formation 
of the oxide, Keal/mol

The heat of combustion,	 The products 
Kcal/kg of combustion	 of combustion 
products 

Lithium +142.6 4750 Li 0 
Boron +282.1 4050 B 
Aluminium +380.2 3725 Af 
Magnesium +143.9 3576 
Silicon +194.9 3250 3i02 

b1e 2 

The heat of formation The heat of combustion, The products 
Element of the oxide, Koal/mol Kcal/kg of combustion of combustion 

products 

Beryllium +134.2 5370 BeO

Moreover, perfect mixing of these components (hydrocarbon, solid 
impurity and oxygen) in the combustion chamber is necessary. 

Full combustion without disturbing the uniformity of the flow of the 
gaseous products could only take place if the mentioned requirements are ful-
filled; the ignited particles of the impurity will participate, in this case, 
in the total mass of the exhausted gases without disturbing its uniformity of 
flow.

However, the introduction of the elements in the pulverized form (either 
separately or in the form of a suspension in the liquid fuel) is exceptionally 
difficult, and it is of little use due to the following reasons: the complicated 
and cumbersome measures of the corresponding feeding mechanisms, unreliability 
of their performance, and the absence of the consistancy of the amount of 
supplied material per unit time (heterogeneity). In addition, the finess of 
the supplied material will be insufficient in this case, and part of the pul-
verized material in the combustion chamber will be only partially burnt before 
its exhaustion from the nozzle. Consequently, the same impulse received by 
the jet engine will be decreased. The phenomenon of the partial combustion 
of the material could be overcomed by setting up a similar system in which 
the residence time of the material in the combustion chamber is increased. 

In this system, the burnt material will be also rapidly carried out by the 

gases in their flow from the nozzle. However, no advantage is gained from 
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this system. Even if there is any advantage it will be so insignificant 
that it does not verify the complications and the increased weight of the 
installations. 

Accordingly, it was also suggested to use a fuel having a composition 
which contains, besdies hydrogen, one of the elements given in table 1. These 
elements will be chemically combined with the fuel. Uowever, the hydrogen 
compounds of these elements provide great limitations for their. use in large 
quantities; thus, many of these compounds are characterized by the following 
properties: spontaneous ignition, toxicity, difficulty in their production 
in large quantities and several other reasons hindering their use as fuels. 
Of course, the possibility of using some of these compounds, such as boron 
hydrides, is not excluded. 

Also, it is quite clear that the use of these compounds will be 
accompanied with other technological difficulties which could 	 far be over.-
corned.

The present investigation makes it possible to use the numerous impuri-
ties shown in tables 1 and 2 together with the liquid fuel, by avoiding the 
foregoing draw backs and difficulties. 

Assume that the basic fuel (for example, hydrocarbons) to which the 
non—volatile material is mixed, acts as a dispersion medium for the formation 
of colloidal solutions of solid particles (the use of the oxidizer itself as 
a dispersion medium is quite dangerous, as in this case an exploding mixture 
will be formed). The colloidal solution which is obtained in this case 
acquires a high degree of uniform distribution of the solid component, stipu-
lating the required homogeneity of the solution and the excessive grinding 
of the impurity (from 0.1 micron to 5 millimicron), which could not be obtained 
on using ordinary mechanical atomizers of pulverized fuels or by rolling the 
fuel with a pulverized impurity (suspension). 

It is apparent that the suggested method provides a solution for the 
innumerable difficulties mentioned above, which appear on using ordinary 
methods to pulverize the impurities. This method permits the supply of the 
pulverized impurities by ordinary liquid jets or centrifugal atomizers. 

Since the dispersed phase precipitates very often from the suspensoids, 
if they are left for some time, these solutions could be prepared shortly before 
their use to avoid any precipitation of the solid particles. The preparation 
of the solution will, therefore, depend on the life time of the colloidal 
solution. In addition, it is possible to add a protecting colloid which could 
maintain the dispersed phae in solution and prevent its precipitation for 
the required period of time. 

The preparation of colloidal solutions could be carried out by electrical 
means by using	 mill and different other known methods and devices. 

Amongst the elements shown in table 1, aluminium (3725 K Cal.) acquires 
the highest accessibility and corresponding suitability, followed by boron 
(4050 Kcal.). 

To get the proper thermal effect, the impurity content should not be 
very small. Taking into conskderation the difficulties of getting high 
concentrations of colloidal solutions of dispersed solid elements, a part
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of the impurity had to be dispersed in the oxidizer but to such an extent as 
to ensure against the possibility of the mixture to explode. 

The duration of the solution of a pyroxyline powder, which is prepared 
by the suggested method, is equivalent to that of the powder free from this 

impurity; the precipitation of the impurity or its separation is impossible. 
Actually, the gelatinization (in the process of preparation) of the mass of 
the powder will fix the finest particles of the solid component which are 
distributed in it, and will not allow them to separate. This fact stipulates 
the constancy of the homogeneous mass. The chemical stability of the suggested 
powder is due to the indifference of the impurity with respect to the mass of 
the dispersing medium. 

The necessary oxygen for the combustion of the impurity should be 
added to the mixture. In this case, the oxidizer of the impurity should be 
chosen as a substance of the same composition as that used for oxidizing the 
basic combustible fuel. In the case of powders, the oxidizer is introduced 
in the form of a compound rich in oxygen and capable of being solved in the 
mass of powder during its preparation. 

The Subject of the Patent 

1- The liquid or the colloidal solid fuel, which are mixed with the 
solid impurities before their use as propellants for jet engines, is charac-
terized by comprising the solid, impurity in the mixture in very finely divided 
state for the formation of a colloidal solution. 

2- The fuel desoribed in point number 1 of the patent is characterized 
by using the following metals as an impurity for the formation of colloidal 
solution; beryllium, lithium, boron, aluminium, magnesium, and silicon. 

3-. The fuel described inhoth points number 1 and 2 of the patent is 
characterized by introducing the impurity only in the base fuel for the forma-
tion of the colloidal solution. 

4- The fuel described in points number 1 and 2 of the patent is charac-
terized by introducing the impurity only in the oxidizer for the formation of 
the colloidal solution. 

5- The fuel described in points number 1 and 2 of the patent is charac-
terized by introducing the impurity into both the base fuel and the oxidizer 
for the formation of the colloidal solution. 

6- The fuel described in points number 1-5 of the patent is characterized 
by introducing a protecting colloid, in the solution to avoid the precipitation 
of the solid impurity which exists in the liquid solution.
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THE SUPPLY OF FUEL IIO THE COMBUSTION 
CHAMBER OF THE R. I. (ROCKET MOTOR) LI] 

[19301 

The supply of fuel from the tanks through the pipelines (without the 
corresponding fittings) and nozzle to the C.C. (combustion chamber) could be 
achieved by the following methods [2] 

1- By applying a static pressure on the fuel in the tank by means of 
a gas contained in a separate thick-walled cylinder of a relatively small 
capacity (a pressure cylinder). The gas in the cylinder is kept under a 
pressure which exceeds many times that used in the supply of the liquid to 
the combustion chamber, i.e., the gas pressure in the cylinder exceeds the 
pressure in the fuel tank. & reducing valve controls the transfer of the 
pressure from the cylinder to the fuel tank. 

This method is characterized by the following features 
a) The invariability of the pressure thrust used for supplying the 

fuel into the combustion chamber (a uniform combustion). 
b) The simplicity of the device, and consequently, the reliability 

of its performance. 

o) The fuel in the tank should be kept under a constant pressure which 
exceeds, somewhat, the pressure in the combustion chamber. This fact necessi-
tates the construction of a huge combrous installation for the rookepowered 
aircraft. 

2- By keeping the fuel in the tanks under a pressure higher than that 
in the combutiori chamber. This pressure should be sufficient for the whole 
fuel to pass, with the required thrust, through the valve and nozzle to the 
combustion chamber. 

This method is characterized by the following features 
a) The invariability of the pressure thrust used for supplying the fuel 

into the combustion chamber (a uniform combustion). 
b) A very simple device (from the point of view of the parts of the 

device).

c) An excessive increased weight of the tanks for keeping the necessary 
mechanical strength. 

3- The use of piston-less explosion pumps, of the Gemfri-Obert's type. 
This process is characterized, by the following features 

a) The supply of the fuel into the combustion chamber at a variable 
pressure (a pulsating combustion).: 

b) The complication of the device and its numerous parts. 
4- By means of reciprocating pumps which are analogous to explosion 

pumps but with a somewhat simpler design. 

5- By means of centrifugal pumps rotating by a turbo-engine. The gases 
of the turbo-engine are delivered from the combustion chamber or from the 

internal combustion engine through tubes of a corresponding cross-section.
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This method is characterized by the following features 
a) The invariability of the pressure thrust used for supplying the 

fuel into the combustion chamber (a uniform combustion). 
b) A somewhat higher simplicity and, consequently, a higher perfor-

mance reliability, in comparison with the reciprocating and explosion pumps. 
6- By means of rotational pumps which rotate in the same way as the 

centrifugal pumps. The characteristics of this method are analogous with 
those of the centrifugal pumps [3]. 

The Fuel Supply by Meansa. Pressure Cylinder 

A schematic diagram of the experimental set up of the supply of pressure 
from a gas cylinder is illustrated in figure 1. The compressed gas which is 
delivered from the pressure cylinder is expanded and therefore considerably 
cooled. In this case, if the tank is filled with a liquified gas, cooling 
is considerably increased, i.e., the decrease of pressure is higher. This 
point should be considered when the charge in the pressure cylinder is 
calculated. 

The pressure and volume of the gas in the cylinder, which are necessary 
for keeping the thrust in the tanks constant till the end of the performance 
time of the rocket engine, i.e., till the full consumption of the whole fuel 
in the tank or ahead of its assigned part, should be computed by a polytropic 
equation. 

The calculation should be carried out for the case of the adiabatic 
expansion of the gases, which is not a useful process. However, if the fuel 
is a liquified gas, the calculated pressure, in this case, may be shown to be 
insufficient due to the additional cooling. 

We should realize that the investigated method of supplying the fuel 
to the rocket-powered aircraft should not necessarily have any application f417. 

To be sure, we will even take for this purpose the optimum case for 
the given method of the isothermic expansion of the gas, i.e., we will apply 
the Boyle-I biariotte'e law. By introducing the following nomenclature 
V	 the volume of the empty fuel tanks, 
v = the volume of the pressure cylinder, 
p	 the total pressure, that is, the pressure inside the combustion chamber 

plus that which is supplied to the chamber, 
P	 the pressure in the gas cylinder, 
we get

V11 - (v 	 V ) /'('r'c lUll) 

or

P 
 

On the other hand, for the first approximation we could assume that 
the weight of the tank is directly proportional to both the pressure and the 
volume inside it.
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Fig. 1

This equation is misleading as regards the 
economical side of the investigated method of the 
fuel supply, since by increasing the pressure in the 
tank, as for example by four times, its wall thickness 
will increase by more than that proportion. 

In other words, in all cases, the weight of the 
pressure cylinder will not be less than that of the 
empty tanks themselves, i.e., if we use this method 
of fuel supply the dead weight of the jet aircraft 
will be doubled. The pressure inside the fuel tanks 
themselves should be continuously kept equal to that 
used for the supply of the fuel, i.e., slightly greater 
than the pressure inside the comubstion chamber. 1e 
to this fact, the individual weight of the tanks 
(without the pressure cylinder) will be many times, 
greater than that when the fuel is pumped. 

It is quite clear that the method of supplying 
the fuel by using a system of pressure accumulators 

which are carried in the rocket—powered aircraft is 
complicated. 

However, due to the simplicity of this method it could find, its way 
under the conditions of laboratory investigational works where it could be 
easily applied. In this case, it is necessary to use massive experimental 
fuel tanks, and we should use gases that could not undergo any chemical reaction 
with the fuel included in the tank. 

As an example of such gases we mention : carbon dioxide, nitrogen, and 
rare gases. The use of air may lead to the explosion of the fuel (such as 
toluene) contained in the storage tank. The toluene vapours form an explosive 

mixture with air which could be easily exploded. If a liquified gas is included 
in the tank, the liquifying temperature of the gas falling from the cylinder 
should be lower than the temperature of this liquid. It is more suitable to 
use a gas having the least value of C /c = 1, i. e., a gas cooling less during 
expansion. ion.	 p 

From the foregoing, the application of the second method of fuel supply 
(see page 127) is undoubtedly even less rational than the first one, since it 
highly increases the dead weight of the aircraf is. Accordingly, this method 
should not be applied under any condition. 

There is a discontinuous supply of fuel only at the moments of pressure 

drop in the combustion chamber (the principal of K.E. Ciolkovskij). However, 
this process is not suitable, although less consumption of energy is required, 
due to the fact that it will disastrously affect the mechanical strength of 

the material of the combustion chamber as a result of temperature oscillations 
(intensified combustion) in one side, and the uneven distribution of the load 

which acquires a dynamic character (a series of rapidly alternating impacts) 
on the other side.
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The continuous work of the pumps supplying the fuel in portions within 
a certain time according to the principle of their design (non-reciprocating 
Gemfri-Obert and piwton pumps), will similarly lead to a pulsatin combuwtion 
and load distribution. By increasing the number of the cycles of the piston 
per unit time (or by an analogous increase of the number of explosions in the 
Gemfri-Obert's pumps) the effect of the temperature oscillations decreases. 
The application of these pumps stipulates theessity of the elimination of 
the vibrations. It should be kept in mind that the liquified gases are injected 
by means of pumps (see "Tehni-6ik1opedija" the technical encyclopedia), T.X 
(Vol.X), "Kislorod" (oxygen).

EXTESI0N I 1-57 

(1930) 

We shall estimate the weight of the required quantity of gas for the 
supply of one ton of nitrogen tetroxide-toluene fuel in the pressure accumulator. 
The supply of fuel is conducted by means of the second method, or by a cold gas 
pump which needs the same pre sure accumulator with the same gs reserves. 

For a volume of 0.25 M, at a pressure of P - 400 kg/cm , we get an 
approximate weight of 125 kg f6J. If we take helium, its approximate weight 
will be equal to 18 kg, which is a more acceptable figure. Hydrogen is much 
lighter, yet its use for the supply of the oxidizing agent is quite unsafe. 
The supply of fuel can be carried out with hydrogen, but the practical advantage 
of this system is doubtful, since two pressure accumulators are required: one 
for helium and the other for hydrogen; their total weight is bigger than a 
cylinder having the same total capacity. 

The advantage of the use of helium is manifested also if an elastic 
body is taken in the liquid state and not in the gaseous state. The liquid 
is allowed to evaporate by its heating in order to keep the necessary pressure 
of the fuel supply inside the pressure accumulator constant throughout the 
whole performance time of the rocket motor. In this case, the volume, and 
consequently the weight of the pressure accumulator, should be considerably 
reduced. If liquid nitrogen is used, 5975 Kcalo will be needed for the eva-
poration of the given quantity of liquid. To heat this gas from -196 to 0°C, 
4412 Kcal. will be needed. On the whole, the consumption of 10400 Kcal. will 
be needed, i.e., the combustion of 10400/1800 "? 10 61? kg of fuel, where 
the utilization utilization factor. 

In this case, if liquid helium is utilized, 83 Kcal. will be needed for 
its vaporization. To heat this quantity of helium from -269 up to 0°C, an 
energy of about 3390 Kcal. 4s required. Thus, on the whole, an approximate 
quantity of energy of 3480 Kcal. is needed, i.e., the combustion of about 
1.9/1 kg of fuel. 

However, the use of such quantities of helium in the gaseous state or 
even in the form of liquid (1.8% of the fuel weight) is impossible. Nitrogen 
is very heavy and a quantity of 12.5 percent of the fuel weight of the aircraft 
Suxnmarl.zed ( Pd.it-)e
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is needed. The other gases are usually much heavier than nitrogen. If 
hydrogen could be used, then its required amount will reach only 0.9 percent 
of the fuel weight. In addition, hydrogen in the form of either a gas or a 
liquid is much more available than helium. 

For the vaporization of the necessary quantities of liquid hydrogen 
needed for the supply of 1000 kg of fuel, i.e., for the vaporization of 9 kg 
of liquid hydrogen (in addition to heating), approximately 3 .1/ 11 kg of 
nitrogen tet' oxide- toluene fuel is required. 

It is clear from the carried out estimation that the utilization of an 
elastic gas of reduced dimensions, stored in the liquid state in the pressure 
accumulator, has a particular significance. Actually, in the given case (the 
quantity of fuel in the rocket-powered aircraft is equal to 1000 kg), the 
performance time of the rocket motor is equal to 100 sec., which corresponds 
to the vaporizaon of 125/100 1.25 kg of liquid nitrogen per see, with the 
consumption of e gram of fuel per unit time. For the other variant, it was 
shown that the vaporization of 90 9/see of liquid hydrogen with the consumption 
of 31/ E grams of fuel does not offer any particular difficulty' * 

As already mentioned, hydrogen, besides its given advantages, has a 
very serious drawback. This is the formation of an explosive mixture with the 
vapours of the oxidizer, which can cause a disastrous explosion of the whole 
ins tallation. 

It is a known fact that the explosion temperature of the hydrogen_orgen 
mixture (a detonating gas mixture) is equal to 700°C. Therefore, it is not 
permissible to heat the hydrogen gas as well as the fuel which is brought in 
contact with it up to this temperature, or even to a temperature close to it. 
Apparently, the lower is the temperature of hydrogen and fuel the more safe 
will be the installation. This should be necessarily taken into consideration 
during the design of the feeding and cooling systems of the rocket motor. In 
this case, the reliable sealing of the gases plays, particularly, an important 
role. However, the problem cannot be solved only by the rational design of 
the heated and cooled parts of the aircraft. An explosion could take place 
in cases when a local increase of temperature takes place, for example, as in 
the case of a spark. By the way, sparks may arise as a result of the electri-
fication of hydrogen by static electricity which is formed during its friction 
on the internal walls of the pipelines if the cross-section of the pipe is 
small as compared with its length. In addition, platinum, iron as well as all 
substances which are capable of acting as catlysts for the oxidation reaction 
of hydro-en should not come in contact with this gas. The existance of such 

catalysts may enhance the explosion of the mixture, which could take place in 
this case even at normal temperatures. 

As shown, the use of hydrogen is conditioned by maintaining a complete 
series of precautions. 

The mentioned scheme of fuel supply, which uses a cold gas pump to 
chiarge the flowing gas in the liquid state, consists of seven main parts 
connected with the corresponding pipelines (see fig. 2). According to this 

scheme, the supply of the fuel from the tank takes place in the following
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mnner. The quantity of liquid hydrogen which is stored in the reservoir is 
allowed to flow through a vaporizing unit to a gas condenser (to level the 
vibration). The pressure in these three units of the scheme is similar, and 
its value is slightly higher than the pressure in the pump. Then by means 
of the two pressure valves (PK' and PR"), the pressure in the fuel pump and 

that used for the suily of fuel from the tank to the pump will be reduced. to 
102 and up to 3 kg/cm respectively (the values are taken as an example to 
give the approximate range of those values which will be met in practice). A 
further supply of fuel will take place according to the scheme of the cold 
gas pump. 

Therefore, the foregoing method of supply differs from that used for 
the supply of hydrogen gas from a pressure accumulator in two ways: firstly, 
by being slightly complicated (the Use of a liquified gas, and the replace-
ment of one of the cylinders of the compressed gas by the following three 
constructive units: a reservoir of the same quantity of gas in the liquid 
state, a vaporizing unit and a gas condenser of a small capacity) and secondly, 
undoubtedly, by partially simplifying the design of the whole installation. 
This simplification arises from the following two reasons: due to the decrease 
of the space occupied by the installation, and by reducing the internal 
pressure under which the installation exists. In he investigated case, the 
internal pressure is reduced. from 400 to 120 kg/cm , i.e., by 3.3 times. 

Let us determine the decrease in the weight attained by the installa-
tion, by using the investigated method. 

The volume, and consequently, the weight of the vaporizing unit can 
be neglected as compared with the volume and weight acquired by the other 
parts of the design, since, as shown before, only several tens of grams of 
liquid hydrogen are required to evaporate per sec (for the supply of 1000 kg 
of fuel). This quantity of gas could be easily obtained in unconsiderable 
quantities, at the low boiling point of hydrogen, because of the short pipe- - 
line existing between the reservoir of liquid hydrogen and the gas condenser 
(see fig. 2). In this case, it is quite sufficient to cover the vaporizing 
unit with fuel from all its external sides. 

In the given specific example we will need precisely 9 kilograms of 
liquid hydrogen which will ocupy approximately 130 litres due to the small 
density of the hydrogen gas. 

A Although the density of nitrogen in the liquid state (0.81) is greater than 
that of hydrogen (0.07), yet the volume of the hydrogen reservoir appears to be 
lower (130 litres) than that of nitrogen (154 litres), which under equal internal 
pressures gives a smaller installation weight.
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The weight of the pressure accumulator constitutes 15 percent of that 
of the fuel. When a liquified gas is used, a quantity of 3 percent of the 
weight of the fuel is obtained, i.e., the weight of the gas is five times 
lighter than the installation. 

The extent of the obtained gain in the flight range of the rocket-
powered aircraft could be shown from the following example. Let us take two 
rocket-powered aircrafts. The first is supplied with a pressure accumulator 
which has a weight of 150 kg, and the second with an aggregate composed of a 
reservoir of liquid hydrogen - a vaporizing unit and a gas condenser. The 
weight of the aggregate is not more than 30 kg. Taking an equal weight 
(mainly in kilograms) for the remaining parts of the design of the rocket-

powered aircrafts, we have : 
1, The weight of the fuel 1000 kg. 

2. The useful load 100 kg. 

3. The weight of the external body of the jet aircraft 140 kg. 

4. The weight of liquid hydrogen - 9 kg. 

5. The weight of the pumps, pipelines and accessories - 25 kg. 
6. The weight of the motors (2 pieces) with the cooling systems g- 6o!3 

The total weight of the first RLA (rocket-powered aircraft) is,there-

fore, equal to 1304 + 150 1454 kg, which corresponds to a ration of	 2.2 
for the fuel mass to the mass of the remaining parts of the aircraft. 

The total weight of the second RLA (rocket-powered arcraft) is qual 

to 1334 kg and the ratio of the fuel to the remaining mass 2 3. For	 = 2. 2, 

efficiency of the rocket mass amounts to 41	 60.5 percent, while for 

= 3, we get 41.	 63.5 percent. 
If, inis a8aft, the fuel is supplied by means of a compressed 

nitrogen, then	 = 760 1.5. If, in this ase, liquified nitrogen is 
used. instead of iquid hydrogen, then we get 	 -2. 

The maximum speed of the first aircraft UI) to the consumption of the 

whole stored fuel (for an inclined flight in a gravitational atmosphere, 
when the air resistance of the atmosphere is not considered) is equal to 

Ill	
Al 

c. III 

and for the second aircraft we have 

V2	 :iii[.____.	 11.1.1 
where c = the flow rate of the gas, g the acceleration of gravity, R = the 
acceleration of the rocket-powered aircraft, and the incidence angle of 

the flight. 
Takiri the ration v/v1 , we determine the number of times by which 

the maximum speed of the second aircraft exceeds that of the first. 
Consequently, the range of the flight of the RLA (rocket-powered air-

craft) in the second case will be greater than the first case (again neglecting 
the aerodynamic drag) by almost pne and half times-(1.2 )2 = 1.44. 

	

- ill	 1 
hi	 1n4 V.

TT-_572-. 
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The outiincd method is quite sufficient to show that the fuel supply 
aocordin to the scheme: a reservoir of liquid. gas - a vaporizing unit - a 
gas condenser - pressure valves - and a cold gas pump, is, at the present 

time, the most suitable and Perfect method of fuel supply adopted by the GDL 
(Gas Dynamic Laboratory) /iJ. 

On using hydrogen, the present method, as shown .above, permits to 
achieve a fuel to a remaining mass ratio. of 	 3, to which corresponds the 
maximum speed of the rocket_powered aircraft Tthe aerodynamic drag of the 
atmosphere is considered not conforming with the equation 

VCII:I.'.	 1 Ji	 siiI1I. 

Substituting the following values: N/rn 3; R = 4.5 g;	 = 450, we 
get V1.17 c, i.e., on using a nitrogen tetroxide-to].uene fuel, vJ 3800 
rn/sec ich corresponds to a flight range estimated from the moment at which 
the rocket motor of the aircraft ceases to perform (when the fuel is completely 
consumed), without the consideration of the increase of the flight range as a 
result of the curvature of the earth's surface, and the decrease of the gra-
vitational force of the earth field with the rise and landing of the 

RLA 
(rocket-powered aircraft)

I ,ln) 

This distance of flight corresponds to the trajectory taken by the RLA 

(rocket-powered aircraft) beyond the atmosphere. The performance time of the 
rocket motors is equal to :	 -

I 

where P = the actual acueleration of the aircraft (RLA) (the resultant of g 
and R). For a flight angle of 450 and R 4.5 g, P	 i, g., then t = 100 sec. 

Within this time, the rocket-powered aircraft can take a trajectory of 

l 
=1-±= 160 km, to which corresponds a horizontal distance of S 2 = 160x 

cos 45 = 114 km and a vertical height of h.1 160 sin 450 114 km. 
Therefore, even a certain part (at least half) of the trajectory of the 

aircraft flight falls in such space altitudes that for a velocity of flight of 
the range 1-4 km/sec the aerodynamic resistance could be neglected. Thus, 
already within approximately 40 seco from the moment of the start, the air-
craft (RLA) reaches a height of 30 km 2 where the density of the atmosphere 
is less than 1 percent. The full flight range corresponds to the following: 
i) the path taken by the trajectory of the aircraft (RLA) during the perfor-
mance time of the rocket motor, 2) the free flight of the aircraft (RLA) be-
ginning from the moment of the exhaust of the.fuel at the height h, till the 
RLA (rocket-powered aircraft is brought to the descending part of 1he trajectory 
at the same height, and 3) landing by gliding of the RLA (rocket-powered air-
craft) with a small angle. As a result of this, the distance of landing may,
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to the extreme measure, be increased by three times as compared with the 
corresponding distance of the motor flight. 

Thus, the full flight range amounts approximately to 2000 kin, when 
the air resistance of the atmosphere (within the first tens of seconds of 
flight), the increase in the range as a result of the curvature of the earth's 
surface, and the decrease of the gravitational force with height, are not 
considered. The increase in the range at a height of 400-500 kin, where the 
maximum height of the RLA (rocket-powered aircraft) trajectory lies in the 
investigated case, amounts approximately to 13 percent (a more precise solu-
tion is given in "The elements of mechanics of rocket flight") /J. 

The magnitude of the flight range of the RLA (rocket-powered aircraft) 
working on nitrogen tetraxide-toluene fuel, as given above for conditions of 
the application of the new method of fuel supply jointly with cold gas pump, 
shows the advantage of this method as compared with the old one. 

The idea of supplying the fuel by means of charging a special chamber 
with certain chemical substances which interact with each other at the necessary 
moment to evolve the required amount of gases, and not by charging the chamber 
with a compressed gas (B.S. Petropavlovskij L0, is, undoubtedly, inferior 
to the foregoing scheme of charging the chamber with a liquified gas, due to 
the following reasons: The reactions accompanied by the abundant evolution of 
gases and the simultaneous release of a certain amount of heat are well known 
from the basic principles in applied chemistry (for example, the combustion 
of powders). However, these reactions are not accompanied by a full trans-
formation of the initial substances into gases, assuming (from the safer 
point of view) that the temperature of the reaction products is lower than 
1000 C. In addition, the control of these reactions is quite complicated and 
difficult and sometimes unsafe. The specific weights of the ordinary products 
of these reactions (co, CC2 , N9, 0 9 and so on) are quite large, which may 
considerably increase the weight o the system of the fuel supply. The 
installation which uses the required amount of hydrogen gas produced as a 
result of chemical reaction is, by all means, less rational than the suggested 
scheme of the application of liquified hydrogen. 

EXTEITS ION II* [lo] 

(1931) 

Among the sorted systems of supplying the fuel to the C.C. (combustion 
chamber) of the P.M (Rocket Motor), which exist at the present time, the 
following scheme appears to be the best: a reservoir of liquid hydrogen - a 
vaporizing unit - a gas condenser - pressure valves - a cold gas pump - and 
a RN (Rocket Motor). 

It should be mentioned that the quali1r of the system supplying the 
fuel to the RN (Rocket motor) is exclusively determined by its weight under 
the given pressure, and by the quantity of the supplied material per unit 
time. The lighter is the system the more efficient it will be. 

it
Summarized dit.J.
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However, the performance of the mentioned scheme of the cold gas puup 
is quite irreular. The efficiency of this system could be considerably 
increased, and its entire weight accordingly decreased, if the compressed 
hydrogen gas supplying the pressure is not allowed to be wasted from the 
pump. This could be carried out by substituting the fuel in the RM (Rocket-
Motor) with hydrogen, and force it to burn on the expense of the supplied 
oxidizer, and allow the waste products only to be exhausted from the system. 

Let us investigate this process in more details for the jump supplying 
the oxidizer. 

It is known that an explosive mixture of hydrogen gas and oxygen 
develops during explosion a pressure which exceeds the initial pressure of 
the gas by ten times. If oxygen is substituted by a compound of an oxide of 
nitrogen, the explosion pressure will be slightly increased. 

Consequently, if only 10 percent of the capacity of the reservoir of 
the gas pump is filled with a mixture of the vpours of the oxidizer with 
hydrogen under the supplying pressure, and the rest of the capacity (90 
percent) is occupied with a liquid oxidizer, then during explosion the gas 
mixture will substitute the oxidizer in the RII (Rocket Motor), occppying 
after its expansion the whole volume of the reservoir of the pump under a 
pressure equal to the initial one. 

The fact that the space occupied by hydrogen will be less than 10 
percent of the total capacity of the reservoir of the pump (when 90 percent 
of the capacity is filled with liquid oxidizer), has a great significance, 
since it shows that the required hydrogen, to the largest extent, is 10 times 
lees than that needed in the case of the cold gas pump. This is quite suitable, 
as it is assumed that it is quite difficult to obtain the liquid hydrogen which 
is used for the simplification of the design (see the former report) L'11_7 
irrespective of its costs. 

The combustion of hydrogen according to the reaction 2NO 2 + 4H - 
4H 0 + N , requires the following explosive mixture composition : 8% R and 
92 No  - by weight, and 67% H2 and 3YIo NO  by volume. 

I	 II	 I 

-1 'f	 £r 1 	 '11
k f vc4^j- IVbiO€{i) 
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Fig. 3 

Instead of 9 kg of liquid hydrogen, which are required for t. espy 
of fuel in the projected aircraft (RLA No.2) (	 = 1000 kg ), only	 = 

0.6 kg is needed. The fact that the use of hydrogen in the liquid stae is 
suitable even in this case, is evident from the fact that 0.6 kg of hydrogen
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gas occupies a volume of 6-7 litres under a pressure of 100 k,-/cm2 (under 
which, approximately, it will be stored).' . On the other hand, the same weight 
of hydrogen will occupy only 8.6 litres, i.e., it will occupy a volume which 
is 8 times less than the former case. 

Since the quantity of the required hydrogen is reduced by 15 times, 
the weight of the aggregate (the reservoir of liquid hydrogen - the vaporizing 
unit and the gas condenser) should be consequently decreased.weht of 
the aggregate (RLA No. 2) was found to be 30 kg. In this case,	 6. 9 
kg of the oxide of nitrogen will be consumed. By using 6.9 kg of he oxide 
of nitrogen instead of 0.6 kg, the corresponding weight of the aggregate will 
constitute a total weight of only 10 kg instead of 40 kg (the weight of hydro-
gen and aggregate) needed in the case of using a cold gas pump. Similarly, 
by using this method we get a not less important advantage which is the 
decrease of the required liquid hydrogen by 15 times. 

Now, it is sufficient to take one more step in order to be convinced 
that the explosion pumps of the Gemfri-Obert type are still more suitable than 
the just investigated, explosion pump 'which supplies liquid hydrogen. 

In fact, we substitute the supplied hydrogen by any liquid fuel, for.. 
example, toluene, atomized on the surface of the oxidizer in the storage 
reservoir of the pump. Since the specific weight of the fuel is 10 times 
greater than that of liquid hydrogen (0.07), the volume ocupied by the fuel 
will be much less if an approximate pressure of 100 kg/em is used to inject 
the fuel; it is clear that for the supply of fuel into the pump relatively 
small quantities of compressed hydrogen will be needed. 

However, there 2is no need for supplying the fuel in the pump under a 2' 
pressure of 100 kg/ em ; a considerably lower pressure (,ot attaining 10 kg/cm ) 
is also quite satisfactory, which, similarly, will simplify considerably the 
whole design.	

2 
A pressure of 3 kg/cm is used to drive the oxidizer from the pump. 

The pressure is generated by means of the compressed gas in the pressure 
accumulator, which is used also to inject the quantities of fuel into the 
reservoir of the pump. In both cases, the supplying pressure may be the 
same.

A schematic diagram of the system supplying the fuel by means of the 
Gemfri-Obert's pump is illustrated in figure 3. If this diagram is compared 
with that which illustrates the performance of the cold gas pump using liquid 
hydrogen (see "Extension I"), we will notice that the design of the present 
system is simplified to two units; this is partly associated with the absence 
of liquid hydrogen. Liquid hydrogen is substituted here by hydrogen gas, 
since, to a lirge extent, it is required only in small quantities (by weight) 
for the airci'afts (RLA) of small ranges. Thus, in thH. case of tue flLA 
(rocke'poiered aircraft) No.2, less than 0.5 kg of hydrogen is needed. 
In a similar fl1afl:1f, it is possible to supply the fuel by injecting the 
oxidizer into the pump, if the same scheme is followed. 

It is quite clear that it is not necessary for Gemfri-Obert pwlu) to 

blow. Ignition should he carried out by means of sparking plugs fea from a 
magneto which utili/,es for its performance the effluent gases of the pump. 
The pokier, di.!nensions and required weight of the magnets could he quite
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small. The weight of the iiiaeto may not be more than 0.5 kg. Since the 
outlet of the gases from the pump is not straight, it i8 useful to supply 
the magneto vith a knob. 

It is known that in pumps of irregular supply, for exam ple, in the 
piston or Gelilfri-Obert pumps, which have no air reservoir s the iireilarity 
of the 1iju.id sup1y into the pipelines is very high, which, clearly, results 
in a pulsating combustion in the C.C. (combustion chamber) of the RM (Rocket 
Motor). The vibrations of the RN (Rocket Motor) 	 itself will be also dan-
gerous and could destroy the whole installation of the RLA (rocket-poered 
aircraft). 

It could be thought that the binary or ternaxy pumps, with a corres-
ponding relative mutual mixing of the working cycles, will find, their 
application only in the RLA (rocket-powered. aircrafts). 

As is known, for minimizing the dangerous pulsations and the impacts 
of liquids which are capable of destroying the pipeline, air chambers are 
also used.

EXTENSION 
lIIi LJ 

(1931) 

The prospect of finding out the best methods of the injection of fuel 
components (fuel and oxidizer) into the jet motor constitutes one of the main 
problems; its solution is directly connected with the possibility of using 
flying rocket devices. 

In this connection, various principles and desis for the supply of 
fuel to the rocket motor were suggested (see the previous report on "The 
supply of fuel to the combustion chamber of the RM (Rocket IIotoi))T3J. 
Amon, these, a special attention should be given to the suggestion of K.E. 
diolkovskij for supplying the fuel from a storage tank and injecting it into 

:
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Summarized (Eat.).
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the C.C. (combustion chamber) by means of a pressure created by the combustion 
products existing in this C.C. (combustion chamber), i.e., by utilizing the 
explosion energy itself (see K.E. Ciolkovskij "Issledovanie ruirovyh prostranstv 
reaktivriyrni-priborami" (Investigation of the world space by means of jet 
devices), Caluga, 1914, page 14). 

However, only two trials for the application of this principle of fuel 
supply in technological projects are known. The first principle envolves the 
supply of fuel by means of an injector which utilizes the pressure in the C.C. 
(combustion chamber) of the RN (Rocket Motor) (for the description of this 
method and for the details of the schematic drawings, see K.E. Ciolkovskij 
"Issledovanie mirovyh prostranstv reaktivnymi priborami" (Investigation of 
the world space by means of jet devices), Coluga, 1914, and N.A. Rynin, "Teorija 
reaktivnogo dvienija" (The theory of propulsive motion), Leningrad., 1929. 
The second trial (see the statement No. 90302/6098 of the patent issued by 
the engineer B.S. Petropavlovskij) differs from the first one in that the flow 
of the combustion products from the C.C. (combustion chamber) is used to set 
the piston pump into action. 

In the given case, the use of the piston pump has a particular advan-
tage over the injector or the centrifugal pump due to its simplicity and plain 
design, on one side, and by being highly economic, on the other side. 

The power of the pump required for pumping one kilogram of fuel is 
equal to (i0hp.) 	

2 U	 'L.75 ' where P a the pressure in the combustion chamber, in kg/cm 
and	 the efficiency of the pump. 

Fig. 6 

Taking P 100 kg/cm2 and 7	 0- 7, we get a pump with a poker of 
20 h.p. for each kilogram of pumped fuel. This kilogram of fuel develops a 
power of 7260 h.p. in the combustion chamber, even if the fuel has a low 
calorific value, as for example, nitrogen tetroxide-Toluene. Actually, if 
the thermal efficiency of the R.I4 (Rocket Motor) is equal to 70 percent, 
then one kilogram of f81 d8lops 1260 Kcal of heat, which gives a power of 
1260 h.p. Therefore,	 .0.3 % of the energy released in the C.C.
(combustion chamber) of le motor will be spent on the performance of the 
PUMP*
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If the calorific value of the fuel is high, the utilized enerr will 
also increase. 

If to pairs of humps are used without an idle running, with a given 
distribution mechanism for the oxidizer pump and a different one for the fuel 
pump, as illustrated in the schematic diagrams (see fig. 4 and 5) under the 
conditions when the working runs of each pair slightly overlap one another at 
the dead points, it will be possible to achieve a uniform and sufficiently 
regular supply of fuel during the entire performance time of the R.M. (Rocket 
Motor).

Therefore, the pumps of the fuel and oxidizer should be arranged one 
against the other in a circle (see fig. 5). Such a method of arrangement of 
the pumps (a star shape) is the most suitable one from the designing point 
of view.

The connection of the R.M. (Rocket Motor) with more than four pumps 
is hardly justified. 

The aggregate suspended with a universal joint is illustrated in 
figure 6. It consists of four pumps which are connected to the R.M. (Rocket 
Motor) in a "star" shape arrangement. 

The supply of the fuel to the pumps from the tanks is achieved through 
a universal joint ring which is fitted with a hole for this purpose. 

The cycles of the pistons in the various cylinders of the motor (the 
cylinders existing in opposite sides) should be regulated so that the motion 
of the cylinders is synchronized with each other. In other words, the 
difference in the cycles of the pistons should constitute an angle of 1800 
147, i.e., the overlap of the cycles should be the minimum one necessary for 
the action of the pumps. 

Accordingly, it should be mentioned that the application of the 
described pumps could take place only in combination with a RM (Rocket iiotor) 
of the type 0R14 No.3, characterized by a constant pressure which is self- 
established automatically in the C.C. (combustion chamber) during the supply 
of the various types of fuels to the C.C. (combustion chamber). Actually, 
when these pumps are coupled with the experimental R.M. (Rocket Motor) 
(OHM No.1 and OHM No.2), any sudden change of the pressure in the C.C. 
(combustion chamber) during the performance of the R.M. (Rocket Motor), for 
example, its increase, will lead to an increase in the fuel supply and a 
corresponding increase in the pressure inside the C.C. (coiiibustion chamber), 
as long as the R.M. (Rocket motor) is not ruptured. On the contrary, any 
accidental decrease in the pressure inside the C.C. (combustion chamber) will 
lead to its siiitcli tinC off. 

Since the calculations are not carried out for an ideal uniform co;2bus-
tion of the R.ii. (Rocket Motor), an obvious necessity arises for the use of 
the OR.d (perimental rocket motor) No-3, which permits also to achieve 
the inclined take off of the RLA (rocket-powered aircrafts) with a constant 
acceleration (which could not be achieved by a R.M. (Rocket iIotor) of a 
different design).

) 
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Fit. 7 - 0R14-A /i57 (The Experimental Rocket Motor-A). 
It is possible to consider that the methods of supplying the fuel and 

injecting it into the R.M. (Rocket Motor) by a compressed gas from a pressu- 
rized accumulator, for small RLA (rocket-powered aircrafts), and by the 
described piston pumps for big RLA (rocket-powered aircrafts) of 1on range 
performance are the most practical and suitable methods of the GDL (Gas 
Dynamic Laboratory).
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The supply of fuel from the tanks to the pumps should take place by 
means of a compressed as flowin through a pressure aue from a small 
pressure accumuLttor. The supplying pressure existin in the pump should be 
determined on the basis of both the required rates of fil1in the pUI!ips and 
the hydrodynamic resistance of the liquid stream wih respect to the puup. 
This pressure will be of the order of several k-9/cm . It is not easy to fill 
the pumps by suction under atmospheric pressure due to the slow rate of 
fil1in the cylinder. If the ELA (rocket—powered aircrafts) fly in highly 
evacuated atraosphric layers (high altitudes) the pumps will not work at all. 

Therefore, the supply of the fuel to the pump by means of a compressed 
gas iz necessary. This system permits even the supply of liquified gases to 
the R.M. (Rocket 14otor).



- 143 - 

FtJES FOR JET (R0CKEPOWERED) AIRCRItFTS AND 

OTHER DEVICES 

(1930) 

It is universally accepted now that the use of liquid, hydrocarbons 
as fuels for jet aircra±'ts is the most expedient. Besides their high cab-

rifle valuei value these liquid hydrocarbons should also acquire a high specific 

weight flJ. 
Many research workers who are interested in the development of jet 

aircrafts suggested the use of excess fuel for cooling the engine itself [2], 
since the application of the ordinary water cooling system which is used in 
motors could be accompanied with a considerable increase in the dead weight 

of the jet aircraft. 
It is also known that in order to achieve a long range performance 

for any given jet device and for the increase of its efficiency, it is 
necessary to direct our attention towards the possibility of getting higher 
values of the ratio of the weight of the fuel to the weight of the device 

itself with a useful load (up to four units) 131. 
The foregoing considerations are applied when it is required to 

select a fuel from the innumerable series of liquid hydrocarbons. In this 
case, it will be found that the most suitable fuels are those which acquire, 
besides their high calorific value, relatively high specific weights and 
boiling points. As an example, benzene, benzol and other hydrocarbons were 

suggested for their use as fuels. 
The present investigation was carried out with the purpose of finding 

out a suitable liquid fuel for jet aircrafts. This fuel should have, for 

the same calorific value, a higher specific weight and a much higher boiling 
point than any of the liquid fuels which have been suggested up till the 

present time. 
According to the present .investigation it was found that by dissol-

ving naphthalene in toluene or xybol, a fuel was obtained with a specific 

weight of 1.145 and a boiling point of 217.9°C. 
The specific weights and boiling points of the prepared saturated 

solutions of naphthalene in toluene and xylol are listed below.
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u 	 Specific Boiling Fl

	

Weight	 point, °C 

Toluene	 0.866	 110.5 
Xylol	 0.879	 114 
A saturated Liolution of	 0.917	 110.5-217.9
naphthalene in toluene 

A iaturater1 solution of 	 0.958	 144-217.9naphthalene in xy101

N o t e s 

The solution is distilled 
within the whole given range 
Of ternperatre 

The solution i dij tilled 
within the whole given range 
of terij;erature 

T}u., calorific Value of rxajht;talene does riot £)Lactjc11, differ from 
tht of toluene or zjlol. 

iLJtu of the ILLtent 
1- iulu tiort of xiaph t!d ene in Loluwi., or 	 '1 ol i: ui ud u	 fuel Cu jilt a j rejf	 and o Llier devic'ju. 
2- eurdixi	 to the joirlL nwtibei 1 of the j (j.'utez-it) the Cuel lu C, Lrau Lu ri od j diuuulvjn n; ' h LhLL1CUC in aU aii Li Lieu ci ou e Lo thou e wiliehi 

..ru L eI J iJoJ. ur the uaiiatjon of the o1utjon /7.
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INVESTIGATION OF THE EFFECT OF THE RLPIVE 
NOZZLE DIMENSIONS ON THM MAGNHUDE OF THE 

ROCKET THRUS? 

(1930) 

The present iiwestition was carried out with the purpose of deter-
mining experimentally the effect of the nozzle length on the performance of 
the solid pro).illant rocket engine. The rocket engine was made of a cylindrical 
steel combustion chamber which was supplied with a steel cortical nozzle. The 
fuel charge eonsited of several solid cylindrical tubes. The tubes were 
inserted in the Combustion chamber, and had the fo11owin: dimfleflslOflS; the 
external diameter = 46 mm, the cli;-uneter of the hollow cylinder = 6 nmI, and 
the thickness = 55 mm. 

The used propellant bes had an ordinary composition (tri—nitro-
toluene pyroxyline) and were prepared in a propellant workshop. 

The soli'J. propellant had the following properties 
The maximum calorific value, cal/kg	 899.6 
The minimum calorific value, cal/kg 	 822.5
The volume of the combustion products, litres 770.4 
The ignition temperature, °C 	 2310 
The propellant strength, kg.m/kg 	 f = 91000 
The covoluine	 0.93 

The composition of the Combustion products (in percnt) is as follows: 
CO 2 = 14.3; CO = 51.4; H 90	 19.2; and. N2 = 15.1. 

The tubes were standardized. by means of pieces of cloth. The charge 
was fired by means of an iiter of a gTind.ed cordite and ignition was carried 
out by an electrical iiter which was inserted in the combustion chamber 
through the nozzle. 

In order to prevent the ejection of the tubes by the gaseous combustion 
products, a steel diaphragm was inserted between the nozzle and the charge. 

The propulsive force and the pressure were recorded simultaneously in 
the centre of the chamber by means of a spring recorder on a tape covered with 
soot, which was standardized on a rotating drum. The obtained record was 
fixed by an alcoholic solution of shellac, measured by a comparator and drawn 
to a large scale on a graph paper. The area of the diagram was then measured 
by a planometer. 

The diagram which was obtained by the experiment number 14 is illustrated 
in figure 1. The upper curve represents the change of the propulsive force 
(P) with time, while the lower curve represents the pressure (p) inside the 
combustion chamber. 

Summarized (Edit.).
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During the conducted experiments the engine was set with the nozzle 
directed upwards. The layout of the installation is illustrated in figure 2. 
In the fiure, it could be seen that the combustion chamber is fixed in the 
disc of the instrument, which records the propulsive force. The spring which 
is pressed under the influence of the propulsive force is shown to occupy a 
position between the disc of the recording instrument and its base. The 
compress ion of the spring is recorded on the drum by means of a pen which is 
fixed in the base of the apparatus. The pen is stable and the record of the 
pressure in the chamber is carried out by the rotation of the drum which is 
attached to the combustion chamber by means of a support. The record is also 
carried out by the rotation of the same drum. The pressure recording instru-
ment is based on the same principle which is used to record the propulsive 
force. This is accomplished by means of a tube containing a spring and a 
compression piston. The tube is situated in a vertical position and is 
attached to the combustion chamber by an elbow. As shown in figure 2, the 
pressure recording instrument lies between the drum and the chamber. 

In those cases where the drum is firmly fixed in the frame of the 
instrument which records the Propulsive force, the latter was recorded on the 
drum by means of a pen which is fixed in the frame of the pressure recording 
instrument, and which exists on the same level with the pen of the instrument 
which records the reactive force. This arrangement simplified the work of 
the apparatus. In this case, the pen of the pressure recording instrument 
registered the sum of the two displacements on the drum, under the action of 
both springs. This situation was taken into consideration on dealing with 
the obtained diagram, by substracting the ordinate of the curve of the 
reactive force from that of the curve which was drawn by the pen of the 
pressure recording instrument. 

The drum was switched on by a spring mechanism and the speed of its 
rotation amounted to 33.5 mm/sec. A manometer and a safety valve were fixed 
(screwed) in the combustion chamber (on the left of figure 2). 

24 experimental runs were carried out with a conical nozzle having 
smooth influx areas and a critical cross—sectional diameter d. = 11.7 mm. 
The angle of the apex of the cone was 100. Initially, a nozze with an exit 
diameter d  = 48 mm, corresponding to a ratio of 	 = 4.1 was used. After 
each six runs the nozzle was shortened from the exit side by an amount 
equivalent to the least value of the ratio CL, • The investigation of the 
nozzle performance was carried out by chargingtwo propellant tubes which 
were selected in such a way that the average pressure of one 2 of the tubes ( 	 ) 
in the combustin chamber amounted approximately to 50 kg/cm and of the 
other 100 kg/cm .
	 2 

To get a pressure jo	 100 kg/cm , a charge of 0.885 kg consisting of
six tubes of the above mentioned dimensions was required; a nine gram cordite 
speoien was used to igriile the charge. Similarly, for a pressure of 

3a	
50

kg/cm , a charge of 0.740 kg consisting of five tubes of the same dimensions 
was rei juired, and a squib igniter of a six gram cordite was used. Therefore, 
the total weight of the propellant charge which was needed to get an average
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aj,roximte pressure of 100 and 50 k/cm 2 was 0.894 and 0.746 ke respectively. 

The internd cajcity o the combustion chamber which was used in these 

exriments was 3270 cm up to the critical cross-section of the nozzle. 

';ith ecu ciare of the jiven •- 	 ratio, three iitions were Ierforiiied. 
The data obtained from the conducted experiments are given in table 1 below. 

The aver..	 results from each three iiitions correspondinC to similar condi-
tions, with reference to the average divergences, are given in table 2.
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Table 1 

 

1	 4,30	 48,0	 0,89/1	 205	 85,2

 

115 I ,35 :15 1319 21 I 2 'i, 30 48,0 0,804 211; lOt 109 1,07 340 149 378 :1 

4

4,10 

4,10

48,0 

48,0

0,894 

0,746

205 
102

88,2 115 3,30 317 Iii 20 

5 4,11) 43,0 0,746 122

56,4 

52,8
79,0 

83,4

1,40 

1,58

174 
197

8,7 

92,8

167 

197 0 4,30 48,0 0,746 115 53,8 69,9 1,30 186 92,0 160 7 

8

3,14 

:1,14

30,7 

:30,7

fl,89 231 95,7 86,1 0,90 390 181 183 

I :3,14 30,7

0,894 

0,894

232 

214

82,2 

82,7

107 1,30 310 I3 201 

10 :1,34 :10,7 0, 7/1 (; 112
00,2 

7/1,2

1,20 

I, IS

374 

170

17 307 

II 3,14 :10,7 0,746 109 59, 75,u 1,20 202

O5,() 

11):1

'II; i 

174 12 

13

:1,14 300 0,716 123 68,4 85,5 1,25 205 95,1; Il;1 

14

2,33 

2 :j

27,0 

27,0

0,894 

0,894

257 

191

145 110 0,70 358 1:l 357 

15 2,31 27,0 0,894 179

88,8 

77,2

102 

96,5
1,15 

1,25

:30)3 

301;

152

116

195 

207 10 

17

2,33 27,0 1 ,74o 85,0 40,0 59,2 1,48 167 85,6 170 

18

2:13 

2,31

27, t ) 0 ,740 

0,741;

85,0 

11)9

1:1,0 55,5 1,29 120 05,6 113 

19 I 11,7 0 ,89/i 292

03,2 

125

59,4 0,Oi 155 90,0 113 

20 I 11,7 0,894 252 136
93 9 

9,S

0 75 

0 86

304 

243

116 

107

97 : 

2) I 11,7 0,894 233 121 10 0,86 254 312

303 

307 22 I 33,7 0 ,743; 128 00,0 70,2 1,12 152 77,2 1:17 23 1 

I

1,7 

11,7

0,740 122 G',2 93,8 1,43 90 38,1 73,t; 
U,746 119 6'i,4 74,1 1,15 97,5 48,0 74,0

For convenience, the data shom in table 2 will be taken as a basis 
for the derivation of the conclusions and for the deduction of the different 
relationships. 

The values f the pressure drop 	 in the engine, stipulated by the 
nozzle dimensions T C-, 

are given in the Xird column of table 2. 
These values were computed by the following well 1own thermodynamic 

relationship.

/ On  

	

I ---I	 I 

_JL	 Iou.J	 k - -__-- 1------_-. 

	

k')	 V 
1_) 

The value of the polytroplo index is taken equal to 1.2, as is usually 
done for propellants.
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1?=11,7; i,.=l,0; 2 =10 0 	 Table 2 

No '-fi df2	 p,,
- - 1,

3 IC,2 :J.Sec/c.. £ 
Ckv.

Pj, U,
e:j-cec/y 

1-3 4,10 6,4.403 0,893 1,24±0.11 095 97 0,59 113±3 347±4 133 -4 19	 13 19.fj 055 
4-6 4,10 6,4-10 0,741; 1,43±0,10 s3. 0,35 77±5 180±8 91 --2 175	 15 1720 0.43 7-9 o, so' i ,1:±o.iG 219 87±6 1,22 7±' "68	 i 155=18 19's	 -7 10 0.53 10-12 :3.13 1.4 . 10- 0,746 1,22 L 0.05 114--5 1;-3 0,90 76	 5 192 ± 15 93 - iUi -9 1570 (L36 13-15 2,31 3•10-- 0,393 I ,U5 L 0,20 209=;2 I jj -28 3,12 403	 5 323 .L 23 161 -15 2) i20 0/± Lt.,—IS 2,31 3-10- 1 0,740 1,24-0.20 93= 49	 10 

-

1,47 58+2 147--18 80	 U 13225 1290 0.2-3 — .921 1,00 u.50 0,893 0,82-0.05 258=22 121-3 07,8 99	 4 2G7-'-25 ii j- i02-4 1000 0,15 :2-23 1.00 0.56 0,741; 1,30 :0.1() 12.3--3 03	 2 35,3 81±7 113+26 53±i5 9	 2 930 0.13

Nomenclature 
= the diameter of the critical cross—section of the nozzle, in mill; 

d	 = the exit diameter of the nozzle, in mm;	 2 the critical cross—sectional area f the nozzle,' in cm 
f	 = the exit area of the nozzle, in cm 	 2 0a • the total weiht of the propellant charge, in kg/cm 	

2 P	 the ina:imuiii pressure in the cornbution chamber, in kdcln2; 
the average pressure in the combustion chamber, in kW/cm 

Pk • the	 ure mea2urod at the critical crosu—section of the nozzle, in 

t • Vie, iiurnin time of the proellnt ehre, in eocond; 
-the preiuuru pulse, in k.euo/oui 

Pmax 1tlie maximum rocket t1irui t, in k; 
= the average rocket thrust, in k; 

pV - 
the specific impulse of the rocket thrust, as regards one kiloTam 
of the propellant chtre, in k.sec/k; 

U	 the reduced rate of flow of the combustion products, rn/see; 
= the efficiency of the engine;	

2 = the acceleration (force) of gravity, in rn/sec 
E = the mechanical equivalent of heat (427 k.m); 
H = the maximum calorific value of one kilo,- ,Taiii of propellant. 

Pa 
Knowing the ration- , we determine the pressure  e p at the nozzle 'av exit, since the value of f,	 is determined eqierimentally. 
The efficiency of tile engine is usually determined by the ratio of the 

kinetic ener r of the combustion products to the potential chemical ener,r 
of the fuel, as follows 
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Taking into consideration that the average rocket thrust obtained on 
the combustion of one ki10-ram of fuel (propellant) is equal to 

I 
I	 11, 

g 

We get the following two expressions 

gi';

	

(i) 

and

j.4 

? 1,,	 b 

By weans of those expressions, the values of u and lqecould be 
calculated. The obtained values are given in table 2. 

ccordiny, we should take into consideration that the precise equa-
tion of the rocket thrust obtained on the combustion of one kilorain of fuel 
[2] will have the form

/ I 
I	 In (Pa —

where p . M the pressure of the surroundins medium. Therefore, the flow rate 
of the coinbuution products calculated from equation (1) will correspond to 

the real value, only in those cases when p "p , 1. e., when the available 
pressure drop	 is completely utilized and the thrust is produced only as 
a result of the kinetic enerrr of the jet stream. In the other cases, 
equation (i) will give the reduced flow rate of the combustion products, which 
could actually take place if the thrust wa produced only as a result of the 
kinetic enery of the combustion products. 

iince II	 822 for the utilized smokeless propellant, hence 

'Ia	 7flTh 

This expression shows that part of the potential chemical ener r of 
the powder is transformed into a propulsive force, irrespective of whether 
the thrust was produced exclusively on account of the kinetic enerr of the 
jet stream or Partially on account of the static pressure (the case when 

For more details in this respect see G. Lanemak and V. 	 usko, "Rockets, 
their construction and uses", pate 120, 1935 13J.
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The described experiments were carried out by the author in the Gas 
Dynamic Laboratory of the armament head quarter of RKKA. 

Conclusions 

1- From the study of the obtained data, the diversity .of the results 
correspondin, to the experiments which have been conducted under the same 
conditions appear at once to be very striking. The reason for this discre-
pancy is mainly attributed to the unsteady combustion of the propellant 
charge, which is confirmed by the considerable fluctuation of the burning 
time of the charge (up to 20%). It is also partially due to the inaccuracy 
of the recording instruments. The errors produced by the treatment of the 
corresponding diagram are very small as compared to the above-mentioned 
errors, and could be neglected. 

The deviation from the average values of the specific impulse (P1) 
of the rocket thrust reaches in some cases 30 percent (experiments number 22-

24), and in other cases it is equal to 20 percent (experiments number 16-18). 
In the rest of the experiments, the deviation of the specific impulse fluc-
tuates within the range of 3.6-10.7 percent (see table 2). 

2- The change in the specific impulse, and the flow rates which were 
calculated from its values, with respect to the ratio 4

.	 for both charges 
(0.894 kg and 0.746 kg), are shown in figure 3. The upper curve corresponds 
to the biger charge. 

The characteristics of the curves conforms well with the theoretically. 
predicted relationship. It could be stated therefore that a small increase 
in the	 ratio of only over 4 units (for example, up to 5-5.5) may have 
practical implications under the conditions when' the thrust increment with 
a surplus is compensated by the increase in the	 weight.	

2 Ct As shown in table 2, for 4.12 
&L = 11.7 mm and = 92 kg/cm 

the flow rate, in few cases, does not reach 2060 rn/sec (1960 m/ec). Accor-
dingly, it could be stated that the flow rate of 2000 rn/sec constitutes the 
maximum flow rate of the trinitrotoluene pyroxyline powder, under the given 
conditions of the present work experiments. 

3- The relationship between the pressure pulse and the ration	 is 
illustrated by the diagram shown in fire 4. The pressure pulses were taken 
instead of the average pressure in the combustion chamber to avoid, as far 
as possible, the effect of the various combustion regimes of the propellant 
(the burnin time of the charge). 

(1W	 l,,O	 211I1	 /,'I)	 •iiu	 1:1,,) Iii/i,11i,/,.
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Althouh the diagram is characterized by a considerable scattering of 
the points, it could be stated that the unknown effect of the ration - 	 on 
I, and conequent1y on	 , does not exist. An indicttion of this fact 
exists also from the resu'ts of the numerous experiments carried out by the 
engineer Langemak f47 and. the engineer Petropavlovskij. 

4- The two curves giving the values of the efficiency of the various 
da/d ratios are illustrated in fire 5. As an example, the upper curve 2 
corresponds to an average pressure in the combustion chamber of 100 kg/ cm 
(a 0.894 kg) and the lower curve corresponds to an average pressure of 
about 50 kg/cm (0 0.746 kg). 

From the extent by which the curve of the bigger charge exceeds that 
correponc1iu to the smaller charge, we could draw the following important 
conclusion: the efficiency depends, to a large extent, or: the pressure inside 
the combustion chamber even if the same nozzle is used. It should be mentioned 
that the considerable decrease of the efficiency with the decrease of the 
average pre;sure in the combustion chamber is directly related to the decreasing 
rate of the combustion. From this fact it is concluded that the pressure should 
not he low, arid, generally, the higher is the pressure inside the combustion 
chamber the more perfect will be the utilization of the charge.
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For the va1us of the ratio da/dstarting from 2.5 and over, and 
for	 100 k,/cm , L acquires a vaue hither than 0.5, and in the 
experiment number one, it reaches a value of 0.62 (see table 1; P1 = 211 
k,. sec/kg).



- 154-

THERIIO- INSULATIONS FOR THE COITBUS TI ON 
CHrtrmERS OF JET GINES 

U193c.j 

As is known, the thermal losses in the combustion chamber of jet 
missiles or any equipment may be quite high. In this connection, the use 
of a protectin thermo-insulating layer is investigated to meet the refractory 
specifications for withstanding the high working temperatures inside the 
combus tion chamber. 

Therefore, the use of a thermo-insulation appears to be useful for the 
steel combustion chamber of solid propellant jet missiles. The therino-
insulation of the iron-aluminium combustion chambers of jet missiles (long 
range missiles using smokeless powders) is thus necessary, since heating of 
the iron-aluminium alloy over 200 0 C may have dangerous repercussions (by the 
lower melting point of the material ( ,-i650 0 C) and its corresponding softening 
already at relatively low heating temperatures) irrespective of the thermal 
losses, and is therefore undesirable. 

The uombustion temperature of the nitrocellulose smokeless powder is 
in the range of 2300 0 C. However, due to the short time duration of the 
combustion of the propellant charge (not more than 1 - 1.5 seconds) it was 
possible to select an insulator that does not melt under these conditions. 
Some reeoi:it,nd.ations are given below for the preparation of similar . insulations. 
It is interesting to note that testing of the prepared insulations proved that 
they are quite suitable for the practical purposes. 

The case is quite different for the insulation of the combustion chamber 
of liquid 'fuel jet engines (Rocket Motors). In this case, the temperature 
of the combustion products in the combustion chamber should attain approximately 
30000 C. Accordingly, the selection of a suitable refractory theriiio-i'nsulating 
material is quite difficult. 

The melting points of coal and g-raphite amounts to 3600 - 37000 C. At 
high temperatures, these materials are oxidized and burn on their contact 
with air. Moreover, they do not acquire a sufficient strength (see, for 
example, the experiments of G. Obert).	 - 

The so called silicon carbide (the product of the treatment of coal 
within silicon vapours) is similar to carbon as regards its combustion tempe-
rature which reaches the value of 20000 C, and in being characterized by a 
slow burning process (the material does not explode during its combustion). 

The carbides are also considered as a solution of carbon in the metal 
or metalloid. Accordingly, during heating, when the carbide insulation comes 
in contact with air or, particularly, oxygen, the solved metal or metalloid 
evaporates and the remaining carbon burns slowly. As a result, the insulation 
will be destroyed at a temperature much lower than its melting point (see 

the experiments of X. Rossmann and his assistant Kran on silicon carbide).
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ThUS, the use of carbon (graphite) and silicon carbide (SiC burns at 
temperatures higher than 1600 0 c) as insulating materials will not give the. 
desired effect due to the inevitable combustion of carbon at the high tempe-
ratures attained in the combustion chamber of the rocket motors. We should, 
therefore, conclude that for this reason none of these carbides could be used 
as a lining material for the internal walls of the injection device of the 
combustion chamber, through which, as it should be kept in mind, the oxidizing 
agent will be introduced. This is quite disappointing since there exists 
some carbides which are characterized by quite high melting points, for 
example, tantalum carbide and niobium carbide which melt at 38400C. 

Since high refractory therm-insulation properties exist only among 
two kinds of compounds, namely, the carbides and oxides, where/in the first 
place, zirconium oxide (Zr0 2 ) (of a melting point equal to 2950 0 C and 
magnesium oxide (NCO) (of a melting point equal to 2800 0 C) are highly pers-
pective. 

It seems, therefore, that these two oxides are the most suitable thermo-
insulatint materials. However, they should be directly tested by their appli-
cation in rocket motors. Until now, it is not possible to give any conclusions-
as regards the problem of the thernio-insu].atjôn of the combustion chamber of 
the rocket motor. 

IIowuvtr, it should be mentioned that a reliable (from the mechanical 
and chemical Points of view) thermo-jnuulatjon of the combustion chamber of 
the rocket motor is quite desirable for simplification of the deii of the 
rocket motor itself (the simplification of the complicated cooling system or 
even its absence). The ther:no-insulation of the combustion chamber permits 
also a better utilization of the fuels which are characterized by low boiling 
points, and in particular the liquified. gases. 

Thu followinc specifications should be fulfilled by any given substance 
used as a thermo-insulating material. 

1) and 2) A therino-insulating ability and refractoriness. If the 
combustion tiperatuve in the combustion chamber is lower than the melting 
point of the insulating material, then the thermal conductivitr of the insu- 
lation should be, as far as possible, low. Similarly, for the protection of 
the insulation, the melting point of the insulating material should be 1oier 
than the combustion temperature in the combustion chamber, and its thermal 
Conductivity should be such as to prevent the insulation from attaining its 
melting point. These factors determine the refractory proper' of the 
insulation. 

3)and 4) The thertio-insulating material should have hi gh mechanical 
and chemical strenLth characteristics throughout the entire range of its 
perforinnee temperature. 

5) The material should have low coefficients of compression and thermal 
expansion (during drying of the deposited layer and burning in the combustion 
chamber) to avoid its destruction. The destruction is initiated by cracking. 

6)The use of the least weight of the whole insulation (not the specific 
weight) under equally similar conditions.
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In addition, the simplicity and low cost of their manufacture are 
desirable. 

The following are the specific requirements stipulated by the performance 
conditions, and which should be represented by a particular insulation: 

7) Strong adherence to the metallic surface. 
8) The absence of a shrinkage during firing on its use for the first 

time. In addition, this firing is characterized by a practically sudden 
(shock) rise in temperature from the normal to the maximum states. 

The reliability of one or the other thermo-insulating material depends 
on the extent of satisfying the above-mentioned, specifications. The non-
flfilrnent of only one of the stated specifications will be a quite sufficient 
reason for discarding the given thermo-insulating material. 

For the use of refractoxr materials which normally exist in a pulverized 
form, a binding agent (usually in the liquid state) should be used. The 
successful choice of this binding material plays a decisive role in the pro-
duction of thermo-insulators. In this case, the building material should 
particularly follow the specified conditions which are referred to in the 
points 3, 4, 5, 7 and 8. This material should be, as far as possible, refrac-
tory, thsrmo-insuluting, chemically inactive, elastic on its drying, does not 
undergo sudden changes in temperature, form a homogeneous mixture with the 
powder bae and possessing a good adherence to the metal surface. 

As basic components for insulating substances, the following materials 
were subjected to investigations 

1- Asbestos sheets	 7- Chainotte 
2- Asbestos flocks (hards)	 8- Gypsum 

3- Asbestos powder	 9- Unburnt talc 
4- Ptronite sheet	 10- Burned talc 

5- Dextrin	 11- IvIaesium oxide 
6- Kaolin	 12- Zirconium oxide. 
As binding agents, the following substances were investigated 
1- Water	 4- Cement + water 
2- Soluble sodium glass	 5- Dextrin + water 
3- Green (moist) clay + water	 6- Chamotte mass (2 parts chamotte + 

1 part clay) + water. 

45 different combinations of the above mentioned components giving 
various forms of insulations are listed in table 1. In this case, each of 
these combinations was investigated at various contents of the included 
materials taking part in its composition. Accordingly, the total number of 
the conducted experiments amounted to 165. 

The following procedure is used to test these insulators (to test to 
what extent they meet the above-mentioned specifications) : the layer under 
examination, usually in the paste form, is brought on the experimental metallic 
plate and the following tests are carried out. The ease of removing the 
composition from the metallic plate, the time taken by the layers of various 
thicknesses to thy, the hyoscopicity of the layers after their drying, the 

compressibility of the layers of various thicknesses (shrinkage test) when



Table 1 

1- Chainotte Powder (c.P.) + 
moist ('een) clay + water 

2- Chamotte powder + dextrin + 
water 

3- C.P. + 3olubie glass (s.g.) 

4- C.P. + moist (Teen) clay + 
dextrin + water 

5- C.P. + cement + water 
6- Asbestos sheet pasted with 

dextrin in water 

7- Asbestos sheet coated from 
both sides with asbestos 
powder in s.c. (soluble 
glass) 

8-, Asbestos sheet coated-with 
asbestos powder in s.c. 
(soluble glass) from the 
internal side 

9- Asbestos sheet coated with 
asbestos powder in s. S. 
(soluble glass) from the 
external side 

10- Asbestos powder (a.p.) in 
water 

11- a.. (asbestos powder) in s. g. 
(soluble glass) 

12- a.p. + MQ + Water 

13- a. p. + I.j-O + 

14- A.hestin in water 
15- ?sbes ,os flocks in s. . 
16- Paroni Le pasted by means of 

a layer of s. g. 
17- Paronite pasted by means of 

(o + 
1- Paroriit pasted by means of 

(a. 1). + s. us ) 
19- CaSO4 + water 
20- CaSO + ilextrin + water 
21- Ca30 + s.g. 
22- CaSO4 + a.'. + e.g. 

23- CaSO + a.p. + water 

24- Unbu n t talc + S • 
25- Burnt tic + N.O + s. g.

26- Burnt talc + burnt kaolin  + s., . 
27- Burnt -t,-tic + u. 
28- i.go + s. g. 
29- MgO + charnotte + moist (green) 

clay + water 
30- MgO + water 
31- MgO + aement # water 
32- MgO + dextrin + wate± 

33- (MO + e.g.) and with the 
external side coated with a 
layer of asbestos flocks 

34 (MgO + e.g.) and with the 
external side covered, with a 
iyerof asbestos sheets 

35.- lilgO + asbestos flocks + e.g. 
36- MgO + a.p. + s. C. 

37- MgO + Ca304 + e.g. 
38- MgO + CaSO4 + e.g. + water 

39- NgO + CaSOA + water 
40- MgO + cham3tte mass + e.g. 

41- MgO + chamotte powder + 
asbestos powder + e.g. 

42- MgO + burnt kaolin + e.g. 

43- MgO + burnt kaolin + asbestos 
powder + e.g. 

44- ZrO + so 4:. 

45- Zr0 + MgO + S. L-,.
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the coinpoitioti is ciHed, the mechanical streigth of the layers of various 
t}iiciesies before their burnin (but after dryin):,). and, finally, the effect 
of the state of the inet.tllic surface (as regards the purity and fouti), on its 
ooati,i with a iveu insulator composition, on the mechanical strenth of the 
obtained layer. 

If the investigated layer of any given composition underoes success-
fully the foregoinC tests, then it could be subjected to the next test. A 
piece of the insulating material is put on the experimental metallic plate 
and subjected to the flame of an alcohol burner (&i000°c), whereby the 
behaviour of the insulator with respect to swelling during the rapid heating, 
and the content of air bubbles are investiaated. 

Finally, if the given composition undergoes successfully all the 
mentioned tests, it will be prepared in large amounts and applied on the inner 
metallic surface of the steel combustion chamber. The insulator layer is 
then dried in a corresponding manner and subjected to a final and decisive 
test. This test comprises the burning of the propellant charge in the 
combustion chamber. As an example of propellants, mills of trotyl-pyroxyline 
powder of the GDL (Gas Dynamic Laboratory) are used. The burning time of 
this propellant charge is approximately one see. To each charge some quanti-
ties of black powder and a cordite fuse (iiter) are usually added, which 
causes the temperature in the combustion chamber to exceed slightly the 
combustion tomper.i.ture of the tro tyl-pyroyl ins powder (,v 2300 0 C). However, 
the rise in t peraturu occurs only at the beginning of the combustion process 
of the Clialge. 

As a rcul t of these inveutigations, from the numerous coiiibirttiww 
given in table 1, only the following ones, which are listed in table 2, 
aj)poarwd to be suitable.

Table 2 

1- MgO + burnt talc. + a. go 	 3- ZrO + e.g. (soluble glass) 
(soluble glass) 

2- MgO + burnt kaolin + e.g. 	 4- Zr0 + MgO + e.g. (soluble glass) 
(soluble glass) 

Accordingly, only those compositions whose contents include precisely 
fixed components are given in table 3. 

Table 3 

1- Insulator 154 (26% MgO + 17% burnt talc + 57% e.g.) (white colour). 
2- Insulator 151 (22.7% MgO + 22.7% burnt kaolin + 54.6% e.g.) (light brown 

colour). 
3- Insulator 139 (66.5% Zr02 + 33 . 5% e.g.) (light grey colour). 
4- Insulator 145 (33.5% Zr02 + 16 .5% MgO + 50114o e.g.) (white colour).
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The method of preparation of these insulators consists of the following 
procedure: The initial products such as: MgO and Zr0 2 in the form of very 
fine pure (purum) powder, and kaolin in the deaf form purified from the 

contained iron compounds and other undesirable impurities, are taken and 
subjected to heatin process at a temperature of 1435° C , according to Zeger's 
Cone No.15. The kaolin which will acquire a pure white colour is then ground 
in a mortar and sieved through a sieve of very fine mesh. In this way we get 

the burned kaolin in the form of very fine powder. The burnt talc which has 
a light brown Colour is similarly obtained. 

The quality and purity of the Zirconium oxide normally varies. Accor-
dingly, its melting point will vary within the range of 2700 - 2950°C. It 
will be desirable, therefore, to take the purest form of zirconium oxide. 

The sodium type soluble glass is taken, although it may be thought 
that the potassium glass variety could be more useful. The purity of the 

soluble glass is also required to be of the chemical grade. However, due to 
the lack of a pure soluble glass all the investigations were carried out by 
using a soluble glass of a technically pure grade. 

The corresponding quantities of the powdered components of the thermo-
insulators are thoroughly mixed in a dry mortar. The required weighed quantity 
of soluble glass is then added and the entire mixture is t horoughly ground till 
a homogeneous pasty mass, which should be free from any grains or lumps, is 

obtained. The consistency of the freshly prepared thermo—insulator is usually 
quite high, since its content of soluble glass corresponds approximately to 
the minimum amount necessary to give the mass its pasty form. 

The mass obtained by thin method is applied by means of the fingers on 
the metallic surface of the side which is directly subjected to the action of 
the high temperature. In this case, the layer of the mass should be put quite 

compactly and uniformly throughout the metallic surface to get a strong adhering 
layer and to avoid the formation of air bubbles. The presence of air bubbles 
may result in big hillocks and cavities during drying and heating, and thus 
destroying the insulator. 

The fixed layer is levelled either softly by the fingers moistened with 
water or by a woody smooth bar (similarly moistened with water). This bar, 

which has a wide hemispherical shape, made it possible to level the insulatin: 
material in the combustion chamber in the flow region. As shown experimentally. 

the levelled 1yer may be smelted less Considerably, or it may not be smelted 
at all. Moreover, it was also shown that the unlevelled layer, existing in 
the flow region, is taken off and flows through the nozzle, while the levelled 
one is not disturbed at all. 

IngeLerl, it should be noted that under the most severe conditions 
we have to work with that part which exits in the region of flow in the 

combu:jtior Chamber. This part is subjected, besides the high temperare, 
to the mechanical interaction of the rapidly moving gaesous masses. 

T!ie fixed and levelled layer is, therefore, subjected to dxring in air 
at the normal tewj '€ritture for at least one day. Drying is then continued 
for at least 10 hours at a tethperabire of 50_60 0 C. The indicated time is 
given for a hç'er having a thic1ess not exceeding 1-5 mm. With the increase



- lO - 

of the. thickness of the layer of the insulating material the drying time 
will increase. Thus, at the elevated temperature, it is desirable to dry 

a layer having a thickness of 2 mm for not less than 15 hoursi the layer dried 
by this method will be suitable for use. 

We could not consider that this layer is quite hygroscopic, but it 
undoubtedly includes air moisture. Therefore, after a prolonged storage, it 
is useful to subject the layer to a secondary drying at elevated temperature 
before use. If needed, the freshly dried layer can be protected from the 
effect of moisture by its coating with a very thin protective layer of the 
Correspondini• material. 

The prepared thermo-insulating mass dries quite rapidly since it is 
viscous. Accordingly, it is necessary to prepare the metallic surface with 
a liable coating. 

The results of the experiments showed that the state of the surface 
(cleanliness and shape) determines, to a large extent, the qualitr of the 
obtained insulating layer, and in particular, its strength characteristics 
(its adheiing to the metal surface and the absence of air bubbles). Inside. 
the combustion chamber which is coated with the insulating 	 , composition acute 
angles should, by all means, be avoided, since they lead. to the shrinkage of 
the insulating material on drying. The thicker is the fixed layer the more 
pronounced will be this phenomenon. Also, the thicker is the fixed layer 
the more difficult it will be to get it free from any fault, and more atten-
tion should be paid to its preparation. }ioreover, the thicker is the layer 
the more careful should be the drying to avoid its shrinkage. The normal 
thickness of the investigated insulations amounts to 1.5-2 aim. However, 
more thinner and thicker insulations (up to 5 mm) were investigated. 

It should be mentioned that, in the preparation of the insulator, a 
deviation exceeding 1 to 2 percent from that referred to in table 3 leads to 
an unLjvoithible failure. Similarly, if even one of the above-mentioned 

measures and precautions is not maintained we may fail to get the required 
insulating layer. 

The dishes in which the therino-insulators are prepared should not be 
metallic. So should be the pestles, pallatte knife and other instruments, 
to avoid contamination of the mass with metallic particles. 

In some experiments, the insulating layer and the nozzle diaphragms 
(all round) were covered with solid slabs which were used during igaition. 
However, this insulation was smelted and taken off by the gases during their 

flow through the nozzle, to the extent that the diaphragms were not thermally 
insulated any more. 

It is inierestjn to note that the thermo-insulating layer was firm 
to iuch an extent that it could only be removed with great difficulty by a 
cutter ufter soaking in water for one day. 

The remaining insulations given in table 1 were excluded since they 
did not fulfill the above-mentioned specificatjo. Thus, asbestos was 
strongly fused (in the form of spheroids) on the surface even during instan- 
taneous i. ition (approximately one second). To give a brief outline of the
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reasons for exc1udin, each insu1atin material in table 1, for the various 
compositions of the contents of those and the other components, needs a very 
long time. For a detailed reference in this connection see the journal in 
which the experiments of the G.D.L. (Gas Dynamic Laboratory) are published 
(from volume 1003 to 1370).
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THE PERFOR4CE OF THE R. M. (ROCKET tIO 

(1930) 

Until), the Present time, in all the calculations of the different 
lnvestiators, it was considered that during the whole working time of the 
R.M. (Rocket Motor), during the flight of the RLA (rocket-powered aircrafts), 
the amount of fuel fed into these motors per unit time is constant. In other 
words, according to this assumption, it will be equally true to say that the 
reactive force (H) developed by the R. r.i. (Rocket Motor) remains invariable 
untill the full consumption of the fuel. On the other hand, the total weight 
of the RLA (rocket-powered aircrafts) changes continuously in the general 
case from (n + M) to (in + N'), where 14' <M. 

It is apparent that the acceleration subjected to the R.M. (Rocket 
Motor) device at the starting moment ( t = t,) - R1 and during a given 	sub- 
sequent moment (t = t') - R' ,.-if only these forces are considered, is repre-
sented by the following relationships 

ti	 I. 11) ll	 I?(, 

I	 1' (n,	 111')!?	 /((. 

On the basis of the above mentioned e.juations we get 

On	 ('ni. M') 

from which we get the following expresiori 

On. 

At the moment of the full consumption of the fuel (t = t), M = 0, 
and from the above equation , vie get	

k

I?(......1!!.... --i). 

We notice in this case that the bigger is the ration () the bigger 
will be te final 	 with re:1ect to the initial R. In 04 he 	 Rk 

1 will be () + 1 times greater than H. 
if for the given r1esisn of theRLA (rockepowertd aircraft) 

the fo1lowin relationship is valid: 

If 	 59, -- = 3,11, 

then we will have

/	 )g (	 I	 ) --- 2g. * Summarized (Edit.)
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It is there Pore clear that if a construction is designed for an acceleration 
of 5 . with line c,nsiderable excess strength, it will be destroyed. 

tcCordirily, it will not be profitable to launch a RLA (rocket-powered 
aircraft ) vlitll ãfl 1iuffie±ent acceleration, selected. so that it does not 
exceed that :-1.liowed. for 5 . at the end of the performance time of the R. M. 

(Rocket Motor). Since a treat amount of enerz,7 will be required to overcome 
the ravitational force, then the followin two Iheasures are more ratloital 

1- ti.enthenin• of the construction and, consequently, irtcreasin the 
tot-Li eiht. of the RLA (rocket-powered aircraft) on the basis of increasin 
the weiht ;t tli end of the j:erformanoe of the h.M. (Rocket Motor); 

2- r11 ;2 1)1) li1-,a tiou of a device with a variable fuel supply to the C.C. 
(oOmbu; tiori chamber) of the li. .i. (Rocket Motor) 

Th ' fi.i• t JiieasLire is, aparentl,, undesirable, since it decreases the 
fljht rune or the effective load of the RLA (rocket-powered ai-rcraft). 
Howev,r, 1i. possibilit' of u :z; inC this measure should he tkeri into considerà-
tion.

The ieulatjoi of the reactive drauht of the R. M. (Rocket Motor) may 
be carri ed out by clianiri, qualitatively or quantitatively (or by both at 
the same time), the quality of fuel fed into the motor. 

It is possible to ohano the quality of the liquid fuel (the propor-
tions of the components of the fuel), but only to the worse, that is, it will 
lead to an incomplete combustion and, consequently, to unneCessary enery 
losses. Tlmei-efore, this pO8i-Jibiiiy should be set aside. 

It i- clear that the amount of liquid fuel fed into the motor per unit 
Lime should be ohaned only in the direction of its decrea:e from a certain 
Ifl.L tifiuw co mruiportdin to the maximum permitted. aCOeJ. oration of the de j ii, and 
whioli oxj te at the moment of the start of the RLPL (rocket-powered aircraft), 
that is, when the BLA (rocket-powered aircraft) is fully loaded with fuel 
(i.e. ) with a total weight of in + M). 

The BLA (rocket-powered aircraft) should acquire its tnaxiriiumn permitted 
acceleration ;11ich has to be constant throuhout the performance of the R.1.. 
(Rocket motor) to overcome the earth cravitational field. This statement is 
followed from the economic requirements  of the fuel consumption. 

If we construct a RLA (rocket-powered aircraft) with an acceleration 
of 20 ., then it will be more suitable to fit it with a R.M. (Rocket Motor) 
of a variable fuel supply in order that the desin could acquire a particular 
acceleration of 20 e. (the actual stress experienced by the construction of 
the BLA (rocket-powered aircraft) corresponds to an acceleration which is 
slihtiy hither than 20 g. due to the excess load created by the forces of 
the earth mvity and the air resistance). Therefore, it is more suitable to 
use the principle of variable fuel supply in the 11.11. (Rocket Motor) even 
for the cace of heavy design. 

This can be illustrated by the following example: The relative loss durin g' the rise of the RLA (rocket-powered aircraft) from the earth, as 
compared with the flicht in a medium free from gravity, is expressed by the 
fraction (c/B) for the case of a vertical flicht. Thus, for the case of the

^A
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RLA. (rocket—powered aircraft) with an acceleration equal to 5 g., the losses 
will amount to 1/5 20 percent. On the other hand, if R 20 g., then the 
losses will be decreased to 1120 5 percent. In the case of an inclined flight 
these losses, and the difference between them, will be partially levelled. If 
the R.M. (Rocket Motor) is placed with an angle of 450 to the horizon, then the 
losses fa sin 450 will amount to 14.2 percent for R . 5 g., and 3.5 percent for 
R2O'*. 

It is possible to change the quality of fuel only arbitrarily when this 
change does not affect the utilization of the fuel, i.e., during the flight 
beyond the atmosphere after performing the work necessary for leaving the 
earth (when tithe result of explosion does not depend on the order of explosion"). 

On the basis of the above mentioned facts, it is necessary to confess the 
practical reliability that necessitates the RLA (rocket—powered aircraft) to fly 
throughout the whole working time of the RM (Rocket Motor) at a constant 

maximum permitted, acceleration, which requires the variable supply of fuel into 
the rocket motor. 

It is clearly understood, that the amount of fuel fed into the rocket 
motor should decrease with time according to the fuel consumption or, in other 
words, according to the changing weight of the RLA. (rocket—powered aircraft). 

Let the amount of fuel suppliedo the R.M. (Rocket Motor) within the 
first second be denoted by 1 (kg. sec ). Also, let the amount of fuel 
supplied during the last second of the perforrnnce of the R.M. (Rocket Motor) 
(the consumed fuel) be denoted by .0 (kg. sea ). 

Desigflating the Proportional-ty coefficient between the fuel consumption 
and the reactive force by k, we can write the following equations 

(in -- Al) 11 

Au),,, 

solving these equations with respect to acceleration we get ; 

.	 CL) 

III I- At 11ICr=/C__. 

In 

From the imposed equality of the initia and final acceleration we get: 

(Ut

'IL Otherwise :	 (O 

In 
It 

CH 

'(CL - 
In it 

We arrive, therefore, at the conclusion that, the consumption of fuel 
during te last second (the final portion of the fuel) will constitute a small 

portion of the fuel consumed within the initial second; the smaller is this
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portion, the greater will be the fuel reserve which the RLA (rocket-powered 
aircraft) has for a given weight (m) of the latter. 

For a given intermediate value of fuel consumption (w i), where the 
subscript t designates the number of seconds passing from the starting moment 
of the working R.M. (Rocket Motor) (without units), we can deduce the following 
equations

(n -f  

A! 1 ) ll 

from which we get :

(l1	
- Ii	 h 

("+41)	 1 ---	 (in .dIjT' 

From the conditions of constant acceleration during the whole working 

	

time of the R.M. (Rocket Motor), as mentioned ab'-	 get 

G)I (i) 

+,) I 

from which we arrive at the following expression 

(Uj	
_• 

where Mt a the mass of the fuel, which remains till the beginrlil3g of the tth 
second.

In other words, the following relationship could be obtained 

114 + ill -. (o) I+ (04 +	 -F (l)t) 1 
lit 

and finally we get :

I	 'i -f-• (0:1 f-	 -- (S)j 
_O)J  

(01 -
 lit -- ''

: 

where t = the index of the indicated periodic number of seconds from the 
beginning of the performance of the R.M. (Rocket jotor) till the moment at 
which the obtained value of fuel supply (kg. sec ) . is related. 

The equation fully determines the regime of the variable work of the 
R.M. (Rocket Motor) with relation to the following values characteristic of 
each BLA (rocket-powered aircraft); in, M and c,,

	 B. This equation 
gives also the working time of the BM (Rocket Dlotor). 

As an example, we shall carry out the calculation of the regime of the 
R.M. (Rocket Motor) of the designed RLA (rocket-powered aircraft). In this 
example, we shall apply for the latter the permitted particular (unreal) 
acceleration R a 6 g. Since for this RLA'(rocket-poweed aircraft) in 335 kg.
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and M 1000 kg., then the total weight (in + M) is equal to 1335 kg. 
Within the first second of the start, in order to subject an accele-

ration of 6 g. to the RLA (rocket-powered aircraft), a draught of l 335.6.
-8000 kg. should be produced.Qne kilogram of nitrogen tetroxide--toluene or 

nitrogen to troxide-naphthal me- toluene fuel can develop, in the correspondingly 

designed R.K. (Rocket Iiotor)(with 70 percent utilization), a draught amounting 
to

1250 

-T = iiw :-;.o A'3.SeC/g 

In this case, the required fuel will be equal to 

VA 100
r. 2',, , v,u 	 Wt. 

For two R.M. (Rocket Motors) fitted in a RLA (rocket-powered aircraft), 
the fuel consumption for each motor within the first second will be equal to 
12.12 kilogws. 

On thisbsis, by the subsequent solution of the system of equations 
for w , a table was constructed for the performance characteristics of the 
R.M. Rocket Motor), till the full consumption of the fuel (M). These data 
were also used to draw the diagram. 

In the case of the solution of any problem on the required working 
regime of the R.M. (Rocket Motor), during the realization of a RLA (rocket-. 
powered aircraft), it is necessary to take into consideration the weight of 
the gradually consumed gas which is utilized for the supply of fuel into the 
combustion chamber of the R.M. (Rocket. Motor). Thus, when hydrogen gas is 
used for the supply of fuel, the consumed weight of the RLA (rocket-powered 
aircraft) increases from lvi 1000 kg. to 1009 kg., and the weight which is 
consumed within the first second increases from w 	 24.24 kg. to 24. ' 24'  kg. 
+ 90 g. To take this effect into consideration, t is quite sufficient to 
substitute M in the equation of w by M + the weight of the supplying gas. 

The practical realization of the requirements of the variable fuel 
supply into the R.M. (Rocket Motor) should be inevitably expressed by the 
artificial variation of the work of the pump, for example, by means of the 
variation of the pressure of the fuel supply into the combustion chamber. 
Neither the change in the exit cross-section of the nozzle nor the change 
of the number of the acting nozzles or motors, will lead to the expected 

result if it is considered that all the fuel burners (nozzles) are served by 
two pumps only (one for the oxidizing agent and the other for the fuel), 
which will actually take place [iJ. 

The variation of the pressure of the fuel supply into the combustion 
chamber of the R.M. (Rocket Motor) can be attained by mounting an extra 
throttle valve on the pressure reducing system (in the gas condenser). This 

throttle valve can serve for the gradual and automatic shutting off, even by 
means of a conical neelde of a clock-work mechanism, as soon as the R.M. 
(Rocket Motor) starts to work.
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The required rate of the needle movement (the change in the opening 
of the valve) is determined by a curve similar to that calculated in the 
appendix of the present work. It is clear that the required rate of the 
needle movement, considering this rate to be constant, and the form of the 
needle, calculated according to the required change in the fuel supply (by 
the euation of wi), could be achieved by the corresponding- regulation of the 
automatic clock mechanism. The accuracy of the work of such a compensating 
acceleration of the pressure reducing system could be checked by setting a 

motor on the recorder of the reactive force and correlate the recorded diagram 
with the given curve of the change of the reactive force of the gases. 

Therefore, the technological achievement of the idea of the variable 
supply of fuel into the motor is quite possible without any complications as 
regards the corresponding construction. 

The complication of the, problem of the variable fuel supply is associated 
with quite different phenomena. It is quite possible to supply the motor with 
the required amount of fuel, but it is questionable whether this motor of 
invariable construction will have the same performance efficiency with the 

different charging densities. This problem is of particular siificanoe. 
In the case of the given design of the RLP (rocket—powered aircraft), 

the amount of the swDlied fuel should be changed from 24.24 kg. up to w = rm	 lit 	 k w1 [- 24.24	 6.06 kg,, i.e., t should decrease by 75 percent 
( by iur4rl times).	 e5density of the charge should be decreased by the same 
amount in the combustion chamber of the R.M. (Rocket Motor), if it is under-
stood by he charging density in the given case the ratio of the fuel consumption 
(kg. sec ) to the volume of he combustion chamber v (in lires) till the 
vibrating cross—section (F cm ) f2J, that is 

I,) 

for given value of F of the nozzle. ' 

The maximum change in the charging density, with respect to the ratio 
(L) of the RLA (rocket—powered aircraft), may be similarly expressed by the 
equation derived at the beginning of the present work, namely, 

At	 fill 

()	
- [, ,,
	

I 

From the foregoing considerations it should be mentioned that the change 
of the charging density in such wide limits should be accompanied by a change 
in the pressure developed ithe motor with a corresponding rate for the case 
of the invariable construction of the motor. 

From the equation

(d 
ile -- cIvj 

it could be concluded that the constant pressure inside the combustion chamber, 
throughout the whole working time of the R.M. (Rocket otor), could be achieved
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under the Conditions when the area of the vibrating cross-section (F) of the 
nozzle is a function of time, i. e., when the value of fuel consumption is 
equal to	 In this case, we could write the following relationships : 

ll.Mo t ci'1 / lil t

 

c/',j	
lilt 

From which the pressure could be expressed as follows 

Wi 
p1 ==k	 '	 ___________Wit 

ci'j (--
	 e!j (-:)  

nutting P 
1	 k 

= P we get

	

Pit	 ,1 

F1 

This is the condition under which the pressure inside the combustion 
chamber is equalized throughout the whole working time of the R.M. (Rocket 
Motor).

The creation of a R.M. (Rocket Motor) with an automatically variable 
critical cross-section, -which automatically maintains a constant pressure 
inside the C.C. (combustion chamber), is quite feasible. 

A detailed description of a similar setup is given below, since the 
principle of its construction is adopted from the invention of G.V. Bogoljubov 
(see his work "The theory and the method of calculation of the regular nozzle', 
1925).

The external cup of the R.M. (Rocket Motor) is surrounded with fule (B). 
and contains an internal cup which is intact with the nozzle; the internal cup 
is also surrounded with fuel (see fig. 1). The internal cup can have a trans-
Latory motion along the axis of the motor, and is restricted from one side by 
staggers (jo) fixed on the external cylindrical surface at the end of the 
nozzle; it also rests on the bottom (C) of the external cup. From the other 
side, the motion of the. internal cup is restricted by a spring (P). Obviously, 
the external cup is fixed to the frame which is firmly joined to the body of 
the RLA (rocket-powered aircraft). In other words, the spring (P) has to 
transfer the whole reactive draught of the motor to the RLA (rocket-powered 
aircraft). 

The mechanism by which this motor works is clear. The spring -is 
selected in such a way that the given pressure inside the combustion chamber, 
during the start of the motor, corresponds to the required value of F. At 
the end of the performance time of the R.M. (Rocket Motor), with the least 
rate of fuel supply (wk), the spring should bring the internal cup in such a 
position that the vibrating cross-section becomes equal to P

k. 
In this case, 

the pressure inside the combustion chamber will remain constant throughout the
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whole time of fuel supply. It is clear that the spring stroke should be 
calculated together with the shape of the protrusion H. This protrusion, 

being a rotatory body, may acquire a linear or a curvi-linear shape. It adds 
one more advantage by regulating the motion of the gaseous mass passing from 
the slotted combustion chamber to the nozzle,, and changing the direction of 
its motion by 180 0 . The ORM No.1 (Experimental Rocket Motor No.1) is supplied 
with a similar protrusion of such secificatjona. 

3ealing of the space occupied by the spring is achieved by maintaining 
in it a pressure of cold gas. 

The following construction of the R.M. (Rocket Motor), with an automatic 
regulation of the pressure inside the combustion chamber, is more rational 
(see fig. 2). Here, the role of the spring is played by a compressed ga 
which fills the cavi-r D, D. The pressure exerted by this gas from the out-
side on the internal cup should be quite constant and equal to 2 the working 
pressure inside the combustion chamber (for example, 100 k/cm ). The' pressure 
in the cavity D,D should be created and maintained by a branch taken from the 
pressure reducing system feeding the pump. This reducing system supplies a 

( 

- 
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4 Fig. 2
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prssure which is equal to that inside the C.C. (combustion chamber) (100 kg! 
cm ) plus the excess pressure of the fuel fed into this combustion chamber (it 
is equal to few atmospheres). These unnecessary few atmospheres of pressure 
could be removed by applying an additional resistance to the pipeline. Under 
the worse conditions, it is possible to set a separate pressure reducing valve 
in the pressure accumulator, which could serve only for the given regulation 

of the motor (or motors). 
The advantage gained as a result of changing the metallic spring by a 

gas is manifested not only in the weight but also in achieving a seal at the 
positions p",p". Leakage of the gas may take place in the ring K,K. However, 
as the gas is relatively cold in this case, then the loss could be minimized 
by means of a suitable seal. Obviously, it is realized that a small leak may 
exist, but this leak will not affect the performance of the given design, since 
Lhe pressure inside the cavity D,D will be maintained constant by means of the 
pressure reducing valve, even in the case of the movement of the internal cup 
of the R.M. (Rocket Motor). 

The internal cup should be well cooled in order to protect it from 
smelting and sticking to the external cup. The internal and external cups 
should, therefore, be grounded in each other, otherwise the internal cup should 
be supplied with a sealing ring as in the case of the pistons of the internal 
combustion engines. 

Besides the application of the gas spring and the gas seal, the given 
design differs from that suggested by Q.V. Bogoljubov by the device and the 
arrangement of the protrusion H, which avoids smelting of the latter and 
decreases the losses due to the resistance of the flow of the gaseous mass. 

Therefore, it is technologically possible to realize a R.M. (Rocket 
Motor) with a variable work for different M/m ratios. This permits the RLA 
(rocket—powered aircraft) to fly with a constant acceleration developed by the 
motor.

11wvor, in this case, the iyatew described, in page JLro of the variable 
working jIUfliEJ feeding the R.M. (Rocket Motor), which are based on the variation 
of the pressure of fuel supply, becomes unsuitable. 

For the variable supply of the R.M. (Rocket Motor) with a self—adjusting 
constant pressure in the C.C. (combustion chamber), it is necessary to have 
pumps giving an amount of fuel per unit time which is continuously changing 
in accordance with a preliminary given law for a constant pressure of fuel 
supply.

The construction of such pumps is quite feasible mainly according to 
the followin scheme f3,7. 

Not going into the details of the mentioned design of the R.M. (Rocket 
Motor), which is characterized with a self—adjusting constant pressure in the 
combustion chamber and a pump of a similarly constant pressure as well as a 
variable fuel supply, it is possible' to conclude that the problem of the 
creation of those or the other regimes of the flight of the RLA (rocket—

powered aircrafts), as far as it can be judged on the basis of the present 

work, has been satisfactorily solved.



- l?l - 

KE BT SHAPE OF TUE NOZZLEt 

(1931) 

Introduction 

The problem concerning the beat shape of the nozzle have been in 
existence for a long time ago. However, a solution has not been found yet 

for this problem [iJ. The investigations existing in the literature on this 
problem cannot give the designer the required information. Accordingly, due 
to the lack of these data, the necessary calculations for the rocket engine, 
in which the process of flow is complicated by the pbysioo-ohemioal processes 
of combustion, are hindered. The outflow of the unburned fuel particles 
through the exit of the nozzle, and their combustion which is a000i*pani.d by 
the simultaneous expansion of the gaseous products, oomplioat.s, in particular, 
the phenomenon. This makes the calculated data unreliable, and some times they 
may be completely unsuitable. In this connection, the calculations should be 
supported by the results of the experimental determination of the beat shape 
of the nozzle for the required.,and, hence, for the real conditions taking 
place during the performance of 'the rocket engine. 

In the present article, the results of such experimental investigations 
are given. These investigations were carried out with the aid of special 
devices which are described below. These devices are working on a smokeless 
granular propellant i/i and also' on trinitrotoluene pyroxylin* propellant 
tubes, which are buxned inside the rocket chamber. 

Since the rocket missiles are charged with propellant tubes, the results 
of the8e experiments found their direct application in the design of the nozzles 
of these missiles. Finally, the obtained' data served as a starting point 
for the development and realization of the rocket engines working on liquid 
fuels.

The summarized data should be regard.ed as the first experiment of a 
such type of the investigation of the work of the nozzle wider certain given 
conditions. Therefore, these results should be applied for the different 
practical oases only after carrying out the necessary corrections. 

These experiments are not comprehensive, and, in the future, they 
should be extended and confirmed by the full understanding and deep use of 
the apparatus constructed by the present author. 

The experiments were carried out by the present author in the GDL 
(Gas ]namio Laboratory) of the ohief armament of the RKV, during the period 
1930-1931. 

The following designations viii be used s 
- the diameter of the critical cross-section of the nozzle 

d. • the exit diameter of the nozzle c ' • the angle of the nozzle cone t - the length of the nozzle from the critical cross-section to the 
exist diameter 

Summarized
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P. the maximum pressure in the combustion chamber 
av - the average pressure in the combustion chamber 

P	 - the pressure existing at the exit cross—section of the nozzle. 

The experimental Procedure and aDDaratls 

The beet shape of the nozzle will be defined, as that shape under which 
the engine, with the given working conditions (d.. d /d. (2], and,, consequently, 
Pa/?a -V) 9  is capable of developing the maximum reactive force. The shape of 
the nozzle is determined by the angle of the cone, which can be either constant 
(conical shape) or variable (exponential shape) along the entire length of 
the nozzle. 

The best nozzle should have the maximum possible allowed cone angle, 
whose limit is established by the possibility of the flow break from the 
wall.. The greater is the cone angle, the shorter will be the length of the 
nozzle for the same given pressure drop which is determined by the d./&, ratio. 
Also, the, smaller is the surface of the nozzle, and consequently the smaller 
are the heat losses, the smaller will be the losses due to friction, and the 
easier will be the realization of cooling. Finally, this nozzle will acquire 
the smallest weight. 

Therefore, the determination of the best shape of the nozzle is 
associated with finding out the maximum possible angle of its cone. Assuming, 
in general, that this angle is variable along the entire length of the nozzle, 
we had to solve the problem of finding out the following relationship s 

/ (I 

( 

This relationship could be established experimentally from the deter -
mined measurements which could be achieved by two methods; either by finding 
out the optimum value of oC , by the successive variation of the d /d, 
or by determining the optimum value of d /dE for the different vales of C. 
In this case, the experiments are oarriel out with conical nozzles. 

Both methods are identical from the theoretical point of view. How-
ever, the second method appears to be practioally much easier, since the 
length of the nozzle could be varied (shortened) during the experiments which 
are carried out for finding out the optimum value of the d  aIc, ratio. A 
series of experiments could be carried out with the same nozzle by firing the 
angle o • The total amount of the required nozzles is numerically approxi-
mately equal to the number of the necessary measurements required for deducing 
the unknown relationship. 

A separate nozzle for each cc and d/d. will be required if the second 
method is used, which is associated therefore with an unnecessary expenditure 
of money. 

It is quite natural to use the second method only in those cases when 
it is desirable to control the obtained. results. Under such circumstances, 
the experiments are duplicated by the first method.
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Fig. 1 

The d.ifferential pendulum was used to determine the best shape of 
the nozzle. This pendulum was suggested by the engineer B.S. Petropavlovskij 

and was constructionally elaborated by the present author. 
The differential pendulum (see fig. 1) consists of a chamber (1) which 

is placed in a horizontal position and supplied with two caps (2) in each 
of which a nozzle is screwed. The chamber is hanged on a stem (4) whose 
upper end is fixed to the horizontal axis (perpendicular to the plane of 
drawing) which rotates freely on radial bearings. This axis is perpendicular 
to the longitudinal axis of the chamber. Therefore, the chamber can swing 
freely along the vertical plane.; 

The mxiim declination of the chamber is registered by means of a 
needle indicator on a graduated limb. The oapa of the chamber are fitted 
with diaphragms (5) for the purpose of minimizing or avoiding the discarding 
of the propellant charge from the chamber by the gases during combustion. 
The diaphragms are accomplished in the form of discs which are supplied with 
a great number of apertures whose total area exceeds several times that of 
the critical cross-section of the nozzle. However, the area of each aperture 
is smaller than that of the critical cross-section of the nozzle. 

The ignition of the propellant charge, whio4 is packed between the 
diaphragms, is carried out by means of an electric primer which is inserted 
through one of the nozzles inside the chamber. The flexible cord of the 
electric primer is suspended in a way so as not to affect the motion of the 
chamber. 

The effect of the method of ignition was especially determined, since 
this effect was excluded by the appropriate suspension of the flexible cord, 
and the ignition of the charge was carried out only through one of the 
nozzles. 

The pressure inside the chamber was determined by means of a manometer 
which is screwed in the middle part of the lateral wall of the chamber. 

The external view of the pendulum installation is shown in figure 2.
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If the chamber is supplied with quite similar nozzles, then, on the 
ignition of the charge, it should remain at rest. On the other hand, if the 
nozzles are different from each other, then the chamber will acquire an osoilla-
tory motion. Accordingly, the chamber will decline towards the side opposite 
to the nozzle which gives the biger draught. If all the conditions of the 
ignition of the charge are considered, then the advantages of setting a nozzle 
in front of the other could be determined not only qualitatively but also 
quantitatively. 

The sensitivity of the differential pendulum is quite high and permits 
the relative and absolute evaluation of not only the nozzles but also the 
chamber caps adjacent to them. 

The results outlined in the present work are concerned with the qualim 
tative evaluation of the advantages of certain tpes of nozzles with respect 
to the others. 

In order to avoid burning of the critical cross-section of the nozzle, 
during the repeated experiments, the dimension of the diameter of this cross-
section was taken sufficiently bigger than 12 mm. The pressure inside the 
chamber, during the combustion of the charge, should acquire a value which 
Permits the nozzles of the given dimensioi.e to work under a pressure higher 
than the atmospheric pressure, in order to avoid the undesirable side effects. 
In the znajorit' of the experiments the maximum pressure inside the chamber 
was taken eq%l to 200 - 250 kg/cm•. This corresponds to an average pressure 
of 100 kg/cm .during the combustion of the charge. To obtain such a pressure 
inside the combustion chamber it is necessary to burn about one kilogram of 
the tubular propellant charge. This stipulated a quite big declination of 
the pendulum for small changes in the design of the nozzle or the cap of the 
chamber. For this reason, the granular propellant 7/1 was used instead of 
the tubular propellant. The weighed sample of the granular propellant was 
sifted in sieves with a cloth network. It is quite enough to take a sample 
of 120 grams of he granular propellant 7/1 with d - 12.8 mm in order to get 
Pie" - 250 kg/cm .	 0 

Some checking experiments were carried out by using the tubular pro.
-pellant 24-6-70 (each cylindrical tube of the propellant has the following 

dimensions: the external diameter is 24 mm, the internal diameter is equal 
to 6 mm, and the height is equal to 70mm), but with a lower pressure inside 
the chamber to achieve a normal performance of the investigated nozzle (a 
small d /& ratio). 

12 this way, in total, about 145 experiments were carried out, of which 
nine were carried out for the selection of the charge. 

In certain oases, on using two similar nozzles, it was noticed that 
the pendulum acquires an insignificant oscillating motion. On maintaining 
identical conditions, this declination could be attributed to the inaoourao 
of the dimensions of the critical cross-section of the nozzle; such nozzles 
were then subjected to a precise finish. The rejected nozzles were compared 

* These are the normal oond.ition.e for the rocket missiles.
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with the reference nozzle and a correction equal to the value of this rejection 
was introduced in all the subsequent experiments carried out with it. 

The material from which all the nozzles were made was tool steel. The 
nozzle was carefully treated without grinding. The approximate length of the 
hanger (up to the centre of the ohamber) was 900 mm. The volume of the cylin-
drical chamber was one litre, its internal diameter was 88 mm, and its length 
was equal to 175 mm. Figure 1 illustrate* the chamber which was drawn to 
scale.

Experimental results 

1- The differential chamber was supplied with two caps, one of which 
had the internal aide flat and the edges round, while the other cap was conical 
with a cone angle of 500. Two identical cylindrical short nozzles with dk- 
12.8 mm were screwed into the caps. 

On the ignition of the charge tubes (45 pieces) of the dimension 29-5-45, 
the declination of the chamber was 100 in the direction opposite to the conical 
cover.

2- Both caps were identical (flat with rounded edges). Two short 
cylindrical nozzles with C1. - 12.8 am were screwed into the opas. One of
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thxnozzles was d.iatinguished, only by having a round, inlet (field of influx), 
while the other had sharp inlet edges. 

These nozzles were tested during the experiments which were carried 
out for the selection of the charge to obtain the required pressure (30; 40; 
50; 70; 100 and 120 grams of the propellant 7/1 was wrapped in cloth packets). 
Airing these experiments, the chamber was declined towards the nozzle with a 
smooth field of influx. 

3- An example of the results of the serial experiments carried out for 
the determination of the maximum possible angle o( of the nozzle cone are 
shown in table 1. In this table, the summary of the results of d /dk 2.5, which were obtained with a set of nozzles having different cone angles, were 
included,. The investigated angles of the acne were: 10; 13; 20; 22; 25 and 
300; in all the experiments d was equal to 12.8 mm. 

The figures listed in the first column of the table indicate the number 
Of the experiments, the average results of which are given in the corresponding 
lines.

On comparing the nozzle having a cone angle of 10° with those having 
cone angles of 200 and 2509 the experiments with a charge consisting of long 
hot propellant tubes resulted in a large declination of the pendulum. In 
these cases, qualitative deviation in the results, on ignition of the different 
propellant., was not observed. 

The average values of the maximum pressures are shown in the fourth 
column, where each line represent, a group of experiments. 

It is interesting to note that the separation of the stream from the 
wall of the nozzle with a cone angle of 25 0 and 300 could be easily followed 
by the trace of the carbon deposits (soot) which the propellant gases leave 
on the internal wall of the nozzle-after the first ignition. In this case, 
the nozzle with the cone angle of 250 was covered with soot along its half 
length (up to d /dk • 1.7) 9 starting from the critical cross-section. Mean-
while, the nozzte with the 300 cone angle was covered only along the one third 
of its length (up to d /d	 1.5)9 starting also from the critical cr068-section. 

From the data gven in table 1, it is possible to conclude that for 
the nozzle with d/d , - 2.5, the maximum possible cone angle is close to 200. 

4- The characteristic features of the experimental results carried out 
by the other method for the determination of the optimum value of d /d for a 
given cone angle are shown in table 2. These experiments were carrted out with 
two successively undercut nozzles. Table 2 shows also the s ummary of the 
average values of the series of experiments with nozzles whose cones had, an 
angle of 200 ; the initial value of	 was equal to 5.5. All the experiments 
of this series were carried out with a -charge of 100 gram of the propellant 
7/1. The critical diameter of the nozzle was equal to dk - 12 sin. 

As a result of this series of experiments it is possible to conclude 
that the optimum value of d/d.k is equal to 3.25 for the nozzle with the cone 
angle of 200.
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Table 1 

Number of 
experiments

The We 
of pro- 
peUant

The weight 
of the 
charge

maxi 
P	 2Compared, 

angles, 
 deg.  

Declination of the 
pendulum, deg. Note 

5 7/1 0.120 249 10 & 13 1 in favour of 20 
5 7/1 0.120 260 10 & 20 1 in favour of 20 
2 II.T.II 

24-6-70 0.824 145 10 & 20 6 in favour of 20 
3 7/1 0.120 250 10422 2in favour oflO 
4 7/1 0.120 247 104 25 4.5 9	 of 10 The aepara-

tionof the 
stream 

2 II.T.II 
24-6-70 0.873 ° 145 10 & 25 24.5	 N	 of 10 

5 7/1 0.120 248 10 & 30 2 in favour of 10 

b1e 2 

Number of	 P .	 The oompated.	 - Declination of the pendia1um, 
experiments	 k2	 d•/'dk	 dog. 

4 220 5.5 and 5.5 No declination 
6 230 5.5 and 5.0 lin favour of 5 
4 208	 ° 5.5 and 4.5 2.5 in favour of 4.5 
3 220 4.0 and 4.5 0.7 in favour of 4 
5 210 4.0 and 305 0.7 in favour of 3.5 
7 - 3.25 "	 3.5 Noo1ination 
3 - 3.25 "	 3.12 0.2 in favour of 3.25

In the experiments with d/dgreater,than 4.5, the effect of the stream 
ipaot should be manifested since he average pressure inside the chamber 
could hardly achieve the normal work of the nozzle under these conditions. 

5- For the deteriwjnatjon of the effect of the pressure inside the 
combustion chamber on the mathematical expression o(- 	 . f( du ), experiments 
with an - inoreasing charge (up to 160 graiue4 of the propellant jy7l were carried 
out. The compared nozzles had in this case a cone angle of 200. The results 
Of the experiments are shown in table 3 which is constructed in the some way 
as table 2. 
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Table 3 

The weight P The Compared The declination of the pendulum 
Of the charge d.. 

130 362 400 and 4.5 0.7 in favour of 4 
140 368 4.0 and 4.5 0.7 in favour of 4 
150 320 400 and 4.5 0.2 in favour of 4 
160 565 400 and 4.5 No declination 

From the data given in this table it is possible to conclude that, for 
a given oc 9 the optimum value of d is increased with the increase of the 
pressure inside the combustion ohamer. 

Other analogous experiments carried out with the same propellant 7/1 
and with the same cone angle o - 200 0 but with lower d.S/dk values, could lead 
to the same conclusion (see table 4). 

Table 4 

Number of The weight of P The compared. The declination of the 
experiments the charge,

max,
kg/ca2 d/dk pendulum,	 deg* 

9. 

5 100 210 4.0 and 3.5 0.7 in favour of 3.5 
2 160 555 4.0 and 3.5 no declination 

6-. The experimentally determined maximum possible cone angles o for 
the nozzles with different ii /d, 	 for an average approximate pressure 
inside the combustion chamber o! 100 kg/cm are given in table 5. This table 
contains, therefore, the final results of the present investigation. 

Table 5 

d/'dk °' d.ak	 - °C 9 dog. 

1.5 23 3.5 13 
2.5 20 405 10 
3.0 18
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The obtained results are rather levelled by the graphical drawing of 
the nozzle outline which can be accomplished by means of the following proce-
dures Starting from the given &, the outline of the nozzle is drawn with an 
angleo - 23° and d /& - 1.5 (see table 5) . From the obtained. d /d., the 
outline of the nozzle with z - 200 is then drawn till d. 	

a 
2.S is obtained..

This procedure Is then repeated tu( - 4.5 is obtained. 
/itg.i;(J	 tl ' 1A f?'	 tI, /it	,5

U 
- 

Pie. 3 

Furthermore, for the extrapolation of the results, a cone angle ranging 
from 70 to 80 can be used.. As a result, a nozzle consisting of a set of 
truncated cones is obtained.. The formed cones should be then levelled by a 
amoo* line. 

In this way, the outline of the nozzle was drawn, which is illustrated 
by the solid line in figure 3 [3J. The values disposed under the nozzle show 
the length (in millimeters) of the curvi-linear nozzle for different values of 
d /d; for the given case of drawing, d. is equal to 25 mm. a	

For the sake of comparison, besiaes the ourvi-linear nozzle, the linear
nozzle with the same value of d which is equal to 25 mm and a cone angle of 
100 is illustrated in the same rigure by the dotted. line. For this nozzle, 
the values of d./d. and the length 1 from the critical cross-section to the 
exit are shown. Knoe, the disposed values of the d/& ratio were taken as 
those used for drawing the curvi-linear nozzle (1.5; 2.; 3; 3.5; and 45). 
The ends of the ourvi-linear and linear nozzles, corresponding to the values 
of d /d , , are joined by means of an auxiliary line in order to make the reading 
of de arawing much easier. 

7- During the ignition of the charge in the differential chamber which 
is equipped with thin walled nozzles having a big d. /d., ratio (about 5), after 
the explosion of the charge a vibration of the nozz'e was observed. This 
vibration lasted for several seoonds. 

It is necessary to mention that during the ignition of the charge of 
the propellant 7/1, certain amount of unburnt propellant particles were blown 
out through the nozzle together with the effluent gases. After the explosion 
of the charge the timbered wall of the traverse, existing at an approximate 
distance of two metres from the nozzle, appeared to be thickly atidded with 
unburnt propellant particles. 

Jevertheless, the monotony of the pressure readings registered by the 
manometer indicated that the blown out propellant particles did not affect 
the conformity of the observed phenomena. This fact was confirmed by the 
results of the controlled ignition of the tubular propellant charges in which 
the ejection of the propellant particles did not take place. The results of
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the ignition of the granular propellant as well as the tubular propellant 
did not show anyojzalitative difference (see table 1). 

Conclusions 

On the basis of the outlined experimental results, it is possible to 
make the following conclusions * 

1.- The curvi-linear shape of the nozzle is the most suitable shape, 
since each value of the d. /dk ratio has its Own value corresponding to the 
optimum angle of the nozz.e cone. The bigger is the da/dsz ratio, and cons e-
quently the flow rate, the smaller will be the optimum cone angle, and vioe 
versa [4]. 

2- The optimum cone angle is the maximum possible angle at which no 
stream separation can take place, since either increasing or decreasing the 
angle from that limit results in the decrease of the required effect 

3-. For small values of d/dk ratios, the optimum angles of the nozzle 
cone become considerably bigger than the ordinary angles used for practical 
purposes (8 - 100 ), and may attain 230 (see table 5). 

4- With the increase of pressure in the nozzle, the values of the 
maximum possible cone angles, for the same d/d. ratios, will increase. Sinee 
the pressure in the exit cross-section of the nozzle, calculated from the 
average pressure inside the combustion chamber, was in all these experiments 
higher than the atmospheric pressure, then the observed increase in the 
possible d /d ratio, for a givenc , with the increase of pressure can be 
explained y the increase of the angular velocity of the gas flow with the 
increase of pressure. 

5-.It follows from figure 3, as found in the experiments, that the curvi-
linear nozzle is from 1.5 to 2.5 times shorter than the linear 100 nozzle for 
the same values of dk and d /d ratios [51. This situation explains the 
reason why the decrease of he angle from its maximum possible value for a 
given d/ç ratio leads to a decrease in the draught of the engine. The 
oonsid.erabr, difference in the length of the linear and curvi-linear nozzles 
is stipulated by the small internal surface of the curvi-linear nozzle, and 
consequently, to the lower thermal as well se frictional losses, lower thermal 
losses result in a more rapid decrease in temperature and pressure in the 
curvi-linear nozzle. Moreover, the smaller weight and the clearance of the 
nozzle give the curvi-linear nozzle certain advantages. 

Therefore, the application of the ourvi-linear nozzles in practice, 
as found from the drawings, appears to be more reliable. In addition, the 
construction of such standard nozzles does not offer any technological diffi-
culties.

6-.The results of the present work should be considered as a preliminary 
step in the direction of the investigated subject. In the future, the used 
apparatuses may permit to obtain more acourate and full results than those 

given in this article, since it ooul4 be possible, for example, to investigate 
the shape of not only supersonic but also subsonic nozzles (with reapet to 
the critical cross-section), in addition to the shape of the part of the combus-
tion chamber which is adjacent to the nozzle.
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THE ROCKET NOTOB 

(With xe8peot to design and construction) 

(1931) 

Nomenclature 

OEM Jo. 1 - is an experimental rocket motor with an all-jet nozzle 
working on a fuel mixture of (N2

i
O + C,Eg)• The motor is 

equipped with a atatio water coolng sjsLu and a cylindrical 
nozzle; ignition is initiated by means of a Biokford, fuse. 

OEM No. 2 - is an experimental rocket motor with an a11-jet slotted nozzle 
working on a fuel mixture of (J 20 + C Hg). The motor is 
equipped with a static water 000lt.ng seew and partial dynamic 
cooling of the fuel. It is also fitted with a cylindrical 
nozzle and ignition is initiated by a sparking pig. 

OEM Jo. 3 - is an experimental rocket motor with an automatic self-adjusting 
system keeping the pressure constant in the combustion chamber. 
This motor is equipped with a system of dynamic cooling of the 
fuel and an internal t1 ermo-insulation of the combustion chamber. 
It is also fitted with an all-jet slotted nozzle working on a 
fuel mixture of (p20 + C E8 + B H10 ) and. a paraboloidal nozzle 
with a spontaneous 4iitiln in te combustion chamber [1/.
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THE CONTROL OF THE O (EXPERIMENTAL ROCKET 
MOTOR) No. 1 AND THE EQEIMENTS CARRIED OUT 

WITH If 

(1931) 

The gained knowledge of the pressure lose of the forced fuel in the 
R.M. (Rocket Motor), which takes place in the pipelines and tubes, is of great 
importance. 

It is well known that the weight of the system of the fuel supply cons-
titutes a considerable part of the total weight of the BLA (rocket-powered 
aircraft). Therefore, all the necessary measures should be taken to decrease 
the pressure drop in the pipelines. 

According to Bernoulli's equation, the pressure-head lose is given by z 

II	 '_..	 (•, 

where v0 - the velocity of the fuel in the exit cross-section of the nozzle, 
v - the velocity of the fuel in the pipeline, and 	 - the density of the fuel. 

From the foregoing equation it follows that it is more convenient to 
use nozzles and pipelines of possibly bigger cross-seotions in order to minimize 
the pressure lossin the system, since the velocity is represented in the 
equation tyV . In order to get a lower value for the coefficient 	 (the 
coefficient of the concentrated losses), it is quite sufficient to avoid bending 
oVthe pipelines in general, and the sharp bends in particular, and to minimize 
the number of pipes and valves in the system. The length of the pipelines, 
which is determined, by the value of the coefficient	 (the coefficient of 
the regular distribution of the losses), should be also brought to a minimum. 

For the application of the obtained conclusions, which are very essential 
for the design of pipelines used for various puzpoaes, we should firstly find 
out the characteristic features of the ORM (experimental rocket motor) No. 1. 

Initially, we shall investigate the path followed by one of the compo-
nents, namely, the fuel. 

The flow area of the nozzle is represented by the following equation 

(Ii i 	 7 J 13	 0,39 

Taking the maxim fuel consumption equal to 1570 grams (see page 187 ), then 
the fuel will be consumed at a rate equal to 

157U.18,2
:=330 C.4& V. 

Summarized (Edit.).
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and the rate of its injection will be equal to z 

V0	 82r.,i/ec  

Accordingly, the fuel will flow in the pipeline (0 - 10) 9 with a rate equal 
to I

TI, 
78-=' 23 	 - 4,2:1 /SetI. 

By investigating, in a similar way, the flow of the oxidizing agent, 
taking into consideration that its path in the ORM (experimental rocket motor) 
No.1 is similar to that of the fuel, we get * 

(0,()2 
= 3• 0,34 - 1,02 

the amount of the oxidizing agent required for the maximum fuel consumption 
is equal to *

1570.82J1	 - -	 - 
b90c tOO.-t,45	 .ns3/ec; 

the rate of its injection is equal to S 

U1) - 

and the rate of flow in the pipeline (010) is equal to s 

As a result of these computations, it is clear that the obtained, data 
can show only the order of the values of the expected phenomenon. The 
accurate values of the pressure head losses in the OEM (experimental rocket 
motor) No.1, for various excess pressures of fuel supply into the combustion 
chamber, can be experimentally determined by drifting water through the motor 
under the corresponding pressure. The direction of the OEM (experimental 
rocket motor) NO-1 is achieved, by means of an installation accomplished 
according to the schematic diagram given in figure 1. 

In principle, the sequence of the start of the OEM (experimental rocket 
motor) No.1 is as follows. The valve (1,1) is opened while the throt1e 
valve (5,5) is closed, and the required pressure inside the working qhamber 
of the air (compressed gas) driven engine is determined by means of the hand 
lever (4,4). The throttle valve (5,5) is then opened-with the required rate 
and the system of fuel supply is set into action. By further regulation--of
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the hand. lever (4,4), the final pressure of the fuel supply is established 
with the aid of a manometer (6, 6), and the corresponding correction of the 
pressure drop inside the motor is introduced (Bee above). The pressure drop 
in the pipeline connections existing up to the motor is registered by the 

R 

Fig. 1. 

manometers (6,6) which are Bet as close as possible to the motor. 
The presence of two reducing valves allows the regulation of the supply 

Of the fuOl components into the motor individually for each component. It 
allows also the investigation of the performance of the ORM (experimental 
rocket motor) No.1 with various regimes of supply. 

The corresponding construction of emergency valves (A.K.) with the 
least resistance to the liquid stream should stop the fuel supply in the case 
of breaking the pipeline in any place ahead of the emergency valve. 

Since the OHM (experimental rocket motor) No.1 is equipped with a nozzle 
and consequently with atomizers directed upwards, then under lower pressures 
of fuel supply and also during the start of the motor, if the throttle valve 
is not opened at once, the fuel can fill up the lower part of the combustion 
chamber. Therefore, if the ignition device is situated in the other end of 
the combustion chamber, the combustion may be retarded which may cause a 
disaster. 

For this reason, and since some experiments on the OHM (experimental 
rocket motor) No.1 had to be carried out under a lower pressure of fuel supply, 
the method of ignition by means of the Bickford fuse, in the form which had 
been earlierly suggested, should be rejected. The method shown in figure 2 is 
more convenient. In this method, ignition takes place by means of a piece 
of cotton impregnated, for example, with alcohol or toluene. The impreiated 
piece of cotton is situated on the protrusion of the device, and is ignited by 
means of a rapidly flammable cord.. 

The OHM (experimental rocket motor) NO-1 has a set of nozzles with a 
critical diameter dk equal to 10; . 15 and 20 mm. For each of these nGzzles
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Fig. 2 

and under each pressure (P) in the combustion chamber, there exists a certain 
value of reactive force (a). Let us determine the values of the reactive 
forces (a) for some cases which have an extreme practical eiiificanoe. The 
calorific value of one kilogram of nitrogen tetroxide-toluene fuel is equal. 
to 1800 cal. If it is assumed that the efficiency of the ORD (experimental 
rocket motor) Noel is equal to 25 percent, then the utilized heat will be 
equal to;

IROO.25

11)11 

which corresponds to :

= 91,5 iT4ro = 1920./sec. 

Then one kilogram of fuel will give an impulse amounting to s 

I = ..ç 20O.tiedKy. 

The following equatiOn will be used 

R	 cf (--a-) ;"tinp. 

I- If F 
mm - 

0.78 am2 (dk - 10 mm) and P a 10 k,/cm2, then we et : 

11  c

	 1, 5,	 1 (.- 

 1,5 . 0,5. 0,76.10, 8 n. 

The fuel consumption necessary to obtain this performance regie of 
the rocket motor is equal to $ 

ZW or 1c225c.,,sca.
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II. If d - 20 mm	 - 3.14 cm2), p - 10 kg/cm2 azd the
in 

remaining data are the same as those given in the preceding point, 
then we get 8

Its = 1,5.O,5•3,141() 

and the required consumption is e%ual to s 

r	
12(1 

= -j-	 120 3/er_, of	 th1c.n/5ec. 

III. If d - 10 an (r	 - 0.78 an 2) d p - ioo
min 

c-2,O,	 0,5, 

Then we get 8

Its	 2,O•0,5.0,74.10() . 78e, 
78	 390 

	

:190Y /Sec, 	 cf	 300 ra1j1(..i,J4 

IV. If d - 15 mm (P 
mm - 1.77 cm

2), p • 100 kg/022 and the 
remaining data are the same as those given in the preceding point, 
then we get $	 /14- 2,0.u,. 1,77.100 

)4	
177	

or	 660 c.,/cc. 
1,34 

IT 

E 
-r" 

dL• I 
I1 

( .4 
$ ..	 1	 ' •'1• 

'J2	 (1*1 

	

7'1 •t-	
. r.__ 

.1:'g . ff# :• I

.'r4 j' 

Pig. 3 (ORM-1 /2/)
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V. If d - 20 mm (F in - 3.14 cm2), p ioo g/om2 and the 
remaining data are the same as those given in point number III, then 
we get 3

1t	 2,U•O,5.3,14.1Oo 

= l57Ii9/Se(. or.	 1170 cm3/Sec ;it

The computed values of the fuel consumption (Q) are the minimum 
values necessary to get the pressure and., consequently, the reactive 
force indicated for each case inside the combustion chamber of the 
ORM (experimental rocket motor) Ho.1. The investigation of the 
various performance regimes of the rocket motor can be conducted by 
carrying out a part of all of the measurements given below 3 

1- The measurement of the pressure and the reactive force 
inside the combustion chamber. 

The following instruments have been used s 
a) The recording instrument of the t'pe .LRD 

b) A spring manometer with a gas seal. 
2- The measurement of the pressure of Az)j supply in the 

pipelines. 
The following inutnunonts have been used $ 
a) A metallic manometer of Burdon type. 
b) The recording instrument D. 

3- The measurement of the fuel consumption. 
The following instruments have been used S 

a) Instruments giving instantaneous specific consumption of 
the fuel.

b) Instruments giving the total consumption of the fuel. 
These instruments are still under development. 
4- The measurement of the temperatur. a 
a) of the cooling component of the fuel before the combustion 

ohamber of the rocket motor is cooled. 
b) of the cooling component of the fuel before its injection 

into the combustion chamber. 
o) of the external cup of the combustion chamber of the R.M. 

(Rocket Motor). 
The measurements of the temperature can be carried out by the 
well known electric methods. 

5- The analysis of the effluent gases [3]. 
The following instruments have been used z 
Automatic gas analyzers giving a continuous record of the 
CO29 CO and 02 contents.
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Pig. 4 - The OBN (The Experimental Rocket Motor) N0.1 
(longitudinal and vertical cross—aeo tions).
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It is necessary to mention that, the practical realization of 
the analysis of the exhaust gases is a quite complicated problem, 
the solution of which cannot earlierly predicted. 

During the design of the ORN (experimental rocket motor), 
almost all of the dimensions should be determined on the basis of a 
series of requirements which should be fulfilled so that the motor 
can be set under the most suitable conditions of work and exploita-
tion. However, the most important and significant parameter, namely, 
the "length", is taken without any serious argument, due to the 
absence of the necessary experimental data. Only by means of these 
data it becomes possible to carry out the entire computations related 
to the design of the motor on a firm basis. 

It should be remembered that the OHM (experimental rocket 
motor) No.1 as well as the whole system of its feeding with fuel are 
oaloulated for the case of the stationary performance of the motor 
[4]. On installing the R.M. (Rocket Motor) in a BM (rocket—powered 
aircraft), the acting acceleration of the flying aircraft will exceed 
the earth acceleration several time..
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FUEL TANKS WITH A STATIONARY CENTRE OF OBAVITYt 

(1931) 

One of the means by which the stable flight of the ELA 
(rocket-powered aircraft.) oould be achieved, on the performance of 
its engine is the application of storage fuel tanks with a stationary 
centre of gravity [1]. It has been mentioned in the previous works 
that the displacement (shift) of the centre of gravity is the main 
reason for disturbing the stability of the inclined flight of rockets. 

For the case of the large displacement of the centre of gravity 
the vertical flight will be also disturbed. The unatabilising effect 
of the displacement of the centre of gravity could be totally abolished 
if a solutionis found for any of the following two factors $ 

1- The centre of gravity of the rocket is stationary and the 
direction of the reactive draught of 'he engine, with respect to the 
rocket axis, is constant. 

2- The centre of gravityof the rocket is displaced (possibly 
restricted) and the direction of the draught forces are, consequently, 
similarly changed. 

In both oaasa the centre of gravity coincided continuously 
with the direction of the action of the reactive draught, which in 
considered as one of the conditions for attaining a stable flight 
for the rook.t. 

Additional stabilization is achieved by the application of 
mutual peendioular planes in the tail part of the device. On using 
quite high values of these planes and a considerably big length of 
the starting framework, these measures should be sufficient in order 
to avoid the rough deviations in the path, for the conditions of 
accurate balancing of the rocket and precise setting of its engine 
at the required angle with respect to the long axis of the device 
(see the report on "The Rocket Flight") [3]. 

In the present project, it has been suggested to stabilize 
the rocket by the method which is based on the application of the 
universal cardan hanger of the engine with a stationary centre of 
gravity for the BLA (rocket-powered aircraft) [4]. This method could 
be achieved by the application of special fuel storage tanks. Such 
types of fuel tank R are illustrated in figure 1. The tank is 
divided by means of a mobile cross-sectional membrane into two parts, 
an upper part and a lower one in which the components of the fuel 
(1 9 2) are stored. The mobile membrane (3) can be shifted along 
the tank under the pressure of compressed gas passing through the 
connection pipe We This gas drives a part of the fuel (1) upwards 
through the connection pipe (5). At the same time, the gas drives 

* summarized (Edit.)
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also a part of fuel (2) through the connection pipe (6). Accordingly, 
the total centre of gravity of the tank remains in its position. 

The present authors are convinced that a small excess pressure 
is required to maintain a part of the hanging fuel (1)e Assume that 
the acceleration acting on the rocket is equal to 10 g. The specific 
weight of the nitrogen tetroxide-toluene fucl is equal to 1.34. In 
this case, for a length of one metre fo the storage tank full of 
fuel, the weight of the fuel per one cm of the cross-sectional area 
of the tank is equal to 1.34.100.10 - 1340 grams. 

Fig. 1 

Therefore, it is quite enough to have an excess pressure of 
1.34 kg/am for the compressed gas over the fuel. The enerr losses 
of the compressed gas on the friction of the membrane against the 
wall of the tank can be reduced to an insignificant value. 

Thus, the envelope of the tanks and the pipelines are impon-
derable, In other words, it could be assumed that the displacement 
of the parts the construction with respect to the main centre of 
gravity does not take place. The requirement of maintaining the 
centre of gravity in position, during the whole time of the evacua-
tion of the tanim, can be expressed as followss 

r1 i1'I	 /IiTItLp 

where the subscript i can acquire any value within the range of 
i - 1 to i - Ts T - the time required for the full evacuation of 
the tanks; Ri, r --the respective distances of the centres of 
gravity of the fuel components disposed towards one and the other 
side of the main centre of gravity; m it X - the masses of these 
wo pars or rue.. 

If the storage tanks of each component (the oxidizing agent 
and fuel) are acoomplished ' acoording to figure 1, then the oaloulationa 
related to the tanks will be simple, since half of the content of
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each tank will be forced downwards whereas the other half will be 
forced symmetrically upwards. However, we can imagine a device 
permitting the use of only one mobile membrane for the separation 
Of the two components of the fuel. Such a tank device is schematically 
illustrated in figure 2. Only a part of the oxidizing agent is 
lifted upwards (to the left) by means of the mobile membrane. The 
conation of the oxidizing agent (by weight) is usually iwoh more 
than the fuel. The other part of the oxidizing agent and the fuel, 
constituting a sum of 50 percent of the total weight, are forced by 
the ordinary sequence through the lower bottom of the tank (to the 
right).

We shall calculate the relative dimensions of the fu1 tank 
accomplished according to figure 2. This tank can be imagined as 
a cylinder with an internal diameter of d.. The specific weights of 
the oxidizing agent and the fuel are	 and c6 respectively. Since 
the weight c thoxidizing agent is 2-6 times greaer than that of the 
fuel, then in order to maintain the position of the centre of gravity 
of the tank, the components of the ft; should be divided into 
three parts as shown in figure 2.

&
'II 

'.f 

/ 
/ 

&	 b; 

Fig. 2 

The conditions of equilibrium with respect to the main centre 
of gravity are written as follows (see fig. 2) s 

in1r1 - :ir. - 1n3r3 	 (i) 

or

81L =	 -. 62L3 (2L0 +L3).	 (la) 

The conditions of the accurate volumetric relationship 
Ietween the fuel and the oxidizing agent tanks, should be add.d..
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Thts relationship can be expressed as follows s 

	

Lx+L2nL3,	
(2) 

where n - the ratio of the volume of the fuel components, corres-

ponding to the correct ratio of their combination (Btoiohiometrio 
ratio), n >1.. 

We obtain a system of two equations (la) and (2) with two 
unknown values (for example L1 and L2). By the mutual solution of 
these equations, we get *

La (ô1p	 &)

(3) nL3 L2. 

By using the two obtained equations, it becomes possible to 
compute the dimensions of the fuel tank if the amount of fuel (L3) 
is only given. 

We shall investigate the conditions of the fuel consumption 
from such a tjpe of tank (fig. 3). We shall determine whether a 
regular consumption of the oxidizing agent per second will take 
place from each section of the tank during the regular consumption 
of the fuel. Let the shaded areas correspond to the remaining part 

7.1- 1 -	 Fll•;-
S5 

EH c
Pig. 3 

Of the fuel for any given period of time taken during the evacuation 
of the tank. 

The conditions of the correct volume ratio (atoichiometrjc 
ratio) of the remaining amount of fuel components are expressed as 
follows *

(L1 - ii) + (L2 l) fl (La - la).	 (4) 
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According to what has been mentioned before, we have : 

r1ii1 = rrn + r3in3,
(5) 

ô (L - l) = (L - l) -F ô. (L -	 (6) 

By the mutual solution of the two equations (4) an (6) we 
get the unknown value for each period, of time, for which we aubsti-
tutea the value of 13. For the given tank, the values of L] L2, 

L3 are known. 
From here, it is evident that, in order to maintain the 

stability of the gravitational force in the tank of the investigated 
construction, the consumption of the oxidizing agent should be irre-
gular and different for each section of the tank. 

Therefore, the application of the fuel tank, accomplished 
according to the scheme 2, is possible only for the case when the 
exit pipelines of this tank are supplied with special consumption 
regulators acting by the former given complicated, law. 

However, the necessity of the application of the complicated 
regulators neutralize the profitability of the investigated scheme 
of the tank with respect to the other schemes (such as the applica-
tion of a mobile membrane with a relatively small weight). 

Actually, due to all of the above—mentioned factors, the use 
of the tanks with two mobile membranes, accomplished ao 9ording to 
the schemes of figures 4 and. 5, does not necessitate the application 
of ary regulator., since the consumption of fuel per second from 
each section is constant.

irJrfr-',r 

Pig. 4	 Pig. 5



- 195 - 

The calculation of the relative length of the chambers of 
these tank is very simple and is expressed by one equation (see 
figs. 49 5). 

By the appropriate calculation of the cross-sectional area 
of the pipelines, it is possible to get the required amount of the 
liquid fuel consumed from the sections of the tank. It is quite 
probable that the diameters of the openings had to be obtained ext-
p eriinen tally. 

For the final calculation of the rocket shell, with a stationary 
centre of gravi1y, accomplished, for example, according to the scheme 
of figure 6, it follows to take into consideration the effect of the 
displaced parts of the construction, as, for example, the mobile 
cross-membranes. This effect oould be avoided by the symmetrical 
arrangement of the membranes inside the chambers and decreasing level 
of liquid (see fig. 6).

Fig. 6 

Finally, it follows to take into consideration the displace-
ment of the centre of gravity of the rocket shell as a result of 
the consumption of compressed gas from the pressure accumulator. 
This compressed gas should serve for the direct supply of fuel either 
into the rocket engine or into the pumps feeding this engine. 

The total change in the weight of the compressed gas in the 
the accumulator (see fig. 2) is equal to z 

(P—p)'r 

It is convenient to compensate the displacement of the mobile 
membrane (2) by increasing the weight. 

The fuel tank s with the stationary membrane system may be of 
two types. In the first type, the centre of gravity, during the con-
sumption of the fuel, rise, at first and is then lowered to the former 

-	 position. This system is quite contrary to the other systems. By 
collecting these tanks in oie shell, it becomes possible to achieve a 
stationary total centre of gravity for the rocket.
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ORM No.2 (THE EERIMiTAL ROCKET MOTOR No. 

(1931) 

The advantages of the EM (Rocket Motor) which is equipped 
with a slotted jet nozzle have already been mentioned in one of the 
previous reports IV- 

By the way, the construction of the OEM (Experimental Rocket 
Motor) No.2 should fulfil], the following requirements [2) : 

1- The utilization of the volume of the combustion chamber 
(the ratio of the volume of the fuel consumed per second to the 
volume of the combustion chamber) should be as high as possible. 

2- The shape of the combustion chamber should be possibly 
more simple. 

3- The supplied fuel should uniformly fill the whole space 
of the combustion chamber. 

4- The construction of the nozzle should proved the most 
rapid and full mi xing of the fuel components inside the combustion 
chamber.

5- The number of the parts, which constitute the motor, 
should be minimum. 

6- The loss in the pressure head of the fuel inside the 
motor should be as low as possible. 

7- A partial cooling of the most thermally loaded, parts of 
the combustion chamber should be achieved by means of the fuel. 

8- The power of the OEM (Experimental Rocket Motor) No.2 
should slightly exceed the power of the OEM (Experimental Rocket 
Motor). No * 1. 

9- The pipelines should. (as far as possible) $ 
a) be linen, 
b) have a continuous rise in the direction of the flow of 

the fuel, in order to avoid the formation of gas cavities, 
c) be well fixed, 
d) be well sealed, and this should not affect the cross-

section of the pipelines, 
e) the seal should be easily accessible and should acquire 

the poasibi1i' of easily dismantling the pipelines. 
It follows to mention that the OEM (Experimental Rocket Motor) 

No.2, which is undoubtedly characterized, in many respects by 
advantages in comparison with the OEM (Experimental Rocket Motor) 
No.1 consists of 50 parts. On the other hand, the OEM (Experimental 
Rocket Motor) No.1 consists of 93 parts. 

Using the well known Bernoulli's equation, we shall calculate 

t Summarized (Edit.).
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the value of the hydrodynamic 1088 stipulated by the construction 
of the OEM (Experimental Rocket Motor)No. 2. The nitrogen tetroxide-. 
to]uene mixture is used as a fu1. Let the maximum fuel consumption 
be equal to 4800 9/sec (see below). The fraction of the consumed 

	

fuel will be equal to s 	 - -- - - 

400.f.S 

while that of the oxidizing agent will be equal to z 

- 393;5. 

In volumetric units this will be equal to s 
for the fuel $

oo 

and for the oxidizing agent

2700 (•J 

The flo* area of the nozzle is equal to S 
for the fuel

4- (d - d.;') 43,00 - 34,21 = 

and for the oxidizing agent 

	

L (/)' - 	 7 1,5 1 -- 7,78	 8,79- 2,7 0	 23,73 c. 

Hence, the injection into the combustion chamber will be 
carried out at a rate of s for the fuel 

1000	 - 
•114 c./5e.c = 1,14 .i/5ec., 

and for the oxidizing agent, according to the conditions of equalizing 
the pressure supply, will be similarly equal to 1.14 rn/eec. 

The rate of flow in the Pi
p
elines ahead of the round valves 

Of the fuel (0 14) will be equal to : 
- ----------------

=

	

60 r.41/6ec	 6,5 .u/5ec, 

and the rate of flow of the oxidizing agent (2 x 0 20) will be equal to $	
2700 - -	 - 

41,3 m1sec.1 3J
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For the OR)! (Experimental Rocket Motor) No.2, which is supplied 
with a set of nozzles with dk equal to 20, 30 and 35 mm., there 
exists a certain value of reactive foroe (R) for each nozzle and 
pressure (p) in the combustion chamber. Let us determine these values 
for some oases of practical interest. Assume that the efficiency of 
the OEM (Experimental Rocket Motor) No.2 is equal to 25%; then one 
kilogram of nitrogen tetroxid.e will give an impulse of 200 kgJseo/kg. 
Hence, in the future, the following equation will be used z 

/€ 

I. If we assume that 

d,1 = 20.n.% 9 	 /",jii,i	 3,14 rx 1J 

then

/ 
(. 11

-) r 

0,5, 

and the required fuel consumption will be

• 117 

II. If we assume that s 

20A,,*, Finin r-: 3,14 C.%2, p	 100 p:cm2, 

then

cc.2,0,	

I(-:-•)
 

"2	 3,14.10(;	 314 
:il4.loa

lS7Oy/ec. 

III. Let

d11	 3() _,.n, Frn i f, = 7,07 Csn.2, p = 100 nylr.O, 
jta = 2,0.0,5.7,07.100 

707 
Qs
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IV. Let 

- = 5 ,	 =	 j'= io 
114 : l,50,5.9,t2'jO'72r 

201) 

(I	 35 Cit, "mj	 9,62 c, p	 l01)icJ, V. Let	
11	 2,0.0,5.i62.00 

9110 

Q =iii 

Fig.1 
OEM No.2 (The Experimental Root Motor No.2) 

The computed. values of the fuel consumption (Q) are the minimum 
values required for getting the indicated pressures and the correspon-
ding reactive forces for each case in the combustion chamber of the 
OEM (Experimental Rocket Motor) No62, since the actual efficiency 
will be, probably, lower th8n that taken as a basis for the calcula-
tions (25 percent).



S. 

For the determination of the utilized volume in the combustion 
chamber, it follows to take the ratio of the volume of the fuel con-
sumed per unit time to the volume of the combustion chamber for a 
certain given thermal efficiency. 

Therefore, for an efficiency of 25 percent, the volume of the 
consumed nitrogen tetroxide-tolu.ene fuel, undr 8the conditions of 
maximum power (p and dv), will be equal to 1M

	
litres. This 

So &pond.a to an util zed volume n the oombustion chamber of 
- 6.2 litres. 

0. 0 For a thermal efficiency equal to 70 percent, for the same 
power, the consumed fuel will be only equal to 3 kilograms, which 
gives a utilized volume in the combustion chamber of 3.8 litres. 

It has been agreed, during the determination of the utilized 
volume of the combustion chamber, to relate the fuel consumption to 
a thermal efficiency of 70 percent and to take it as the m-Y4-Im 
power of the BM (Rocket Motor). 

Let us determine the power of the OR}i (Experimental Rocket 
Motor) No.2 9 which is developed in the fifth case, i.e., when R - 960 
kg. and Q - 4.8 kg/sec for a thermal efficiency of Yl t - 25 % and 
a calorific value of P • 1800 Kcal./kg. 

The power of the rocket motor is equal to 

M • 427.1800.4,8.0 0 25 - 922 320 Kg.m/sec or 

14 • 922320 
12300 h.p. 

When the oonioal nozzle is used, then the thermal efficiency 
is, at least, doubled; in this case, r - 005 and N - 1845000 
kgo m./sec, or N - 24600 h.p. 

The control of the ORM (Experimental Rocket Motor) No.2 is 
accomplished by means of the same installation which is used in the 
case of the OEM (Experimental Rocket Motor) No.1.
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THERMAL LOSS AND COOLING OF THE ROCKET MOTOR 

(1931) 

In rocket motors, the thermal losses can take place due to the 
following reasons ; 

a) incomplete expansion of the gases in the nozzle; 
b) gas friction on the internal wall of the nozzle and the 

formation of a vortex; 
o) heating of the combustion chamber and nozzle and their 

thermal-conduction 11]. 
The first two processes of thermal loss are decreased by the 

rational construction of the nozzle and the selection of d /d.k3 
by means of polishing and so on. These processes are subjota of 
special investigations. 

The effective means of decreasing the thermal loss (according 
to point o) are : 

1- Decreasing the combustion time of the fuel by increasing 
the power of the Rid (Rocket Motor) (increasing the fuel. consumption); 

2- The thermal insulation of the metal from the internal side 
which is in contact with the hot gases; 

3- Cooling of the heated parts of the Rid (Rocket Motor) by 
liquid fuels and using the transferred heat for the initial heating 
of the fuel [2]. 

However, increasing the power of the RN (Rocket Motor) above 
the known limit is quite unprofitable, since the weight of the Rid 
(Rocket Motor) is greatly increased, and in particular the weight of 
the system of the fuel supply to the RU (Rocket Motor). The selection 
of the performance time of the rocket motor should be dictated by other 
factors which are much more important than the thermal losses. 

The application of the method of thermal insulation is quite 
profitable especially if we find, a material that is capable of resisting 
the high temperature developed in the RN (Rocket Motor) (see 'the 
report on "The thermo-insulation of the combustion chambers of the Rid 
(Roket Motors)) (3]. However, the thermal insulation of the nozzles 
is excluded. This is because in the combustion chamber the values of 
the rates of the tranalatory motion of the gas mass are insignificant, 
whereas in the nozzle, the gases are rushed so quickly that any insu-
lation which do not acquire . a smooth surface such as that of the metal 
will be carried away by the effluent gases through the nozzle. This 
essential fact is distinguished by the conditions of the performance 
of the thermal insulation in the combustion chamber. The experiments 
which have been carried out in the GDL (Gas Dynamic Laboratory) with 
various insulations have completely confirmed the above outlined fact



- 20,2 - 

(see the report on "The therino-insulation of the combustion chambers 
of the Rid (Rocket Motors)!). 

Since the ratio of the values of the internal surfaces of the 
combustion chamber to those of the nozzle is quite considerable in the 
case of jet missiles of the (}DL (Gas ]namio Laboratory), then for the 
latter the problem of the thermal losses through the nozzle &e to 
thermal conduction does not acquire any practical significance. On 
the other hand, this problem is quite significant in the case of Rid 
(Rocket Motors). Here, we had . to turn to cooling of the nozzle 
by means of the fuel as the only accessible mean for using the exhausted 
heat.

It is possible also to use other means for decreasing the thermal 
1088 in the nozzle as a result of thermal-conduction and even &riction. 
This could be carried out mainly by the rational selection of the 
nozzle elements /4/. For this purpose, it follows to select a nozzle 
with the least internal surfaces for a given critical diameter d . and 

ratio.	 .king into consideration the requirement of a reg1ar 
gas 'low inside the nozzle (minimum vortex formation), the least 
internal surface for a given critical diameter dk 	 da4'(lc ratio will 
be obtained, for the maximum permissible angle of dissolution of the 
nozzle cone. This peculiarity in the construction of the nozzle is 
realized for different other reasons dedicated to the requirement of 
minimum nozzle weight and the ease of its preparation and so on. 

Therefore, the external cooling of the nozzle of the Rid 
(Rocket Motor) is necessary not only for decreasing the thermal loss 
but mainly for the protection of the metallic part. 

Concerning the combustion chamber of the Rid (Rocket Motor), 
the necessity for its cooling with the supplied fuel is weakened or 
is completely vanished, since it could be thermally insulated.. Cool-
ing by means of the supplied fuel is particularly desirable for those 
oases 41ien liquified gases are used as fuel components, i.e., on 
using liquids with considerably low boiling points. The quality of 
the thermo-insulation is determined, to a considerable extant, by the 
construction of the Rid (Rocket Motor). 

In any case, the temperature of the working parts of the Rid 
(Rocket Motor) should not be allowed to rise over 300 0 0, in order to 
avoid the deterioration of the mechanical properties of the metallic 
part of the construction. This remark should not be related. to the 
internal wall of the combustion chamber in the case of the absence 
of the insulation. 

In the ORZ( (Experimental Rocket Motor) No.3 9 where the internal 
cup is mobile, cooling of the combustion chamber and the nozzle is 
necessary to avoid the possibility of burning the cups. 

It is suitable to cool the RN (Rocket Motor) with the liquid 
fuel itself, not only for decreasing the thermal loss but also to avoid
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the increase of the dead weight of the WA (rocket—powered airorafta) 
by adding a foreign liquid Al. 

The oxidizing agent usually acquires much lower boiling points 
with respect to the fuel. Die to this fact the utilization of the 
oxidizing agent for cooling the EM (Rocket Motor) offers considerable 
technical ooinplioatious. Besides, due to the unavoidable abundant 
evaporation of the oxidiing agent it can hardly find, any application. 

Therefore, if cooling is not complete, it should be accomplished 
by liquid fuel. 

For the cooling component of the fuel, it is desirable to acquire 
not only a considerable boiling point but also a high specific heat. 
The highest tewperatur• at which the cooling liquid will be heated 
should not reach its boiling point. 

The values of the boiling points of some fuel components under 
normal and critical pressures are given in table 1. 

Table 1 

T& bu	 1 ttr	 ;c: Y1e CJIiCLl 

N2O. 15 97 

("7118 110,5 321 

1141110 11--17 - --
- 

(112 .--83,G :s,s 
OIiq —182, --IIM,8 97 
Oaliq —112

This table gives quite valuable indications to the fact that, 
if the cooling fuel is drived along the motor under certain pressure, 
then the permissible temperature of heating the fuel (before the start 
of boiling) will be considerably inoreased.. By forcing the fuel 
through the cooling jacket of the EM (Rocket Motor) under the supplyin 
pressure, for example, by means of a pump or under the pressure of a 
compressed gas supplied from a gas cylinder, we can partially use 
some oxidizing agents and even liquid aoetrlene for cooling. This is 
favoured by the fact that, for increasing the thermal efficiency of 
the EM (Rocket Motor) and for improving the power of the EM (Rocket 
Motor), the pr.asur of the fuel fed into the combustion Chamber will 
be around. 100 kg/am 

The dependence of the boiling point of nitrogen tetroxide 
(N204 ) on pressure is expressed by the following equation s 

toc	 273 (± 21' 
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where p - the pressure 2in IcgJom2. According to this equation, under 
a pressure of 50 kg/cm , nitrogen tetroxide (N 0 4) will boil at a 
temperature of 1300C, and under a pressure of 5 kg/on , it will boil 
at a temperature of 14500. 

An analogous equation is given for toluene s 

LOC:750	 -- 273(-I•- 1 4,.1—Igp  

Since the magnitude of the thermal loss is directly propor-
tional to the internal surface of the combustion chamber of the RN 
(Rocket Motor), it is evident that the shape of the combustion chamber 
and its relative dimensions play a considerable role on the magnitude 
of these losses. 

Evidently,, according to this point of view, it is more suitable 
to use a oombuation chamber which acquires the smallest surface for 
a given volume, i.e., a combustion chamber of a spherical or as close 
to the spherical shape. However, the consideration of the construc-
tive and different other characters, which are very important from 
their effective point of view, do not allow to make use of these 
conclusions to the required. extent. 

It follows to mention also that the relative value of the 
thermal baa decreases with the increase of the power of the RN 
(Rocket Motor),which is a very important point since the volume of 
the ombustion chambers grow more rapidly than their surfaces. It is 
clear that the stated considerations will not be valid in the case 
of RN (Rocket Motor) for which the indicated relationship between the 
volume and the surface of the combustion chamber is not maintained. 

The character of the thermodynamic calculations of cooling 
the combustion chamber of the RN (Rocket Motor) by means of a liquid 
is sufficiently known. However, the problem cannot be solved by 
means of the theoretical computation of such a concrete case for 
which the heat transfer from the gas to the internal wall of the 
combustion chamber takes plaoe under those temperatures and pressures 
which exist in the combustion chamber of the EM (Rocket Motor). The 
lack of the coefficients of heat transfer depreciate the cumbersome 
thermodynamic computations and force to turn to the experimental methods 
as the only moans of solving similar problems. 

Accordingly, the heat transfer from the hot gases to the 
cooling fuel through the wall of the combustion chamber, consisting 
Of say two firmly adjacent cylindrical shape concentric layers of 
different solid materials (OBM No-1 and, OEM No-3), could be expressed 
by the following equation (see the text book of Prof. Ten Boa on "Heat 
transfer", page 79) [6].
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where	 - the coefficient of heat transfer from the hot gases to 
the internal wall of the combustion chamber; a - the coefficient 
of heat transfer from the external wall of the combustion chamber to 
the outside medium; X - the thermal conductivity of the wall of the 
combustion chamber; r. - the internal radius of the combustion chamber; 
r a the radius of the interface; r - the external radius of the 
combustion chamber; e 118 the temperature in the combustion chamber; 
and	 - the temperare of the cooling fuel. 

6oncerning the coefficient 	
1 
9 it is only known that it 

considerably increases at high pressures and temperatures. 
Therefore, the required thickness of the cooling layer of the 

liquid, and the rate of flow of this liquid, should be determined 
experimentally. 

The experimental investigation of the thermal loss is much 
simpler in the case of reactive chambers working on propellant. The 
reactive chamber constructed from a single metal loaded-with a certain 
charge and inserted in a calorimeter, allows the determination of the 
quantir of heat lost per unit area of the internal surface of the 
combustion chamber, during the whole combustion process for the 
investigated wall thickness of a combustion chamber which has the 
shape of interest to use The time of the complete combustion is 
determined by registering the diagram on the recorder of the reactive 
force.

Similar results should be obtained for some metals of great 
interest to the given case (such as steel, eleotruni (electron), red 
copper and Ohain-armoured aluminium), since the pressure inside the 
experimental chamber should be equal to the experimental pressure. 

•	 Analogous experiments should be carried out when different 
thermo-inaulations of various thickneasts are used in the reactive 
chamber, for the determination of the efficiency of the insulation. 

In this way, the collected results are considered as the 
necessary data required for the OIL (Gao Qynamio Laboratory) to design 
the jet miaales. 

The experimental investigations carried out in the G (Gas 
]'-nainic Laboratory) give an estimate for the thermal loss, which is 
about 10 per cent of the total amount of heat evolved in the chamber, 
under the conditions of the GDL (Gas Iynamio Laboratory) reaQtive 
chambers. However, the accuracy of these measurements make is hope 

-	 to get much better results. 
In this case of RM (Rocket Motors), the experimental investigation 

of the thermal loss and the cooling systems is much more complicated. 
However, such investigations are essential.
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METHODS OF MEASUREM1P AND INSTRUhENTS 
FOR THE OEM (EXPERIME2ITL ROCKET MOTOR) 

(1931) 

Irrespective of the t*'pea of investigations which are carried 
out on the OEM ( Experimental Rocket Motors), it is necessary to record 
the following parameters 8 innil taneoualy s 

1) the pressure in the combustion chamber 
2) the reactive force 
3) the specific consumption of the fuel 
4) the specific consumption of the oxidizing agent 
5) the time of combustion. 
The lack of knowledge on any of these five characteristic para-

meters, which are related to the performance regime of the OEM (Expe-
rimental Rocket Motor), does not make it possible to have a clear idea 
about the character of the processes taking place in the combustion 
chamber. 

The record of the prssure required for the supply of the fuel 
and the oxidising agent to the OEM (Experimental Rocket Motor) is, 
similarly, a significant parameter, since its values characterize the 
injection regime . Actually, the pressure of fuel supply is determined, 
from one aide, by the hydrodynamic resistance of the part of the cons-
truction which feeds the fuel into the combustion chamber, and from 
the other aide, by the rate of injection in the combustion chamber. 
Thus, the rate for a given fuel consumption is determined by the oroas-
sectional area of the nozzle (jet) exit. Therefore, for the same 
specific fuel consumption, the pressure of fuel supply can acquire all 
the possible values, depending on the construction of the KM (Rocket 
Motor).

It could be much more comfortable to record the above-mentioned 
five parameters on one recording strip, with respect to a single 
abscissa axis originating from one initial point. Obviously, this 
recording system should be desigaed to record the five parameters. 

In order to make the registration of all these parameters on 
one recording system possible, it is necessary for all the measuring 
instruments to act on the recorder in the same way. For this purpose, 
quite new instruments should be developed and designed for the measure-
ment of the values of these parameters. 

•	 The e1ectro-magnetic oscillograph of Simons and Gal'sk was used 
as a recording system, and all the readings of the measuring instru-
wants were transformed into an electric current giving the corresponding 
record on the film of the osoillograph. This method is distinguished
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by an advantage which permits to obtain a diagram of a considerable 
width (up to 120 mm). A considerable accuracy may be achieved on 
recording a sufficiently fine line. (See the report on "The photo—
recording system of the reactive and active effects of the Stream and 
pressure") A.I. 

The measurement of the first two parameters is achieved by means 
of the stresses created by the reactive force and pressure. 

The value of the specific consumption of the fuel is, similarly, 
determined by means of a specially designed instrument of the following 
device. By means of the ordinary Vol't man's rotator which is inserted 
in the pipeline, the streamat the fuel brings the metallic disc, which 
exists outside the pipeline, in rotation through a worm gear. This 
disc, together with a permanent magnet which rotates between its poles, 
forms a Faraday 's dynamo; the electromotive force (E) of this dynamo is 
related to the followings the number of rotations (n) of the Vol'tàan'B 
rotator, the cross—sectional area ( T1) of the rotating disc, and the 
magnetic induction (B) of the permanent magnet. The following equation 
is used to express this relationship z 

-	 WI /1
. it) "u. 

For the Vol'tman's rotator we have the following expression * 

3T1)-

-7---- (lfl, 

where - the consumption of fuel; D - the diameter of the pipeline; 
A - the pitch of the screwed surface of the rotator; and n - the 
number of rotations of the rotator. Then we get $ 

j

'[r.r'l' 

As a result, the fuel consumption could be determined by the voltage 
developed by the above described instrument, since the values included 
in the quadratic brackets are, actually, constant. 

The counter of the electric energy, after certain modifications, 
was used as a system of a d.iac—magnet. With such a counting mechanism 
for the electric energy, it was possible to use the instrument as an 
indicator not only for the specific fuel consumption but also for the 
total consumption, which is quite valuable. 

By moans of the stresses of the reactive force and pressure, 
of the above described measuring instrument, it was possible to record., 
simultaneously, all these parameters on the film of osoillograph. By 
means of parallel switching of the laboratory millivoltemeters, a 
possibility is created for the simultaneous record and the visual
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Fig. 1 

Fig. 2 - The scheme of the experimental st.and for 
the investigation of the ORM (Experimental rocket 
motor). 

1- armoured plate4 or concrete walls; 2- ORM 
(experimental rocket motor); 3- the fuel pipelines; 
4- the fuel tanks; 5.- the pipelines of compressed 
gas; 6- the battery of the ballons of compressed. 
gas; 7- the cabin of control; 8- concrete platform; 
9- hill for setting the motor; 10- compressed gas 
driven engine. 

control of the performance regime of the R.M. (Rocket Motor), which is, 
aiply, necessary for the computation of each fuel component and the 
Pressure in the combustion chamber; it is also necessary for the control 
of the motor (see fig. 1). 

The combustion time is, marked either by means of a pend4lum 
closing the electric oirouit, with a small period of oscillatign, or 

-	 by means of a (toning) fork, with a large period of oscillation,
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By means of such a recording system, the measuring and reoor 
ding instruments could be set at a sufficient distance from the ORM 
(rperimenta1 Rocket Motor) in order to secure the instruments and 
the working personnel [2]. In addition, it becomes possible to 
centralize all the controlling instruments, which facilitates the 
utilization of the motor. 

The eoheinø of the experimental stand for the investigation of 
the OR)! (Experimental Rocket Motor) is given in figure 2. This scheme 
is distinguished by the above mentioned safe- of the instruments 
during their service, and by the centralization of the control. 

The control of the battery of the compressed gas and the supply 
of fuel into the combustion chamber are referred to in the report on 
"The control of the OR)! (Experimental Rocket Motor) 190.1 and the 
experiments carried out with We



4. 

THE COMBUSTION OF PREPARED LIQUID F(Th1 
MIXTURES IN A SENI-CLOSED CONTAINER 

('93') 

According to the method of formation of the combustible 
mixtures, the rocket engines could be divided into two main groups; 
1) engines in which the formation of the combustible mixture (the 
mixing of the components of the oxidizing agent and the fuel) takes 
place directly in the combustion chamber so that the combustion of 
the mixture takes place at moment of its formation, and 2) engines 
in which the mixing of the components take place outside the combus-
tion chamber 1'1,7. In the last case, the components of the fuel and 
the oxidizing agent could be stored in the form of a stable solution 
in tanks, or oould be mixed in a separate chamber just before their 
entrance into the combustion chamber. 

The realization of the rocket engines of the second group 
presents a great interest, since in this case it is much easier to 
attain an ideal mixing of the components, and consequently, to get 
the maximum full combustion of the combustible mixture in the engine. 
Accordingly, under equally similar oonditions, the efficiency and the 
power capacity of the engines of the second group should be higher 
than those of the engines of the first group. 

The experiments described below were undertaken for collecting 
some preliminary data on the character of the combustion process of 
prepared liquid fuel mixtures (oxidizing agent and fuel) with the 
purpose of using the knowledge gained from these experiments in the 
development of rocket engines of the second group. 

As example of liquid mixtures, the solution of benzene, toluene, 
and benzene in nitrogen tetroxide (N 04) were investigated. These 
mixtures are of great interest as fula for the rocket engine. The 
ratio of the fuel components was obtained from the calculations based 
on the assumption of the complete combustion of the combustible 
mixture. 

Mixtures of similar types were suggested by Tjurpen, t since 
1881, as exploding substances, and are known as panolastites. These 
solutions were used in Pracet the end of the imperial war for 
loading the aviationa]. bombs. 

French patents number 14497 (1881) and number 147676 (1882). 
K.astg "Vzryvatye ve6etva 1 sred.stva vosplamenenija" (plodng 7 	

substances and methods of xplos ion), M-L (Moscow-Leningrad), 1932.



- 211 - 

As regards the explosion properties of these mixtures, it has 
been mentioned in the literature that they are capable of detonating 
by means of a capsule of mercuric fulminate; their Benativit towards 
impact, friction and temperature was also investigated.. 

A mixture of nitrogen tetroxid.e and 35 percent by volume (21 
percent by weight) light benzene gives a detonating velocitV of 7100 
m/aeo, while a mixture of nitrogen tetroxide and 40 percent by volume 
(35 percent by weight) nitrobenzene gives a detonating ve1oci r of 
7650 rn/eec. 

As in the literature there exists no precise or detailed infor-
mation concerning the exp1osibilir characteristics of the panclastitea, 
which are ignited without a detonating primer fuse, and which oould be 
accordingly, burned in a semi-closed container (a chamber with a nozzle), 
the present author has carried out a series of experimental inveatigw-. 
tions, the results of which are summarized below * 

The utilized nitrogen tetrOxide was obtained by the decomposition 
of lead, nitrate. Benzol., toluene and benzene were of technically pure 
grade. Therefore, on their mixing with nitrogen tetroxide,a small 
precipitate was immediately formed. This solution was left for few 
seconds so as the reaction products could be completely preoipi'tated. 
The required amount of this solution was then poured into the combustion 
chamber. The process of mixing was carried out at normal tempera'b.Lres. 

This work was achieved in 1931 in the GDL (Gas Dynamic Laboratory) 
of the Head armament of the RKICL. 

1- The combustion of the fuel mixtures under atmospheric pressure 
The ignition of the prepared fuel mixtures under atmospheric 

pressure was carried out in open (from one end) thick walled cups made 
of steel. The cups had the following internal dimensions: a diameter of 
UP to 35 mm and a height of up to 120 mm. The maximum amount of the 
fuel ixture which was sub300ted to ignition in the cup did not exceed 
70 on , i.e., 90 grams. 

Ignition was mainly achieved by means of a Biokford fuse or a fila-
ment plug from the open aide of the liquid surface. 

The mixtures of nitrogen tetroxide with benzene, benzol and toluene 
were ignited in the open cup. The combustion of all these mixtures take 
place slowly and parallel to the layers from the aide of the open sur-
face of the liquid. When the height of the column of the combustible 
mixture in the cup is 70 mm, the mixture is gradually burnt within a 
period of 35-40 seconds. This corresponds to a combustion rate of about 
2 mm/seo. 

* "heitSc. f.a.u.e", 14, 81 u 103 (1919). 
P. Paskal', Vzi7v6ate veeatva, poroha., boevye gazy" (Exploding 

substances, propellants ,and warhead gases), L. (Leningrad), 1932.
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A considerable effect on the uniformity and also on the time of 
combustion (towards long periods of time) is exerted by the presence 
of the reaction products between the components of the solution in 
those oases when the precipitate, which is formed during mixing, is not 
removed.. 

The combustion process is accompanied by a bright flame of light 
blue colour and a weak hissing. 

It is of interest to mention the fact that the mixture was burnt 
only from the open surface in parallel layers even in the case when the 
flammability of the mixture was achieved from its inner aide. On igni-
tion by means of an electric resistance bridge or by a sparking plug 
immersed in the liquid, the latter was burnt from its inner side in 
the position of discharge; on the outward flow of the combustion pro-
ducts they ignited the open surface of the liquid, and a slow combustion 
Of the mixture in parallel layers was then established.. 

2. The combustion of the fuel mixtures under high Pressure 
The first series of experimental In order to explain the behaviour 

of the combustion of the solution of benzene in nitrogen tetroxide under 
a pressure higher than the atmospheric pressure, the ignition of this 
mixture was carried out in a strong steel chamber with an internal 
volume of 140 cm • The chamber was •quipped with a cylindrical nozzle 
mounted on the upper lid, for the outflow of the combustion products 
(see fig. I). Ingaition of the combustible mixture was carried out by 
means of either a filament or an electric resistance bridge; thus, the 
ignition was inserted above the level of the liquid. 

This chamber was supplied with a safety valve (see fig. 1, on 
the left) and a manometer for the determination of the pressure (see 
fig. 1, on the right). The threshold of sensitivity of t  manometer 
(a oyl indro—oonioal pressure gauge) amounted to 7.8 kg/cm . The safety 
valve is supplied with a fibrous lining which is burst by the spontaneous 
pressure of the gaee when the pressure inside the chamber reaches a 
value of 300 kg/cm 

Feeding the chamber with the fuel mixture was carried out through 
the nozzle after its mounting. 

In these investigatiOns, a set of nozzles was used, which had 
critical oross—sectional diameters ranging from 3.4 up to 12 mm. 

luring the tests, the combustion of the fuel mixture in the 
chambers was observed by means of mirrors. 

The conditions and the results of the experiments carried out 
on the above described chamber are given in table 1. 	

3 In the first experiment on ignition, a mixture of 25 cxof 
nitrogen tetrox.1d.e and benzene was used, the exit diameter of the nozzle 
was equal to 4.22 mm, and ignition took place by means of a filament. 
Under the conditions of this experiment, an explosion of a detniotive
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character (detonation) occurred smashing the chamber into email pieces 
/3].

To decrease the pressure inside the chamber, the exit diameter 
of the nozzle was inoreased. to 12 mm., while the charge of the mixture 

Table 1 

S 
+' 0	 0 

•rI	 r- The method	 The charac- 
a) +'F4 I.i

.
r400 of	 ter -of	 Remark8 -4	 r1 k4' O 1	 S rd o o a 0 to F, p o o ignition	 combustion a) S COO	 *)-.. 

• o
CD

00.o Cd 00O0	 . 
kOcd 
P1t+	 -

1 4.22	 25	 by a filament Detonation 

by a filament )Slow 
by a bridge	 )combustion 
by a bridge	 ) 
by a bridge	 Explosion 

by a bridge ) 
by a bridge ) 
by a bridge )Slow 
by a bridge )combustion 
by a filament ) 
by a filament ) 
by a filament )

Slow combs. 
Detonation 

Slow 
combustion 

by a	 Slow 
filament	 combustion 

)By a	 Slow 
) filament	 combustion 
)

The chamber was 
destroyed. 

The chamber remained 
Undamaged; the lining 
of the safety valve 
was burst 

The chamber was 
destroyed, and the 
lining of safety 
valve was burst 



- 214 — 

Table 1 (Contd.)

4)

rl 
ci q-4 
OOQ 

P4	 f-I

OWO 
4) Si The method The character 

a) 4)S4N 
rlW

k
S

M of of 
q 4	 r1 Si 4) 0 fl 

.'	 8 (a i a) 
Si. ignition combustion Ok ow 0O5a)kp4a 

.P4 Qca) W 0  
Za)

g.r4 A 
,j4)

10 a Si 

28 4.5 8 — )Bya Slow 
29 12 - )filament combustion 
30 25 - ) 
31 4.0 8 - By a Slow 
32 15 - filament combustion 
33 3.4 10 - by a Slow combustion 
34 10 - filament Detonation

Remarks 

The lining of the safer 
valve was burst. 
The auge showed a	

2 pressure of 3500 kg./cm 
The chamber was 
destroyed. 

was decreased to 10 am 3. 
Under these conditions, a uniform combustion 

was obtained. The uniform combustion was a000mpanied by a weak hissing 
and lasted, for 8-10 sec. Within this time, Jet flames of light blue 
colour and a length of about 50 mm flew from the nozzle, and the 
chamber was strongly heated.. The pressure instrument (the manometer) 
as well as the weak noise effect indicated that a pressure slightly 
exceeding the atmospheric pressure was developed inside the chamber. 

For increasing the pressure, a series of experiments were 
oarried out with smaller critical nozzle diameters, namely: 12; 6.25; 
5. 5; K; 4.75; 4.5; 4 and 3.4 min For each nozzle, various amounts of 
fuel mixtures ranging from 8 cm and in certain individual oases up to 
30 and 50 cm , were ignited. In most cases the pressure gauge did not 
show any oompresaion, and the change in the magnitude of the charge 
was accompanied only by a corresponding change in the combustion time 
which was found to be directly proportional to the magnitude of the 
charge. This fact indicates that the combustion of the liquid took 
place in parallel layers from an open surface. 

In one of the eZpeiments (No.10), namely, the one in which the 
charge was equal to 25 cm , the diameter of the nozzle was 6. 25 mm and 
ignition was carried 2out with a filament, the gauge registered, a maximum 
pressure of 26 kg/om . On repeat* this e9eriment, and even on 
increasing the charge up to 30 cm and 50 am , the gauge did not 
indicate any pressure. 



Fig, Fig. .1	 Fig. 2 

In the experimental nn No.14 9 where the charge was equal to 
20 cm , the nozzle diameter was 5.5 mm and ignition was carried out 
by means of a filament, a quite powerful explosion took place. This 
explosion destroyed the one inch thick steel plate on which the chamber 
was set up. The chamber itself was smashed into pieces, which, undoubtedly 
indicates the detonationaj, character of the explosion. After explosion, 
the safey valve was found, to be undamaged,, while its fibrous lining 
was burst. 

It is important to mention that, among the eight experiments 
carried out under the same conditions (the chamber, the nozzle, the 
ignition, and the cmpoaition of the mixture), using charges ranging 
from 10 up to 30 cm , seven experiments were luocesafully a000mpliahed,. 
In these experiments, the mixture ignited in a manner similar to that 
occurring under atmospheric pressure. CIn].y one experiment (the pre-. 
viously described, experiment) was unsuccessful. Moreover, the further 
decrease of the nozzle diameter up to 4.5 mm for a charge of 25 cm 
d.id not lead to any sensible pressure increase in the hamber. 

In the experiment NO-5, using a charge of 13 cm and a nozzle 
diameter of 4.5 mm (ignition by a resistance bride), the pressure in 
the chamber was sharply increased, up to 360 kg/Om . Accordingly, the 
lining of the safe valve was brokàn and the pressure decreased at 
once to one atmosphere. However, the combustion of the liquid mixture 
was successfully accomplished, before the release of the preasue in the 
chamber. This was the only case among the experiments, conducted with
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the described chamber, where a rapid increase of pressure up to a high 
value was obtained without detonation * On repeating the experiment 
under 3 the same conditions, and even on increasing the charge up to 
25 cm , a slow combustion was obtained each time without the compression 
of the gauge. Moreover, even the decrease of the nozzle diameter to 
4 mm did not result in any change. 	

3 Similarly, two experiments were carried out with 10 on of the 
mixture and a nozzle diameter of 3.4 mm; the ignition of the mixture 
was performed by a filament (experiments No-33 and 34). The first 
ignition was successfully accomplished and the gauge did not show any 
compression. On the other hand, in the second experiment the chamber 
was broken. The preseur gauge, which appeared to be damaged, showed 
a pressure of 3500 kg/ow at which it was probably removed from the out 
off eye of the chamber. The safety valve was similarly found to be 
damaged; its fibrous lining was burst. Consequently, the valve had 
enough time to act. 

Almost 10 percent of the thirty four experiments, conducted in 
the above described chamber, led to explosions. 

In these experiments, it was interesting to get combustion 
processes which although they were distinguished with an intensive 	

2 character (explosion), having pressures in the range of 50 - 500 kg/cm , 
yet they did not lead to detonation. As mentioned before, the attained 
positive result will not be successful unless te acoidental character 
Of the explosion giving a pressure of 360 mg/cm is considered. In 
all the remaining experiments, in general, no appreciable pr sour* (the 
threshold of sensitivity of the gauge was equal to 7-8 kg/cm ) or a 
sudden increase of pressure leading to detonation, were obtained. 

The second series of experiments: Since daring the first series 
of experiments the achievement of a stable combustion for the fuel 
mixture under high pressure was unsuccessful, then the experimental 
procedure was changed.; and a corresponding change in the design of 
the experimental chamber was also carried. out. 

Since, in most oases during the first series of experiments, the 
fuel mixture did, not develop the required pressure, it was decided to 
develop the pressure artificially by means of a small propellant charge 
situated over the liquid. A short tube of the smokeless propellant 
10/45 was placed on an iron hook fixed to a contact plug which serves 
for conducting the electric current. To ensure the ignition of the 
propellant charge, a stopping string was inserted inside the tube. 
The propellant 10/45 was used in order to obtain a gradual rise in the 
pressure. 

To get the required initial pressure with a small propellant 
charge, a nozzle valve was used. The arrangement of this valve is 
shown in figure 2. The nozzle was closed by means of a compact fibrous 
lining retained by a tightening ring. The thickness of the lining was



- 217 - 

selected on the basis that it oould be broken when a certain pressure 
is attained. The measurement of the pressure was carried out by means 
of a pressure gauge screwed in the lateral wall of the chamber. 

A large exit diameter (20 mm) was chosen for the nozzle in order 
to facilitate the outflow of the gases after bursting of the fibrous 
lining, and also to decrease the probabiliV of the explosion of the 
chamber in the case of the rapid increase of pressure. The fuel 
mixture, which is prepared as illustrated before in this text, is 
poured in the chamber before screwing the nozzle lid. Toluene was used 
as a fuel in all the experiments described, below. 

For the calibration of the nozzle-valve, ignition in the chamber 
was carried out only with a propellant charge. The vlume of the 
chamber of the above described arrangement was 135 cm only. The 
results of the calibration of the valve were as follows: With a single 
fibrous valve lining of 1.5 mm thickness, with a propellant charge of 
3 grams, breaking of th lining (rarely bursting) took place under a 
pressure of 50-70 kgJom . This propellant charge caused the burst of 2 
two linings of 2.5 mm thickness each under a pressure of 100-120 kg/cm 

The same charge was applied during the investigation of the 
liquid fuel mixtures, and the maximum pressure developed by the pro-
pellant charge was regulated by changing the number of inserted linings. 

The temperature and pressure conditions of the propellant gases, 
under which the fuel mixtuxe was subjected, in the chamber, were close 
to the real conditions in the combustion chamber of the rocket engine. 

Twelve experimental rune were carried out on the liquid fuel 
in this chamber. The conditions and the experimental results are 
given in table 2. 

With a single fibrous valve lining, eight experimental rune were 
oarjed out; thus, the fuel charge varied within the range of 5 to 10 
cm • From these runs, six experiments were accompanied by the following 
phenomena: after bursting of the lining, the fuel, which was ignited 
by the propellant, burnt in the same wa as under atmospheric pressure. 
In the remaining two experiments (No-5), the propellant tube was 
slightly burnt. At the same time, the lining of the nozzle was burst 
by a strong explosion. Apparently, the stopping string which is 
ignited by the current, led to the ignition of the fuel vapoura which 
exploded the liquid mixture. Die to the extraordinary rapid combustion 
of the liquid fuel under high pressures, the propellant tube did not 
have the time to burn and it damped as a result of the sharp decrease 
of pressure after opening the nozzle. Up to that moment, the fuel 
mixture coud completely burn. 

5 cm of the fuel was burnt in this experiment. If the pro-
pellant charge was slightly bigger, then the explosion could have 
possibly led to detonation. Actually, during the eighth experiment, 
which was carried out with a single fibrous valve lining and a fuel
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charge of 10 cm3, the lining was burst and the lower part of the 
chamber was broken. Thus, judging by the caraoter of the explosion, 
a detonation took place. 

Four experiments were carried out with two linings for the 
nozzle-vlvo. The amount of fuel charge in the first three experiments 
was 5 cm • The combustion of the mixture took place very rapidly and 
was accompanied by a sudden strong noise and buiting of the lining; 
the propellant tube was only slightly burnt and remained on the hook 
inside the chamber, whic.again indicates a more rapid combustion of 
the investigated liquid fuel in comparison with the smokeless propellant. 

Table 2 

The
The

The The bura-. The
number

charge
number ting pro- character 

of ex- of sare of Remarks 
of corn-. 

perimenta linings the lining, bus tion 
- kg/cm 

1 6 1 50 - 75 810w The lining was burst, and 
oombus-e afterwards the liquid 
tion burnt as under atmospheric 

pressure. 
2 10 1 50 - 75 The same The same phenomena occu-

rred. 
3 10 1 50 - 75 The same The same phenomena occu-

rred.. 
4 10 1 50 - 75 Detonation The lower part of the 

chamber was broken, and 
the lining of the valve 
was burst. 

5 5 1 50 - 75 Fast The propellant tube was 
coinbus- slightly burnt. 
tion The fuel mixture burnt 

immediately. 
The lining of the valve 
was burst. 

6 7 1 50 - 75 Slow The l ini ng was burst, and 
combue- afterwards the liquid 
tion burnt in a manner similar 

to that under atmospheric 
pressure. 

7 10 1 50 .- 75 The same The same phenomena occurred 
8 10 1 50 - 75 The same The same phenoena occurred
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Table 2 (contd.) 

9 5 2 100- 120 Fast The lining of the valve 
oombus- was burst.	 The mixture 
tion burnt immediately after 

discharge. The propellant 
be was burnt up to its 

one third.. 
10 5 2 110 - 120 Fast The propellant tube was 

combus- slightly burnt.	 The lining 
tion of the valve me burst. 

The mixture burnt immedia-
tly on discharge. 

11 5 2 110 - 120 The same The same phenomena occurred.. 
12 8 2 110 - 120 Detona.e The lower part of the oham-

tion ber was broken.	 The lining 
of the valve was burst.

In the fourth exeriment (Ho.12), the charge of the fuel mixture 
was taken equal to 8 cm , and the other conditions remained the same. 
In this experiment, the chamber was smashed by an explosion of a des-
tructive character (detonation), and bursting of the fibrous lining of 
the valve occurred.. 

Therefore, in total, 46 ignition experiments were carried out in 
the chamber with the nozzle. Among these experiments, combustion 
processes characterized by an increased pressure took place in 17 oases, 
from which, five experiments (or 30 percent) were accompanied by deto-
nation phenomena (see Fig. 3). 

The possibility of realizing the supply of the liquid fuel 
components in a preliminary mixed state into the combustion chamber of 
the engine, lies in the direct relation with the character of the com-
bustion of the prepared fuel mixtures under high pressure. The conducted 
experiments permit to have some idea concerning the performance of the 
engine with preliminary mixing of the fuel components, since under the 
conditions of our investigations the scheme of a such type of engine 
was, in essence, used but with only one difference; this difference 
is related with the combustion of a stationary column of liquid mixture 
in the chamber instead of the continuous flow of the fuel components. 

The main conclusion which can be derived on the basis of the 
conducted experiments i8 that the prepared liquid mixture of the 
oxidizing agent and fuel, which was subjected to combustion under 
high pressure, burns unsteadily with a clearly expressed tendency 
towards detonation; the burnixg process could be easily transfo;med. 
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from normal combustion to detonation. The combustion of the fuel 
mixture under high pressure was inevitably ended with detonation. 
However, the amount of the fuel charge should be sufficient for the 
detonation to occur, since this transformation requires a fixed period 
of time within which the rate of the combustion process should gradually 
increase till it attains a value corresponding to the phenomenon of 
detonation. 

For the steady performance of the engine, it is necessary that 
the rate of the supply of the prepared liquid mixture into the combus-
tion chamber through the feeding pipe, should be exactly equal to the 
rate of propagation of the combustion reaction of the fue]. components. 
It is clear that in the case of the detonation of the liquid fuel 
solution, when the rate of propagation of the combustion attains some 
kilometres per second, the device will be inevitably destroyed. 

Therefore, it is possible to conclude that the supply of the 
prepared mixtures of nitrogen tetroxide and benzene or toluene, or 
other identical exploding solutions of oxidizinL agents and fuels, 
into the combustion chamber by means of the ordinary methods, do not 
allow to achieve a steady and safe performance of the engine. 

However, since the probability of the satisfactory solution of 
the problem is d.eterrained by the possibility of the control of the 
combustion process, then it is possible to think that the problem can 
be satisfactorily solved by a series of artificial measures. Such 
measures may be partially related to the selection of a fuel that is
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characterized by a more steady and limited rate of combustion. A000r-
ding].y, they could be related to the p}ysico-ohemioal preparation of 
these fuels. Besides the preceeding measures the corresponding const-
ructional achievement of the engine should be considered. For example, 
with the suggested repeated supply of the liquid mixture through a 
system of apertures of sufficiently small cross-sections, in order to 
avoid the transmission of the fire and the feeding components. It is 
well known that, for tubes of small cross-sections (of about a fraction 
of a millimeter), even the most powerful impulses did not succeed to 
stipulate the processes or combustion and. detonation of the liquid 
exploding substances. 

The construction of a safe engine working on the supply of ready 
prepared fuel mixtures into the combustion chamber is possible only under 
the following conditions

Fig. 4 - ORM 

In the case of the realization of the performance conditions 

which are capable of excluding the possibility of detonation, and, 
secondly, on finding out a non-detonating mixture of oxidizing agent 
and fuel. In this liquid mixture, the fuel components should be mutually 
solved without their chemical interaction. The components should also 
exist in the liquid state under the temperature and pressure of their 
utilization [51.
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A REPORT ON THE EXPERIMENTS CARRIED OUT ON 
ROCKET MOTORS ON THE FIRST OF SEPTEMBER 

(1932) 

The situation of the research work in foreign 
countries and in the U.S.S.R.-

The design and realization of rocket motors working on liquid 
fuels started in the west countries earlier than in the U.S.S.R. 
Therefore, the group works of such scientists as Obort, Vii r kler, Zander, 
Val l e and others [iJ date back to 1929 9 while, in the mean time, the 
theoretical treatment and the designing—constructional work started 
in the GDL (Gas lrnamio Laboratory) in 1931, and the experimental work 
dates back only to 1932 /2/. 

However, inapite of this fact, neither a single successful 
design nor a reliable and sufficiently powerful rocket motor for prao-
tics.l utilization have been produced, in the West until now. 

The situation of such research works in Germany during the last 
years are given as an evidence. 

The year 1929 - the beginning of the research work on rocket 
motors - is considered as the year of the universal increase of jet 
devices up to the state of oompiling the fantastic projects of flying 
to the moon. Obert, signed a contract with the "UFA" firm for sending 
a rocket up to a distance of 50 km. upwards. The engineers developed 
plans for the transatlantic postal and passengers communication with 
America. Information indicating the great attention of the industrial 
and military circles for the application of rocket motors were published 
in all the existing journals and magazines. 

After one year, the enthusiasm for the work was damped down 
considerably * This was attributed, to the difficulties associated with 
the research work. The construction of a rocket motor working on 
liquid fuel appeared to be more difficult than it was thought. The 
constructed motors were either exploded during the experiments or did 
not give a considerable effect. As a result of accidents, some people 
were killed, and others were injured. Accordingly, after one year of 
investigational work many research workers either abandoned the work 
or continued the investigation along the line of the least resistance, 
i. e., studying the application 'of carburatdtors for feeding the gas into 
the rocket motors, which is, aoa11y, a rejection of the required 
propulsive engine. As a result, motors whose jet streams were blown 
with the wind came into existence. The prototypes of such motors 
fitted in primitive jet devices flied, for only several tens of metres, 

*
Summarized
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and in few oases for several hundreds of metres. The difficulties 
associated with the work, the insufficiently serious approach to it 
and the absence of sufficient investigational means, led to a state 
of inactivity which is characteristic of this sort of research work 
existing now in Germany 13J. 

Undoubtedly, this inactivity is local and temporary, since the 
problem of propulsive motion is very urgent. 

The experiments of the second sector of the GM (Gas Dynamic 
Laboratory) carried out on rooket motors working on liquid fuels, are 
the first known experiments in the U.S.S.R., since professor Steókin 
(cAGI) and engineer Ca.nd.er  (Mosal and OSGIRD) worked with gaseous 
fuels fed to the motor by means of a carburattor [4]. 

The aim of the experiments 

Unfortunately, all the known experiments of the GDL (Gas 1namio 
Laboratory), which were carried out in foreign countries, are not sys-
tematic and lack the thorough investigational character. Therefore, 
it is almost impossible to draw any information out of them [5/. As a 
result of this, the problem of the construction of the required rocket 
motor was solved quite independently, and it was decided to carry out 
a series of systematic experiments with the aim of the investigation 
of the following subjects ; 

2- The methods of igniting the fuel mixture in the rocket motor. 
2- The methods of starting the rocket motor. 
3. The stability and the working time of the rocket motor. 
4- The pressure inside the combustion chamber of the rocket motor. 
5- The temperature inside the combustion chamber of the rocket 

motor. 
6- The reactive force developed by the motor. 
All these subjects should be enlightened for certain ty-pea of 

fuels that have been suggested for their use in rocket motors. 
As could be seen from this list, the target to be aimed at was 

to master the main principles of the construction of rocket motors and 
their control. 

In the present report, partial solution for some of the given 
problems is offered., since the experimental work is still going on. 

Apparatuses and the experimental motor installation. 
The scheme of the experimental motor installation on which all 

the mentioned below experimenta ' were carried out is illustrated, in 
figure 1. The compressed gas (frequently nitrogn) exists in a gas 
cylinder (1) under a pressure of about 1 50 kg/cm . Usually, two gas 
cylinders are connected with each other and are utilized as shown in 
figjres 2 and 3. The compressed gas flows through a valve (2) and a 
manometer (3) via the gas pipe (4) which is connected to a three way
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Fig. 1 

tube fitted with two valves (see Fig. 1 and 4)o Aa shown from the 
photograph all these valves are looked spherically. The valves and 
all the pipeline fittings are constructed from duralumin. The valves 
are connected with the fuel tanks (8) and () by mains of the pipelines 
(6) and (7), and are included in the system in order to avoid the 
possibility of mixing the components of the fuel in the case of the 
back impact of liquid from the tank*, and also in the case when volatile 
components, such as liquid oxygen and nitrogen tetroxide, are used. 

The utilized fuel mixture consisted of two components: an oxi-
dizing agent and a fuel. As an oxidizing agent, the following substances 
were investigated: liquid oxygen, liquid air, nitrogen tetroxide, and 
foaming nitric acid; as a fuel, the following substances were used: 
purified benzene, aviations]. benzene (with 50% benzol) and toluene. 

Liquid oxygen and air were supplied from the "Krasnyj avtogen" 
factories No.1 and No.2. The nitric acid was obtained from the 
"Krasnyj himik", and nitrogen tetrozide was prepared in the particular 
experimental laboratory, of the factory. 

The walls of the fuel tank were fade quite thick to resist an 
estimated internal pressure of 100 kg/on . For the liquified gases, 
double walled storage tank g were used. The apace between the walls 
of the tank were filled with carbon dioxide to improve the insulation 
properties of the tank. On pouring the liquified gas inside the 
internal vessel, the carbon dioxide is liquified and a vacuum is 
formed in the space between the walls of the two chambers, which serves 

as a thermal insulation. To obtain a better vacuum, some amount of 
activated charcoal is initially introduced into this apace. The twenty 
litres tank for liquid oxygen or air of the described device is shown 
in figure 5. In addition, a six litres tank of the same construction



- 
•••-;.::	 _. 

(

Fig. 2 Pig. 3 

- 22i5-

Fig. 4 

Was similarly used.. A tank with an internal aluminium coating was 
prepared for nitrogen tetroxide and nitric aoid, since steel in 
corroded by these oxidizing agents. Two such tanks are illustrated 
in figure 6, of which one is shown in the collected form and the other 

in the dismantled form. These tanks were prepared from six inch howitzer 
shells. The internal accessories which are mounted on the lid are shown 
unscrewed from the tank. These accessories ares a pipe with lateral 
openings for the inlet of the compressed gas and a lifting tube for the 
liquid. The working capacity of the described tank is equal to 4.5 
litres.

The fuel tank is similar in construction to the oxidizer tank, 
but with one difference only; this is the absence of the aluminium 
lining. The capacity of the fuel tank is equal to six litres. 

Fire 7 shove the upper part of the twenty litres tank of 
liquid oxygen, with a gas pipefitting (to the left) connected to the 
three way tube, and a gas pipe (to the right) connected to the motor.



Fig. 6 Fig. 5
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The dimensions of the applied gas pipes are as followss for 
the oxidizing agent - 0 20/22; 20/24 and 10/12, for the fuel - 10/12; 
the material used waa duralumin. To facilitate the assembly of the 
motor installation, the fuel pipes were constructed with balance gears. 

The pipeline connections were sealed by means of a knife obtura-. 
tion (see the report) [6]. 

The tanks (8) and. (9) are connected with the motor (12), which 
is placed on a heavy steel plate (13), by means of the fuel pipes (10) 
and (11) (see fig. 1). 

A general view of the motor installation is shown in figure 8. 
The motor was removed immediately after its performance; liquid air and 
aviationa.j, benzene were used as a fuel. 

Figure 1 shows the scheme of the ignition plugs of the motor, 
which are fed from a high voltage starting aviational magnet (14) 
(of the Bofirm). The upward connection of the pipelines to the 
ignition plugs of the motor is shown in figures 8, 9 and 10. 

]ring the first series of experiments, the pressure inside the 
combustion chamber of the motor was measured by means of a pressure 
(crusher) gauge and a oyl indro-oonioal gauge. The pressure gauge was 
sorewed on the walls of the combustion chamber. In order to minimize 
the possibility of burning the piston on the walls of the tube of the 
pressure gs.go, the piston was isolated from the hot fuel by a copper 
cap which was grinded into the walls of the tube. The position of the 
pressure gauge on the motor could be seen, in the photograph (see the 
front plane in figure 10). 

The experiments carried out on the rocket motors NO-4, 5 and 8 
were distinguished from each other only by the construction of the fuel 
nozzles. 

For convenience, the experimental rocket motors were abbreviated 
by the initial letters - CR14. 

Ordinary steel was used as a construction material for the 
motors.

In the experiments conducted on the mentioned motors, the 
development of a powerful motor was not investigated.. These motors 
were designed with the purpose of making it possible to solve a series 
of important problems, for example, ignition, the effect of temperature 
on the metallic part and so on (see the foregoing discussion), which 
does not need a powerful motor. Consequently, atomization of the fuel 
in the combustion chamber of the motor was utilized, which gives a 
proper mixing of the fuel components for smal l rates of their oonawnp-
tion, i.e., for small values of power. 

The change in the ratio of the amounts of the fuel components 
fed into the motor was achieved by means of diaphragms controlling the 
Bupply of the fuel pipelines.
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In total, 18 experimental runs were carried out on the motors, 
the results of which are given below. 

The experiments were carried out by the head of the second sector 
of the GDL (Gas ]'namio Laboratory), the engineer V.P. Qluko. The 
assembly of the motor installation was carried out by the technician 
E.N. Kuz'min.

The experimental results 
The i gnition process in the rocket motor 

1- A special installation was developed and realized for the 
investigation of the easiness of inflammation of the various fuels 
during mixing of their components (see fig. 13). The upper part of the 
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metallic tube which is fixed in the clip of the stand, is supplied 
with an opening through which the tube is filled with the oxidizing 
agent. The Opening is closed with a stopper which is placed, on a 
thread. This tube is supplied in its lower part with different nozzles 
through which the content of the tube is injected into the steel 
chamber which is placed on the base of the stand. The injection of 
the oxidizing agent through the nozzle is achieved by means of a comp-
reseed gas supplied from the gas cylinder through a thin-walled hose. 

The experimental procedure with such an installation was as 
follows: the oxidizing agent was poured in the metallic tube and the 
exit of the nozzle was then firmly covered with anything, or it was 
cemented in order to avoid the flow of the liquid. The fuel poured 
in the steel chamber was ignited and a noiseless combustion oharao-. 
terized. by a slow flame propagation took place by the utilization of 
the atmospheric o rgen. On opening the valve of the carbon dioxide 
oylinder, the supply of the oxidizing agent was then initiated on the 
open hot surface of the fuel. By observing the characteristic features 
Of the mechanism by which the combustion of the fuel took place in 
this oase, it was possible to determine the character of the combustion 
of the flammable mixture of the investigated components. 

A particular attention should be given to the experiments oarried 
out on this device for the investigation of the fuel in wbioh nitric 
acid serves as an oxidizing agent. In thee* experiments, as well as 
in all the other experiment, on rocket motors, nitric acid was used. 
The composition of the used nitric acid was as follows: the monobydrate 
was in the range of 92 - 940 percent, the quantity of nitrogen oxides 
was equal to 4-5 percent and the remaining impurities (chlorine, iron, 
sulphuric acid, and solid residues) were about 0.01 percent. The 
spe

c
ific weight was about 1.52 - 1.56. 

The nitric acid was injected by means of jet nozzles (of 0 equal to 2 or 4 mm) into the hot benzene (or toluene). However,uaxing 
and participation of the nitric acid in the combustion process was not 
observed. The intensive combustion was increased only on the energetic 
atomization of the nitric acid on the hot surface of benzene (or toluene) 
due to the participation of the acid in the process. In this case, 
the colour of the flame was changed from a pale blue colour to orange 
and even white colour. The dimensions of the flame were considerably 
increased. 

This situation was considered and, the nitric acid was used only 
in these ORM (Experimental Rocket Motors) in which intensive mixing 
of the fuel components was foreseen. 

The reliability of the ignition of nitric acid, with a lower 
content of nitrogen oxides, in the motor was similarly investigated 
on this experimental installation. The nitrogen oxides favour the 
combustion of the fuel. Eowøver, they render the nitric acid unsuitable
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for use due to the continuous evolution of poisonous corrosive brown 
fumes.

Nitric acid containing 5 per cent nitrogen oxides was blown 
with a neutral, gas (carbon dioxide or nitrogen) till the required 
degree of transparency was obtained. The acid obtained by this 

method was tested on the above described installation for inflamma-
tion on mixing with the fuel. 

The experiments showed that the decrease of the content of 
nitrogen oxides impedes inflammation. When the content of nitrogen 
oxides *a less than 1-2 percent, ignition of the mixture was not 
always successful and unsteady combustion prevailed even in the •xie-
tance of a quite intensive atomization. However, a content of two 
percent nitrogen oxides appeared to be quite sufficient to get a normal 
combustion. This permits to reject, in case of necessity, the red 
nitric acid, and to use the faintly coloured (yellow) acid. 

2- The methods of ignition of the fuel on mixing its components 
in the combustion chamber of the OHM (Experimental Rocket Motor) were 
studied. The work consisted of finding out the best methods of ignition 
of the fuel on the start of the OHM (Experimental Rocket Motor), which 
could be carried out by means of the well known technological methods 
and devices (sparking f].uga, bridge, and so on). Similarly, the work 
was also concerned with the search for new methods for solving the 
problem. 

The technological requirements of this method of ignition con-
sisted of the spontaneous ignition of the fuel mixture on the start of 
the motor in the case of the 000urr.nce of any delay in the supply of 
one of the fuel components, and on the existence of any initial
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quantities of the fuel mixture within the limits of the calculated 
efficiency of the rocket motor. 

In rocket motors, it is only necessary to get the initial igni-
tion of the fuel mixture on the start of the motor. Furthermore, the 
subsequent ignition of the mixture will be maintained from the hot 
wails of the combustion chamber as well as from the hot combustion 
products e±xsting in it. 

It follows to mention that a solution should be found for the 
following two oases of the application of the rocket motor s 

1- Rocket motors that are used only once (for example, for long 
range rocket flying devices); 

2- Rocket motors of frequent use, that is, a motor of repeated 
starts without the possibility of failure between the starts (for 
e mple, if a RM (Rocket Motor) is mounted in an aircraft, it should 
be switched on and off several times during the same flight). 

It is clear that a profitable ignition in the second case will 
be suitable for the first one. 

The members of the ignition device, situated in the combustion 
chamber, should resist the oxidizing atmosphere and the high temperature 
developed in the combustion chamber of the rocket motor (should not be 
burnt or smelted). They should also have a sufficiently energetic and 
stable ignition orifice in order that any one of the fuel components 
could not overflow. 

The various ignition devices behave quite differently with the 
various fuels used during the performance of the rocket motor. More-
over, a method which may appear suitable for the ignition of a fuel 
of certain composition may be unsuitable for another fuel of different 
compositicn. Consequently, all the investigated methods of ignition 
were examined for all the fuels suggested for use in the rocket motor. 

3- Aviational sparking plugs made of the best grades of mica: 
ICLO and CC5a, were subjected to experimental investigation. As a 
result of the preliminary tests carried out on the mechanical strength, 
it was shown that these pugs are quite suitable for working pressures 
of the order of 100 kg/cm inside the combustion chamber of the rocket 
motor (during these tests, a propellant charge consisting of several 
GEL (Gas Dynamic Laboratory) tubes were ignited in the combustion 
chamber).

4- The experiments showed that in the case of using liquid 
oxygen or liquid air as an oxidizing agent, the electrodes of the plug, 
on the start of the motor, were frequently covered with frost due to 
cooling of the vapours of the liquified gas, accordingly, they were 
out of work. Also, the plugs appeared to be particularly sensitive 
to the delay of supply of one of the fuel components, which was really 
the case for all the investigated compositions of the fuels. 

5-. In the case of liquid oxygen or air enriched with oxygen, 
all the electrodes of the KLG and CC5a plugs were smelted. For the



- 233 —

Bake of the experiments, these electrodes were substituted, by slightly 
more massive copper electrodes which did not have ends with sharp 
edges. In spite of these measures, the electrodes were smelted.. 

6- In the case of using nitric acid as an oxidizing agent, 
smelting of the Bide electrodes of the CC5a plugs was observed. 
These electrodes were inserted outside the body of the plugs. The 
central electrodes was not smelted to the same extent as the electrodes 
of the 1Q F-12 (or F-15) plugs which were hidden inside the body of 
the plug. 

However, these plugs are not suitable for rocket motors working 
on nitric acid due to the insufficient intensity and stability of the 
spark. Die to the difficulty of mixing nitric acid with fuel, a 
particularly steady and intensive flame is required in this case. 
Usually, the plugs are drowned with fuel and are out of work. The 
initiation of ignition by means of plugs in motors working on nitric 
acid was successful just for one time only. 

7-.. As a sequence of the preceding discussions, it was decided 
to abandon the use of sparking plugs for ignition in the R1'i (Rocket 
Motor).

Another method of ignition was therefore subjected to test, 
i.e., ignition from a slowly burning hot propellant inserted inside 
the combustion chamber of the rooket motor. The propellant is ignited 
in front of the fuel supply through the nozzle of a galvanic tube fed. 
from an inductor or accumulator * Apparently, in order to repeat the 
start of the motor, it is necessary to introduce a propellant once 
more inside the combustion chamber. Consequently, this method is 
unsuitable for the repeated starts of rocket motors (see above). 

8- Rods ofyzyl me- trini tro toluene propellant powder, having 
the dimension of • , were subjected to investigation. These rods 
were prepared by Ja 5th sector of the OIL (Gas Iynamio Laboratory) 
(See fig. 11 9 to the left of the motor beside the galvanic tube). 
However, the combustion of the rods in the motor was bad, unsteady 
and did not always establish a flame. Consequently, on working with 
nitric acid, there were cases in which the rods were filled with fuel, 
extinguished, and the motor was not of work since ignition did not 
start at once. Also, a certain amount of fuel was accumulated, and 
although this amount was insignificant, yet it resulted in the explo-
sion of the rocket motor. 

The steady combustion of the rods could not be achieved in spite 
of the application of energetic igniters (match powder and match powder 
with aluminium). 

9- In the case of using liquid oxygen or liquid air enriched 
with oxygen as oxidizing agents in rocket motors, the vapours of the 

The external diameter is equal to 23 mm, the diameter of the internal 
axial tube is 0 mm, and thQ height is equal to 23 mm.
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oxidizing agent could freely be injected into the combustion chamber 
before the start of the motor, due to evaporation in the tank. Burning 
of the rods was therefore very intensive and the obtained ignition 
was excellent. 

The burning time of the rods in the motor was variable and de-
pendant on the conditions of combustion (the dimensions of the nozzle 
exit and the composition of the surrounding atmosphere). 

On working with liquid oxygen, the burning time of the men-
tioned rod was about 6-7 sec.; this time is quite sufficient to get 
a reliable ignition for starting the motor. 

Therefore, a method for the ignition of the fuel mixture in 
rocket motors was found in the case of using liquid oxygen as one of 
the fuel components; the re1iabili-tr of this method has been checked. 

10- For the case of ni-trio acid, it was decided to prepare 
propellant rods of a special composition, which could give an iziten- 
se0flame, a sufficient burning time (6-7 sea for. the small dimensions 
(_ ), and which did not leave too much solid residues after the 
ooustion process was over. 

As a result of the numerous investigations carried out on the 
experimental propellant rods of various compositions, it was decided 
to use rods consisted of the following three compositions z 

The basic composition (in percent) s 
Barium nitrate	 73 
Aluminium powder	 13.5 
Magnesium powder	 13.5 
Five grams of a lithographic varnish were mixed with each 100 

grams of this mixture. 
The prepared composition (in percent) s 
Match powder	 60 
Potassium nitrate	 30 
Sulphur	 10 
Four grams of a lithographic varnish were mixed with each 100 

grams of this mixture. 
The intermediate composition (in percent).: 
The basic composition	 50 
The prepared composition 50 
Four grams of a lithographic varnish were mixed with each 100 

grams of this mixture. 
Wring the preparation of a single rod of the dimension • 

the following materials (in grams) were poured on the bottom of 
matrix * 

Match powder 0.5 
Prepared composition 1 
Intermediate composition 1.5 
Basic composition 16

Intermediate composition 1.5 
Prepared composition 1 
Match powder 0.5
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During the ignition of these rods in the combustion chamber 
of the ORM (Experimental Rocket Motor), the smelting of the inlet and 
outlet sharp edges of the exit diameter of the nozzle was not observed. 
Similar phenomena were also observed for the electrodes of the plugs. 
After the ignition of this type of rods, the nozzles of the rocket 
motors could be easily blown. Consequently, the nozzles were not 
obstructed by the solid residues resulting from the combustion of the 
rods. The burning time was equal to 64 sec. As a result of the 
presence of magnesium and aluminium, the combustion temperature of 
the rod is quite high, which is in favour of the ignition process. 
The combustion of the rod was accompanied by a quite clear white 
flame. The colour of the flame is of significant value since it per-
mits to determine the beginning and the end of the combustion process 
of the rod. 

The repeated results of iLe investigations showed the full 
reliability of the fuel mixture by these rode when nitric acid is 
used as an oxidizing agent. 

The start of the performance of the motor. 
The information concerning the processes taking place in the 

Rid (Rocket Motor) at the moment of the start of its performance is 
considerably essential not only for getting a normal performance of 
the Rid (Rocket Motor) but also to avoid accidents. As known from the 
previous reports, the liquid fuel mixtures, being taken in very 
insignificant amounts, are inclined to detonation, which should 
necessarily be taken into consideration. 

According to whether the fuel is supplied to the RM (Rocket 
Motor) by a compressed gas from a pressure accumulator or a pump of 
one design or the other, the conditions exerted by the devices which 
supply the fuel can change. In all the oases, only the initial igni-
tion (its intensity and suitability), the character of the change 
(increase) of the pressure of fuel supply, and the properties of the 
fuel components (solubility, the easiness of inflammation and others) 
exert a considerable effect. 

When the ignition process is delayed due to the insufficient 
intensity of the ignition source or non-suitability of the exerted 
excitation, a certain amount of fuel mixture is accumulated in the 
combustion chamber which detonates at the moment of ignition. To 
avoid the accumulation of a considerable amount of fuel in the 'combu.s-
tion chamber when failure of ignition takes place, the nozzle exits 
were arranged in such a way that all the formed mixture flew through 
the nozzle to the outside. However, this measure was not always 
enough. From the report onz "Investigation of the mechanism of the 
combustion of prepared fuel mixtures in closed and semi-closed 

containers" (1931) [7], 1t follows that only few cubic centimeters of 
the fuel (from 4 to 5 om ) are enough for the explosion of a chamber
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which has approximately the same dimension and strength as that of 
the ORM (Experimenta]. Rocket Motor). 

The mechanism of the change of the pressure of the fuel supply 
acquires a quite high significance for the start of the RM (Rocket 
Motor). This significance wi].l be higher, the more difficult is the 
mixing process and the inflammation of the fuel components in the 
combustion chamber. 

It follows to mention that mixing of the fuel components took 
place only inside the combustion chamber and was achieved on account 
of the kinetic energy of the injection of the components. Therefore, 
the higher is the pressure of the fuel supply, the more energetic and 
the better will be the mixing process of these components. 

If, during starting the motor, the pressure of the fuel supply 
was increased slowly (cautiously), the flowing components in the 
nozzle will not acquire the required mixing and will partially out-
flow through the nozzle exit; a certain part will remain in the 
combustion chamber so long as they did not burn or explode the motor. 

Therefore, even in the case of careful ignition, an explosion 
can take place due to the unproper start of the motor. 

In order to ignite the fuel at the moment of its injection into 
the combustion chamber, it is necessary to increase the pressure of 
the fuel supply so that the fuel components could be thoroughly mixed. 

Under the conditions of the conducted experiments, any change 
in the pressure of the fuel supply can be achieved by a more or less 
rapid opening of the kiandwheel valve of the compressed gas cylinders 
(see fig. 1 and 3). 

The combustion of the fuel can be satisfactorily achieved by 
the sudden rise of the pressure and by the normal ignition of the 
mixture. However, in this case, other undesirable processes took 
place; the motor started to work not under a constant pressure but 
with periodical impacts following each other within every 1 to 1.5 
sec. and then damping down gradually. 

When the pressure of the fuel supply was increased quite rapidly 
(sudden opening of the gas cylinder valve), these impacts acquired 
the character of powerful explosions. During one of these impacts, 
the motor exploded with a considerable power as concluded from the 
few scattered ragments which were found deformed. 

The impact-like motor performance can be explained by the 
quite sudden opening of the valves of the compressed gas cylinders, 
which results in the impact of the gas on the surface of the liquid 
in .-the fuel tanks. As a consequence, elastic vibrations will arise 
in the system (gas cylinder-gas Pipelines-tanks-fuel pipelines and 
motor); these elastic vibrations covered the system of gas and liquid. 

The long duration of the vibrations (1 - 1.5 sec.) is explained 
by the great length of the pipelines and by the considerable free volume 
which exists above the liquid ip the tanks.

V
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• ...	 It is quite natural that during these impacts, and as a result 
of the continuous fuel supply into the combustion chamber, an explo-
sion which could destruct the rocket motor may arise. 

Therefore, ' slow opening of the cylinder valves, i.e., slow rise 
of pressure inside the combustion chamber of the motor, which does not 
give a reliable mixing of the fuel components, will lead, to the 
explosion of the motor. In particular, this corresponds to the compo-
nents which are mixed with difficulty, such as nitric acid and kyd.rocar-
bons. The sudden increase of the pressure of fuel supply stipulates 
dangerous vibrations which can similarly lead to the explosion of the 
rocket motor. 

To get a normal start for the RN (Rocket Motor), it is necessary 
to apply a mooth but not a very slow rise of pressure in the tanks. 

For: the explanation of the above-mentioned regulations concer-
ning the start of the rocket motors, some motors OEM (Experimental 
Rocket Motors) of the type No98 were destroyed.. The fragments of one 
of these motors and the out pieces of the pipelines, damaged by the 
fragments of the motor, are illustrated in figure 14. 

The power of these explosions, which are usually of the detona-' 
tional character, is estimated by the simultaneous destruction of the 
motor and the armoured plate to which the motor is fixed. 

Starting the motor according to the indicated instructions was 
successful. 

It follows to mention that the most dangerous moment during 
the whole time of the performance of the rocket motor is undoubtedly 

	

•	 the moment of its start. A second danger arises when it is required 
to switch off the motor in the case of the existence of unutilized, 
fuel in the fuel lines (in the tanks). In this case, on ceasing the 

	

•	 gas supply from the gas cylinder, this fuel may, sometimes, succeed 
to pass into the combustion chamber under a decreasing pressure 
remaining in the tanks and the gas pipelines of the compressed gas. 
However, it is possible to attain a safe switching off of the motor 
by putting uni-directional. restrictor valves on the fuel pipelines 
close to the motor, and then letting the compressed gas to go out 

rapidly from the tanks. It is also possible to put only locking valves 
on the fuel pipelines close to the motor. 

In the praotioal oases of the performance of the rocket motors, 
only one case was recorded by the present author where the explosion 
of the motor took place on-Its switàhing off, as a result of the un-
utilized fuel left in the tanks, 

The teperature in the combustion chamber of the RN 
fooke t Motor) 

The magnitude of the temperature developed in the combustion 
chamber of the RN (Rocket Motor) depends on the type of the utilized
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fuel. The maximum temperature is developed by the mixture of liquid 
oxygen and hydrocarbons, and the lowest temperature is given by the 
mixture of nitric acid and hydrocarbons, whereas the temperature of the 
nitrogen tetroxide)hydrooarbon mixture attains an intermediate value. 

The combustion temperature of the fuel mixture should be of 
interest to us from the point of view of its effect on the metallic 
part of the motor. 

The successful measurement of temperature has not been found 
yet, in spite of the trials carried out for introducing tungsten and 
molybdenum wires in the combustion chamber for the investigation of 
their smelting. These experiments did not come to an end. yet. 

The experiments carried out on the ORM No.4 and OEM (Experimental 
Rocket Motor) No-5 showed that, on the ignition of the fuel mixture of 
liquid oxygen and aviational benzene, the temperature developed in the 
combustion chamber was so high that the steel walls of the chamber 
could not resist its The steel walls of the chamber were smelted after 
few seconds from the start of the motor, precisely, under the effect 
of the powerful autogeneous burners. The OEM (Experimental Rocket 
Motor) No.5 is illustrated in figure 5; its smelting was observed and 
the motor was switched off. In the photograph, part of the chamber 
was smelted in the same place where a nozzle with an exit diameter of 
10 mm was previously situated. 

The OEM (Experimental Rocket Motor) No.18, whiolk has been smelted 
under the same conditions, is shown in figures 16, 17 and 2l8 (the 
pressure inside the combustion chamber was about 50 kg/cm , and the 
performance time was in the range of 10-12 sec.). It follows to mention 
that the wall thickness of the combustion chamber of the OEM No-5 and 
OEM (Experimental Rocket Motor) No.8 was equal to 10 mm. Therefore, 
for the use of liquid oxygen as an oxidizing agent, it is necessary to 
protect the internal walls of the combustion chamber from the effect 
of the high temperatures. This could be carried out by means of thermo-
insulations, and in the case when this measure is insufficient we had 
to resort also to the dynamic cooling by the fuel. The dynamic cooling 
of the combustion chamber by the fuel is undesirable since it is 
accompanied by a considerable complication in the construction of the 
motor. The independent use of this method of cooling is not sufficient 
in case of the investigated fuel. 

At the present time, preliminary experiments are carried out 
for the selection of the proper thermo-insulation for motors working 
on liquid oxygen. 

The phenomenon of smelting was similarly noticed on using nitric 
acid as an oxidizing agent, but its effect was somewhat lover. Thus, 
smelting of the lateral (fixed outside the body of the plugs) electrodes 
of the CO5a plugs was the only phenomenon observed during the performance 
of the motor for one minute.
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Fig. 15 Fig. 16
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The rocket motor (of the described design) working on nitric 
acid does not need either a thermo—insulation or cooling with the: fuel, 
under the conditions of the absence of sharp protrusions, edges and 
similar features in the combustion chamber, which are subject to excessive 
thermal stresses. 

The thermal processes taking place in a motor working on nitric 
acid are similar to those occurring in the case of motors working on 
liquid air enriohed with oxygen (corrected to 1/6 of the initial volume). 

The pressure inside the rocket motor 

The pressure in the system of the experimental motor installation 
was measured by means of changeable manometers fixed in the gas pipe-
lines existing close to the compressed gas cylinders. Th maximum 
measured pressures were equal to 8; 40; 100 and 150 kg/cm . The 
pressure inside the combustion chamber was slightly lower than that 
indicated by the manometer by a value equal to the pressure drop in 
the pipelines and nozzle of the motor. However, the pipelines had 
quite large cross—sectional areas (0 20/24, 20/22, 10/12) and their 
length was so small (1.5 - 2.5 in.) that the pressure drop was 

I	 '&; 

-

Fig. 14 
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LU 
Fig. 17	 Fig. 18 

Fig. 19 - Firing ground teat of the ORM (Experimental 
Rocket Motor) No. 12 (1932). 

insignificant in comparison with the total pressure. 

The performance of the motor was carried out under various 
excesive pressures varying from a fraction of atmosphere up to 50 
kg/cm . The composition of the utilized fuel mixtures was as followsi

ef 

oxidizing agents - liquid oxygen, liquid air, and nitric acid; fuels - 
benzene and toluene.
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The measurement of the pressure inside the combustion chamber 
by the prevously described pressure gauge showed a maximum pressure 
of 64 kg/cm . The readings of the pressure gauge were usually less 
than the real values because the protecting copper plug surrounding 
the piston was frequently burnt and it was, sometimes, smelted (see 
figs. 16 and 17) just on the start of the motor. Frequently, as a 
consequence of this fact, the column of the pressure gauge did not 
have enough time to be compressed.. Therefore, the pressure gauge had 
to be rejected.

Ecdh

Erm 

Fig. 20 - The executive scheme of the stand for ground 
testing the PD (rocket engine working on liquid fuels) 
(1932) [8]. 

It should be mentioned that, as a rule, for all the above-
mentioned compositions of the fuel mixtures, the quality and steadi-
ness of the combustion process was found to increase with. the increase 
of pressure in the motor. The obtained sound was regular and the 
colour of the jet flame was cleaner. In this case, the amount of 
supplied fuel was increased, while the rate of the combustion process 
was increased to a much greater extent.
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It is important to note that, at quite small pressure of fuel 
supply, of the order of several atmospheres, and in case of fuel 
components which are mixed with difficulty (such as; nitric acid 
and by uirocarbons), the performance of the motor was very unstable and 
was accompanied with impacts, which is quite in good agreement with 
the results outlined in the previous chapter on the start of the rocket 
motor.

At the present time, the preparation of special devices for 
measuring and recording the pressure in the combustion chamber of the 
rocket motor on a rotating cylinder came to an end.. 

The stability and duration of the performance 
of the RM (Rocket Motor) 

The acoustic effect 

When the combustion processes were not carried out under very 
small pressures, and sudden pressure changes were avoided in the 
system, then the performance of the rocket motor was quite stable up 
to the full consumption of the fuel reserve. The maximum duration of 
the continuous performance of the rocket motor was equal to one mm-
(working on a fuel mixture of nitric aoid and hydrocarbons). 

The intensity of the sound accompanying the performance of the 
motor, stipulating the flow of the jet from the nozzle (see fig. 19), 
was proportional to the pressure in the combustion chamber. The higher 
is the pressure in the combustion ohambe, the stronger will be the 

sound effect under pressures of 50 kg/cm and more, the obtained sound 
was very strong. 

The aim of the next experiments 
i) The selection of a suitable thermo—insulation for a RM 

(Rocket Motor) working on liquid oxygen. 
2) The measurement of the pressure in the RM (Rocket Motor) by 

means of a recording device. 

3) The measurement of the reactive force developed by the motor 
by means of a recording instrument.
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DESCRIPTION OF THE JET MOTOR  

(1933) 

The present investigation is concerned, with jet motors whose 
combustion chamber utilizes a liquid fuel consisting of two components: 
an oxidizing agent and a fuel, which are both supplied through nozzles. 

In order to increase the thermal efficiency of the jet motor 
and to get its lowest possible weight per unit power, and also to 
design a motor characterized by a big power, the construction of the 
fuel nozzles should provide the most rapid, complete and regular 
mixing of the maximum amounts of the fuel oomponents in the minimum 
space of the combustion chamber all over its parts. 

The jet motor differs substantially from the ordinary internal 
combustion engines by its considerably greater fuel consumption which 
amounts to tens of kilograms per second.. For the realization of such 
great values of fuel consumption, stipulated by the big power of the 
jet motors, the process of mixing the fuel components in the combustion 
chamber of the jet motor should differ substantially from the generally 
accepted methods of formation of the working mixture in the internal 
combustion engine. The difference between modern motors which are 
characterized by one kilogram weight per horse power, and jet motors 
which are characterized by one gram weight per horse power, is so 
great that the construction of such jet motors with the use of the 
ordinary methods of formation of the working mixture in the combustion 
chamber is not possible. 

As a method of mixing which satisfies the requirements of the 
maximum fuel consumption in the minimum space of the combustion ohaznber 
under the conditions of a sufficiently full combustion, the author 
suggests mixing of the fuel components (oxidizing agent and fuel) in 
the combustion chamber in the liquid form without atomization and 
evaporation of the liquid fuel itself1 in the limited walled space, 
with the simultaneous combustion of the liquid mixture at the moment 
of its formation. 

The advantages of such a. method of mixing are summarized in the 
following points * 

1— Since mixing of the given amount of liquid fuel is not 
associated with an increase in the volume of the latter, due to-the 
absence of atomization and evaporation, it can be carried out in the 
space occupied by the liquid fuel itself. As a consequence, the 
utilized volume of the combustion chamber will be minimum. 

Summarized (Editor).
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2— The rate of the combustion process of the liquid mixture 
of the oxidizing agent and fuel, as known from the experiments carried 
out under theY corresponding conditions, attains the propagation rate 
of the detonation wave, which amounts to 7-8 kin/sec. This rate guaran-
tees the maximum rate among the conceivable rates of combustion. 

3— Since mixing of the fuel' components takes place in the in-
significant space (due to the high rate of combustion) occupied by the 
liquid fuel itself, it will be much easier to achieve ideal mixing of 
the oxidizing agent with the fuel. 

This process does not acquire anything in common with that of 
the fuel supply in the combustion chamber according to the principle 
of preliminary mixing of the fuel components, since, in this case, 
mixing takes place inside the combustion chamber. Thus, the whole 

mixture burns at the moment of its formation, and on the start of the 
motor there will not be any amount of a ready prepared mixture. As 
a result of this fact, the danger arising ftom the detonation of any 
charge in the motor, with all the ensuing phenomena, will be excluded. 

However, for making the combustion of the whole liquid mixture 
possible at the moment of its formation, it is necessary that the rate 
of combustion should be greater than both the rate of the formation 
of the prepared mixture and the rate of fuel supply (which should be 
equal) during the entire combustion process. 

Concerning the burning rate of prepared fuel mixtures, it was 
suoceded to establish experimentally that, under a pressure of 100 
kg/oin inside the combustion chamber, the rate of combustion attains 
the rate of detonation (up to 7-8 km/sec.), which fully ensures the 
above indiosted required ratio between the rates of fuel supply and 
its combustion. Therefore by controlling the pressure inside the 
combustion chamber, it becomes possible to achieve the required per-
formance regime of the RM (Rocket Motor). 

Figure 1 represents the schematic diagram of the design of the 
jet motor, satisfying the suggested process of formation and ignition 
of the utilized fuel mixture. 

The distinctive feature of this design is the application of 
the two—stage combustion chamber. The first combustion chamber 1 is 
of a relatively small volume, and serves for mixing the liquid compo-
nents and their ignition in the liquid form. The second combustion 
chamber 2 is of a considerably larger volume, and serves to accomplish 
the combustion process of the fuel in the gaseous state, since this 
process is not hindered by the dissociation of the fuel due to the 
high temperature existing in the combustion chamber. The final 
combustion products flow through the nozzle 3 as they are expanded 
(cooled). 

Therefore, the first chamber is a preliminary ignition chamber, 
which for abbreviation will be called "forechamber". It is clear that 
this forechamber does not have anything in common with the forechamber



Fig. 2.

•1 

- 245 - 

device in the compressor-less diesels, since the latter are desjied 
for quite different purposes and the processes taking place are 
different from 'those of the suggested. one. Actually, in the fore-
chamber of the compressor less diesels, the atomized liquid fuel and 
the gas oxidizing agent (air) are introduced on the basis of the 
consideration of the incomplete combustion so that the products of 
the partial combustion could be pressed under a special pressure 
through the atomizing device (nozzle) separating the cavity of the 
forechamber from the cylinder, carrying with them the uziburnt particles 
of the fuel which are atomized in the cylinder where the combustion 
process particularly takes place. 

In the forechamber of the jet motor the liquid oxidizing agent 
and the fuel are introduced on the basis of the consideration of the 
complete combustion. The better is the construction of this fore-
chamber, the more complete will be the combustion of the fuel inside 

it, and the smaller will be the volume of the chamber required for 
full burning of the fuel in the gaseous state. In the case of an 
ideal jet motor, when the process of mixing and combustion in the 

liquid state are conplete, the necessity for a big chamber for the 
full combustion of the fuel falls down completely. In reality, the 

achievement of this requirement is quite difficult, and, consequently, 
the presence of an auxiliary chamber besides the foreohainber is 
necessary for the full combustion. 

The arrangement and performance of the forechamber together 
with the connected fue]. nozzles 4 could be illustrated as follows 
The fuel components are supplied independently to the forechamber 

-	 through the nozzles with different velocities of high magnitudes, under
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the influence of the rotational motion of the stream directed in 
different sides, using the reception impact of the stream which per-
mits to achieve the possibility of better mixing of the fuel components 
in the forochamber. 

However, the shape of the forechamber should also promote the 
best mixing of the components. As an example of one of the possible 
shapes that could be accomplished, a forechamber is represented in 
fig. 1; the internal diameter of the chamber acquires a periodically 
smoothly changing cross-section along its length. The suggested device 

is u8eful for the formation of a working mixture and its ignition, and 
particularly, in the case when the fuel components are mutually soluble, 
as for example, nitrogen tetroxid.e with toluene or benzene. However, 
even if the components are insoluble, a sufficiently homogeneous 
mixture could be obtained by their energetic mixing, which demonstrates 
the applicability of the foreohamber in this case. 

In order to increase the thermal efficiency of the jet motor, 
it is suitable to introduce one of the fuel components into the com-
bustion chamber in the form of a mixture with another component. 
The composition of this mixture (or solution) is controlled so that 
it does not acquire any explosion properties. The missing component 
required for the complete and correct combustion, is additionally 
introduced by means of another nozzle. As a result, a more perfect 
working mixture can be obtained in the combustion chamber, and by this 
means the quality of the ignition of the fuel can be improved. In this 
case, either an enriched or lean liquid mixture [iJ can be introduced 
into the combustion chamber. 

The subjects of the invention 

1- The jet motor working on a fuel composed of a liquid oxidizing 
agent and a liquid fuel is characterized by mixing of the fuel compo-
nents (oxidizing agent and fuel). The composition of the mixture 
corresponds to the full and regular combustion, and is injected in the 
combustion chamber in the liquid form without the atomization ore.vapo-. 
ration of the liquid fuel itself in the space limited by the chamber 
walls, with the simultaneous ignition of the liquid mixture at the 
moment of its formation. 

2- According to the preoeeding point, the jet motor is charac-
terized by its construction of two combustion chambers which are 
connected with each other. One of these chambers (the forechamber) 
serves for mixing and combustion of the liquid fuel components illus-
trated in point 1, while the other, in which the mixture is supplied 
from the first chamber, serves to complete the combustion of the gaseous 
products.
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3- According to points 1 and 2, the jet motor is characterized 
by its nozzles which supply the fuel components. These nozzles are 
equipped with known devices for subjecting the liquid components to a 
rotational motion distinguished with the fact that the direction of 
rotation of each component is opposite to each other. 

4— According to points 1 and 2, the jet motor is characterized 
by the fact that the internal diameter of its forechamber acquires a 
periodically smoothly changing cross—section for improving the mixing 
process of the following hot components. 

5- The jet motor described in all the preceeding points is 
distinguished by the fact that the partially prepared liquid fuel 
mixture (enriched or lean) is introduced into the combustion chamber 
through one of the nozzles. According to its composition, the mixture 
is incapable of exploding, since the missing component (oxidizing agent 
or fuel) required for the complete and regular combustion of the fuel 
is simultaneously introduced by means of a separate additional nozzle.
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A SUPPLEMENT TO "THE WORK OF THE ROCKET MOTOR" 

(1933) 

The method outlined in the report "Rabota RN (the performance 
of the P.M (Rocket Motor)), Buffer dfrom the following disadvantage: 
for the computation of the curve	 f(t) under the condition of 
j a constant, it j8 necessary to compute all the points per seconds, 
starting from the first point and not miing any of them. A method 
for the computation of the relationship	 f(t), avoiding the 
indicated disadvantages, is given below. 

The mathematical expression of Ciolkovslci3 is represented by 
the. following equation :

u)	
'\ 

V(	 ii 1.11 (t 

Taking into consideration the earth gravitational field, 
Cio1kovkij gave also the following equation : 

V1çlI	
iI(i+ i-

. ) .	
( 2) 

Under the condition of j • constant, assuming that the time 
taken for the fuel consumption up to a residue ofuj i8 equal to tk 
the following equation could be written for the given uniformly 
accelerated motion of the apparatus 

V.( 

Substititingiy by its value given in equation (2), we get : 

Silly
 

from this relationship the following equations could be deduced : 

-- (_--)	
(3) 

and
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tuH	 ;--(i.	 : hhtr) hh1 ( 1 i).	 (5) 

Wring the flight in a medium free from the gravitational force 
g a 0, equations (3), (4) can be rewritten as follows s 

(i) .....p (elI '"
	

1 ,	 (6) 

	

i'	 )	 (7) 

The fule consumption per unit time is therefore expressed as 
foilbus

II 
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However, frOm equation (3) we have i 

f it .1 

then, we get $
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and when g • 0 we get s

A(tlli- . -- _L... f)(iL 'It.	 (9) 
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THE TEC}flIC.L SPECIFICATIONS FOR THE EXPERIMENTAL 
GAS-TURBO PUMP /1933 J 

The experimental gas-turbo pump, which is expressed below in the 
abbreviated form 0, consists of Laval's turbine and two single-stage 
centrifugal pumps sitting on a general shaft; each pump is used for the 
supply of a certain liquid. The pumps should satisfy the following 
requirements 

1- The total pumping rate of the two pumps of the OTN should be 
equal to 1.52 litres/sec. The rate of the first pump charging kerosine 
is equal to 0.42 litre/sec (0.35 kg/sec), while that of the second pump 
charging nitric acid amounts to 1.1 litre/sec (1.65 kg/sec). The full 
manometric pressure head of each pump should be equal to 750 m. water 
column. and the number of revolutions should-be not less than 25000 per 
minute. The supply of liquids to the pumps is achieved by.the force 
of gravity under a pressure of 0.5 m. water column in the suction of the 
connection pipes of the pumps. Under these conditions, the power 
exerted on the shaft of the pump is approximately equal to 32 h.p. 

2- The pumps should be of the single-stage type with a horizontal 
shaft whose bearings are fitted with a drip lubrication; the lining is 
casted from white metal. The axial pressure should be counterbalanced 
either by the bilateral feeding of the liquids or by any other means 
(but not by means of discharging pivots or axial bearings,which increase 
the weight of the construction). 

The oil-seal should be unloaded from the pressure side. The 
diameter of the suction connection-tube should be approximately equal to 
30 mm and the diameter of the pumping connection-tubes shouldbe about 
10 mm.

3- The pump should be drived by means of a gas turbine whose power 
amounts up to 35 h.p. The gas turbine performs the same number of re-
volutions as the pump (from 25000 to 30000revolutions per minute) and 
is directly connected with it by means of an elastic clutch. The pump 
and the engine are mounted on a general frame work. 

4- The body and the other main parts of the pump are manufactured 
from light alloys or high quality steel (2) with excess strength (for 
the lightness of the construction). Similarly, the fly wheels and the 
other moving parts are manufactured from metals characterized by the 
least specific weight (aluminium and similar alloys). 

The overall dimensions and the weight of the 0T should be 
reduced to arninirnum. In this connection, light alloys and high quality 
steel are used in every possible way. The OTN has an external cylindrical 
shape with a minimum length and diameter. The external diameter of the 
assembled OIN should not exceed 220 mm. The body f the pumps is 
hydraulically tested under a pressure of 100 kg/cm 

5- One of the pumps is assigned for the supply of kerosine whose 
viscosity, according to Engliar, is approximately equal to 0.5--1 in the
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temperature range of 0_500C; the specific wieght of kerosine is equal 
to 0.83. The second pump is assigned for the supply of cocentrated 
(9/o) nitric acid whose viscosity, according to 	 gler, is approximately 
equal to 1 in the temperature range of 0-50°C; the specific weight of 
the acid is 1.52. 

6- The pump should work smoothly without sudden impacts and 
vibration. Heating of the bearings is allowed up to a temperature ex-
ceeding that of the surrounding air by 450. Leaking of the liquids 
through the oil-seal should not take place. 

7- The fly wheel of the turbo-dynamo which is usually utilized 
in the military fleet, may be used as a rotor for the Laval turbine. 

8- The turbine should work by means of the combustion products 
of the fuel, having a temperature of 500 0 C under a manometric pressure 
of 10-15 atm. 

9— The regulation of the power of the OTN should be carried out 
by throttling the gas feeding the turbine by means of a valve. 

10- The OTU should have a simple design which could be easily 
handled. It should be also easily dismantled for the cleaning purposes. 

11- The deterioration of the parts of the pump could be estimated 
from the total performance time of the ON and from its exploitation for 
about 200 hours. The supplier is not responsible for the performance 
defects of the pump resulting from the unskillful or careless maintenance 
of the pump installation, or from its performance under conditions not 
satisfying the present technical requirements. 

12- The continuous performance of the aggregate should not exceed 
10 minutes.

13- The manipulation of the PUIfl1) and its testing should be 
carried out according to the regulations present in that norm.
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TEE PERFORNANCE REGIME OF THE JET ENGINE 

Li9 37 

The present work is concerned with the means by which the effi-
ciency of the jet engine working on liquid fuels is increased... The 
efficiency of such an engine depends, to a large extent, on the quality 
of the mixing process, i.e., on the extent of perfect mixing of the 
oxidizing agent and fuel inside the combustion chamber of the engine. 

The performance of the engine is usually associated with a large 
consumption of fuel, which is measured in kilograms per second. In 
this connection, the process of getting a satisfactory mixing of the 
required amounts of the oxidizing agent and fuel in the minimum volume 
of the combustion chamber of the engine is considered as one of those 
basic problems on whose successful solution the present and the future 
jet engine will depend. 

The existing methods of the mechanical mixing of the oxidizing 
agent and fuel in the combustion chamber of the engine are not quite 
perfect and need a considerable improvement. In this connection, it 
was suggested to carry out partial mixing of the oxidizing agent and 
fuel before their injection into the combustion chamber of the engine, 
in such proportions that the obtained solution does not acquire in this 
case explosive properties. To obtain a. complete combustion, the 
remaining component is injected, into the chamber by an additional nozzle 
(see the report of V.P. Gluko on: "Reaktivnyj motor" (The jet motor), 
No. 121938/9056, published on January the 11th 1939) ii]. 

The mentioned method is applicable only with many limitations. 
Actually, for this purpose, it is necessary that the oxidizing agent 
and the fuel should be mutually soluble and not interacting with each 
other. Considerably better effects could be achieved by using the fuel 
mentioned. below. 

There exists a series of oxygen-containing organic compounds 
whose heats of formation slight differ from zero, and are, sometimes, 
negative. The nitrogen compounds, and mainly the products of the nitra-
tion of the various organic compounds, can serve as an example for this 
case. These nitro products can be considered as fuels already containing 
certain amounts of the oxidizing agents necessary for the combustion 
process. Thus, in this case, the oxidizing agent is perfectly mixed with 
the fuel within the molecules. For example, nitrobenzene itself contains 
26 per cent by weight oxygen, nitrotoluene contains 23.4 per cent, 
d.initrophenol contains 43.5 per cent and so on. 

The highly nitrated products contain in their molecules such a 
great amount of oxygen that they are considered as potential explosives. 
The utilization of such compounds as fuels is not permitted, at least 
in the pure form. Stable compounds such as nitrobenzene and nitrotoluene,
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already existing in the liquid state at the normal temperature, can be 
utilized in the pure form. On the other hand, the highly nitrated 
products, being self-exploding materials, exist in the solid state at 
the normal temperature and, accordingly, they can be utilized only in 
the form of solutions of safe concentrations in a liquid fuel such as 
nitrobenzene or in nitrotoluene. 

The utilization of the highly nitrated products such as trinitro-
toluene, picric acid, and so on, as additives, persecute the following 
aims: the increase of the oxygen content in the fuel, the increase of 
the specific weight of the fuel, and lowering the melting point of the 
fuel which, amounts, for example in the case of pure nitrobenzene, to 
5.70C only. 

The increase of the chemically combined oxygen in the fuel, within 
the permissible limits, i.e., till the appearance of the explosing pro-
perties, improves the combustion of the fuel in the engine. This process 
permits the combustion of the same amount of fuel in a smaller volume 
of the coribustion chamber of the engine, that is, it increases the 
litre capacity of the engine. The presence of a certain amount of oxygen 
in the fuel itself will lead to the utilization of a less amount of 
oxidizing agent as an independent component, which considerably facili-
tates the problem of adequate mixing of the fuel and the oxidizing agent 
inside the combustion chamber of the engine. 

The subject of the patent 

1- The performance regime of the jet engine is characterized by 
the use of nitrocoinpourids as fuels with any oxidizing agent. These nitro-
compounds, for example, nitrobenzene and nitrotoluene, are not self-
exploding, materials. 

2- According to the preceding point, the regime is distinguished 
by the following: with any oxidizing agent, liquid solutions of highly 
nitrated products, for example, trinitrotoluene in nitrobenzene or nitro-
toluene, can be used [2].
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THE METHODS OF INCREASING THE EFFECTIVENESS 
OF FUELS FOR THE JET ENGINE 

L1933J 

The present investigation is concerned with the means of increasing 
the calorific value as well as the specific weight of liquid fuels 
utilized in jet engines. Below, the fuel will be named by the joined 
agregate of the oxidizing agent and fuel which are considered, there-
fore, the components of the fuel. 

The greatest effect on the flight range of a jet aircraft is 
exerted by the calorific value and specific weight of the utilized fuels. 
This conclusion could be easily arrived at by analyzing "the equation 
of the rocket" which was derived in 1903 by K. E. Ciolkovskij Li!. In 
this connection, it is quite natural to inspire the improvement of the 
quality of fuels by introducing the corresponding additives to them. 
Assuming that the fuel is composed of two components, viz., an oxidizing 
agent and a fuel, the introduction of additives to any of these components, 
or finally to both of them will be investigated below. 

At the present time, nitric acid, which was introduced by the 
present author, is widely used in practice as an oxidizing agent with 
great success. Not less substantiated for a similar wide use are the 
fuels suggested by the author for any oxidizing agent, which consist of 
a solution of high nitrated products in nitrobenzene or nitrotoluene 
(see the investigation published by the present author on November the 
26th of the same year on: "Sposob rabor reaktivnogo dvigatelja" (The 
performance regime of the jet engine) [2]. These fuels have the capa-
bility of dissolving nitric acid and nitrogen tetroxide. 

The quality of nitric acid and the indicated fuels, which are 
considered as the components of the fuel, can be considerably improved 
by dissolving in them a certain amount of liquid nitrogen tetroxide 
(N2o4).

The introduction of liquid nitrogen tetroxide in nitric acid in 
an amount close to saturation (about 50 per cent by volume), increases 
the specific weight of the oxidizing agent from 1.5 to L6, i.e., by 6.7 
per cent. In this case, the calorific value of the fuel containing 
nitric acid as an oxidizing agent will be increased by 9 per cent. As 
in the case of a fuel consisting of pure nitric acid and petroleum 
products, the maximum calorific value per one kilogram of the fuel 
mixture is approximately equal to 1450 K cal. 

Similarly, a fuel reacting with 50 per cent nitrogen tetroxide 
dissolved in nitric acid as oxidizing agnt, is capable of releasing 
1580 Kcal/kg. 

Also, the dissolution of nitrogen tetroxide as well as nitric 
acid in the fuel, in amounts insufficient to impart explosive properties 
to the solution, offers a particular interest, since it favours the
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combustion of the fuel in the jet engine. This is clue to the fact that 
a certain amount of the oxidizing agent required for combustion, which 
is initially introduced into the solution, appears to be perfectly mixed 
with the fuel. The remaining part of the oxidizing agent is introduced 
into the combustion chamber of the engine by means of an additional 
nozzle.

The subject of the patent 

1- The performance regime of the jet engine, in the case of a 
fuel containing nitric acid as an oxidizing agent, is characterized by 
the addition of liquid nitrogen tetroxide to the acid in amounts close 
to saturation '3J. 

2- The performance regime of the jet engine is characterized by 
the addition of nitric acid or nitrogen tetroxide to the fuel component 
before its injection into the combustion chamber of the engine. The 
amount of the oxidizing agent additive is controlled to avoid the forma-
tion of an explosive solution.
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THE METHODS OF AUTOMATIC IGNITION 
IN THE JET ENGINE 

L1_937 

The present investigation is concerned with the devices used for 
the automatic chemical (spontaneous) ignition of the liquid fuel in the 
combustion chamber of the jet engine. These fuels consists of a liquid 
oxidizing agent and a fuel injected into the combustion chamber of the 
engine by means of separate nozzles. The chemical ignition is based 
on the following mechanism: during the start of the engine, a special 
self-inflammable liquid is simultaneously injected together with the 
oxidizing agent (such as nitric acid) in the combustion chamber. The 
inflammable liquid (such as turpentine with activated additives) is 
spontaneously ignited at the moment of its contact with the oxidizing 
agent (see the investigation of Glusko and Cernyeva entitled: "Sposob 
poluenija aktivnoj idkoeti gija himieskogo zaiganija v reaktivnom 
dvigatele" (The methods of formation of an active fluid for chemical 
ignition in the jet engine), published on the 4th of December 1933) [1]. 

In the previously suggested devices for chemical ignition, the 
igniting self-inflammable liquid was injected into the combustion chamber 
by means of a special ignition nozzle. This method is associated with 
considerable complications and with an increase in the weight of the 
engine. Besides, it is quite unreliable in the case of the start of the 
engine for one time only, for example, in the case of the long range 
roket-powered devices and so on. 

Actually, the introduction of a special ignition nozzle requires 
also the presence of an additional device for the supply of the infla-
mmable liquid into the chamber, for example, by means of a compressed 
gas. The engine becomes much more complicated in the case when the 
igniting liquid is not self-inflammable on its contact with the utilized 
oxidizing agent of the fuel. In this case, it will be necessary to 
introduce one more auxiliary nozzle for the injection of a special oxi-
dizing agent during the start of the motor. 

The aim of the present investigation is to simplify, as much as 
possible, the devices used for the ignition of fuel, without any worsen-
ing of the quality of the ignition process itself. For this purpose, it 
is quite advisable to achieve the injection of the inflammable liquid 
through the nozzle assigned for the supply of the fuel (see Fig. 1). 
In this case, it will be sufficient to include in the system a small 
chamber 2 in front of the fuel nozzle 3a. As shown in the figure, the 
chamber is situated along the path of fuel flow between the piplines 
6a and 6b coming from the fuel tank 1 and the nozzle 3a. In the next 
paragraphs, this small chamber will be denoted by the ignition chamber.
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Fig. 1 

Before the start of the engine, the ignition chamber is filled with a 
self-inflammable liquid. In order to start the jet engine in the given 
case, it will be enough to pump the fuel from the tank 1 and the oxidi 

zing agent 5 into the combustion chamber of the engine 4 by the ordinary 
method, for example, by means of a compressed gas supplied from a 
pressurized accumulator or by means of pumps. In this case, the pumped 
fuel, on reaching the ignition chamber 2, will discharge its contents 
into the combustion chamber where it will start to flow by itself. The 
inflammable liquid, which is ignited on its contact with the oxidizing 
agent injected, in this case, through another nozzle 3b, will cause the 
ignition of the .normal fuel as soon as the latter starts flowing into 

the combustion chamber. 
For the case when the oxidizing agent of the fuel is not capable 

of igniting the inflammable liquid, it will be similarly possible to 
include a second ignition chamber in front of the nozzle of the oxidizing 
agent. The chamber is filled with an active oxidizing agent. 

The indicated devices were tested by the present author for both 
low-powered jet engines as well as powerful jet engines. The tests were 
equally successful in all the cases and ignition took place steadily and 

reliably. 
The simplification of these devices is still possible. The 

experiments showed that in order to attain a reliable ignition, a quite 
insignificant amount of inflammable liquid is required. The presence of 
an ignition chamber as a separate constructional unit was found to be 

unnecessary, since the role of the ignition chamber could be achieved 
by means of a part of the fuel pipeline, for example, 6b, adjacent to 
the nozzle which supplies the inflammable liquid before the start of 

the engine.
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The subject of the patent 

1- The method of automatic ignition in the jet engine by means of 
the application of a self-inflammable liquid on its contact with the 
oxidizing agent is characterized by placing the inflammable liquid in 
a chamber situated between the fuel tank and the combustion chamber of 
the engine.

2- The modification of the method outlined in the preceding point 
is characterized by inserting the inflammable liquid in the pipelines 
connecting the fuel tanks with the combustion chamber. 

3- The mechanism by which the method outlined in the preceding 
two points is achieved is characterized by the use of an additional charge 
of oxidizing agent in case the activity of the main oxidizing agent, 
with respect to the inflammable liquid, is insufficient. This additional 
charge is similarly included either in an intermediate chamber or in the 
pipelines connectinç the tank of the oxidizing agent with the combustion 
chamber.
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THE MITHODS OF FORMATION OF AN ACTIVE FLUID 
FOR CHEMICAL IGNITION IN THE JET ENGINE 

Li937 

Among the existing methods of ignition in the jet engine, the 
method of chemical ignition deserves a great attention. Chemical igni-

tion is achieved by injecting a special liquid through a nozzle into the 
combustion chamber of the engine. The given active self-inflammable 
fuel is then simultaneously injected through another nozzle its contact 
with the oxidizing agent. 

Turpentine, which has been suggested as an active liquid for this 
purpose, proved to be completely unsuitable, since from the moment of 
its contact with the oxidizing agent (nitric acid) till its inflammation 
several seconds or even tens of seconds were lapsed, and in some cases 
inflammation did not take place at all. For the same reasons, the 
known inflammable solution of phosphorus in carbon disulphide proved to 
be also unsuitable. 

Such type of delay in the ignition process can lead to a catas-
trophic explosion of the engine depending on the amount of fuel accumu-
lated in the combustion chamber during that time. 

The method of preparation of active liquids is given below. These 
liquids gave positive results during their direct multi-stage testing on 
the jet engine LiJ. On the contact of these liquids with any amount of 
oxidizing agent (such as nitric acid), unfailing self-inflammation takes 
place instantaneously. The following are examples of these active 
liquids; the suspensions of metallic sodium or phosphorus sodium in 
liquid fuels such as solar oil, toluene, turpentine and so on; the 
solution of potassium perchlorate in organic solvents such as glycerine; 
three-component solutions such as: phosphorus + carbon disulphide + 
turpentine, phosphorus + iodine + carbon disulphide; and four component 
solutions of the corresponding concentrations, such as: phosphorus + 
sulphur + carbon disulphide + turpentine. 

The introduction of such components as sulphur and iodine was 
stipulated by the tendency of increasing the specific weight of the active 
liquid. This method proved, to be essential in some cases of the utiliza-
tion of chemical ignition in the jet engine. 

The subject of the patent 

1- The method of formation of an active liquid, which is self-
inflammable at the moment of its contact with a strong oxidizing agent, is 
characterized by the utilization of suspensions of metallic sodium or 
phosphorus sodium in a liquid fuel such as petroleum products, turpentine 
and so on.
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2- The method of formation of an active liquid, which is self-
inflammable at the moment of its contact with a strong oxidizing agent, 
is characterized, by the utilization of the solution of potassium per-
chlorate in organic fuel solvents such as glycerine. 

3- The method of formation of an active liquid, which is self-
inflammable at the moment of its contact with a strong oxidizing agent, 
is characterized by the utilization of three-component solutions having 
the following compositions : 1) white phosphorus + carbon disulphide + 
turpentine and 2) white phosphorus + iodine + carbon disulphide. It is 
also characterized by the utilization of four-component solutions having 
the composition: white phosphorus + sulphur + carbon d-isulphide + tur-
pentine.
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CALCULATION OF THE JET INSTALLATION AND MOTOR 
FOR A TORPEDO-IDE PATH' 

Li937 

The calculation and description of the jet installation including 
the motor, developed for a marine torpedo-glide path, are given below 
according to the agreement contract between LO RNII }Th(TP (b. GDL "Gas 
Dynamic Laboratory" UVI NV RKK) and NIMTI UVMB RKK, signed on the 25th 
July 1933 L57. 

According to the technical requirements provided by the agreement, 
the thrust force of the jet motor should be equal to 200 kg, its perfor-
mance time should not be less than 60 sec, and the initial total weight 
of the motor installation, including the weight of the fuel, should be 
about 200 kg. 

A fuel consisting of nitric acid as an oxidizing agent and kerosine 
as a fuel, is used. The high concentrated nitric acid was supplied to the 
LO RNII by the "Krasnyj hirnik" (Red chemist) factory (Leningrad). The 
acid had a specific weight of d. 1.51 - 1.52 at 150 C, which corresponds 
to a monohyclrate content of 97.5 - 99.7 per cent, and was free from 
nitrogen oxides. To simplify the calculations givebelow, the concentra- 
tion of the acid was taken equal to 100 per cent (d = 1.52). 

Export kerosine was taken as a fuel. According to the data of the 
elementary analysis, it consists of 86.6 % carbon and 14.4 % hydrogen at 
a specific weight of 0. 794 (1500. 

The high calorific value of this kerosine, according to calorimetric 
measurements, amounts to 11140 Kcal. Hence, the low calorific value can 
be found from the following equation 

QL = Q_H - 6(9H+w) 

where H and TI the content of hydrogen and moisture in the fuel, expressed 
in percent by weight. Assuming H = 14.4, W = 0 and	 = 11140, we get 
QL = 10360 Kcal/kg. 

The conventional equation of the investigated kerosine is expressed 
as follows

C,1J,	 C,II144	 C,,I3I1JI•. 
12 

For the full combustion of a conventional molecule of kerosine 
71	 , the amount of the required o'gen is equal to 

Summarized (Edit.)
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7,13 . 2+ 14,4 . 0,5 -- 21,46 fly', 

One molecule of nitric acid Provides only 2.5 atoms of oxygen 
for the combustion of kerosine, since a part of oveen is associated 
with the hydrogen of the acid, viz. 

II NO 1 :	 J( )	 NO2 

Thefge, for the full combustion of a conventional molecule of 
kerosine, 

2R
	 8.6 molecules of nitric acid are required. 

Now,	 e molecular equation of the combustion reaction is derived 
by assuming that the coefficient of the excess oxidizing agent is equal 
to °( =i.	 S	 - 

8,611NO 3 + (7,13 111 - 7,13( '2	 ,5I!() H 4,3N2. 

The sum of the molecular weights of the reacting components is 
equal to

m	 8,6 •63,OI- 10012J 	 (V2 

The content of the acid in the fuel by weight (&'c * 1) is given 
by

- 

The content of kerosine in the fuel by weight (= i) is given 
by

The weight ratio of the oxidizing agent to the fuel	 1) is 
given by :	 --

5,41. 

The content of the cid by volume is equal to 
84 4

.102 
__________	 -	 (jo 
M' Ti	

?
-' 

The content of kerosine by volume is equal to 

.101 
II, 1.1 I	

-- -'G 1°' 

1+0,791
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The volumetric ratio of the oxidizing agent to the fuel is given 

by

2 S. 
2,1 

The specific weight of the fuel (the mixture of oxidizing agent 

and fuel) is given by

73, 9 -1 ,52 +26 , t-0,79 1 

The specific volume of the fuel is given by 

,2. 

The composition of the products of full combustion (expressed by 

weight) is given by 

CAL- -

'.:T•1:
 

N.
- 642

Let us find, the molecular heat of reaction of kerosine with nitric 
acid H • The high heat of formation of a conventional kerosine molecule 

is equal to :

- If t-110-100
 1 114 ic•c 	 /[i1 

it) 00 

Accordingly, we get  

22 KCU/.ItOP',. 

where	 57.8 the heat evolved from the combustion of hydrogen 
contained in the acj., 48.6X 42.4	 the heat of formation of the taken 

amount of acid and	 10.6 the heat dissipated by the uncondensed 
water which is formed during the combustion of hydrogen contained in 
kerosine. The low calorific value per unit weight of the fuel (acid + 

kerosine) is equal to

jf	 92.p	 - 
14u 

11

 

The calorific value pea' unit volume of the fuel is equal to 
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1440- 1 ,33	 i 9O Kca/J.1i4-. 

The molecular volume of the combustion products (see the equation 
of the reaction) is equal to ;• 

	

V.	 22,4(7,13+ 11,5	 4,3)	 513 1& 

The volume of the combustion products per unit weight of the fuel 
is given by  

1OOh',g9. 

The volume of the combustion products per unit volume of the fuel 
is given by

	

V,	 ioo gj.j-

Assuming that the efficiency of the motor, according to the expe-
riments, is equal to 0.20, then the impulse R 1 developed by the jet engine 
on the combustion of one kilogram of the fuel mixture in one second will 
be equal to :

9 , 33 Vi[i=!9 , 33 Irf)4i:ii2ij z 158ty,'jIsec. 

The expression for	 is obtained as follows; According to the 
law of the equality of the impulse force and quantity of motion, the 
following equation can be written 

11.t	 ---it, 

where R the reactive force t = the time of its action, G the fuel 

consumption, g 9.81 rn/sec and u = the rate of flow of the combustion 
products through the nozzle of the engine. On the basis of the law of 
conservation of enerr, the following equation can be written 

- If,G/r1, 

where E = the mechanical equivalent of heat and 	 = the efficiency of 
the jet motor. From the second equation we get 

u.ViiI7iT 

substituting the obtained expression for u in the second equation 
and assuming t = 1 and G = 1, the impulse will be given by 

111
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Substituting the numerical values of gand E, we get: 

o,::i 

Thus, one ki1orarn of burning fuel develops a thrust equal to 
= 158 kg. To obtain a thrust of R = 200 kg., the following specific 

consumption of fuel will be required  

U	 I:
—	 1,27 K a'y'c. 

For the performance of a motor within the given 60 seconds, the 
required fuel reserve will be equal to 

VAG	 ),\(;	 60 . 1,27	 7r1,( ?9. 

king into consideration that the lifting tubes of the fuel tanks 
cannot supply the final portions of the fuel at the moment of exposing 
the aperture of the tube by the decreasing level of the liquid, the fuel 
reserve should be increased by two kilograms for both fuel tanks. Thus 

--	 – 

It was found above that the weight ratio of the oxidizing agent 
to the fuel is equal to 5.41 and the volumetric ratio is equal to 2.83, 
assuming that the coefficient of the oxidizing agent is equal to 1. 
The specific weight of such a fuel is equal to 1.33. Usually, in 
practice,	 12 that '-is a higher power could be produced by the engine 
at (< 1. According to the results of the experiments, the most suitable 
value of < is approximately equal to 0. 9. Accordingly, the equation of 
the oxidation reaction of kerosine with nitric acid oould be written in 
the following general form s 

inIINtL	 . ( I,(n1 --.) :,	 -Z'- r'. 

In this ease, hydrogen Is assumed to burn completely, as is 
usually dl on. iii the oalculations of the thermal processes taking place 
in the internal combustion engines. 

Let us now derive the equation of the reaction of the selected 
composition of the fuel (nitric acid + kerosine). In this case, the 
amount of the oxidizing agent required for the combustion of kerosine 
is given byo(8.6 ffl03 , and the composition of the fuel is expressed as 
follows

i-

Therefore, the equation of the reaction of the fuel will acquire 
the following form :	 -	 -- 

7,74IIN03 I	 II,LII()1 :,87N0 J-.(1t) 	 -x(().
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The amount of oxygen required for the oxidation of the total 
quantity of hydrogen contained, in the fuel component is equal to 11.1 
atoms (see ' the equation of the reaction). On the otierhand the existing 
amount of oxygen in nitric acid. is equal to 23.2 atoms. Therefore, the 
remaining amount of oxygen required for the oxidation of carbon to carbon 
monoxide and carbon dioxide is equal to 12.1 atoms. 

For this part of the reaction, namely, the oxidation of carbon 
by the remaining oxygen, an equation of the following form could be used; 

in'..) 

then, we get

12,10 •.. 7,13( 

For the given case, m <2n, but in) n [47. 
Therefore, we have 2

MO + nC €j(.O2 '4- x2U(), 

mO - 1 - nC --> (m - n) (.O 1- (2n .--in) (i()fJ• 

On substitution, we get 

12,I() -F. 74.3( ._. 	 02 I 2,16CO. 

Returning to the equation of the full combustion, and substitu-
ting the obtained values of x1 and x2 , we finally get 

	

7,74 11NO 3 -F ( 7 11 4,4	 114.11 20	 2,16C0. 

	

In the given case (	 = 0.9), the content of the acid in the 
fuel is equal to 80 per cent by weight, and that of kerosine is 17 per 
cent by weight. The weight ratio of the oxidizing agent to the fuel is 
equal to 4.88. The content of the acid is 71.8 per cent by volume and 
that of kerosine is 28.2 per cent by volume. The volumetric ratio of 
the oxidizing agent to the fuel is 2.55. In this case, the specific 
weight of the fuel is equal to 1.31, and the specific volume is 0.763. 

The combustion products had the following composition (expressed 
in per cent by weight : H 20	 34, CO2 = 37.2, CO = 10.3 2 N0 18.5. 

¶?aking in the above mentioned calculations the coeficient of the 
full combustion	 equal to unity, we obtain the low calorific value H 
for a coefficient of excess oxidizing agent 	 = 1. Let us compute the 
corresponding (to this case) temperature of the ideal combustion under 
a constant pressure, neglecting the effect of dissociation and any other 
thermal losses. Apparently, this temperature is the maximum temperature 
developed in the jet engine, although it is not attained in practice 
(the high limit).
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The equation of the released heat can be written as follows : 

I OUO11,, -.	 flip, 

where H	 the molecular heat of combustion, n the number of theformed 
molecules in the molecular equation of the oxidation reaction, and C 
the average molecular heat capacity of the combustion products underm 
constant pressure. Taking 

ak I 1'h	 t.SiT 

the equation of the released heat can be rewritten in the following form 
f6J

1()t)UJIm	 n1 (a 1	 11t) ..f n2 (a2 -I- 1)21) + 

Introducing the following designations : 

A 

11 =
k I 

then, we get

1000H,,,, = (A 	 111)1, 

from which, we have

to
 - - .1 f V.'I+/IitUUUiIrn 

Using the most recently obtained data for the heat capacities 
(see Kast "Vzryva-tye Veestva" (The exploding substances), 1932), we 
constitute A and B in accordance with the molecular combustion reactions 
of the investigated fuel 

7,1: . 11,O -- I1,5 . U,O --	 = 176,6, 

B	 7,13-0,00ti58 -I- II,5 . 0,00215 --4,3 . O,OOUfi5 = 0,0ft08.. 

Thus, t = 33000C. 

The pressure in the combustion chamber of the motor was selected 
to be equal to 20 atm. This value was based on the experimental evalua-
tion of the maitude of the work of injection of the fuel into the
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combustion chamber of the motor, and on the stability of the motor under 
forced temperature and pressure regimes during its performance. Making 
into consideration that, according to the experiments, the increase in 
the reactive force due to the presence of a nozzle constitutes 25 per 
cent of the reactive force developed by the motor in the presence of an 
eyelet only	 th area of the critical cross—section of the nozzle was 
taken equal to 8 cm , which corresponds to a diameter d - 32 mm. Thus, 
in the presence of a nozzle, the reactive force is equal to 200 kg. 

The ratio of the exit diameter to the inlet (critical) diameter 
of the nozzle was taken equal to d : ./d'- ç = 2 which corresponds to a pressure 
drop in the nozzle expressed according to the equation 

L 

-. -	
zY 

where

,	 f 2 

'a	 -;;• 

where p = the pressure in the combustion chamber, P a = the pressure 
existing in the exit cross—section of the nozzle, and x a polytropic 
index.

Assuing d&/d.. = 2, we get p /p 0.045, from which P 
a 

200.045 
0.9 kg/cm-1 atom, i.e., the selected nozzle utilizes the disposed 

drop completely (up to the atmospheric pressure). The accuracy of the 
calculation carried out for the nozzle depends on the correctness of the 
selected polytropic index W. On selecting a value for x equal to 1.2, 
the results of the corresponding experiments will be guided. 

According to the results of the specially provided experiments, 
the cone angle of the nozzle, with the given selected ratio, was taken 
equal to 200. With such an angle, the separation of the stream from the 
walls of the nozzle will still not take place. 

The performance of the jet engine is assumed to take place under 
a constant pressure in the combustion chamber (the process under p 
constant). 

The reactive force which is developed by the motor can be calcu-
lated as follows . 

The reactive force is written as follows 

CI, 
I€=-- (i'aPm)ç,
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where p =the pressure of the surrounding space, i. e., one atmosphere. 

Tn our case, 1)a 1 atm., and the diffence standing in the 
brackets can be put equal to zero. Then R - , i.e., the reactive 
force is developed on account of the kinetic ner r of the exhaust gas. 
In this case, it is permitted to use the following equation for the 
computation of the efficiency 

(I. 

sT"4 

substituting the value of u from the above derived expression 
[8], we get : 

Substituting the numerical values of g and E, we finally get : 

-=87, Tii 

For the engine of the suggested design, and for the adopted fuel 
consisting of nitric acid and kerosine, we get : 	 158 kg., which 
gives

_.1 	 - 
K7,O.144U 

To carry out further calculations for the engine, we find out 
the relationship between the basic elements of the jet engine. 

From the foregoing we get : 

From the theory of flow of gases and vapours through a nozzle, 
according to the equation of Cejnera, we get 

U.  V 	fW Ii - (i L' ) 'T 
where n 

X - 
1 x = the polytropic index, p the pressure in the 

combustion camber, v the specific volume of the combustion products 
in the combustion chamber, and p a = the pressure in the exit cross—
section of the nozzle. The consumption of the fuel according to the 
same theory of flow is expressed as follows 

'V'
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or

a --," •,i 

where

•).,___(____'\i a -
	 x	 I \x - I) 

Substituting the obtained expressions for u and 0 in the expre-
ssion for Ii, we get  

J(

	

	 ,pvi 
g  

1.--. a	 I/ht	
(P)	 M 

Introducing the following designation 

gis 

we finally get

H 

/1	 ('	
I - (-;:'•-)	 -i - P, 

where

C:a 

assuming x 1.2 and n w 1/6. 
Substituting in the expression for R t  values : C = 2.24, - 

0.045, n = 1/6 2 d - 3.2 cm, and p = 20 kg/cm ,we get : Ii 228 kg. 
which exeeds the given thrust by 14 per cent. Therefore, the adopted 
device of the nozzle and the adopted performance regime of the motor 
satisfy the conditions stipulated by the technical requirements given 
in the agreement of the 25th of July 1933. 

The power of the computed engine (e)q)ressed in horse power) can 
be determined from the following expression 

(;IIi: 
75 

The relationship between the reactive force B in kilograms and 
the power of the engine M in h.p. is established through the calorific 
value H . 

u	
--
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Substituting this expression in the expression of the reactive 
force, we get the following equation 

I'	 V 

From the expression of the power M, we get 

Thill 

By substitution, we obtain the following relationships 

-.	 :i,i 

or

UJ15 4 .	 - 

The computed engine has R 200 kg., and 0 1.27 kg/sec. 
Consequently, the power of the stream is approximately equal to 2050 h.p. 

The capacity V of the combustion chamber of the engine up to the 
critical cross-section (d.k) of the nozzle is equal to 2.63 litres for 
a fuel consumption of 4 G 1.27 kg/sec, which gives the following value 
for the coefficient of utilization of the combustion chamber of the 
engine

I..- !	 1.1,40.0,70.1,27
I-- 	 ••	 2,63	 - 

The jet engine consists of a combustion chamber provided with 
six injectors 19J and a head fitted with a nozzle. The combustion chamber 
is supplied with a shank, by mean of which the whole motor is fixed to a 
frame connecting the motor with the body of the glide path. For this 
purpose, the shank of the chamber is screwed on the corresponding jut 
of a disc fastened by means of flanges to the motor frame erected on 
the glide path. On this disc, a feeding ring is erected. This ring is 
fixed to the disc by means of three clamps. Kerosine is supplied to the 
feeding ring from the fuel tank, from which it is directed to the engine 
atomizers. Accordingly, the feeding ring is connected with four pipe-
lines: one- for the supply of fuel from the tank and the other three - 
are constructed from duralumin pipes of 4 10/12 mm for the supply of 
fuel to the atomizers. The chamber of the engine is fitted with three 
atomizers for the fuel alternating with three atomizers for the oxidizing 
agent, situated with an angle of 650 to the axis of the combustion 
chambers

The oxidizing agent (nitric acid) is supplied from the fuel tank 
to a connection pipe inserted in a jacket surrounding the nozzle of the
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engine, from which it flows into the space existing between the jacket 
and the nozzle, where it is driven along the nozzle in a spiral line 
for the dynamic cooling of the nozzle of the engine. The oxidizing 
agent then comes out of the lid through the three duralumin pipelines 

(each of 0 = 10/12) which are connected to the atomizers assigned for 
its injection into the engine. 

Therefore, in the present engine, preliminary heating of the 
fuel is accomplished by means of the transfer of heat from the nozzle 
during its cooling. Any disturbances resulting from the irregular per-
formance of the cooling system of the nozzle will lead to its burning 
and brings it out of function. 

In order to increase the strength of the nozzle, to improve the 
heat transfer in the cooling system, and to give the liquid a spiral 
flow for its better utilization in cooling, the nozzle is supplied from 
its external surface with vertical ribs which are arranged in the form 
of spirals. The inlet and outlet pipes of the cooling liquid are 
connected tangentially to the external surface of the nozzle. Vertical 
sections of aluminium insertions are fixed between the nozzle and' the 
jacket, to keel) the required dimension and outline of the space in which 
the cooling liquid flows. The nozzle was made of steel. 

To achieve a good seal for the space between the jacket and the 
nozzle, and to impart to the nozzle the possibility of a sufficient free 
elonationon_heatin, a special lead seal was used (see Fig. 1). 

C 

Lb
 ' 

Fig. 1 - 0R152 (The Ecperimexta1 Rocket Motor-52)	 -
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The thickness of the wall of the steel combustion chamber of the 
engine is equal to 8 mm. This thickness was selected on the basis of 
the conducted experiments and was taken in excess to Luarantee the sta-
bility of the chamber during the continuous performance time of the engine 
(within the given 60 sec). The main danger to which the combustion 
chamber of the engine is subjected is the softening of the walls under 
the effect of the high temperature developed during the performance of 
the engine this temperature is approximately equal to. 3000°K. The 
part of the chamber existing between the atomizers and the nozzle is 
subjected to the maximum thermal load. 

The combustion chamber of the engine is constructed from artillary 
6" shells. The engine is fitted with centrifugal atomizers which deliver 
the fuel components into the combustion chamber in the atomized form. 

The atomizers are equipped with uni-directional safety ball spring 
valves, and are made of duralumin. The pitch of the atomizer and its 
other dimensions are selected on the basis of the conducted experiments 
in such a way that when the pressure drops to 30 atm. the atomizers give 
the required consumption of fuel, which is equal to 1.27 kg/see, i.e., 
each pair of atomizers supplying nitric acid and kerosine give a con-
sumption of 0.42 kg/sec for an approximate coefficient of fuel consump-
tion of 0.3. The diameters of the working aperbires of the nipples of 
the atomizers of the oxidizing agent and the fuel are equal to 3.65 and 
2.5 mm. respectively. 

Therefore, the required pressure of the fuel supply is equal to 
20 + 30 - 50 atm. 

The cone angle of the atomized fuel components is equal to 600. 
The total weight of the six atomizers with the protective nuts for the 
connection of the pipelines is equal to 900 grams. Thus, the weight of 
each atomizer is equal to 150 grams. The weight of the combustion chamber 
and the shank is equal to 8400 grams, that of the head and the nozzle is 
4300 grams, and that of the feeding ring with the nuts and the pipes is 
equal to 900 grams. The total weight of the motor without the disc is 
equal to 14.5 kg., which gives a motor thrust of 13.8 kg. per each kilo-
gram weight of the motor. 

Now, we come to the installation system which serves the engine. 
The installation consists mainly of two fuel tanks. One tank is assired 
for the storage of nitric acid, and the other for kerosine. The system 
comprises also a pressure cylinder which is a reservoir keeping a com-
pressed nitrogen g-as under high pressure. The fuel is supplied to the 
engine under the effect of the pressure of the gas in the cylinder on 
the liquid, in the tanks. 

Guided by the preerxted overall-dimension of the glid path, and 
also on the basis of the considerations concerning the compactness of 
the whole installation and the easiness of mounting and dismounting on 
the glide path, the fuel tanks and the reservoir of the coripressed 
nitrogen were taken in the form of cylinders screwed with each other.
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In this xay the cylinders were a continuation of each other and could be 
situated :dong the glide path. The middle cylinder contains nitro.'-en 
while the extreme cylinders contain the fule components. This installa-
tion has two external bottoms and two internal ones, for the separation 
of the gas from the acid and kerosine. 

4tssumin45 the free space (filled with the gas) over the fuel in 
the tanks is equal to 10 per cent of their total volume, we get the 
total volume of the tanks, which is equal to v. + V2	 65 litres. since 

2.25, then v1 - 45 litres and. V1 - 20 litres. 
Taking into consideration the polytropic expansion of the gas, 

the excess capacity of the nitrogen reservoir is taken equal to v 3 = 40 
litres.

The external diameter of the cylinders of the tanks and the reser-
voir is equal to 290 mm. The cylinders are suitably prepared rom tool 
steel (12" shells) with an elasticity limit of u - 4200 kg/cm 

tssumin that the ultimate safety factor is equal to CP = 2 2 and 
the perliitted load is equal to k	 , we find the internal diameter 
of the cylinders of the fuel tans. If 2these cylinders are subjected to 
an internal excess pressure of 50 kg/cm , then the internal diameter will 
be equal to 282 nun. 

The wall thicbess of the nitrogen reservoir is 0.7 cm (the pressure 
is equal to 150 kg/cm ).

--I 

Fig. 2 - 0R14-52 LicJ 

The stress on the in errka1 surface of the cylindrical walls of 
the fuel tanks under a pressure of p 1	 50 atm. is equal to 

ri 
, ______ -.	 . 

where E The Young's modulus, and k1	 the relative deformation.
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From this relationship, we getk 1	 0.000715. The absolute deformation 
is equal to r.k1	 0.0101 cm. Along the diameter, the absolute deforma-
tion is equal to	 d.	 0.20 mm. 

The absolute aeformation of the nitrogen reservoir under an internal 
pressure of 150 atm. is equal to 0.0161 cm, and along the diameter it is 
equal to 0.322 mm. 

It is quite natural that such an order of deformation can be 
reflected on the sealing work of the system; the application of these 
seals on the bottoms which are fitted with a thread is essential, since 
the fuel tanks as well as the nitrogen reservoir should be very tight. 

In the given case, we are encountered with a problem which is 
quite similar to that appearing on the assimilation of the production of 
air reservoirs for marine torpedoes. In this connection, it appears 
suitable and essential to use the methods practicized in the enterprises 
manufacturing these reservoirs; the diameter of these reservoirs are 
greater than those of the present tanks and reservoirs by 1.5-2 times. 
Therefore, it is quite useful to adopt completely the design of their 
lids and threads, and the thickness of their cylinders in the position 
of the threads. It is also useful to adopt the tin lid platform in the 
heated state with interference and so on, according to the procedure of 
its manufacture in the "Dvigate])" (Engine) factory. 

The start of the engine is initiated by automatic ignition, which 
is achieved by pouring the feeding ring of the active inflammable liquid. 
Daring the start of the engine, the gas begins to repress the fuel from 
the tanks, and, accordingly, the fule filling the volume of the feeding 
ring is driven to the combustion chamber. At the same time, the oxidizing 
agent flows through the nozzle and the atomizer to the combustion chamber. 
At the moment of contact of the active self-inflammable liquid with nitric 
acid, in the combustion chamber, ignition takes place and the motor starts 
to work.

The composition of the active inflammable liquid, expressed in 
per cent by weight is as follows z 

White phosphorus 4.5 ,	 Carbon disulphide 53 
Sulphur	 7	 Turpentine.	 = 35.5 
It should be particularly mentioned that during testing the 

installation system of the motor, while the motor is set on work, it is 
necessary to take urgent measures for safety precautions, since the 
possibility of the occurrence of an explosion in the motor is not excluded 
due to those or other reasons mainly during the unproper start of the 
engine.

The weight of the different parts of the jet installation is as 
follows (expressed in kilograms) ; 

The fuel tanks and the nitrogen reservoir 88 
the reserve of kerosine and acid 78 
The reserve of compressed nitrogen 7.5 
The engine with the accessories 14.5 
The accesecries of the tanks and reservoir 12 

The total weight 200
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Therefore, the technical requirements of the jet installation as 
given by the agreement of the 25th of July 1933 are strictly followed..
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PROTOCOL No. 3 OF TESTING THE 12Ja ENGINE 
ON THE 29Th OF MAY 1935 

[1935] 

The composition of the used fuel is as follows : 
1- The oxidizing agent - nitric acid of 94 . 51 er cent concentra-

tion; the specific weight of the acid is equal to d = 1.501. 
2- The fuel - kerosine of normal u; H = l% and C 87%, the 

specific weight of kerosine is equal to 	 0.841. 
The ignition source is chemical (by using a liquid containing 8 

per cent phosphorus). The composition of the liquid is as follows : 
P 8%, S 8, CS 2 = 50114o and turpentine = 34%; its specific weight 
is equal to 1.14. 

The fuel is supplied from a pressurized accumulator by means of 
a compressed air (from a torpedo-cylinder). 

The calibration of the spring recorder of the thrust was carried 
out on the proving stand with the motor completely set up in position. 

During testing the engine, the following parameters were deter-
mined

1- The thrust of the engine (was recorded on a diagram). 
2- The pressure inside the combustion chamber (determined by 

moans of manometer calibrated up to 80 atm.; checked on the 20th of May 
1935, and the correction up to 30 atm. = o). 

3- The pressure inside the tank of the oxidizing agent (deter-
mined by means of a manometer calibrated up to 80 atm.; checked on the 
20th of May 19352 and the correction = 0). 

4- The pressure inside the fuel tank (determined by means of a 
manometer calibrated up to 80 atm.; chekced on the 27th May 1935 2 and 
the correction up to 40 atm. = o). 

5- The performance time of the motor ( determined by means of 
two stop-watches). 

6- The total consumption of the fuel components (determined by 
means of a levelling measure gauge). 

The time scale on the drum is 14 mm for each second. 

The objective of the tests 

The determination of the thrust, efficiency and stability of the 
engine performance. 

The determination of the effect of high temperature on the metallic 
parts of the engine. 

It was planned jo carry out the performance of the engine under 
a pressure of 20 kg/cm' in the combustion chamber. The performance time 
of the engine is equal to 30 seconds. 

Summarized (Edit.)

a
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The results of the tests 

At the beginning, the chemical ignition was initiated by opening 
the shut-off valves, through which the fuel components flew to the 
engine under an initial pressure in the tanks of less than one atms.--
phere. In this case, the mixture burned quite slowly and a flame was 
established in the nozzle. The launch was performed within 2.4 sec. 
counted from the moment of switching on the ignition device, by opening 

the main gas valve which supplies the compressed air from the pressure 
cylinder to the tank. The lapse of time from the moment of opening the 
valve 2iip to setting the engine to the given pressure in the chamber (20 
kg/cm ) was equal to 5-5 seconds. This time was stipulated by the pre-
cautions which are necessary to master the performance of this engine. 
The engine continued then to work for 25.1 seconds, during which a 
constant thrust of 311 kg. was developed. airing this time (25. second), 
the pressure inside the combusion chamber was equal to 20 k/cm and 
that in the tanks was 40 kg/cm 

The experiment lasted for 33 seconds from the moment of initiation 
of ignition. The engine was switched off by the closing the shut-off 
valves suddenly. 

During the exhaust performance of the engine, a strong smoke was 
observed, indicating the incomplete combustion of kerosine. A sound of 
even tone aucompunied the established performance of the engine. This 
sound was strong and low (but not ha .p). The stream acquired a bright 
short jet flame which was established on the exit of the nozzle; in the 
remaining part, the flame acquired a yellow-red colour. 

The disassembly carried out after the test showed that the engine 
is suitable for a second start. 

The investig-ation of the metallic parts after testing showed that 
they were free from any defects. The combustion chamber had a straw 
colour of the oxide tint. A connection (supplied from 'aZs) was screwed 
in the combustion chamber for the measurement of pressure. This connec-
tion was inserted in the chamber by the rifled end. The thread of that 
end preserved its bright surface, and no traces of melting was observed 
on it. Also, no considerable soot was observed inside the combustion 
chamber. All the sealing gaskets of the chamber, nozzle and atomizers 
were preserved in an excellent condition. The atomizers were similarly 
found in an excellent condition. The nozzle maintained the bright state 
of the surface. In the critical cross-section of the nozzle, facing one 
of the atomizers of the oxidizing agent, traces of metal washing were 
observed, which did not hinder further utilization of the nozzle. 

The experimental run was carried out by Gluko. 

The experimental results 

I. Ignition took place in- a good working order. 
II. The launch from a zero excess pressure in the tanks (by driving
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a compressed gas in the tank) provides a reliable start of the engine. 
During testing, the obtained results on bringing the engine to its per-
formance regime were characterized by smooth lines. 

III. The launch of the engine within 5. 5 seconds is not necessary 
and may be achieved within a much shorter period of time, just if the 
pressure in the tanks is increased smoothly and without jumps. In the 
next start, the launch (bringing the engine to the performance regime) 
was carried out within 2-3 seconds with a subsequent shortening of this 
period.

IV. The engine worked regularly and developed a constant thrust 
of 311 kg. within 25.1 seconds. 

V. The pressure in the systm before feedin the fuel into the 
motor was equal to 40-3 = 37 kg/cm , where 3 kg/cm	 the loss in the 
pressure head in the shut-off valves and in the accessories of the pro-
ving stand. Apparently, under a pre sure of fuel supply (before feeding 
the fuel into the motor) of 35 kg/cm , the engine will develop a thrust 
of 300 kg.

VI. The pressure drop between the tanks and the ,combustion hamber 
for a thrust of 311 kg. is equal to 40 - 20 = 20 kg/cm 

VII. The coefficient of excess oxidizing agent is to 
= 1.08 (the weight ratio of the components is equal to 20

	 = 
6.7).

VIII. The weight specific thrust, i.e., the thrust per one kilogram 
of fuel is equal to :

=
3112t) h9/q[&'C. 

IX. The volumetric specific thrust is equal to : 

-,	 , T 210•i,34	 241 5ILl/6fc. 

X. The efficiency of the engine is equal to : 

Ilu -. H7,0-TY 
••-• 

Conclusions 

The obtained results should be evaluated as an achievement of 
the most basic points of the technical requirements of the 12/a engine. 

Firstly, instead of the given thrust of 300 kg., the engine 
developed a thrust of 311 kg. Secondly, instead of the expected effi-
ciency of 0.25, the engine gave an efficiency of 0.38 (the thrust resul-
ting from one kilogram of fuel = 210 kg, and from one litre of fuel = 
281 kg). Thirdly, instead of a pressure of 50 atm., the engine required 
only 35 atm. for feeding the fuel into the combustion chamber (for a 
thrust of 300 kg).



- 280 - 

The obtained results set the nitrogen engine in a preferential 
position in comparison with all the other rocket engines working on 
liquid fuel /'iJ. 

To deal with the motor, it is also necessary to carry out several 
starts in order to generalize the obtained result. The future develop-
ment of this engine should be directed towards the further increase of 
the efficiency, for which there exists strong reservoirs (utilization 
of 99 acñd instead, of 94.5%, the selection of the optimum c< , nozzle 
and so on) f2J.
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DISSOCIATION IN ROCKET ENGINES 

[1936 

In technological operations, the effect of dissociation is usually 
neglected. Wring the solution of the problems of internal ballistics, 
the effect of dissociation is neglected, since on the ignition of a 
propellent in a closed space the developed high temperatures and pre-
ssures make the effect of dissociation unperceptible. In the ordinary 
internal combustion engines and furnaces, the low pressure is combined 
with a re1ative1' low temperature in such a way that the dissociation 
can be neglected fij. 

This is quite contrary to the processes taking place in rocket 
engines where the high temperatures are combined with a relatively low 
pressure. The consideration of dissociation in these e1iiies becomes 
an essential part in the calculations related tothe enrie. 

The method of calculation suggested	 by V. ju1e,	 for the cons-
truction of tables and graphs for the values of the degree of dis-iociatiori 
of the combustion products with respect to temperatures, require from one 
to two uorkirxg days. A more accurate method of calculation for getting 
the same relationship is outlined below. This method requires consi-
derably less time. The degree of dissociation of the combustion products 
of the various fuels at different temperatures and pressures were 
computed for different ratios of fuel components by means of this 
method. In this case, we neglect the effect of the reactions leading 
to the formation of nitrogen oxides and methane, while the coefficient 
of the completion of ignition is taken equal to unity. 

The following dissociation reactions 

2(:u . 1- O	 2C h,	
(i) 

211	 -Ot2(I()	 (2) 

are introduced directly in the calculation, while the reaction 

2011	 IL a 2110
	

(3) 

is considered in the indirect form, using the heat-capacities of water 
vapour corresponding to the combined effect of the two reactions of the 

umriiarized (Edit.) 

V. 3jule, '1ovye tablicy i diagrammy dJ.ja techniceskih topocnyh gazov, 
1931 (New tables and diagrams for industrial furnace gases), 1931.
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dissociation of water (2) and (3), namely, the heat capacities according 
to V. jule's data 

Assume that the interacting fuel-oxidizing agent mixture contains 
ogen, carbon, hydrogen and nitrogen in the following molecular propor-
tions

	

"i	 .1 C -I 112112 	 113N2. 

The number of the participating molecules of the simple substances 
is related to a single carbon atom. Therefore, the composition of the 
reaction products is expressed as follows 

(1. - ) CO 2 + Otil CO + n2 0 - a-W) 11 2( ' + n,.I I 2 k 
-• {n + 0,5	 - ' 2( 1 --	 1} O	 n1N2,

V	 (4) 

where dk and 00 = the degrees of the dissociation of carbon dioxide and 
water vapour according to equatipns (1) and (2) respectively. The volume 
of the dissociated combustion products after simplification is equal to: 

-	 + fl2 -F n3 + 0,5 1k -••. n2(1—IP)p.	
(5) 

According to the law of mass actions,the equilibrium constant of 
reaction (1) K 

k' 
expressed by the partial pressures of the gases., acquires 

the following form

L'	 ProPo, 
2 

Desiating the total pressure of the gas mixture by P, the Partial 
pressures of CO, 0

2
 and CO  are determined from equation (4), and by 

substitution in the equation of Kk we get 

yr.0	 czk 
"Co p —j,-- i, 

v0	 n -F- 0,5 [ak - n (1 -- 2,)J - 

Vco,

Po. I' -- = p
I—ak 

Pco, = P	 P ---; 

Ki)k
5{n, '	 +,5I' —'i(1 _,,, ) j	 I) '	 *..;_. 

	

(I —ak ) 1	 +	
(1 ..	 -	 ( 6) 

k V. jule, "Tehhi'eskaja Termodinamika (Technological thermoc]nynamics, 
Vol. 1, page 82-85, 1935..
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Moreover, the fol1owin reaction of water vapour 

(X) I II.)(tL j . IL,	
(7) 

obtained by subtracting equation (2) from equation (i) is taken into 
consideration. similarly, the equation of the equilibrium constant K 
of the reaction of water vapour is determined from the following rela 
tionship

K	
a, (I —a) 

P.',	 1'co; !'i I.	 - a (1 - czk) 

from which we obtain the following equation 

a.  

a -- K,,,(t -- ;.)	 (8) 

By the mutual solution of equations (6) and (8), the values of 
and oc for various fuels (n1 , n , n), pressures (P) and tempera-

tures, coud be determined. The lasi values are included in the equations 
of the equilibrium constants K 

k 
and K • The values of these constants 

at various temperatures are coputed f gm equations (9) and (10) derived 
from the heat capacities based on jole's data : 

Lg K,,k	 -"	 U,1:5'iIoj7 •-- 0,0fl00:677, 

log	 — 14,521--	 -. :,H2U'I' I- U,UUt)i1T.	 (10) 

The following scheme of solution was suggested as a basis for the 
calculation. 

Substituting the value of ce obtained from equation (8) in 
equation (6), and taking its logarithm, we get : 

	

log K k = Ig p -1-- Ig
(1 —ak) - p (

n1 , n2 ,	 7'),	
(ii) 

where the function Q(n1 , n 2 , n 3 , OC, T) in the general case 
denotes

q' (n i , /1.,,	 T)	 - 

CIk

(12) 

(I 
-	

•• 1p	
—a ,,.)	 I -	 (12) 

By means of equation (ii), a table is constructed for the values 

of log Kk by substituting in this equation a series of values for 06k
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starting from its minimum value which represents a practical interest, 
for example, from 0-0.1, up to almost complete dissociation -0.9. These 
substitutions will be carried out for a series of temperatures ranging 
from the minimum temperatures at which dissociation begins (ns15000) 
up to the required maximum temperature. Thus, calculations at tempera-
tures higher than 4000 0C will not be carried out, since the heat capa-
cities of the gases under these conditions are not still studied. The 
values of K are changed with the variation of temperature. The values 
of K at vious temperatures, which are required for the calculation, 
are ken from the data given in appendix 1. 

As a result, we obtain a table of the following form, for the 
values of log Kk

able 1 

- 
tr,00	 OO(1	 4AJ 

0,()I 

O,U5 

U,IU 

0,21) 

0,'.))) 

With the aid of the data included in this table, we draw the 
diagram of 1q,-, K	 f(	 , T) on the axes ] K kT On this diagram,

Pk a separate curve is ploEted for each value ofck. The number of curves 
will be equal to the number of selected cY, values. On the same diagram, 
we draw the relationship between the actual.k values and temperature, 
from the data given in appendix 1. The intersection of the curve of 
the actual values of ] K 

k 
with the curves drawn from table 1 give 

the unknown values of temeratures, which correspond to the selected 
values. Then, from equation (8) we get the value of oC at various 
temperatures. 

This is the basic 
degree of dissociation. 
essential. The function 
permit shortening of the 
of the results. The variation in the properties of this function 
depends on whether the combustion of the fuel takes place with the 

w 

scheme of the method of calculation of the 
However, the construction of table 1 is not 
(12) acquires a series of properties which 
computations without affecting the accuracy 

stoichiometric ratio of the components, which corresponds to a coefficient
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of excess oxygen '	 1, with excess oxidizin agent ( c > i) or with 
excess fuel ( oc <1). 

Investigating these particular cases, we can rearrange equation 
(6) to the following forms 

If O( 1, then n1 = 1 + 0.5 n2 and equation (6) will acquire 
the following form after taking the logarithm 

g K ft .	 -1 jw _119.L!.	
(6a) OA	

I	 - 

If	 . )1, then n	 1 + 0.5 n2 + e, 
where e	 the amount of 1he free oxygen molecules in the combustion 
products related to each carbon atom. In this case, equation (6) will 
acquire the form

Cq 
lOg	 .lGPIJ4 ___yr .- i 	 (6b) 

If X<1, we get

 I j0g	 -	
''	 I.	 (6c) 

It appeared wore convenient, practically, to solve these 

equations for each of the three investigated cases by a slightly diffe-
rent way.

1- For a coefficient of excess oxygen oC1 1 

Before dissociation, the combustion products have the following 
composition

CO.. -I. ,,..EI() 

which corresponds to n = 1 + 0. 5 n 
Then, according to equation 4), the composition of the combus-

tion products in the dissociated state is equal to 

CO 2 -f- a hCO	 n2 (1 - a.) 1[() -I- n2a,4.I 1., 

+ ( XkI n2cç,) ()	 n3N2. 

iubtitting ecjution (8) in equation (5a), we get
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a3 
jog	 =IDg J) -F10g (I --ai

cft. 

Pg 
1+aK(I._.a)	

-	 ( 13) 

It has been shown by the present author that the last term of 
this equation does not depend on both the coefficient 06 and tempe-
rature.By deriving a certain value for this teri, for any given value

IM of X and for an arbitrary value of temperature , by means of equation 
(13), it will be easy to find the values of Oe at any temperature. 
Denoting the last term of equation (13) by	 (n 2 , n3 ), we can rewrite
this equation in the following form 

1 0g K k r-]&g p	 Ig (I	 - q (n2 , na),	
(13) 

where (n 2) n )	 constant for the investigated, type of fuel. Taking 
o.2, ana the temperature equal to 2800°K, which corresponds to 

K = pg  9.29 (see appendix 1), we get 

V (n2 , a3) = J0g	 'H ":1) •• 
0,2

,II 

The values of p, n2, n3 are, given. Substituting these numerical values 
in equation (13a), and summing up the constant values, we get : 

' TL g K pit	
1k) 

I /1,	 (1 3b) 

from which we notice that ]Ag K depends only on	 , lee*, this equation 
could be expressed for differeA values of d k on 'Ehe ] K k - T diagram 
by lines parallel to the abscissa axis. This situation pemits to simplify 
the calculation, and to proceed with it without the aid of any curve 
drawings. 

Substituting in equation (l3b) a series of Ct values, ranging 
from the hundredth fraction of unit up to, for exampe, 0.9, we obtain 
a series of values for lOg K 	 according to equation (9), each value 
will correspond only to a d?inite temperature. For rapid calculations, 
a nomogram has been derived by the present author from equation (9). By 
means of this monogram, the temperature corresponding to each ig K value 
determined by equation (13b) could be directly computed by substiing 

g "Raketnaja 'I rnika" (Rocket techno1or),. published by 0.11. T. I. (oTd. 
Nuon. Tehnic. Izd..). 

It is convenj.ent to take the average temperature for that range in 

which the degree of dissociation is required.
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the various values of 

The values of the logarithm of the fraction of equation (13b) 
for various values of X are given ui table 2. The use of this 
auxiliary table shortens the computation process. 

Finding the temperature values corresponding to a series of 
values, the diagram of the relationship t	 f(T) could be drawn. By 
the aid of this diagram, oC can be determined at any temperature in 
the investigated range of the values of the degrees of dissociation of 
carbon dioxide. 

Finally, by means of the diagram of appendix 4, drawn by means 
of equations (8) and (10), the degrees of dissociation o, could be 
directly obtained from the known values of	 and their corresponding 
temperatures. 

The scale of the monogram permits to determine the degree of 
dissociation with an accuracy of up to 0.1%. It also permits to deter-
mine the temperature up to an accuracy of 50 C by taking the half 
division1 which is quite sufficient for any calculation, since this 
accuracy exceeds that by which the heat capacities of the gases, which 
are taken as the basis of the calculations, were determined. 

The whole calculation process, giving in total a table for the 
values of	 and 4 in the temperature range of 2000-4000 0K, takes 
about 15 minutes. IY it is required to determine the temperature corres-
ponding to only a single value of the degrees of dissociation 	 and 
06w , the time required for the calculation will be reduced to few minutes. 

2-. For a coefficient of excess oxygen cx.)1. 

The combustion products in the non-dissociated state have the 
following composition

- n.I 1 2() -I- n3N 2 + e03. 

According to this composition, we find that n 1 = 1 + 0-5 n2 + é. 
Substituting the value of n1 in equation (4), we get the composition of 
the dissociated combustion products 

(1—	 cC() -I- n (t —) 11 2() kn.pt

 10,5 (c -I- n2ct) + Cl 02 + n3N2. 

Substituting equation (8) in equation (6b) and introducing the 
designation

-1	

I

9 (n, fl3, , h) cg 	 +	
+122+113

O5; 	 + U	 Kpg( 	
+ C 

we then obtain the following equation :
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a 
1C j 0g KPI, rcg p +10g (1	

- t1) (ii., a, ,	 ).

(14) 

When	 ?l, the function 4)2 obtained from equation (12), will 
not be constant. In this case, the function 4' does not depend practi-
cally on temperature, but it depends on 

For the solution of equation (14), i is necessary to substitute 
a series of oC values for a single value of temperature, for example, 
the average temperature in the investigated range of temperatures. 
Including in this auxiliary table the values of for one selected 
temperature, the values of log K 

k are obtained with the aid of the data 
given in appendix 2 using equaton (14), by substituting for each cv... 
the value of its function. From the nomogram of appendix 

3 we fin 
the temperatures corresponding to these values of jpg Kk• Finally, CC

k are determined by means of equation (8) or by the nomoam of appendix 4. 
The method of computation remains almost the same as that for 

= 1, but it becomes slightly complicated due to the necessary calcu-
lation of the function 0 for each given value of T,	 The values of
are determined in the same way. 

For the computation of T and ' for twelve values of
I 	 'k' it j


necessar to spend. a time of 1.5 to 2 oure. 

3— For a coefficient of excess oxygen CC <1. 

In distinction from those cases when c	 1, the composition of 
the combustion products for X .> 1 cannot be so simply written without 
the consideration of dissociation even at relatively low temperatures, 
since the amount of oxygen Contained in the mixture, which is insufficient 
for complete oxidation, should be somewhat distributed between carbon 
and hydrogen. Therefore, this distribution is related by the reaction 
of water vapour, and Consequently, it depends on temperature. 

When	 <1, the equilibrium constant of carbon dioxide in the
combustion products will be expressed by equation (6c). The calculations 

showed that the last term of this equation depends on co as well as on 
temperature. Con:3ecjuently, those methods of calculations which were used 
for	 ?1 are not CiLlitable for the given case. 

Let us investigate the properties of equation (6c). For this 
Purpose ) equation (6c) is used to calu1ate the values of )g K for apk series of ce values and temperatures , and the data are arranged in the 
form of a tat1e. The calculation will be carried out for a particular 
case taking nitric acid. + tractor kerosine as a fuel; p = 20 atm. and 

= 0.9. 

The computed results will be expressed graphically on the 2 K )T 
axes. A curve for the relationship between ig K and temperaturewile 
be obtained for each value of	 • It should b taken into consideration 

A With the variation of ternperture, the value of 	 in equation (6c) is 
changed according to equation (8).



that among all the mathematically possible values of lig K 
k' 

given by 
these curves, only those values which satisfy equation (9 are the real 
values. From equation (8), the function log K 	 f(T) is also plotted 
on the same diagram. The abscissa of the poihs of intersection of the 
curves calculated by equations (6c) and (9) give the temperatures corres-
ponding to the d, values of the corresponding curves of equation (6c). 
By this way, the problem is solved, but this method cannot be recommended 
since it requires a tremendous computing effort. However, the character 
of the curves permits to find nine more simple methods for the solution 
of the problem. 

It should be mentioned that the curves of the relationship 
constant are broken at - 	 and at temperatures up to 2400 0K. These
curves intercept the vertical part of the curve of equation (9). From 
equation (6c), we find that the condition of the relationship Itg K = 
- oo could be ex 1 ressed. by : 

	

-. • n1 + 0,5 I a,, - n2 (1 — )I -- I	 0.	 (15) 

Removing the brackets and introducing the desiiation we get the 
following equation :	 -  

	

c	 2(1 - Z) I-

---I.	
(15a) aic 

Substituting the value of 	 from equation (8), we get 

1• 

Solving this equation with respect to 

43	
(16)

where

--	 4— 
• c 	 Kpg+n2	 - 

	

-- 2	 2 (K P9  

By means of equation (16), the values of 	 could be easily 
found at various temperatures provided that n and n are given. The 
value of oo could be found from equation (15a), as 'o11ows 

--	 ea	 ('7) 
It could be also found from equation (8). We notice that 6t and c 
do not depend on pressure. 

We mention the physical essence of the applied method of calcu-
lation and the field of its application. Comparing equation (15) with
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equation (4) we notice that free oxygen should be absent in the combus—. 
tion products. This result is followed from the requirements of the 
relationship log Kpk - -00 , i.e., Ka = 0. In other words, the equilibrium 
of the constituent parts of the combution products should be only 
controlled by the reaction of water vapour. 

V 	
- 	 CO - 11 20	 CO, + Fl,. 

V 

If free oxygen is still absent in the combustion products, the 
values of o6 and , could be determined, by means of equations (16) and 
(17). As wi'h the decrease of pressure and increase of temperature the 
coefficient of excess oxygen	 acquires a value close to unity, the
dissociation of CO and H20 leads to the evolution of free oxygen. If 
we mean by the fied of application of equations (16) and (17) the tem-
perature range within which these equations are valid, then it could be 
concluded that this range becomes narrower with the increase of the co-
efficient cv and with the decrease of pressure. Therefore, in the case 
of the above investigated fuel (nitric acid + kerosine), the field of 
application of equations (16) and (17) was established under a pressure 
of p	 20 atm for the following values of Ot,: for It = 0.7 - up to 30000, 
for	 = 0.8 - up to 2800 0 , and for	 0.9 - up to 24000 . As shown, 
the field of application is quite wide. 

At higher temperatures, it is necessary to 'use all the terms of 
equation (60. The solution could be obtained by the following method. 
We note that at high temperatures, 3W K from equation (6c) is expressed 
on the leg K - T axes by linear elighty inclined curves. 'Let us compute 
the values	 2Pg K 

k 
for a series of	 values by means of equation (6c), 

V but for two initia' and final values of temperature existing within the 
range in which equation (16) does not appear to be applicable. For the 
given example at c 0.9 2 these temperatures will be 2400 and 40000 
(if it is required to determine the dissociation up to 40000 ), while 

V 	

V 

V 	 the value of 
<'k 

is, evidently, higher than 0. 27, for example, starting 
from 0.3 and rising by each 0.1.	

V 

The obtained points are indicated on the diagram, and each pair	 V V 

of points corresponding to each value of- is connected by a straight 
line. The curve of the relationship ]sg K 

k f(T) is then drawn on the 
same diagram by using the data given in apend.ix 1, and from the inter-
sections we find the temperatures corresponding to each of the taken 
values of OC	 Finally, 'k is determined by means of equation (8) or 
from the diagram of appendix 4. 

During the computations carried out by means of equation (6c), we 
use the auxiliary table of appendix 2, which contains the values of the 
last but one term of the equation, and also the diagram of appendix 4, 

	

VV	

which gives the values of t. for various values of k and T. 
For the computation oy the values of VG and c6 , for eight values 

of temperature existing within the range of 150 - 400 0 K, it is necessary 
to spend about three hours. 

Therefore, we are convinced that the function (12) acquires 
the following properties: 1) For 	 ,= 1, the function ) depends only
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on the type of fuel (n , n3); 2) For O( >1, the function 0 depends on 
k and. on the type o fuel (n1 , n 2 , n3 ); 3) For x.. <1, the function 

4) is equal to infinity at temperature up to 2000 - 3000°K; at much higher 
temperatures it changes linearly and depends on the type of fuel (n 1 , n2, 
n 3 ). These properties of the function 0 were used by the author for 
developing a computing scheme that is convenient for practical applica-
tions.

The results of the computation of the degree of dissociation of 
the combustion products of the various fuels for O >/ 1 and at various 
temperatures and pressures are given below. The computations were carried 
out by means of the indicated method. 

The degree of dissociation of the combustion products 
for. =1 

Let us investigate the fuel mixtures which have quite different 
composition, and which are of great or minor interest for utilization in 
rocket engines ; 

1- Nitric acid and tractor kerosine (I0 3 and C715H13 

2- Ntiric acid and turpentine (I[NO3 and C10H16). 

3- Nitric acid and nitrobenzene (rno3 and c6H5No2). 

4- Nitrogen tetroxide and turpentine (N 204 and C10H16). 

5- Tetranitro-methane and turpentine (ON 40
8 
and C10H16). 

6- Tetranitro....inethane and toluene (ON 40
8 
and C7E8). 

7- Tetranitro_methane and 1iht kerosine (CN408 and 
C7-13'14-5

8-

 

Hydrogen-peroxide and methane(H202 and CH4). 

9- Hydrogen peroxide and tractor kerosine (HO2 and C715H1350005). 

10- Oxygen and turpentine (02 and C10H16). 

11- Oxygen and ethyl alcohol 
°2 

and C2H60). 

The equations of the combustion reactions of these fuels are 
given in table 9 . The composition of the combustion products, expressed 
by weight and volume, and the values of n 2 and n3 are smi].arly given in 
table 10. 

Let us determine the degree of dissociation of the combustion 
products in the temperature range of 1800 - 40000K. 

Let us donstruct a table for the values of the function 0 taking 
the value of K corresponding to an average temperature of 28000K and 
to ck 0.2
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Table 9 II The initial maerial8 and final products 

I
	

81'011NO3 +	 7,15CO .f 10,95H20 +4 ,20N2 
1I,211NO3 + CLIUlO- 1000. + 13,61k0 .f 5,6N2 
51I NO3 ± C11H: NO2-. 6CO + 5E10 + 

'1
	

7N0, + CioH 1 . -. 1000 ± 8H 20 + 7N2 
5
	

4 ,67(.(NO) 1 -F- (. : (, 11 3- 14, 7CO + 101 20 -I 91.14N2 
I;
	

3C(NO 2), -- ('7116-1 1000 -- 

7
	

3,58C(NO4. -F- (7,31I11,:- . 1(),7C132 -- 7,2511,0 4- 7,16N 

S	 .11 1O, + C.11 ', - CO 2 4- 6! IO 
U
	

7,15CO 2 + 27,711,0 
H)
	

14013 + C1011 -. IOCO, + 811,0 
II
	

3O -4- CJI60-- 2(), + :I110 

Table 10 

The composition, by p.0 	
iThecornrsjtjofl 

I ?r  

:.

I	 co, I	 tI,() 1	 No CO, 11,0 (ti,) N, (n,) I	 CO, I	 11,1)	 I No 

I 32,1 49,1 18,8 1 j,531 0,587 50,0 31,3 18,7 

2 3,2 46,6 19,2 1 1 ,:(6U 0,5130 52,3 29,1 18,0 

3 42,9 :15,7 21,4 1 0,8:13 0,5U(1 00,3 20,5 19,2 

10,() :12,)) 23,0 I 0,3(1(1 0,70)) 5(1,4 18,5 25,1 

S 45,9 25,)) 29,1 I 0,5 0,035 61,5 13,7 24,8 

6 50,0 20,1) 30,0 I 0,400 0,600 (14,7 10,0 24,7 

7 42,6 23,9 23,5 1 0,678 0,669 58,7 16,3 25,0 

S I	 ,3 85,7 - I 6,011 - 28,9 71,1) 

'I 2u,5 79,5 - I 3,87 - 38,7 61 ,3 - 

to 55,6 - '1 0,800 - 75,3 24,7 - 

11 1	 400 60,0 _- - 1 1,50 - 62,0 :is,o -

By means of these values of the function 0 and from the data 
given in appendix 2 we find, the value of lg K for varous fuels, taking 
p = 1 atm. Table 12 is constructed by means 0 the nomogram for 
f(T) and °	 f(T), The relationship between the degree of dissociation 
and temperature is expressed by a curve of an integral form. The degrees 
of dissociation of the combustion products of the investigated fuels 
differ very slightly from each other and are even identical for some 
fuels, for example, the fuels No.3, 5 and 11 and the fuels No. 4 and 7. 
In particular, the degrees of dissociation of water vapour differ very 
slightly from each other at the same temperatures. 

The fuels No. 1-7 and. 11 have very close degrees of dissociation. 
However, in the case of the fuels No. 8, 9 and 10, dissociation is 
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slightly different due to the considerable deviation of the composition 
of the combustion products. The fuel No. 8 shows the maximum deviation. 
This fuel consists of hydrogen peroxide and methan and its combustion 
products contain relatively high amount of water vapour. 

The dissociation of CO in the combustion products is considerable 
(equal to 1% by weight) at a emperature of 1850°K and a pressure 
p = 1 atm. Under this pressure, and at a temperature of 4000 0K, 90 per 
cent of CO  dissociates. Water vapour dissociates only to the extent 
of one per cent at 22500K, while at 40000K only 40 per cent of H20 is 
dissociated under the same pressure (1 atm). 

Since, for the full utilization of the expected pressure drop, 
the process of expansion in the nozzle of the rocket engine proceeds up 
to the atmospheric pressure, then to avoid the loss of the sensible heat 
due to dissociation, it is necessary to decrease the temperature of the 
combustion products at the exit of the nozzle to 1800 - 2000 0K. However, 
this process of preventing the loss of heat due to dissociation is not 
still enough. It is also necessary that the residence time of the 
combustion products in the nozzle of the engine should be quite suffi-
cient for the gas mixture to attain equilibrium. 

Table 1 gives the composition (expressed by weight and volume) 
of the combustion products of fuel No. 1, with respect to temperature 
and under a pressure of one atmosphere. 

For the determination of the effect of pressure on dissociation, 
the degrees of dissociation under a pressure of p - 20 atm. were deter-
mined for these eleven fuels. Under such a pressure, the degrees of 
dissociation are considerably decreased. Therefore, in the combustion; 
products; Ce and Ce attain one per cent at temperatures equal to 
20000 K and 2OO°K respectively, while at a temperature of 4000°K 2 70 
per cent of CO and 15 per cent of HO are dissociated. 

During ihe combustion of the investigated fuels in the combustion 
chamber of the rocket engine under a pressure of 20 atm, a temperature 
in the range of 3000 to 4000°K, depending on the composition of the 
fuel, is developed. This temperature corresponds to the following degrees 
of dissociation;	 30-70% and '	 4-15%. 

The composition of the combuston products of fuel No. 1 at 
various temperatures and a pressure of 20 atm are given in table 45. 

In order to get a full idea of the effect of pressure on disso-
ciation, the degrees of dissociation of the combustion products of fuel 
No. 1 were determined in the temperature range of 1800-4000 0 K under 
pressures of; 1; 10; 20; 25; 30; 40; 50 and 100 atm. These degrees of 
dissociation are given in table 16. 

It is apparent that the utilization of an approximate pressure 
of even hundred atmospheres does not have an effect on dissociation, to 
the extent that it could be neglected.
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Table 13 

-.	 P -latin 

Thi comynosMin by ,% ^The ca^^m^poŝVtlo- n -,- 
T° ic	

C	 lIf.c)IIN 
1500 
18i0

J:12,1 

J :ii ,7
I - 

0,3
49,13 .-- 

0,1 0,2
18M 
18,8

50,o 
49,5

- -	 31,3 - 18,7 

2030 
2135

130,91 1,1) 48,5 0,2 0,0 18,7 48,5 

1 /,r),

0,3 
0,9

31,2 
:11,1

1

0,0 
0,0

0,2 
0,7 

1

18,7 
18,7 

229(1
130,11 
I 28,31

1,0 

3,1
48,2 
47,4

0,4 
0,7

1,0 
1,0

18,0 

18,4
21,7,5 

0
1,0 31,1 0,0 1,1 18,7 

2500 
2050

J26,7J 0,2 45,8 1,4 3,8 18,1 40,0
3,2 
0,4

30,0 
30,1

0,0 
0,1

2,2 

6,5
16,7 

18,7 

2785
1 21 ,21 
17,8

0,1 
11,0

44,2 
42,3

2,1 5, 6 17,7 35,0 0,5 29,9 0,2 0,7 18,7 

2929 14,5 14,5 40,4
3,0 
4,1

7,4 
9,3

17,4 

17,1
30,0 
25,0

12,8 29,2 0,2 9,1 18,7 

3060 11,4 17,1 36 1 0 5,5 11,3 10,7 20,0
15,9 

19,1
28,4 

27,3
0,3 

0,4
11,6 

14,4
18,7 
18,7 3230 

3450
1	 8,3 

I	 5,4
19,4 
21,5

34,0 
30,0

7,5 
10,5

13,5 10,3 15,0 22,3 25,7 0,i 17,7 .18,7 

3825 2 , 6 23,2 23,2 10,2
16,1 
19,7

15,8 

15,1
10,0 
5,0

25,4 

28,7
23,3 0,9 21,7 18,7 
18,6 1,4 27,8 18,7 

Table 15 

P - 20 atm. 

Thfoigpii on by Thoón by 
T. -K . - 

CO, co fl,0 11. 01 N, co, CO	 11 60 Us
I 

I	 o N, 

1500 
2005

32,1 

31,7
- 
0,3

49,1 
48,8

- 

0,1
- 
0,2 18,8 

2235 

2360
30,9 1,0 48,6 0,2 0,0 18,7 18 ,51

0,3 31,2 
0,11	 :31,2

0,0 
0,0

0,2 

9,7
18,7 

18,7 

2505
30,2 

28,3
1,0 
3,1

48,2 

67,5
0,3 
0,0

1,0 18,11 47,oJ j ,6	 31,1 0,0 1,1 18,7 

2830 24,7 6,2 46,0 1,2

1,0 
3,7

18,5 
18,1 'o,oI

i,2	 31,0 0,0 2,2 18,7 

3030 

3215
21,2 9,1 44,6 1 1 9 5,5 178 :i5,o

o,' 36,j,

0,0 30,0
0,1 
0,1

4,4 
(1,0

1,7 
18,7 

3405
17,3 
14,0

11,0 

14,0
42,8 
41,0

2 1 0 

3 1 6
7,3 

0,1
17,

,

 5 30,0f12,7 20,5 0,2 8,9 18,7 

3001; 11,4 11,1 38,8 4,8 11,0
17,1 

16,8
25 ,0115,1) 

20 .0
28,8 

100	 27,8

0,3 
0,4

11,3 18,7 

3835 8,4 10,5 3(1,1 (1,5 t:i,o 10,4 22 ,3	 26, 5 0,5

14,0 
11,0

18,7 
18,7
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Table 16 

T 

0.01 
0 

0.05 

0. IC) 

(1.10 

0,50 
C),

I) 

0,00

X  20	

L 
25tt.h 

T
F.	 T J 

1

a.bi.	 'II) 

T

50ID) 
TIiw	 Ti 

IS.0	 U,i.2	 0.002	 2005 0,002 2020 0,002 2030 
203)	 0.005: flSS	 .',004 2235 0,004 2250 0,	 2205 
2135	 000	 2X1	 0.007 1 

2300 0,007 2380 0,007 2400 
2290	 0..15 . 2:5	 0.014	 2505 0,O1:3I 2590 0,013 2610 
2500

	
0 , ')7J 2743	 0.027 230 0,o20 2800 0,020 2880 

2050	 293.5
	

0: 042i 3030 0.041 3005 0.04	 )90 
27S5	 •.'7	 3!'.)

	
0.060j 3215 0.05S 3255 0.0571 3290 
0. LI&II 3400 0,Osu1 3450 0,0791 w' :c	 o. t:	 3400	 o.is; 3000 0,111' 3050 0.10	 3090 

u.17Th	 75	 o,139j 3840 0,152 3895 0,15	 3915 
1&4w	 0.25

I	 I 
I	 1 I. I

0,0021 2050	 0 , 002! 2065 0,002 1 2110	 0,001 
0,00•	 2255	 0,0041 2305 0,004 2305	 0,0C'4 
0,007 2420	 0.00J 2440 0.007 2510	 0,00o 
0,013 2040	 0,Uj3 2065 0,013 2740	 0,012 
0,020j 2E)200020} , 2950 0,025 3050	 0,025 

310 3175 0,0391 3290	 0,03 
0,057 k 33)	 0,0561

,

0.055 3515	 0,033 
0,079 3540	 0,07 1 3585 0,0701 3740	 0,073 
0,1081 3750	 0.U7 a310 0.105 3990	 0,100 
0,149

I

The degTee of dissociation of the combustion 

products for oct. ) 1 

The decree of dissociation of the combustion products of a fuel 
mixture consisting of nitric acid and kerosine (fue]. No.1) are deter-
mined for coefficients of excess oxygen (cc) equal to 1 1.1 1.2 and 
1.3. The equations of the reactions are given in table 17. 

Table 17 

The composition of the :iflitla].,, and final 
a	 products. 

1,00 8,40 IINO 2 + C7 ,1:lL13,00,5- 7,45 CO2 + 10,95 1120 + 4,20 N 

1,10 9,43 LNO3 + C11O- 7,15 CO + 11,40 H.30 + 4,71 N + 1,29 Oi 

1,20 10,50 11NO 3 + 7,15 CO2 + 12,001120 + 5,25 N2+ 2,6002 

1,30 11,02 HNO3 + C7,1i,I113,5Oo,n- 7,15 CO 2 + 12,50 1120 + 5,81 N + 4,0001 



T 

21)1)5 

22:15 

2360 

251)5 

2830 

30:10 

3215 

3105 

31100 

3q35 

3985

0,002 

0,01)1 

0,007 

0,013 

0,026 

0,041 

0,058 

0,080 

0,111 

0,15:i 

0.181

22:15 

2425 

2530 

2710 

2935 

3120 
:1295 

3175 

:;(;70 

39ou 
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The relationship between the degree of dissociation and tempera-
ture for various coefficients of excess oxygen is given in tables 19 
and 20, for p = 1 atm and p = 20 atm respectively. 

1I,b1e 19 

P1at. 

1,00 tin 1.21) 

1840 0,002 2030 0,002 2070 0,002 2090 0,01)2 
2030 0,005 2185 0,005 2225 0,001 2250 0,001 
2135 0,008 2270 0,007 2330 0,007 2340 0,007 
2290 0,015 2105 0,0)4 2450 0,014 2475 0,014 
2500 0,030 2580 0,029 2620 9,028 205() 0,02 
21)50 0,040 2720 0,045 2755 0,044 2780 0,01's 
2785 0,067 2815 0,065 280 0,051 2905 0,051 
2920 0,092 2970 0,090 3005 0, 0th) 3010 0, 081) 
30130 0,127 3115 0,125 3140 0,121 3170 0,121 
:1230 0, 177 :1280 0,175 3305 0, 174 3339 0,1 7.1 
3150 0,251; 3510 0,25:1 3535 0,252 3555 0,251 
3825 0,411 3925 (),4o 3915 0,403 :1965 (),4IL 

0,1)1 

0,1)3 

0,05 

0,10 

0,20 

0,30 

0,10 

0,50 

0,1)0 

0,70 

0,80 

ak 

(1,01 

(),03 

0,05 

(I'll) 

0,20 

0,30 

0,40 

0,51) 

0,1)1) 

0,7o 

0,75

Table 20 

P-2Oatm. 

1,10	 1,20

r:	
i

to 

(1,1)01 22110 0,()1 :ii, 0,ti 
0,001 240 0,iX')1 2515 0,001 
0,()U 2500 0, 991; 2625 0,0011 
0,012 27110 (1,0)2 2795 9,012 
0,026 2990 0,025 31)31) 0,025 
0,040 :1175 0,039 3210 0,039 
0,057 1315 0,051; 3380 0,055 
0,079 3520 0,078 355U (1,077 
0,1(19 :1710 I), 108 :1750 0,107 
0,154) 3955 0,148 3990 0,147

With the increase of the coefficient OC , the dissociation of 
the combustion products decreases. However, the increase of pressure 
has a more drastic effect, admitting bier changes than the value of 
the coefficient CC- , which is accordance with the requirements of the 
minimum specific consumption of the fuel. 
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The degree of dissociation of the combustion 
products for oc41 

To et a full idea of the effect of dissociation on the composi-
tion of the combustion products, computations were carried out by the 
present author for the fuel No. 1 (nitric aoid. + kerosine) for*-' 4 1. 

ble 2]. 

-	 - 

Composition of fuel nt us 713 

8,40 IINO8 + C7,IH13,t00y45 1 ,7t6 I ,531 0,547 
1,43 HN05 + C7,151I13,401),o, 1 ,5(2 I ,46' 0,511) 

0,8 0i40HNOa+C7,11118,600,o i,350 1 ,'j'ju 0,652 

0,7 5,54 1I NO, + C7,11 W,0J,4J 1, 161 1 ,131 0,37 

The composition of the fuel for '. - 0. 7; 0. 8; 0.9 and 1 is 
given in table 21. 

The computed data, for a pressure of one atmosphere and tempe-
ratures ranging from 1500 to 4000 0K, are shown in table 22. 

Table 22 

P - 1 atm. 

'I' s K

a0.7 0.8 Ut) 1,0 

- 

W k h I	 21U 

1500 0,537 0,303 0, 1 21 ((,IS( 0,221 0,042 - - 

(0I) 0,62 0, 269 0,'57 it, i Is 0,2'8 0,0l1 u,00$ 0,1102 

2(( u, h15 0,251 0,43l (I, 13 (),2M 0,05 (1,1(25 (1,01(1 

2I)0 1), 60 1, 0,226 0,5111 (1,1(9 11,295 11,1)51 ((,I'M 0,022 

2301) 0,727 0,22 11 0,539 0, 134 (1,479 0,09U ((,4(I) 0,07)) 

3200 0,M10 0, 2411, 0,752 0,222 0,711 0,137 0,033 0,168 

3000 0.392 0, 105 0,370 0,103 (1,801 0 , : 1: N 0,852 0,322 

(',S:3', 0,931 0,502 0,922 I), 'iliM I(,t)l (1,44))

We should refer to the high values of the degrees of dissociation 
of 06 and	 which indicate the relatively considerable content of 
the products of incomplete combustion (insufficient oxygen). We notice 
that the composition of the combustion products depends on temperature, 
even at relatively low temperatures. 
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Under a pressure of p = 20 atm (table 13), the degrees of disso-
ciation are decreased, but this effect starts only at a temperature of 
about 25000 , i.e., when the free oxygen begins to appear in the disso-
ciation products, and when the composition of the reaction products is 
not controlled only by the reaction of water vapour, which does not 
depend on pressure. 

With the increase of temperature, the coefficient	 rncres. 
Thus, under a pressure of one atmosphere, this increase becomes very 

Table 23

P - 20 atrn. 

OK

a-.0,1 

-r

0,8 0,9 1,0 

r
jc 

0,221 0,082 - 15k 0,587	 0,:1i) i 1),'2I	 1, 1 44 11 

1800 0,0i2	 0,26, 10 0, 1,57	 n, iss 0, 2 1 .4 0,063 --

20th) 0,L15	 0,25) 0, 4ft1	 (I, 138 0,258 o,054 0,010 0,002 

2100 0,094	 0,226 0,513	 0,119 0,273 U,l) 1ill 0,059 0,008 

2800 0,71t1	 0,21 It 0,5:10	 0,11)9 0,322 0,0't) 0,188 0,024 

3200 0,740	 0,211 U, 501	 0, I I U 0, 400 0,075 0,392 0,057 

3600 0, 787	 0,235 0, 700	 I), 1 66 0, 045 0,130 0,000 0,111 

10th) U,7	 0,200 0,808	 0,28 0,775 0,203 0,754 0,185 

intensive at the temperature at which free oxygen appears. The smaller 
is the coefficient oC the higher will be the temperature at which free 
oxygen appears; for p 1 atm, these temperatures are equal to 2200, 

24000 and 2600°K for x. 0.9 2 0.8, and 0.7 respectively. At. higher 
temperatures, the degrees of dissociation for various oC. coefficients 
slightly differ from each other. 

Table 24 

The coznpositiQn by yol The composition by 
voiumej 

Cos

i co 111.0 H1 N, com CO iisut Ill 1	 0, 

15110 20,3 14,8 39,9 0,1 15,9 35,9 111,11 24,3 0,7 - 17,8 

1819l 10,1 10,1 '11,9 7,3 -• 15,9 33,7 18,1, 302 11,0 17,8 

201)1 ) 18,)) 17,1 42,2 0,8 - - 15,0 31,9 19,2 3),5 41,5 -- 17M 
2400 17,1 18,0 43,2 5,8 - 15,9 311,2 20,2 31,2 41,5 17,8 

280)1 )/,,2 20,3 41,7 0,5 1,7 15, C. 25,5 23,2 31 0,7 1,5 2,2 11,6 

3200 8,2 24,7 35,7 111,2 0,3 14 ,9 I 5,' 29 ,7 27,0 (1 ,0 8, 0 17,8 

:11100 3,9 27,4 27,5 111,0 11,1 14,1 7,7 34,0 22,4 1,4 10,1 17,14

2,1 I 280 1
 20,0121,1111,3

 1 '''	 I 17,0 I 2,11 
121

 ,5 1 17,8 



iou 

1k
J 

I), 1156 11,/,21 Ii, 186 
0,146 0457 0,18 
(1,137 0,486 0,1:17 

()9 0,51;1 0,119 
109 0,5311 0,101) 

0,110 0,502 0,107 
0,133 (1,018 0,1I 
11,162 0,714 o,jGk) 

1.11 
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Table 25 

pt 4w.	 I') 

a,.	 a 

150() 0,421 0,180 0,421 0,180 0,421 0,	 8I 
1800 0,457 0,148 0,457 0,148 0,657 0,148 
2000 0,486 0,137 (1,481; u,137 0,481; 0,137 
2400 0,513 0,119 0,5)3 0,119 0,513 0,119 
2800 0,589 1), 1:14, 0,53 0,112 0,530 0,109 
3200 0,752 0,222 (1, 625 0,135 0,591 0,119 
3600 0,876 o,:mH 0,741; o,19( t), 7w; u, 160 
40(() 0,IEI1 (1,502 U, 8'8 IJ,29. I., l'A)S 11,237 

I (AL I its	 I 

Table 25 (the end) 

lo 
J • ,	 ••j( 

1500 0,421 0,180 0,421 
1800 J),457 0,148 0,457 
20(10 0,480 •0,137 0,481; 
2400 0,513 0,119 0,513 
2801) 0,530 0,109 0,53(1 
3200 0,580 0,114 (1, 569 
3600 (),645 0,152 0,05) 
4000 0,782 0,209 11,752

On the basis of the data given in table 26 for the values of  
and . of the combustion ptoducts of kerosine and nitric acid at	

k 
eonstan' teli(pera1re (32000 K) and pressure (20 atm), it is possible to 
derive a conclusion on the' decrease of the degree of dissociation with 
the increase of the coefficient c4 within the whole range of its values 
( x ii).
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'Ible 2  

a a aft a10 

I ,3 0,29 0,o:m 0,11 0,/dil; 0,075 
1,2 0,315 0,01 0, 0,591 0,119 
I,	 I U,3'it 0,06 0,7 0,740 0,211 
1,0 0,392 0,057

Conclusions 

The degrees of dissociation of the combustion products of eleven 
fuels of various compositions, which present a great or minor interest 
for utilization in rocket engines, were computed by the methods described 
in the present work. 

By comparing the results of the computed degrees of dissociation 
of the combustion products of these fuels, it could be concluded that, 
under the performance conditions of the rocket engine (in the combustion 
chamber the temperature is equal to 3000 - 4000 0K and the pressure is 
some hundreds of atmospheres), dissociation is manifested so strongly 
that it should be taken into consideration in the thermal computations 
of this engine. At these temperatures and pressures, carbon dioxide 
dissociates to the extent of 30-70 per cent by weight, while water vapour 
dissociates to the extent of 5-15 per cent by weight, for a coefficient 
of excess oxygen 't 1. If the combustion of the fuel mixture takes 
place with a coefficient oL > 1, dissociation is slightly decreased. 
The increase of pressure acts in the same direction. However, even on 
using values of 06 up to 1.5, and pressures up to 100 atm, dissociation 
is not decreased, to the extent that it could be neglected. In order 
to reduce the dissociation of the combustion products in the exit area 
of the nozzle and to make it negligibly small whon. ' 1, the tempera-
ture of the gases in this area should not be higher than 20000K, assuming 
that the pressure, in this case, is close to one atmosphere. 

For cc <. 1, the composition of the combustion products is inde-
pendent of pressure, under the conditions of the absence of free oxygen 
which appears in the temperature range of 2000-3000 0 K according to the 
pressure and the coefficient X . However, the composition of the 
combustion products varies with the variation of temperature even at 
low values of temperature, since it is determined by the reaction of 
water vapour. On account of this relationship, the content of water 
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passes through a maximum, while that of hydrogen passes through a minimum. 
The position of this maximum and minimum is determined by the fuel compo-
sition and pressure, and lies in the temperature range of 2000 - 30000K. 
With the increase of pressure and decrease of the coefficient O- the 
position of the maximum and minimum is shifted towards high temperatures. 

The degrees of dissociation of carbon dioxide and water vapour 
in the combustion products of the various compositions of the investi-
gated eleven fuels differ slightly from each other for equal values of, 
and p; for some combinations of the oxidizing agent and fuel, the degrees 
of dissociation are identical.	 -
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THE QUESTION OF COMBUSTION TEMPERATURE IN 
ROCKET ENGINE 

ñ936] 

The original composition of the fuels and the boosting regime of 
the performance of the rocket engines belong to the characteristic pecu-
liarites of these engines of modern technology. 

The minimum content of inert impurities in the fuel, the high 
oxygen concentration in the oxidizing agents, the combustion of the 
components of the fuel under a pressure of several tens of atmospheres 
within a small volume of the combustion chamber - all these factors 
will result in different combustion temperatures and different calorific 
values inside the combustion chambers of the rocket engines. Accordingly, 
some complications will arise in the construction of the rocket engine, 
whose overcoming is an essential condition for the design of an adequate 
engine which can work for a long time. 

The main technical difficulty which, first of all, faces the 
designer during the development of the rocket engine is the quite high 
combustion temperature, which requires the application of special 
measures for the protection of the engine from destruction. In this 
connection, the accurate value of the combustion temperature is of a 
special significance for the design of the engine. Therefore, the 
dissociation phenomena which have a considerable influence on the per-
formance conditions of the engine should be considered. 

In the present work, the results of the computation of the com-
bustion temperature of nine different fuels are given, taking into consi-
deration the effect of dissociation with reference to the influence of 
pressure and the coefficient of excess oxygen on the value of the 
combustion temperature. The actual combustion temperatures will differ 
from the computed values, since the thermal losses associated with in-
complete mixing of the components and, which result from the incomplete 
combustion of the fuel were not taken into consideration. Similarly, 
the heat losses due to radiation were not also considered in the calcu-
lations. These factors were not intentionally considered since they 
have different effects on the various engines; they also characterize. 
the engine itself rather than the fuel. In addition, during the calcu-
lation of the thermal processes taking place in the engine, for the 
determination of the thermal efficiency, it is necessary to know the 
combustion temperature without considering the losses which are not 
associated with the cycle. 

The computation of the degrees of dissociation was carried out 
by the method outlined in the works published, by the present author on: 

Summarized.
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"The computatioof the degrees of dissociation" and "Dissociation in 
Wr 

rocket engines" . The calculation	 the combustion temperature was 

carried out by the method of Sjule.	 The values of the heat contents 
I of the elementary gases and the heats of their dissociation w at 

X	 V	 px 
various temperatures were taken from the data of Sjule. 

Assuming that the combustion process in the rocket engine takes 
place under a constant pressure, we get the following elementary heat 
content of the combustion products 

(II	 d1	 I	 iic(,,	 -. 

from which we have

- f	 I ;,	 IV' (7 . 

where Wm = the average value of W in the range	 - 
px	 x2 

Marti the calculations from 0°C for the case when tile 00—

efficient of excess oxygen is equal to	 1, we get 

I 

Taking in this case the composition of the combustion products 
before dissociation equal to 

-	 (:02 ± II I I2)	 h N 2 I e 021 

we get, after dissociation 

0	 k) CO 2 + 1 0	 ,510	 " (1 - w) I ) 1. 

	

w, F I -	 02 .4- b N 2	 e() 2 . - - 

Thus, designating the heat content of one 1vr3 ( 00 , 3760 min) of the 
combustion products by I, and the heat content of one M of CO 2 , H20 

and diatomic gases by Ic021 1H20 and '2—atom respectively, we get the 

following relationship : 

-	 (1..I-'w-j-b.l.e)l	 (1,)(,:,,-w(I	 U))/'II,lP 
r	 r 

-f. (t,.cx, .-1. I ,nta1	 1 !) '2 ;Ir	 pI(	 W4,1,Y put 

- 

A A report published in 1936 in the collection: "Raketnaja Tehnika" 
(Rocket Technology), vol.4, 1937, page 60. 
tt A report published in 1936 in the collection "Reaktivnoe dvienie" 
(Jet Motion), a publication of CSOAH, NO-3 (in press). 

tt V. Sjule, "Novye Tablidy i diagrammy d.].ja tehnieskih Toponyh gazov" 
(New tables and diagrams for industrial furnace gases), 1931.
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Dividing both sides of the equation by the volume (v') of the 
combustion products in the dissociated state, we find that : 

I	
- •_,• W, )) ko. I (11 .( )) / 11 ' .) I	 (2 ,'•t) 1 

((.( ))	 ç	 (I I)	 I 'up 

where V = 1 + w + b + e = the volume of the combustion products before 
dissociation; the terms in brackets represent the values of the volumetric 
content of each gas in the dissociated combustion products, which are 
apparently, changed with temperature; (2—atom) desiate the total 
volume of the di—atomic gases in the dissociated mixture 

The composition of eases by volume will be equal to 

(C( 1 2)	 (CO)	 (I1,0)	 (He)	 - (0 2)	 (N2) 

(I -- a id	 Qk
n' (1 —	 tt'ri,,	 O,! (a k -4- ioa1 ) -i-- e	 b 

where

I	 ii'	 I)	 ' -I,5(ch.-I-1'au,)	 I' -F-),5(  

•

	

	 The degrees of dissociation Od and	 are determined, and the 
composition of the fuel at various temperatures is found, then the average 
values of the heats of dissociation elm 

pk 
and W are determined graphically 

by means of the table giving the heat contents
pw

 (the table showing the 
values of I at various temperatures, which is illustrated graphically). 
The known calorific values of the fuel per one normal cubic meter of the 
combustion products are indicated on the axis of the heat content, and 
a horizontal line is drawn till the intersection with the curve I. The 
combustion temperature is then detrmined taking the effect of dissocia— 
tion into consideration. 

it According to V. Sjule, the following expression is obtained for the 
computation of the combustion products 

(!%O) I	 -I ( N 2) 1 N +(02)	 - I . cz (CU2) (t, I. 

c(,(tL, ) ) (I	 -i- a. (CO.)	 -4- a (1120) 

where (CO 2 ), (H o), (N ) and (02)	 the volume fractions of the correspon— 
ding gases in te nonJissociated mixture. However, on carrying out the 
calculations by this equation it is found that the number of operations are 
almost the same as in case of applying the equation derived in the text if 
the required volumetric composition of the combustion-products, in relation 
with the temperature, is taken into consideration. Therefore, the application 
of the expression of I, given in the text, is of a great interest, since it 
allows to get, for equal time expenditure, not only the value of I=f(T) but 
also the composition of the combustion products at various temperatures.
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The results of the calculations 

Below, the fuels of the following composition were investigated 
1- Nitric acid and tractor kerosine (1m0 3 and C715H,135o005) 

2- Nitric acid and turpentine (RNO3
 
and C10H16). 

3- Nitric acid and nitrobenzene (m03 and C6H51102). 

4- Nitrogen tetraxide and turpentine (N204 and C10H16)0 

5- Tetranitromethane and light kerosine (cN405 and 0713H145). 

6- Tetranitromethane and turpentine (0N408 and C10H16). 

7- Hydrogen peroxide and tractor kerosine (H 202 & C715H1350005). 

8- Oxygen and turpentine (02 + C10H16). 

9- Oxygen and ethyl alcohol (02 and C2H60).

The degrees of dissociation of these fuels were determined under 
a pressure of p 20 atm in the temperature range of 2000-40000K. The 
composition (expressed by volume) of the combustion products at various 
temperatures was computed from these degrees of dissociation. In figure 1, 
which is assigned for the determination of the average values of the 
heats of dissociationW	 , the degrees of dissociation are indicated 
on the axes	 -T (&i &ie right) By means of these curves and. 
from the tabula	 values of W •Uk( 

/ W J 
.. at various temperatures, the values

06of W / .. were indicated on th 1xês W / 	 -	 .. (see Fig. 1, on the 
pk(wL	 pkwj leftj. ifle average values of N 	 were then determined for various 

values of M	 For the nine6stigated fuels, if the values of 
1) 

W 
k(. 

are dirrerent, the difference will be only in the foruth sign of 
t.e 'cimal fraction. 

ii'tL the exception of the fuels containing pure oxygen as an 
oxidizing agent, the heat content I of one normal cubic meter of the 
combustion products of various fuels at equal temperatures will slightly 
differ from each other (the difference will lie within the range of 3 
per cent). For the graphical representation of I = f(T), intended for 
the determination of the combustion temperature, this situation becomes 
particularly clear (see Fig. 2). 

In tables 4 and 5 the values of the following Parameters are 
given: H.= the low calorific value pe one kilogram of fuel, in Kcal/kg.; 

= the low calorific value per one Mof the combustion products set 
O°K and 760 mm Hg; TId = the absolute combustion temperature, without 

taking dissociation into consideration; T 	 the absolute temperature,
taking dissociation into consideration; anàSSAT = Td - T°. . The 

degrees of dissociation and the composition of the combus± products 
(expressed by volume) at the combustion temperature are given in the 
last columns of table 5. The ideal combustion temperatures TId were 



Flu 

1,, 

Tcij 
AT 

I; 

U's) 

(:u 
CO 

I 1() 
Ii

•1i(iU 
U29 

3070 

410 
U 322 

ii.
09'/ 

0,441 
0,02') 
0,05S 
0.177
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Table 4 

Nt
ofugt L 4IL: (	 I	 7	 I	 I 

1470 I '7o I7:i I 6 1.10 17t1 1600 
2"I I 214 15 25(7 161;:, 3330 

550 3760 1270 12iu 4uII 3170 S2u 
:11(11) 319() :1525 :;Siti :1570 2910 3SIII 

45(1 57u 7 5 7i ;o ; 
o,:co o3 :(t; o,5:s lI.5I() u,2:,I( (),65I, 
0,I)2 (i,ij5( (i,tj;; I),I(;ItI I4,; Ib,4(	 ' 
;,..I!. ,250 U, 161 0, 17 0,11- 7 0,1 

0, lOS U. lY (1,195 0,203 0,225 (1,U'9 U,2U) 
0,417 0,312 0,25s 0,233 U, I OS 0, T19 0,232 
0,019 u,iiis U,J26 0.023 (1.021 0,026 U, 121 
I), 063 0, 00 U, III (1,113 0,123 0,037 0,205 
0,181) 0,197 u,29 0,252 0,255 - --

20(0 

'Ii (0 

655 

U .151 
U, 233 
1, 13'i 

0,523 

U,osl 

computed by means of the values of the heat contents given by Sjule, 
which were taken as a. basis for the calculation of the heats of disso-
ciation, the equilibrium constant and the heat contents. 

Table 5 

To
:ou	 :'c/u	 :11i91, :ii 10 :1120 31 3U :1l90 

Al , •'i;i i	 ij	 :('.IU :170 3(1(1 :15o :	 )Ii 

;Ah 0,1 O I),3.3	 41,322	 1 1,213 11,311 0,291 11,279 l,•25 
41,4,79 (,u'.4	 0,u2 i,,042 (),IEt o,u:u o,o:12 

(: 4 ) 44,162 i,'l'.l4	 o,:9,	 ,208 0,2o1 0,215 0,210 1l,22 
CO 41,j 32 0, lOS	 11,1197	 0,094 0 • U1,J4 0.088 0,0115 11.1178 
(11 ( 1 1 (),435	 O.41	 0,444 0,443 0,447 0.440 0,453 

( ( 2 1,1135 1y23	 14,1420	 ((,(1I 9 0,010 0,018 0,017 0,015 
II iyj 6i)	 (1,1159	 ,051 11,1156 ()I)53 0,051 (1,OSS 

11,172 0,171" j	 (1,1 77 	 0,177 0,177 0,178 0,175 0,179

The lowest combustion temperatures were given by hydrogen peroxide 
(29100 K) and nitric acid (3070 0K) with kerosine, while the highest tem-
perature was given by liquid oxygen (3840 0 ) with turpentine. De to the 
high combustion temperature of hydrocarbons in oxygen, the incompletely 
valuable fuels containing inert impurities, for example, 1cohols and 
their aqueous solutions, giving lower combustion tempera''es, found 
application. Kerosine, turpentine and nitrobenzene give ith the same 
oxidizing agent (see table 4, columns 1 1 2 2 3 and also tables 5, 6) 
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almost similar combustion temperatures which rise slightly in the same 
order of the listed fuels. The temperatures developed during the com-
bustion of the given fuels in nitrogen tetraxid.e and tetranitroinethans, 
are practically the same and do not even differ from the combustion 
temperature of ethyl alcohol in liquid oxygen (,_350o0K). 

The comparison of TO- 	 V , given in table 4, show that the 
dis	 *8 consideration of the dissocion of0 2 and H20 is necessary for the 

computation of the actual combustion temperature; The differenC.ttT 
TO-

To 	 varies within the range of 260 0 , for the lowest combustion id	 iss 
temperature (HO, 2 ), up to 980 0 , for the highest combustion temperature 

(02). 

Fig. 1 

Even durind the combustion of hydrogen peroxide, when the deve-
loped temperature under a pressure of 20 atm. is equal to 2910 0 K only, 
the dissociation of 002 and H20 amount to 25 per cent and 3.4 per cent 
respectively. In the case of oxygen-turpentine fule, 66 per cent of 002 
and 13 per cent of H20 are dissociated. 

All the previous computations were carried out for the case when 
the pressure inside the combustion chamber was equal to 20 atm. At lower 
pressures, the consideration of dissociation is, apparently, wore 
essential. Under higher pressures, the effect of dissociation will be 
less pronounced. In table 5, the results of computations for nitric acid
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and tractor k'rosikie (No.1) are given for various pressures (within the 
range of 1 to 100 atm.) inside the combustion chamber. The increase of 
pressure by one atm, in the pressure ranges of 15-30 atm. and 30-100 
atm., results in a temperature rise of 40 and 10 respectively. Even 
under a pressure of 100 atm., the dissociation of COand H20 attain 
25.4 per cent and 3- ' 2 per cent respectively, since tie "combustion tempe-
rature, which is computed by taking dissociation into consideration is 
lower than the ideal temperature by 300 0 . Therefore, the increase of 
pressure in the combustion chamber over 20-30 atm. is not a radical mean 
of avoiding dissociation. In this case, extremely high pressures were 
excluded from the investigaion. Consequently, the combustion temperature 
rises very slowly with the increase of pressure over 20-30 atm. (see 
Fig. 3). With the increase of pressure within the range of 10-100 atm., 
the volumetric composition of the combustion products at the combustion 
temper.ture is very slightly changed, which is visually shown in fire 3. 

The change of the ratio of the fuel components (oxidizing agent and 
fuel) results in a 'change in the combustion temperature, which can be 
easily followed from tables 6 and 7 which are constructed for nitric acid 
and tractor kerosine (fuel No.1) for P	 20 atm. The combustion temperature
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and the degrees of dissociation are decreased with the increase of the 
coefficient of excess oxygen Q • It could be concluded that within 
the investigated range of excess orgen oC a 1 - 1. 3, with the increase 
of Oe, by 0.1, the ideal combustion temperature is decreased by 2000, 
while the temperature computed by taking dissociation into consideration 
is decreased by 1000.

b1e 6 

1,0 1,1 Fi. 1,0 t,i i. 1.3 

ll, l'i(O 12 1.80 I i;o it,i Cl, 0,01 0,030 0,020 O,01! 
Q I21.) Ih22 I	 57 i:i CO- 0,20 0,217 0,217 0,21 

:5Hu 324O :100 2U1 u CO 11,097 0,003 0,00 O,l)1i 

3070 29(i 2INI 27uu
I1	 () (1 4 t1 0, 13 0 , o".11, 

AT 410 261) 1011 lI)

0,(L() I(,(1j3 ()•Ii.i., 
u ()ii,J U,IlS.' 0,	 t I),	 I 

Cl1,. (1:122 o,: 0, 157 0,01 N. (1,177 (I, 184 0, 

I.J 0,'.! 03 0,7

11.	 )

1.0 Ol) 0,8 0.7 

:lusu :1In65 :1015 27so u,	 ; u,	 s ç :u 
Cl1 0,312 11,41)) ))4 55'I 0,714 11,020 0,113)1 0,05'. o,tu 

0,0'.3 1). ol;: 1 0,111 0,215 0,057 11,026 (),()05 0,000 
() 2 0,20s 0,192 0156 0,1115 N 0,177 u,ILit) 0,I5  
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Therefore, the decrease in the combustion temperature becomes practi-
cally alipreciable only for an increase of o(, of-at least up to 1.2. 
The calorific value II considerably decreases with the increase of o6 
which restricts the cIoice of the working value of 06 • The volumetric 
composition of the combustion products at the combustion temperature 
T. , for a coefficient ofexcess oxygen more than unity, is shown in 
figure 4. 

The decrease of O by a factor of less than unity (see fig. 5) 
a manifests a different effect on the value of the combustion temperature 

The combustion temperature for. <1 was computed by taking dissociation 
into consideration by a method different from that described at the begin-
ning of this work, because the application of the equation 

12 - 1 - - I	 J	 R';,. (r	 _. (z 

for c. (1 is associated with an increase in the computation process, siie 
cannot be taken equal to zero. The method applied by the present 

authr is simple and can be recommended for the computation of the combus-
tion temperature at O l. 

Suppose that the reaching oxidizing agent and fuel contain oxygen, 

carbon, hydrogen and nitrogen in the following relative molecular amounts 

1102 -1- : 1- fl3II F n:,Nz. 

The composition of the combustion products appear to be equal 

0 - rC k ) (02 -1- aj, Co -I- n (I --- L,0) ItO -F- n,-z,, II F 
.f (n .1 O,. (CC h 	 - n3 (1 --	 - - 1) () -1 11N2.
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This temperature is slightly changed within the range of ° 	 0.1 
up too 	 0.8, while it acquires a tendency towards an increase within 
the range of o. 1 - 0.9. Starting from . = 0.8, the combustion tempe-
rature is rapidly decreased with further enrichment of the mixture. The 
volumetric composition of the combustion products at the combustion 
temperature, which is given in table 5, clearly shows that the decrease 
in the coefficient oc. results in an increase in the contents of CO and 
H20. The products contain free oxygen up to 0C = 0.8. 

The investigation of both figure 4 and figure 5 shows that with 
the change of o, within the range of 0.7-1.3, the composition of the 
combustion products is similarly changed, i.e., with the increase of CC 
the contents of CO and H2 decrease while those of CO 22 0

2 
and N2 increase. 

Only the content of H 20 acquires a weakly expressed maximum at . 1. 

•	 k (continued) 

The volume of the combustion products before dissociation is 
equal to [1)  

V	 I •--• n 2 j- 

Then the heat evolved Q , related to one	 of the combustion 
products taken before d.issociaion, is equal to 

QP 	 a,) 9co	 " a,cq ) -I- ,t (I	 (411.) g l y,	 Iul : 
VI cL/i M , 	 - 

where q	 , q and q	 = the heats of formation of one normal M3 of 
CO 2	 CO	 H20 

CO 2, CO and HO from their elements respectively, and q = the heat of , 

formation of he oxidizing agent and fuel. Substituting the numerical 
values of the heats of formation, we get 

12580 OlI•O / • —t 

The heat content of the mixture can be expressed as follows 

1 = ((l—a,!,-I-n(t-- ri 	 t- 11. 5 (", + ') - I . '''4-Lir 

where

b 

Plotting along the axes Q, (I) - T the curves of these two equations, 
and finding out the axes of the Point of their intersection, the combus-
tion temperature could be determined. 

The simplicity of this method is also manifested in getting rid of 
the necessity of the graphical integration for finding out	 since 
the equation of	 gives the net heat consumed in the temper4 rise of 
the gases.
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The concept of the ideal combustion temperature, for.<1, 
becomes extremely conventional, since the composition of the combustion 
products is controlled by the reaction of water vapour. For.Z.l, the 
ideal temperature T9could be considered as the temperature developed 

Id 
under the condition of the absence of free oxygen evolved by the reactions 
2CO2-2C0 + 02 and 2H 2°
	

+ 02. According to figure 5, for the 
investigated fuel (nitric aci and kerosine) under a pressure of P = 20 
atm ando 4 0.8, both the actual combustion temperature and the ideal 
combustion temperature (as determined by the present author) are identical. 

$ - Conclusions 

On the basis of the carried out computations, it could be conc-
luded that the combustion temperature of the various compositions of the 
investigated fuels, computed by taking dissociation into consideration 
for a coefficient of excess oxygen of otL 1 and pressures of 10-100 atm., 
lies in the range of 3000-4000 0K. For the same fuel, the lowest combus-
tion temperature was obtained for fuels containing hydrogen peroxide 
(H202) and nitric acid. (inro 3 ) as oxidizing agents, while the highest 
combustion temperature was obtained for oxygen. The combustion tempera-
ture of the fuel in which oxygen is used as an oxidizing agent is higher 
than that obtained, for nitric acid and hydrogen peroxide (as oxidizing 
agents) by 7400 and 9000 respectively. The application of the mixture 
of ethyl alcohol and oxygen as a fuel lowers the combustion temperature 
to 34500 K (P 20 atm.) due to the decrease of the amount of heat evolved 
(Ethyl alcohol is not completely valuable as a fuel since it acquires a 
large positive heat of formation). Daring the ignition of the fuel with 
nitrogen tetraxide and tetranitromethane as oxidizing agents, almost-
practically equal temperatures are obtained (about 35500K). 

The fuel containing higher carbon content (with respect to 
kerosine) and negative heat of formation develops a combustion tempera-
ture slightly higher than that of kerosine (by a factor of 1-2 per cent 
for turpentine, and 4 per cent for nitrobenzene). 

Under the investigated conditions, the consideration of the 
combustion products should be considered necessary, since under a pressure 
of P = 20 atm. the correction of IN, T which should be introduced as a 
result of this consideration amounts to a value ranging from 260 0 (for 
hydrogen peroxide and kerosine) to 980 0 (for oxygen and turpentine). 

The increase of pressure by one atmosphere in the combustion 
space is accompanied by an increase in the combustion temperature of 
only 40 and 1 0 , within the pressure ranges of 15-30 atm. and 30-100 atm. 
respectively. Therefore, the increase of pressure over 20-30 atm., 
even up to 100 atm., does not result in, practically, an appreciable 

increase in temperature ('), while the consideration of dissociation 
is necessary under these conditions. This situation is quite useful 

-	 since it permits to increase the efficiency of the rocket engine by
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using the high pressure drop (the increase of the heat transferred from 
the gases to the walls of the chamber and nozzle will take place in the 
given case mainly due to the increase of density and the rate of gas 
flow).

The change of the ratio of the fuel components (oxidizing agent 
and fuel) in the direction of increasing the coefficient of excess oxygen 

, results in the decrease of the combustion temperature. Therefore, 
an increase of 0.1, within the range of 1-1.3, lowers the combustion 
temperature by 1000 . Accordingly, the increase of . up to 1. 2, which 
results in a change of temperature of only 5 per cent, cannot be 
considered a radical mean of decreasing the combustion temperature. The 
increase of OC over 1.2 can hardly be applied, since it results in a 
considerable decrease in the calorific value of the fuel. 

On decreasing oe. from 1.0 to about 0.8, the combustion temperature 
does not almost change and it decreases only on further enrichment of 
the mixture. Therefore, in the investigated case (nitric acid and 
kerosine under a pressure of 20 atm.), on the variation of C 4 within the 
range of 0.8-1.2, the combustion temperature remains practically 
constant f2J.
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CALCULATION OF THE GAS GENERATOR IT 
COJ3ThUCTION AND WORJING PROPERTIES 

[1936] 

1- The principal scheme 

On the basis of the theoretical investigations, summarized in 
the reports entitled : "Orientirovonyj raset gazogeneratora na zid.kom 
toptive" (Oriented calculations for a gas generator working on a liquid 
fuel), published on the 10th of January 1936 (1), and "Termodinamieskie 
rasety gazogeneratora n2k.zidkom toplive ra1icnogo sostava i 'v-ybor topliva" 
(Thermodynamic ca1cu1atins fOr a gas generator working on a liquid fuel 
of variable composition, and the selection of a fule), published on the 
4th of February 1936 [2], a halt was made on the principle on which the 

0' 

Fig. 1	 Fig. 2 

performance of the gas generator was based. According to this principle, 
mixing and combustion of the oxidizing agent and fuel is accomplished in 
the combustion chaer at o(. <1, and the decrease of the temperature 
of the combustion products is attained by the addition of water outside 
the combustion zone along the path of the flow of gas through the nozzle. 
A schematic diagram of the gas generator of a such construction is 
illustrated in figure 1. 

To achieve better mixing of the components and to obtain more 
complete evaporation, a device was used by the present author, which is 
schematically shown in figure 2. The lower half of the left chamber is 
considered as a space for mixing and burning the fuel components. Half 
of the water is injected in the first chamber while, the second half is 

jk 
Summarized (Edit.)
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injected into the second chamber so that, in both cases, the injected 
water meets the gas stream. 

The results of the calculation and construction of the gas gene-
rator, accomplished according to figure 2, are given below. 

The present construction is the experimental prototype of the 
gas generator. Therefore, the problems of weight, overall dimension, 
the selection of materials and the forms of the constructional achieve-
ments of the scheme were not intentionally solved to the maximum possible 
limit in order to facilitate working-out the experimental model and, to 
a great extent, its manufacture. 

2- The properties of the fuel, combustion products 
and the mixture: combustion products + water 

According to the results obtained in the above mentioned investi-
gations, nitric acid (99 per cent concentration) and kerosine were 
taken as the oxidizing agent and fuel for the given gas generator. In 
this case, the possibility of replacing kerosine by turpentine without 
changing the construction of the gas generator was taken into consider 
tion. This can be easily accomplished due to the complete similarity 
of the chemical composition and physical properties (boiling point, 
specific weight and so on) of both these fuels. The replacement of kero-
sine by turpentine may be stipulated by the desire of decreasing the 
specific consumption of the fuel on account of the high perfection of 
the combustion process. 

According to the tactical-technical requirements, the gas generator 
should produce 40-70 litres of the gas per second under a pressure of 
20-25 atm. and working gas temperatures of about 450-6000 C. Thus, the 
minimum water content in the mixture, corresponding to a temperature of 

6000 C, constitutes a fraction of 50 per cent by weight, and the total 
consumption of water and fuel at this temperature ranges from 0.24 Kg/sec 
to 0.34 kg/sec according to the required flow rate of the gas in the 
given range (40-70 litre/sec) of values. The maximum amount of water 
corresponding to a mixture temperature of t 4500 C, constitutes a frac-
tion of 55 per cent by weight, and the total consumption of water ranges 
from 0.28 up to 0.40 kg/sec (see Fig. 3 ) 4 and 5). 

The calculation of the gas generator will be carried out taking 
the content of the supplied water equal to 50 per cent by weight, and 
envisaging during the design of the engine the possibility of increasing 
the relative amount of the supplied water from 50 to 55 per cent. 

In table 1, the description of the fuel mixture of nitric acid + 
kerosine, taken fox. c'd	 0. 95, is given (the second column). The des-
cription of the same fuel mixture with 50 per cent water is also included 
(the third column in the table). The table was constructed on the basis 
of the calculations of the previous reports.
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Fig. 3 - Graphs for the calculation of the combustion of a fuel mixture 
of nitric acid and kerosine with the injection of water. 
The relationship between the water content W (expressed by weight) and 
a— the gas constant; b-. t  temperature and the calorific value; 
c— the specific volume V.14 /kg and the consumption rate of the gases; 
d— the produced gases V litres/kg; e— the volumetric content of the 
components; and f— the weight content of the components.
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Table 1 

The properties	 Fuel
	

Fuel + water 

The part expressed IINU. 83,3 

by weight
'Jaflr 

)' 7:1,6 31,6 
T ;: ::xPreB8ed

mi 57 

,79 - 
vit 817 1030 
il u 139i) 6'Jl 

The part expressed 49.1 

by weight 27,1 21,8 
CO ,7 
N 4 18,1 9,2 

1J() 32,2 79,8 

The part expressed co., , 10,7 

by volume.

21,7 
ii .4J,'J 39,j 

• Inp 8,(3+0,UO11b r 
0,308--0,04543 'r 

.	 0,85 1' 290)) 050 
2J0 

V (j'25) 448 

V (p = 20)

K	 I
	

1'.25 
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Fig. 4 — For the calculation of a gas generator working on nitric acid 
and kerosine. The relationship between the consumption G and tempera-
ture, c.ç'Z 0.85. The upper curve — for p	 25 atm. and 70 litres/sec. 
The lower curve — for p 20 atm. and 40 litre/sec. 

Fig. 5 — The relationship between the rate of consumption (a kg/sec) 
of water + fuel containing various oxidizing agents (CN408, 202 and 
HNO3 ) arid the temperature of the gas. 

3 — A brief description of the design and method 
of operation of the gas generator (drawing 
No. 211000) [3] 

The g-as generator consists of the following main parts (see 
fig. 6): a combustion chamber 1 supplied with ignition accessories and 
atomizers for the injection of the components, a head connected with 

the chamber 21 by means of a pipe 21 resting on flanges (the chamber 
21 serves for the supplementary introduction of water and final mixing 
and evaporation of the components before their flow through the nozzle 
24) and members of automatic ignition and start of the compressed air. 
(see Fig. 7). Ignition in the experimental model, during the prelimi-
nary experiments carried out on the proving stand is accomplished by 
means of a propellant charge ignited by an electric primer. In addition, 
the device of the gas generator permits to start the combustion process 
by means of chemical ignition. 

Atomizers for the injection of the acid and fuel are situated 
in the loiter part of the combustion chamber l each component is 

injected by threq atomizers. The atomizers of the oxidizing agent
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alternated with those of the fuel. The chamber is supplied with centri-
fugal atomizers 6, 8, 10 which consist of nipples 5, 7 and 9 seated on 
a thread in the chamber. The supply of the components to the atomizers 
is achieved by means of collectors for the oxidizing agent 25 and the 
fuel 18. The liquid flows to the atomizers through a plug 13. The 
atomizers are placed with an angle of 250 to the axis of the engine in 
a direction opposite to the flow of the gases in order to increase the 

J.)I 

Fig. 6 - The gas generator 

residence time of the mixture in the chamber. In this way, better 
mixing and more complete combustion can be attained. The upper part 
of the combustion chamber 1 is supplied with a diaphragm 2 seated on a 

thread for the possibility of its replacement and shift along the chamber 
during mounting. The diaphragm is assigned to separate the liquid compo-
nents from the walls for their better mixing and burning without spreading 
on the walls. In addition, due to the bad heat transfer, the diaphragm 
should be strongly heated, which promotes better evaporation of the 
components. The role played by the diaphragm for the oxidizing agent
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and fuel flowin t from the bottom of the combustion chamber will be still 
played for the water injected from the atomizers situated in the head 4. 

Fig. 7 - The automatic starting control 

The design of the atomizers assied for the injection of water is 
similar to that for the components of the fuel. 

The head. 4 and the chamber 21 of gas generator are connected 
with a tube 19 resting on flanges; the tube is fixed to the chamber 
with bolts. In the upper part of the chamber 21, an atomizer of a 
design similar to that fixed in the upper part of the head 4, is ins-
talled. An internal	 &mc1ivjdes the chamber 21 into two parts. The 
significance of this diaphragm is similar to that of the diaphragm 
inserted in the first chamber. The lower part of the second chamber is 
supplied with a nozzle 24 and a gasket 22 which is sealed by means of 
a clamping ring 23. 

The supply of water is achieved by means of a copper tube fixed 
to a channel perfectly bent over the external surface of the chamber 21. 
The coil 42 is assigned to heat the water before its injection into the 
chamber. Tne water is delivered from the coil to two atomizers by means 
of tubes. 

In the case of ignition by means of a propellant charge, the mecha-
nism of the performance of the gas generator is as follows. On s€tting 
the ignition device into action, after three seconds from the beginning 
of heatin the propellant charge, the components of the fuel, flowing
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to the atomizers through the collector, are injected. Combustion is 
then established in the chamber. Within two seconds from the injection 
of the fuel into the chamber, water is admitted. The components of the 
fuel, on passing through the diaphragm of the combustion chamber, are 
mixed with the water injected opposite to the hot stream. The fuel 
components will then change their direction of flow with an angle of 
900 and reach the second chamber through a tube. In this chamber, the 
stream is expanded and further mixing with water takes places then, a 
change in the direction of flow with an angle of 90 0 will take place 
once more. After this process, the stream flows through the second diaph-
racm and arrives at the lower half of the chamber 21, from which it is 
transferred through the exit (of the nozzle) to the cylinder of the 
working engine. 

If ignition is accomplished by means of a chemical process, 
then the mechanism of the performance of the gas generator will not be 
changed and its start is simplified. 

Conclusions 

The developed project of the gas generator and the installation 
scheme for its testing and exploitation during the conducted experiments, 
were subjected to improvement and more precision, which will be given in 
detail in the next reports. The constructional formulation of the gas 
generator is not final and in its present form acts as a model which 
18 convenient for dealing with such generators during their performance 
on the proving stand. 

Table 2 shows a comparison between the technical requirements of 
the gs generator, according to the agreement of the 20th of October 
1935, and the data obtained from the present gas generator. 

Table 2 

The stipulated	 The achieved technical 
The main parameters 	 technical require- 	 requirements 

ments 

The fi w rate of the gas 40-70 under 20-25 atm 40-70 under 20-25 atm. 
litre/sec. 
The consumption rate of 0.6 The oxidizing agent and 
the oxidizing agent and the fuel 0.10.20	 the 
fuel, kg/sec. oxidizing agent, fuel and 

water 0. 25-0.35 
The. tecperature of the 450-600 500-550 
gas, 0C 
The performance time, win 10-15 10-15 
The weight of the gas Not more than 40 About 16
generator, kg. 
The overall dimensions	 Dim 300, length = 182x297x351 (the overall 
of the gas generator,mia 	 600 (the overall volu- volume capacity =18.9 litres) 

me Capacity=42.41tr	
0 
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REPORT ON THjOBJECT 202, IMIT-101 IN THE YEAR 

6936J 

The main aim of the present work was to develop a rocket engine 
which uses nitric acid as an oxidizing agent, and which could be suitably 

exploited in rockets and torpedoes working on liquid fuels. According 
to the technical requirements based on the works of 1936, an experimental 
model of the engine should be developed. This model has to be worked 
out and tested under laboratory conditions and should be quite suitable 
for exploitation. Moreover, it should have the following characteristics. 

1- A thrust of 150-160 kg., with deviations for the established 
regime of + 3 kg. (without fluctuations). 

2- a continuous performance time of not less than 75 seconds 
(preferably 100 seconds), without the desotructioZi of the engine parts. 

3- A' specific thrust of not less than 180 	 (preferably 
210).	 kg. 

4- An engine weight of not more than 10 kg (preferably 7 ks). 
5- The iition delay for the start of the object 212 should not 

be wore than one second. 
6- The pressure of the fuel supply before its injection into the 

engine should not be more 'than 35 atm. 

7- The performance of the engine should be regular on changing 
the inclination angle of its axis from 0 to 900 to the horizontal. 

The start of the engine should be simple, reliable and safe 
(for more details see "Tehniceskie trebovanija k obektu 20211(The 
technical requirements of the object 202) hI. 

A working plan was set up in accordance with these requirements 
(see the file of the object 202) f2J0Durine the course of work, two 
types of engines, each with a thrust of 150 kg., were built and tested 
"ORM-64 and ORI-65" (The Experimental Rocket Motors No. 64 and 65). On 
the basis of the obtained experimental data, the final form of "0R14-66" 
(The Experimental Rocket Motor-66) was designed and recommended for 

manufacture in the mechanical workshop of the RNII (Rocket Scientific 
Research Institute). 

Below, the characteristics of these three engines; and the results 
of the experimental works are given. 

summarized (Edit.)



- 323 - 

Fig. 1 - OR-64 (The Experimental Rocket Motor-64) 

01114-64 (The Experimental Rocket Motor-64) 

The engine consists of a cooled cylindrical chamber with a hemi-
spherical head supplied with two pairs of centrifugal atomizers: one 
for the oxidizing agent and the other for the fuel. The atomizers are 
situated with an angle of 650 to the axis of the engine along the direc-
tion to the head. At the centre of the head, an ignition device is 
inserted. This device consists of sparking plugs carrying a current 
receiver (plug ES.H), an electric primer and an iition block fixed 
on a pin. A ditachable nozzle is screwed in the chamber head by means 

of a thread. 
Sealing is achieved by means of an internal aluminium gasket and 

by soluerin with tin. Both the nozzle and the head are cooled with 
the acid. The compensation of the thermal elongation of the nozzle is 
attained by means of a lead insertion. After each start, this insertion 

was changed.
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Th.ble 1 
The main computed data 

1. The specific weight of the fuel at 150 C. 0.841 
2. The calorific value of one kilogram of fuel 10.230 
3. The calorific value of one kilogram of the fuel mixture Ho.. 1450 
4. The specific weight of the rnifure 1.35 
5. The specific weight of ffl0 	 d 1.52 
6. The 3	 kg.sec specific weight thrust P 4 actua1),

7. The specific volumetric thrust p g.cg.sec 250 
8. The II  

relative efficiency, '1	 ______	
litre 

9. The coefficient of flow,	 J 0.90 
10.

The k 
specific weight thrust P (thermal), 	

g.8ec 
I 239 

11. The kg. rate of flow (actual) w, rn/sec. 2110 
12. The pressure inside the combustion chamber P., atm. 26 
13. The thermal efficiency 1.• 0-445 
14. The effective efficienoy'r 0.360 
15. The pressure at the exit of the nozzle P , atm. 1 
16. The heat content in the combustion chamber 1 1 ,Kcal/nM 3 1800 
17. The heat content at the exit of the nozzle I	 Kcal/nr4 1000 
18. The drop in the heat content (1.-I ), Kcal/nr 809 
19. The temperature inside the combustion chamber, taking 3023 

into consideration (for 'I	 = 1) 2 °K (2750uc) 
20. The temperature at the exiq of the nozzle (for v =i), °K 2203(19300C) 
21.

The
temperature inside the combustion chamber,	 tking ,s-.2200 

dissociation into consideration (for' rl 	 o.8i),	 O 

22. The temperature at the exit of the nozze (forl
6
=o08l),°C 1500 

23. The rate of fuel consumption G , Kg/sec. 0. 698 
24. The critical cross-sectional diameter dk, mm. 20 
25.

The
exit diameter d , mm. 40 

26. The cl/d	 ratio	
a

2 
27. The

ca
one angle of the nozzle 200 

28. The volume of the combustion chamber, litres 2.23 
29.

The
pressure of fuel supply, atm. 30 

30. The pressure drop in the feeding system, for cooling 5 
and injection, atm. 

31. The coefficient of acid consumption 0.60 
32. The coefficient of kerosine N0 

consumption 0.30 
33. The aperture diameter of the nipple of the oxidizing 3.6 

agent,	 M.M. 

34. The aperture diameter of the nipple of the fuel, mm. 2.4 
35. The constant parameters of the oxidizing agent atomizers =0.5; 
36. The eoritant parameters of the fuel atomizers. ?=0. 22 
37. The vortex pitch due to the turbulence of the oxidizin g 20 

agent,	 ima.
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Table 1 (cont.) 
38. The vortex pitch due to the turbulence of the fuel, mm. 5 
39. The number of channels for the oxidizing a&en t atomizer 4 
40. The number of channels for the fuel atomizer 2 
41. The wall thickness of the nozzle, mm. 2 
42. The pitch of the spiral cooling ribs of the nozzle, mm. 5 
43. The width of the cooling gap, mm. 2 
44.

The
weight of the engine, kg. 10 

I, 2SOO 

•a•.•.••	 •
5 M. • • ___

— ED	 .1

FF US 

0• 

- 

______________. .	 I!

0.5 08	 TO	 1,2  

Fig. 2 - The diagram of entropy. 

The chamber is made of carbon-steel, and the head nozzle is 
manufactured from EjaZS. The shape of the cooling space of the head 
nozzle is attained by means of a massive duralumin insertion. The oxi-
dizing agent is supplied to the lower part of the nozzle through a connec-
tion pipe inserted tangentially to the cooling jacket. Passing the gap 
between the insertions and the head nozzle, the acid is carried out 
tangentially to the atomizers by means of duralumin tubes. 

The main computed data of this engine are given in table 1. For 
the computations, the entropy diagram shown in fiire 2 was used. The 
computation was carried out for the case of 100 per cent nitric acid 
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(h-NO ) and tractor kerosene (C 715H1350005), for O(. = 1. 

The results of testing OR-64 (The Eqeriniental Rocket
Motor-64) 

1- Testing of the consump tion rate of the atomizers 

ble 2 

C0 rn?ne4	 P, 

	

5	 ,3	 t3S,0	 017 

Kt(oSfl	
10	 9,1	 59,S	 0,31 

	

5	 217,5 

	

acid 10	 3iU 

Table 2 shows the results of a series of readings determining 
the rate of the fuel consumed by the atomizers (the average results are 
given).

The weight ratio of the components is equal to 

	

kL	
247,"	

j	
(	 1). 

The tests of the 01664 (the .xperimental Rocket Motor-64) were 
carried out with an acid having a concentration equal to 97.2 per cent. 

The utilized kerosene was that used in tractor engines. 

2- Ignition tests 

The utilization of the existing chemical igniter, which is pre-
pared on the basis of white phosphorus, is quite unsuitable due to the 
inflammation and self-ignition of this material. Therefore, up to the 
development of a safe chemical igniter, it was decided to carry out 
ignition by means of the charges described in the collection 110.3 of 
the TdII "RakelnNauno-Iseledovatel'skij Intitut" (Rocket Scientific 
Research Institute). In order to cbtain a reliable ignition in any part 
of the engine, the charge was placed in an armoured channel and fixed 
on a pin. The ignition delay time of the charge, within which a boost 
could be obtained in the chamber, was in the range of 6-8 seconds. -The
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success or failure of the ignition process could be judged by the jet 
flame established in the nozzle during the ignition of the charge. As 
an electric primer, an explosive cartridge filled with 150 mg. of a 
somkeless propellant Powder was used. The cases of the failure of the 
explosive cartridge were only observed during the tests. 

3- The start of the engine 

The start of the engine was carried out under an initial pressure 
in the tanks of 8-12 atm. (see the report of Glusko entitled ; "pusk 
reaktivnogo dvig-atelja" (The start of the jet engine) [31. The engine 
was then brought into the performance regime with a velocity limited 
by the resistance of the gas pipe-lines on the proving stand. The start 
took place smoothly without impacts, and it was not accompanied by either 
a total or partial deetitiction of the engine. Also, no cases of spon-
taneous quenching were observed. The start of the engine was achieved 
during the ignition time of the charge. Thus, the smoothest start was 
obtained in the case when the fuel was supplied at the beginning of the 
combustion process of the charge, within the first 3-4 seconds of its 
ignition. 

The performance of the engine was initiated three times in the 
horizontal position. It could be concluded, therefore, that ignition 
and the start of the engine were normal. 

In all the cases, switching off of the engine w'as achieved by 
closing the feeding valves rapidly. 

4- The characteristic features of the engine 

In table 3, the results of testing the 0R164 (The Experimental 
Rocket Motor-64) are given. 

Additional remarks 

1. The exhaust gases flowing out of the shaft are characterized 
by a non-transparent (dextse) brown colour. 

2. As a combustion chamber for the engine, a chamber with a thrust 
of 300 kg., which worked. for 235 seconds, was used. 

3. After carrying out the six tests indicated in table 3, which 
had a total working time of 267 seconds, no traces of destruction was 
observed and the engine was ready for further starts. The combustion 
chamber worked in total for 235 + 267 502 sec. 

4. The replaceable pins on which the charge was fixed were melted 
and burnt during the performance of the engine. 

5. All the diagrams of the tests showed the excellent stability of 
the engine during its performance, in the sense of the absence of-
osci-llations in the thurst under the pressure established in the tanks.
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Table 3

•'	 •p:1 & F	
Lou P REMARKS 

i 29 22,5 2; .21 13 :t O.( ii.5O 'K. i^k) 120.74.31 .	 - 1.15 

2

p'v 

10 (28) (3l';1) 14 1.75.:O,tt0,i1, •L0 0
-1160 

rt0,46 
'he	 the	 in1ud.d in va).ues of	 pssur 
brackets are riot	 reliable, becau qt11te 
of the error in the controlling manome 

The possible deviations are up to 2 at 

3 14 (26) 3C'10 1 2O7)O.72.5.3.tt.0.1flS t3O. C The specific thrust (207) is decreased 
3.y due to leaks in the acid after shut1ir 

-off the valve of the fuel supply. 

15— 15 Starting with the engine in the horizo 
22 10 position; only the time and pressure 

6 I 18 measured,

se 
er 

n. 

nt al 
ere 

6. The EH plug, which acts as a current receiver, worked with-
out the need for itu replacement during all the starts, and proved to 
be even very reliable for further starts. 

7. DurinC, the performance of the engine, the lower part of the 
combustion chamber was heated to the exte-it of showing a yellow glow. 

Conclusion 

1- The utilized systems of i gnition, starting and switching off 
of the engine, provide normal performance of the engine in the vertical 
as well as horizontal positions, and consequently, in the intermediate 
positions.

2- The performance of the engine was quite stable and showed no 
vibrations or changes in the thrust, which were independent of the change 
in the pressure of fuel supply. 

3- The time of the continuous performance of the engine, without 
¶its destruction, was over 120 seconds for a specific thrust of 214-216 
£Lsec , total thrust of 134-160 kg. and an efficiency of e = 0.46. kg.
The p res sure of fuel supply was about 30 atm. in the tanks. The small 
pressure drop (,.s5 atm.) provided a quite satisfactory atomization and 
mixing of the components. 

4- The engine did not only satisfy the main points of the tactical-
technieal requirements, but it also exceeded. them. For the final design 
of the engine, it is necessary to decrease its overall dimensions and 
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weight, remove the tubes supplying the components to the nozzles and 
simplify all the engine parts. In addition, it is necessary to avoid 
heating of the walls of the combustion chamber, which is considered dan-
gerous for the object on which the engine will be installed. 

5- The comparison of the experimental results with the computed 
data show that the adopted value of the relative efficiency qJ is very 
close to the actual value. In this connection, it is necessary to refere 
to this çuite satisfactory agreement between both values. 

The present engine was assembled on May 1936 from the old Parts 
(atomizers and chamber) of an engine which had a thrust of 300 kg. This 
was attributed to the delay in the construction of the 0RIi65 (The 
Experimental Rocket 11,1otor-65) according to the drawings delivered to 
the mec1unical workshop of the RNII (Rocket Scientific Research Institute) 
on the 20th of January of the same year. 

In this connection, it appeared more convenient to test the 0Ri-65 
(The Experimental Rocket Motor-65) in the form in which it was desied 
in order to use, in thece of unsatisfactory results, the constructed 
OR164 (The Experimental Rocket Motor-64). 

The 0R16 (The Ebqeriiner1 .t-i.l Rocket Motor-65). Z41 

The engine consists of a cylindrical nozzle and a head. Contrary 
to the head, the nozzle is fitted with a cooling system. In this connec-
tion, it appeared possible to remove the tubes which supply the oxidizing 
agent to the atomizers, and to decrease the temperature of the walls of 
the cylindrical part of the combustion chamber, which are usually strong 
heated.

As in the 0R-64 (The Experimental Rocket Motor-64), the compen-
sation of the thermal elongation of the nozzle is achieved by means of 
a lead gasket. However, to facilitate the preservation of the gasket 
for the repeated starts, a separate clamping ring was used. 

The ignition device was identical to that used in the OR14-64 
(The Experimental Rocket Motor-64). Each component of the fuel was 
injected into the combustion chamber through three atomizers. As in 
the 0R164 (The Experimental Rocket Motor-64), the atomizers of the 
oxidizing agent were situated with an angle of 60 0 to the axis of the 
engine. The atomizers of the fuel were situated perpendicular to the 
axis of the engine, since from the constructional point of view, they 
had to be Placed close to the head The critical cross-sectional area 
of the nozzle was equal to 4.16 cm	 = 23 mm). 

Therefore, the substantial difference between the ORN-65 (The 
Experimental Rocket I4otor-65) and the 0R1 64 (The Experimental Rocket 
iotor-64) lies in the slight variation of the position of the atomizers 
and in usin a chamber with a cooled cylindrical head. In addition, 
the capacity of the combustion chamber of the 0R165 (The Experimental 
Rocket iiotor-65) is less (2 litres instead of 2.2 litres), and the 
critical cross-sectional diameter is bigger (23 mm. instead of 20 tam.).
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The latter was stipulated by the lower cornuted value of the workine 
pressure inside the combustion chamber, 

"l 

Fig. 3 - The OR[4-65 

The atojniers used in the enine tre desi-ied for a pressure 
drop of 15 atm. However, taking into consideration the results of the 
experiments carried out on the 0Rii-64 (The perimental Rocket Xiotor-64), 
supplementary atomizers for a pressure drop of 5 attn. were designed and 
constructed. 

In this connection, the experiments carried out on the 0R1-65 
(The xperimental Rocket Kotor_65) can be divided into two Croups: The 
first group comprises the experiments on atomizers with a big pressure 
drop, and the second group comprises the experiments on atomizers with 
a small pressure drop. 

The main data computed for this engine, which were obtained by 
means of the diagram of entropy, are given in table 4. 

The computation was carried out on a fuel mixture of 100 per Cent 
irno3 and tractor Kerosene, for OC. 1.
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Table 4 

The main computed data 

1. The calorific value of one kilogram	 the fuel mixture H ,Kcal 1450 
2. Th e specific weight of the mixture d 	 ,	 /litre	 U 

j 1.35 
3. The specific weight thrust (actual)	 , 210 
4. The specific volumetric thrust (actual) P kg. kg.sec lit litre

244 
5. The specific weight thrust (thermal) P 1 , 233.5 
6. The relative efficiency '\ 0.81 
7. The coefficient of flow 0.90 
8. The rate of flow (thermal) w, rn/sec 2290 

9 . The rate of flow (actual) w , rn/sec. 2060 
10. The heat content in the comustion chamber I., Kcal/nM3 1800 
11. The heat content at the exit of the nozzle I	 Kcal/nM3 1025 
12. The drop in the heat content (Ij_Ia)	 Kcal/n 775 
13. The thermal efficiency It 0.430 
14. The presm3uxe inside	 the combustion chamber P 	 atm. it 24 
15 . The effcv	 cieCy Je. 0.348 
16. The iJreiure Ltt tfxe exit of the nozzle P, atm. 1 
17. The temperature inside the combustion chamber, taking 3018 

dissociation into oonideration (for 'r	 = 1), °K 
18. The temperature at the exit of the nozzl, taking 2220 

dissociation into consideration (for	 'Y1), °K 
19. The temperature inside the combustion chkrnber, 	 taking 2170 

dissociation into consideration (for A]	 -0.81), 0C 
20. The temperature at the exit of the nozze, taking 1500 

dissociation into consideration (for 	 0.81), 0C 
21. The rate of fuel consumption 0 , kg/sec 0.714 
22. The critical cross-sectional diameter 	 irna. 23 
23.

The
d/dk ratio 2 

24. The cone angle of the nozzle 20° 

25. The volume of the combustion chamber, litres 2.0 
26. The pressure of fuel supply, atm. 40 
27. The aperture diameter of the nipples of the oxidizing 2.55 

agent, mm. 
28. The aperture diameter of the nipples of the fuel, mm. 1.70 
29 . The number of channels, pitches and,	 are the same as 2 for the 0R1-64 (The Experimental Rocket Motor-64) 
30. The wall thickness of the nozzle, mm. 2 
31.

The thickness of the cylinder walls, mm. 3 
32. The pitch of the spiral cooling ribs of the nozzle, mm. 5 
33. The pitch of the spiral cooling ribs of the cylinder, mm. 10 
34. The width of the cooling gap of the nozzle, mm. 2 

35. The width of the cooling gap of the cylinder, mm. 5 
36.

The rate of flow of the acid in the cooling jacket, rn/sec. 9.0
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Table 4 (Contd.) 

37. The temperature of the cylinder walls, 0C 
38. The temperature of the acid in the jacket of the nozzle 

39. The temperature of the acid in the jacket of the head t,. t2, °C 
40. The temperature of the acid in the jacket of the cylinder 

oc 
41. The total temperature of the acid in the jackets ct, °C 

42. The weight of the engine, kg. 

The results of testin p the 01114-65 (The Experimental 
Rocket IIotor-65)

131 
35 
20 
16 

71 
14.27 

II. Atomizers with a small pressure drop 

1— Testing the nozzles for the fuel consumption 

The composition of the components is the same as given before. 
The ratio of the components is equal to : 

197 

	

k	 4. 23, which corresponds too(	 0.83. 

	

1	 46.5

Table 7 [6) 

	

Cmpoii4 "i

	
V O

q (pt-, i)
	 (,	 I 

KQroSn,
iU I I 4I,5	 1,5 

:,s 11.17	 1(),5

The loss in the pressure head in the reinf9rcement of the proving 
stand is equal to P1 - 1 atm., and that in the cooling jacket is equal 
to	 3.5 atm.

2— Ignition and start of the engine 

The iition and start of the engine are the same as in the 
previous experiments. The starting pressure is equal to 8-10 atm., and 
the results were found to be quite satisfactory. 

3— The characteristics features of the engine 

The experiments can be divided into two groups: the firit group 
of experiment were carried out to establish the correlation of the results 
of the repeated tests, and the second group were carried out to get the 
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characteristic features of the engine under a pressure of fuel supply 
existing in the range of 12-15 atm. In total, 13 tests were carried 
out, the results of which are given in tables 8 and 9. According to 
table 8, the most suitable regime for testing the engine corresponds 
to the following data 

The pressure of fuel supply at the exit of the engine is equal to 30 atm. 
The pressure inside the combustion chamber is equal to 22 atm. 
The pressure drop in the atomizers and in the cooling jackets is 
equal to	 8 atm. 
The average thrust is equal to 	 158 kg. 
The specific thrust is equal to 	 213 k". sec

 
The rate of fuel consumption is equal to	 6.742 kg/sec. 

Since these data satisfy well the tactical-technical requirements, 
then the corresponding regime of the engine performance was taken as a 
basis.	 fterc.ards, experiments were carried out to correlate the results 

Table 8 

I DOAQ Pi 
RIC-,- 11131:

Y'81 Pi,sI II1J  ± 
I 27.X 10 12 12 2 8 (69,5) (181) 4,01 0 384 0,307 0,077 61.9 2,5 0,5 GS ht 

2 26.X 18 25 26 7 10 135 207
13,72
3,720,651 0,513 0,138 42,3 3.2 0,5 

3 
4

26.X 20 27 28 7 
8

10 
10

147 206 ,0,712 0,561 0,151 41,5 13,1 1.25 
.-.3

rnot 
31.X 22 0 31 153 213 4,32 1 0,742 0,602 0,140 60,6 2,6 

5* 13.X 23 31 32 S S 142 203 3.01 0,703 0,52S 0,175 59,2 6,2 4,25 
(e3 pyi- 

pi) 
6 23.X 24 35 36 11 f) 176 195 357 0,02 0.705 1 0,197 42,4 11,5 (e3

T) 	

P.n 
TOp.1) 

Note:	 was decreased by fixing diaphragms in the space in which the 
acid flows, and by increasing the rate of the fuel consumption. 

Table 9 

p	 I	 LI	 JFx 

• 1 ) 3	 0 :'	 11 4	 S.	 'A.1( rm. aft o 
21	 4.32 0.72	 60.o . 2.6 1—j 
19	 qs '0s2.,	 : -

th 

210 4.IS	 76.0	 I	 25	
-	 1c 

201) 4.13	 32,9k 1[,b	 1	
tt1aUc.	 Hi 9oq. 

II?	
211.t2II).7CI	 _'._,. 
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-.	 I	 -1	 i .	 .-flifl)	 f 
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Table 10 

The characteristic features of Required according 
the engine	 to the tactical- 	 The obtained results 

technical require-
ments. 

The pr sure of fuel supply 
kg/cm 
The thrust of the established 
regime P , kg. 
The soeciic (wei?ht) thrust 
PV k& sec 

Deviation (av(-.,rage) in the th-
rust, between the various 
starts and the start for the 
established regime, kg. 
The performance time of the en-
gine (continuous performance), 
sec. 
The total time of the engine 
performance, sec. 

The boosting time during the 
start of the object 212 or 
218, sec. 

The performance of the engine 
in the various positions 

The specific weight of the 
fuel 
The weight of the engine, kg.

1>35	 30 
150-160	 160 

2 
180	

11
 

13

121 
75

> 930 (15.5min) 
75 It was not determined 

due to the absence of 
the objects 212 & 218. 
On the proving stand 
the boost 412.3 sec. 
Obtained from the 
experiments. 

The performance of 
the engine should 
be normal when its 
axis is situated 

with angle of 0-900 
to the horizontal	 084 

0.7	 0R4-64-10 

10	 0R14-65-14.27 
ORI4-66-,..,7 

of the repeated experiments (see table 9). The agreement of the experi-
mental results was considered satisfactory. 

With one model of the 0R14-65 (The Experimental Rocket Motor-65), 
17 starts were carried out, whose total duration was equal to 927.4 
seconds (15.5 minutes). In spite of the fact that the engine worked for 
more than a quarter of an hour, none of its parts was subjected to a 
destruction or damage that necessitated a repair 17J.
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The constancy in the thrust of the established regime, within 
one start and between the starts, under the condition when the pressure 
of fuel supply is regulated by means of the reducing valve, is quite 
satisfactory (the average deviation is	 3 kg.). 

The given values are somewhat low because the boost was great, 
which was stipulated by the limiting accessible rate of pressure rise 
in the tanks for the equipments of the proving stand. During the tests 
carried out on the object, this time cannot be more than one secoid. 
On the proving stand, for a pressure in the accumulator not less than 
100 atm., the boosting time is about 3 seconds. 

On comparing the results of the experirnents carried out on the 
OR14-64 with those of the OR4-65, in the case of atomizers with high 
pressure drop and low pressure drop, an attention should be paid to the 
fact that with the latter experiments lower values of specific thrust 
were obtained. Therefore, in the earlier experimepts P	 212 - 216 kcg.sec	 ic.aeoI while in the latter experiments P 1 211	 . The decreased 
votne of the combustion chamber, the increased crical 	

The
 

of the nozzle and the change in the position of the atomizers in the 
ORM.-65 (The Experimental Rocket 1--lotox'-65) in comparison with the OR1-64 
(The Experimental Rocket Motor-64), may give some explanation for the 
observed difference. 

Due to the fact that the results obtained with the 0RI6-65 (The 
Experimental Rocket Motor-65), for a low pressure d.rpp, satisfied quite 
well the tactical-technical requirements, it appeared suitable to show 
these results to the committee. 

•	 The 0RJ65 (The Experimental Rocket Motor-65) does not satisfy the 
tactical-technical requirements only with respect to weight and overall 
dimensions, since for this type of engine the problems of weight and 
overall dimensions were not solved. In this connection, the final model 
of the 011M-66 (The Ex ' erimental Rocket Motor-66) was designed arid 
constructed by taking into consideration the experimental results of 
the Performance of the 01114-64 (The Experimental Rocket 1otor-64) and 
the ORI.i-65 (The Experimental Rocket Iiotor-65), and the requirements of 
their weight and overall dimensions. 

In table 9, a comparison between the tactical-technical require-
ments' and. the results obtained, according to table 9 is given. 

On the basis of the outlined data, the engine could be considered 
suitable for exploitation. It could also be considered reliable for 
the acceptance tests.
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THE INVESTIGATION OF IGNITION IN R0CKT ENGINES 

[1937] 

Introduction 

In the present paper, the results of the experimental works 
carried out by the author on the various methods by which the liquid 
fuel is ignited in the experimental rocket motors /i/ are summarized. 

The combustion of the fuel during the start of the engine is 
considered one of the most important processes in the performance of 
the rocket engine /7. The principal requirements of the mechanism f 
combustion is the reliability and readiness of the fuel to iite at 
the moment of the start of the engine, since, afterwards, ignition can 
be maintained by the heated walls of the combustion chamber and the 
included combustion products. 

According to the character of the performance of the engine, 
there exists two possible different methods for its application. The 
first method is the immediate start of the gngine which consumes during 
the continuous process of combustion all the fuel reserve existing in 
the device in which the engine is installed. This method can be met 
with in rocket missiles and torpedoes. In the other method, it may be 
necessary to interrupt the performance of the engine with repeated 
starts, for example, on installing the engine in an aircraft. 

In the experiments described below, some methods of ignition were 
investiated for the immediate and repeated ignition of the liquid fuel, 
namely, by means of; sparking plugs, a preheated solid body, propellant 
charges, a carburetted mixture, and chemical (spontaneous) ignition. 

In most of the experiments, the fuel consisted of a mixture of 
kerosene and nitric acid. In the other experiments, the following 
oxidizing agents; liquid air enriched with oxygen, liquid oxygen and: 
nitrogen tetroxide, and the following fuels: benzol, toluene, a mixture 
of benzol and toluene with petroleum products, benzene, solar oil and 
the solutions of phosphorous in carbon disulphide, were investigated. 

1— Ignition by means of an electric spark 

Aviational sparking plugs of the two Vpes - }JG and SS5a, which 
are made of mica, were subjected to investigations. The preliminary 
experiments carried out on these two types of plugs (parallel with the 
others in which ignition of the propellant charge was carried out in a 
special chamber under different pressures Ohowed that their application 
is suitable for pressures up to 100 kg/cm 

Summarized (Edit.)
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During investigation, one to two plugs were screwed in the lateral 
wall of the combustion chamber of the engine. The ordinary aviational 
magnet served as a current exciter. The experiments showed that, 
generally speaking, the sparking plugs can ignite the fuel injected in 
the liquid state. However, during these experiments, a series of draw-
backs, which are normally met within ordinary plugs, were observed. 
Firstly, on using liquid oxygen or liquid air as an oxidizing agent, 
the electrodes of the plug were frequently covered with rime and did 
not operate. Secondly, any delay in the supply of one of the components 
of the fuel, for any of the investigated compositions, caused the failure 
of the plugs. 

After few seconds from the start of the engine, by using any 
fuel, the electrodes of the plugs were smelted. This phenomenon was 
observed even on changing the normal electrodes with somewhat more massive 
copper electrodes with round ends. In the case of using nitric acid as 
an oxidizing agent, preferential smelting of the lateral electrodes of 
the "S85a" plugs, which are fixed to the external wall of the plug, was 
observed. The central electrode of the " S35a plugs as well as the 
lateral electrodes of the KLG plugs (which are fixed to the external 
wall of the plug) suffered slightly less. 

For an engine working on nitric acid, the intensity of the spark 
appeared to be insufficient for ignition of the fuel: in most cases the 
plug was filled with fuel and it did not operate, and in others the 
delayed ignition caused the explosion of the working mixture which was 
accumulated in the combustion chamber. 

The ignition of previously prepared liquid mixtures, consisting 
of nitrogen tetroxide and benzene, benzol or toluene, by means of spark- 
ing plugs was investigated. For the correct ratio of the fuel componnts, 
a successful ignition was obtained with the plug immersed in the liquid. 
The mixture was also ignited in the case when the electrodes of the plug 
were situated over the liquid surface within the vapours of the fuel 
mixture. However, on cooling the mixture considerably below the normal 
temperature, the combustion was restricted to the vapours of the fuel 
mixture and was not transmitted to the liquid. 

Therefore, the application of the ordinary sparking plugs, which 
are screwed in the walls of the combustion chamber, cannot be considered 
rational Z31. Sufficiently reliable results could be obtained with 
some types of engines by the application of a special device for the 
proper arrangement of the plug in the combustion chamber, and by using 
a large sparking gap. Actually, if the engine is working on a low 
boiling point component such as liquid oxygen, then on starting the 
engine the component will flow into the combustion chamber, where it 
evaporates and forms with the fuel a flammable gas. mixture which is 
easily ignited by a sufficiently powerful spark. 

The sparking plugs can also be used as an auxiliary device for 
the performance of the ignition cell (flame) which is more powerful
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than the electric spark. In this case, a special branch acquiring the 
form of a pocket should be provided in order to protect the plug from 
destruction. 

The utilization of the sparking plugs as an auxiliary device for 
setting other systems of ignition into action, is described at the end 
of the present work. 

2- Ignition by means of a hot solid body 

Liquid fuel mixtures consisting, for example, of nitrogen tetroxid.e 
and a fuel solved in it, were poured in the combustion chamber and 
ignited by means of an electric resistance bridge. The bridge was 
either inserted in the vapour of the fuel over the surface of the mixture 
or immersed in the liquid fuel itself. 

The experiments showed that the resistance bridges are similar 
to the ordinary hot plugs. In comparison with the sparking plugs, they 
give an insignificant ignition cell (flame) which cannot achieve.. . 
reliable ignition of the working mixture within the whole volume of the 
combustion chamber of the engine. They were similarly easily filled 
with individual components of the fuel, smelted or burnt. Therefore, 
the application of the resistance bridges or plugs for ignition of the 
fuel mixture in the rocket engine is the same. 

For ignition of the fuel mixture in the rocket engine, the 
present author also used the preliminary heating of the combustion 
chamber to a temperature which can cause the ignition of the fuel on 
its contact with the walls of the chamber. Heating of the chamber can 
be achieved by means of foreign external or internal sources. The 
external source of heating can be similar to that achieved in the ordi-
nary engines which are equipped with a heated head. For setting such 
type of ignition into action, a considerable period of time is required, 
which makes the application of a such device unuseful. 

3- Ljtion by means of a propellant charge 

The preliminary experiments on the ignition of fuel, already 
gave the possibility of coming to the conclusion that the best results, 
from the point of view of the reliability of ignition, should be expected 
in the case when the ignition cell is distributed within the whole volume 
of the combustion chamber with a sufficient intensity. 

One of the simplest methods of getting an energetic cell for the 
flame is the ignition of a prapellant charge 141. The app1iettion of 
this method to the rocket engine was referred to in the French patent 
No.502562. This method was investigated in details by the present 
author under various conditions. The essence of this method consists 
of introducing a propellant charge or any other material of an approp-
riate composition into the combustion chamber before the start of the 
engine. The charge is ignited by means ofBickford fuse or by an
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electric primer immediately before the start of the engine. The liquid 
fuel flowing into the chamber is ignited by means of the combustion 
Products of the charge.

Fig.1 

In the preliminary experiments of the present work, cylindrical 
rods of pyroxyline trinitrotoluene propellant of 24 mm diameter and 24 
mm length were subjected to investigation. This propellant charge 
ignites in open air for about 7 seconds. 

The ignition time of the charge in the engine is variable and 
depends on the conditions of ignition, usually, the composition and 
dimensions of the charge, the surrounding atmosphere, the combustion, 
chamber and the nozzle exit. 

During the ignition of the charge in the combustion chamber of 
the enine, a flameless combustion took place with an insufficient 
enery • As a consequence of this phenomenon, on using nitric acid or 
nitrogen tetroxide, the charge was usually filled with fuel, damped and 
the engine did not work. Sometimes, the ignition process was delayed, 
which resulted in the accumulation of the fuel mixture in the chamber 
and the engine was exploded. 

In those cases when the engine is working on liquid oxygen or 
liquid air enriched with oxygen, where the vapours of the oxidizing 
agent surround the propellant charge in the combustion chamber during 
the start of the engine, the charge ignited very intensively and an 

This is explained by the fact that under low pressures and in the 

absence of an oxygen stream, the decomposition reaôtion of the ordinary 
smokeless propellants takes place very slowly.
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excellent combustion was obtained. On working with these oxidizing 
agents, the charge ignited for about 6 seconds. Within this time, the 
engine started to aork as follows: At first, the charge was ignited by 

a fuse or by an electric primer. After ignition, both components of 
the fuel were allowed to flow, and the vapours of oxygen percolated 
through the nozle. 

The experiments showed that the charge should be packed in the 
chamber in a certain way with respect to the atomizers and the nozzle, 
namely, in a way such that the charge exists along the path of the flow 
of the oxygen vapours from the atomizers to the nozzle. On the other 
hand, during the start of the engine, the first portions of the evapo-
rated oxygen will be driven away by the decomposition products of the 
charge. As a result, failure of ignition may take place. When the 
charge was brought closer to the nozzle, as shown in figure 2, a better 
ignition was obtained. In the case of having a quite large charge, then 
the position of its loading, as indicated in figure 2, is also incorrect, 
since the charge separates the injected components of the fuel by its 
body and thus disturbs their normal mixing. 

If the engine is situated in a horizontal position or with the 
nozzle directed upwards, then the ignition charge can be freely inserted 
in the combustion chamber. If the engine is inclined with the nozzle 
directed downwards, then falling of the block becomes possible and it 
should be fixed. In this case, if the block is not tightly fixed to 
the chamber, it will certainly pass freely through the critical cross—
section of the nozzle. On the other hand, during the start of the 
engine, blocking of the nozzle may take place if the charge does not
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have the time to ignite completely in the combustion chamber. In this 
case, the charge will be increased by the combustion products. Ilaking 
this situation into consideration, the charge should be chosen with the 
minimum dimensions required only for providing the time of ignition and 
the intensity of flame which are necessary for an assured start of the 
engine.

Figure 3 shows a schematic diagram for fixing the propellant 
charge 1 by means of an iron tube 2 passing through the nozzle 3. The 
ignition charge is fixed at one end of the tube. The wires conducting 
the electric current to the electric primer connected to the charge, pass 
through the tube. The fixation of the tube is achieved by means of 
fine Spring wires or belt bosses 4-4 soldered to the tube. Therefore, 
the tube is maintained in position by leaning the bosses on the walls 
of the nozzle. 

After ignition of the charge, the supply of fuel is switched on, 
and the combustion products will be discharged together with the burnt 
propellant charge to the nozzle through the tube. 

Since, the rods of the somkeiess propellant charge appeared to be 
suitable only for liquid orgen or liquid air, then it was decided to 
utilize the compositions which are capable of giving an intensive flame 
and sufficient duration of the combustion process (4-5 seconds) under tie 
conditions of having an insignificant amount of solid residues and small 
rod diiJ!nsions in the combustion chamber. 

As a result of the numerous investigations on the specially 
prepated charges of various comp ositiorts, a halt was made on the com-
position applied for the so—called illuminating stars of white fire; its 
content is as follows: barium nitrate	 73%, a].uru!us (der 13.5% 
and magnesium powder = 13. 5%. As a metallic additive, the easily ground 
alloy of aluminium with magnesium was also used. 

This composition can be fired only by a quite powerful igniter. 
Therefore, a small amount of an easily ignited composition was pressed 
on the surface of the charge. On firing this composition, the flame 
propagates to the main composition. Usually, the end of a wick of 
several millimeters length was fixed to the inflammation side. 

Due to the presence of magnesium and aluminium, thcombustion 
teiperature of the charge was high (about 30000 0). Nevertheless, during 
the ignition of these charges in the combustion chamber, smelting of 
the e1ectodes of the plugs are screwed into the wall of the chamber 
was not observed. After the ignition of a such charge, the atomizers 
of the engine could be easily blown. Consequently, the atomizers were 
not blocked by the solid residues of the ignition charge. 

During-the combustion of the charge, the Preferential effect 
is exerted by the length and not by the diameter of the charge, since 
the propellant rod burns from its end. 

The charge inserted in the combustion chamber of the engine burns 
more rapidly than in open air. Thus, a charge of 24 mm. diameter and



- 342 - 

40 mm. length on combustion from one end, burns in the open air within 
11-12 seconds (the burning rate of the main composition is 3 mm/sec). 
In a chamber of about 2 litres capacity, with a critical cross-sectional 
noz1e diameter of 32 win, this charge burns within 6 seconds, i.e. 
almost twice as. fast. For the normal start of the engine, it will be 
sufficient for the charge to burn within 4-5 seconds. 

Fig. 4 

Being immersed in the hot state in the liquid oxidizing agent 
(such as; liquid oxygen, nitric acid and nitrogen tetroxide), the 
charge will continue to burn inside it. Being thrown in highly concen-
trated nitric acid, the charge will not ignite spontaneously. Neverthe-
less, in one case, the present author observed the self-ignition of a 
charge of the investigated, composition; the charge existed for half an 
hour in the vapours of nitric acid of 94 per cent concentration. 

On the combustion of the charge in the combustion chamber of the 
engine, a bright white jet flame was established in the nozzle. It was 
possible to detect the start of the combustion process by this flame. 

The position of the nitrated metallic charge in the combustion 
chamber acquires a great significance as in the case of the propellant 
rods. On placing the charge in the nozzle of the chamber, as shown in 
fiure 1, immediately after the beginning of the combustion of the charge, 
the chamber is filled with the combustion products which form in its 
upper half, together with the mixed air, a gas cushion; the hot combus-
tion products are exhausted through the nozzle in which a jet flame is 
established. Therefore, that space of the combustion chamber, in which 
the components of the fuel are injected, is filled with low temperare 
gases which are not capable of achieving a reliable ignition of the 
working mixture at the moment of its formation. As a result, as pre-
viously shown by the numerous experiments carried out by the present 
author, a retardation in the propagation of the combustion process is
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ob.erved when the upper part of the combustion chamber is already filled 
with an explosive mixture. On starting the powerful engines (with a' 
large rate of fuel consumption) under such conditions, explosions took 
place which frequently resulted in the destruction of the engine. The 
experiments showed that the charge should be situated in the upper part 
of the chamber, as shown in Figure 1, so that the flame could propagate 
through the whole chamber. In the case when the dimensions of the pro-
pellant charge are small in comparison with the dimensions of the chamber, 
and on using a small angle of injection of the fuel by the atomizers 
the charge can be situated in the point of intersection of the axes of 
the atomizers, as shown in fire 2. 

The statement given on the rational placing of the charge remains 
valid independent of whether the fuel components are injected by the 
atomizers situated opposite to each other (see Fig. 5) at the head of 
the chamber (see Fig. 6), or opposite to the direction of flow during 
injection (see Fig. 7). In all the cases, it is much better to insert 
the trinitrotoluene—projline charge in the point of intersection of 
the axes of the atomizers, and the nitrated metallic block - at the 
head of the chamber or in the point of intersection of the axes of the 
atomizers. 

The formation of the described a-as cushion from the combustion 
products of the charge, will, in particular, take Place easily in the 
case when the charge is burnt from the end facing the nozzle. This 
charge should be placed with the end in which ignition is initiated 
along the direction opposite the head of the chamber. A much better 
ignition will be achieved if the charge was ignited from both sides. 

The fixation of the charge inside the combustion chamber was 
achieved by the mentioned metdlic holders (see Fig. 8). The iron tube 
is divided longitudinally from one end into four parts which are then 
bent to the outside for the formation of grips to hold the propellant 
charge. Steel wires or belt grips are welded to the tube approximately 
at its centre and at its other end by means of copper solder. These 
wires or trips are designed to keep the holders in the nozzle in the 
required position. The holder should not have sharp protrusions which 
could scratch the nozzle during the outflow of the combustion products 
of the fuel. At the lower end of the holder there exists a ring to 
which a wire is connected to fix the holder to the starter. The charge 
is tightly fixed to the sprinr grips and all the devices are placed 
along the axis of the combustion chamber. If the charge is burnt from 
the side facing the nozzle, then it should be placed in the grip of the 
holder with its side on which the wick exists, which faces the aperture 
of the tube, since on the other end of the tube the electric primer is 
situated, which gives a flame that propagates through the tube of the 
holder and reaches the charge and the ignition wick. If the charge is 
burnt from the side facing the head of the chamber, then it should be 
placed in the grip of the holder with the wick directed upwards. In
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this case, the propagation of the flame from the tube of the holder 
to the iiick can be achieved by means of a. fusing thread inserted in 
the tube for the acceleration of the combustion process. 

The described device was simplified by using a propellant charge 
with an axial tube. In this case, the charge is placed on the upper 
end of the tube of the holder so that the lug in the thrust collar 
forces its channel to act as a continuation for the channel of the tube, 
which permits the flame of the electric primer to propagate directly 
to the inflammable side of the charge (see Fig. 9). To hold the charge, 
the upper end of the tube is cut up to the thrust collar into four 
spriny parts. 

The most reliable ignition was obtained on using propellant 
rods with two inflammable sides. Thus, the propagation of flame from 
one side to the other was achieved by means of a wick of a fusing 
thread situated either in the external groove formed in the charge or 
inside its central tube.

/ 

Since the holder should close the critical cross—sectional area 
to possibly a lower extent, then the tube should be chosen with the 
minimum diameter. From the considerations concerning the rigidity of 
the tube and the possibility of propagation of flame from the electric 
primer through this tube, it appears possible to use a tube of 6/8 mm 
diameter. However, the grips of 1 mm thickness, which were obtained, 
by cutting the tube, were srnelted during ignition of the charge inside 
them. Therefore, the grips of the holder were prepared from thicker 
tubes (of 8/12 mm diameter) and were welded to the 6/8 mm diameter 
tube as shown in figure 8.
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In

Fig. 9 

One of the applied electric primers was manually fixed to the 
lower end of the tube of the holder. This primer was adjusted to the 
cone and held by friction ki3ee the upper part of figure 8). The 
cartridge of the electric primer shown in the upper part of figure 9) 
appeared to be more reliable and more suitable. The electric primer 
was inserted in a special cartridge at the end of the hOlder and a
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contact sleeve with sockets for the plugs was tightened in it (see Fig.9, 
on the right). One pole is connected to the mass and the other is 
isolated by means of ebonite bushings from the cartridge and the 
contact bushing. 

It is clear that the electric igniters and the other devices 
can be utilized with the same success. On their selection, it is 
necessary to take into consideration that the application of a Teat 
force on the Primers is undesirable, since this may lead to the removal 
of the charge from the grips of the holder. 

The numerous conducted experiments showed the full reliability 
of these propellant rods for ignition in an engine utilizing liquid 
oxygen, nitric acid, or any other oxidizing agents which are similarly 
characterized with high boiling points. 

During the course of investigation of the various compositions 
of the ignition propellant rods, rods consisting of potassium perchlorate 
and an additive of organic fuel, such as sugar, were also investigated. 

These propellant rods were prepared by several methods. In one 
method., the constituent parts, after griding and accurate rniing, were 
pressed in the dry state under a pressure of about 250 kg/cm and over. 
This process is quite dangerous, and it is preferable to press the mass 
in the moistened state with subsequent drying in a thermostat. Finally, 
the charge was prepared in the least without pressing. For this purplose, 
the powdered components were mixed with a liquid binding agent (gum 
arabic or shellac) till a pasty mass was formed. The charge of the 
required dimensions was then prepared from this mass and dried. The 
selection of the relative contents of the binding agent permits, within 
certain limits, to change the burning rate of the charge. Obviously, : a 
propellant charge containing no additives will burn more energetically 
and more rapidly. Thus, 74 grams of a charge of 40 mm diameter ad 4 
mm length, prepared by dry pressing under a pressure of 250 kg/cm and 
composed of equal amounts (50 per cent of each component) of potassium 

perch].orate and beet sugar, will burn in the open air within 5 seconds 
without leaving solid residues on the plate. The ignition of the block 
is accompanied by an intensive pink flame. 

Tue mixture of ptassium chlorate and sugar is known as an explo-
sive substance, and is capable of detonating in the case when its 
components are calculated on the basis of full combustion. This case 
corresponds to an amount of sugar in the mixture equal to 25.8 per cent 
by weight. In order to avoid the occurrence of detonation, the content 
of sugar was increased to 50 per cent; and the charge was then tested 
for detonation. The explosion was carried out in the open air by means 
of a capsule of one gram mercuric fulminate. In this case, the charge 
was crushed and pulverized, but no detonation was observed. 

-	 -.	 .. Prof. M. uharevskij, "vzjvcatye vescestva 1 vziyvnye raboty" 
(Explosive substances and works on explosion) Tom. I, 1923.
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The investiation of this charge was carried out by the same 
method adopted for the nitrated rods under the condition of the normal 
supply of liquid fuel. These investigations showed the full reliability 
of this charge as a means of ignition. 

Therefore, as a result of the conducted experiments, stress has 
been made by the liresent author on three types of propellant rods which 
demonstrated themselves in the practice of performance with rocket 
engines; rods of smokeless propellant (trinitrotoluene-pyroxyline), - 
rods of saltpetre nitre with a metallic additive (nitrated metal), and 
rods of potassium perchlorate with a combustible organic additive 
(chlorates). In this case, as already mentioned, the rods of the sornke-. 
less propellant are suitable for ignition in engines working only on 
liquid. o'gen as an oxidizing agent. The rods of the other compositions 
are suitable for any oxidizing agent. 

Chemical initionK 

The process of chemical ignition consists of introducing certain 
substances in the combustion chamber of the engine at the normal tempe-
rature, which are spontaneously ignited at the moment of their contact 
with each other or with the oxygen of the air and cause the ignition of 
the subsequently supplied fuel. 

it whole series of substances which ignite on contact with air; 
are known. As an example iie mention: boron hydrides (boranes), silicon 
hydrides (silanes), phosphines, many me tall o-organic and phosphoro-
oranic coinpounts and others. It follows to mention that the próduc-
tion of most of these compounds is associated with considerable diffi-
culties. Accordingly, the application of substances igniting on contact 
with air as a means of chemical ignition should not be consi'i.rd 
expedient. This conclusion concerns at least those rocket engines in 
which air is not utilized as an oxidizing agent. 

We should realize that it is more safe to use the method of 
chemical ignition in which the substances are capable of self-ignition 
on their mixing with each other. Such substances are introduced sepa-
rately into the combustion chamber of the engine. This method of 
ignition can be simplified to a considerable extent if one of the fuel 
components is used as the main constituent of the self-igniting mixture. 
Thus, if nitric acid is included in the composition of the fuel mixture, 
then it will be quite sufficient to realize the process of chemical 
ignition by introducing into the combustion chamber of the engine a 
substtnce that could be self-ignited on contact with nitric acid. 
These substances are for example known as activated turpentine. 

Finally, a certain case may exist in which the fuel components 
themselves are self-ignited on their mixing with each other. In this 

Translator's note: By chemical ignition it is meant a spontaneous or 
self-energized ignition.
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case, additional means of ignition will be unnecessary, and the problem 
of satisfactory ignition receives the most simple solution. Exainplès 
of such fuels are: fluorine with hydrogen or hydrocarbons, liquid ozone 
with liquid acetyline, nitric acid with activated turpentine and others. 

The requirements fulfilled by the methods of chemical ignition. 
are determined by the conditions of their application. The most common 
and important requirement, for all the known cases, is the absence of a 
noticeable delay in the combustion process. In other words, the flame 
should propagate successfully and immediately after the initiation of 
ignition when the active self-ignition components come in contact with 
each other. On the other hand, any delay in the ignition process can 
lead to the explosion of the accumulated components, otherwise, ignition 
does not take place at all. A similar common requirement is the safety 
handlin of the self-igniting substances under normal conditions. 

The self-igniting substances, introduced separately in the com-
bustion chamber, may be liquids, such as nitric acid and turpentine, 
or a combination of liquids and gases, such as nitric acid. and hydrogen 
iodide. The liquid substance may be also combined with a solid one, 
for example, highly concentrated hydrogen peroxide with coal. Moreover, 
to these combinations, we should add such types of compositions as 
those consisting of nitric acid and the potassium perchloratsugar 
rods, which have been described in the previous chapter. such compo-
sitions are spontaneously ignited on their contact with nitric acia 
according to the reaction mechanism given in 1798 by P. Gojli (the 
dissociation of perchioric acid is accompanied by the evolution of 
chlorine dioxide which ignites the hot admixture). 

These perchiorate rods were tested by the present author as a 
means of chemical ignition in engines utilizing nitric acid as an oxi-
dizing agent. The mechanism- of ignition was as follows: Before the 
start of the engine, a perchiorate rod prepared by the earlierly 
described method was introduced into the combustion chamber. On- 
starting the engine, the nitric acid was injected in advance of the 
other fuel component (kerosene) and the rod was ignited. Afterwards, 
the fuel was introduced into the combustion chamber and the mixture was 
ignited from the flame of the burning rod. The engine then started. to 
work. By this method, the engine was successfully switched on for 
several times. 

Luring these experiments, the spontaneously ignited rods were 
placed in the en4ne in a manner similar to that described in the 
earlier experiments; the only difference was the absence of the wire 
and the primer fuse device. 

The compositions suggested by A. Massn (the German patent 
1-10.395130) could be utilized for the spontaneous ignition of the fuel. 
mixture. These compositions are the alloys of naphthalene, paraffin 
or other solid hydrocarbons with alkali or alkaline earth metals such 
as: potassium, sodium, calcium and other similar metals). These alloys
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will ignite spontaneously on their contact with water. Therefore, 
they should be wrapped in oil-paper or foils. As these alloys do not 
contain an oxidizing agent, they will therefore, ignite slowly by re-
acting with the atmospheric oxygen. As a result for the utilization 
of these compositions in the rocket engine, they should be mixed with 
an oxidizing agent such as perchiorates or nitrates. 

It has been established experimentally that the draw-back of 
ignition by means of the propellant charge, whether they are ignited 
by a cord or by chemical means, is dedicated to the possibility of 
their pouring and damping in the case or a considerable delay in the, 
supply of one of the fuel components. In addition, at the beginning 

of the combustion of the fuel in the chamber, the propellant rod may 
be swept throuh the nozzle by means of the combustion products if the 
charge is not firmly fixed in position, which will stop the action of 
ignition. Hence, to secure a quite reliable ignition, it is desirable 
that the ignition source should act within the first few secondz of 
the performance of the engine. The method of chemical ignition which 
utilizes a self-igniting liquid component is free from these drawbacks. 
In this case, the self-igniting components should be injected into the 
combustion chamber by means of a diffusing device which secures satis-
factory mixing of the self-igniting components. 

As a result, a special attention has been given by the present 
author to find out liquid squib igniters for the process of spontaneOus 
ignition. As mentioned before, for the simplification of the mechanism 
of the spontaneous ignition, it is convenient to use one of the compo-
nents of the liquid fuel, for example, the oxidizing agent, as a 
constituent in the self-igniting mixture. In this connection, subse-
quent efforts were directed to the search for active liquids which are 
spontaneously ignited at the moment of contact with the utilized oxi-
dizing agent. since it is possible, at the present time, to utilize 
several oxidizing agents such as nitric acid, nitrogen tetroxid.e, 
-tetramethane, and their mutual solutions, in addition to liquid oxygen 
a need appeared for the selection of several active liquids (chemical 
squib igniters) which are suitable for the mentioned oxidizing agents. 
As a result of the conducted works, universally active liquids were 
developed, which are capable of igniting spontaneously on their inter-
action with various oxidizing agents. As a result of the conducted 
works, universally active liquids were developed, which are capable of 
igniting spontaneously on their interaction with various oxidizing agents. 

The preliminary experiments carried out on the chemical igniters 
for the determinati1 of their reliability were directed as follows 
Approximtely one cm of the active liquid was subjected to the action 
of a single drop of the oxidizing agent. The ignition delay or the 

t For more details, see V. Gluko, 11 Zidicoe toplivo dija reaktivnyh dvigatelej" 
(Liquid fuels for jet engines), part 1, Izdat. VITA (Voenno Vozdusnogo 
kademii).	 -
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instability of the process of combustion in the repeated experiments 
indicated whether tae investigated liquid is suitable or not. 

The first experiments were carried out with highly concentrated 
nitric acid (94-99.6 per cent) as an oxidizing agent. The investigations 
carried out on turpentine by using the above mentioned method, showed 
that the interaction of this liquid with a drop of nitric acid led to 
its oxidation with swelling up, hissing and the evolution of nitrogen 
oxides, but without inflammation. The inflammation took place only on 
mixing turpentine with equal (by volume) amounts of acid, since an 
ignition delay amounting to 5-10 seconds was observed. This situation 
led to tilS conclusion that pure turpentine is not suitable for ignition. 

In this connection, it is expedient to mix turpentine with an 
activated additive, such as while phosphorus with carbon disulphide, 
which can proviu.e a rapid and reliable ignition. The addition of carbon 
disulphide is stipulated by the fact that phosphorus is not soluble in 
pure turpentine. 

The authors have arrived at a similar conclusion by dissolviig 
white phosphorus in carbon disulphide. 	 On the basis of these experi-
ments, the following results were obtained: With a solution of a phos-
phorus content of 10 per cent (the specific weight of the solution 

1.294), ignition took place only within one minute by adding one drbp 
of nitric acid. On increasing the phosphorus contnt in the solution 
up to 24 per oent (the specific weight of the solution = 1.302), this 
period of time was decreased to 15 seconds. On pouring equal volums 
of acid and solution, an immediate ignition was obtained in both cases. 

According to the obtained results it is possible to conclude that 
the solution of phosphorus in carbon disulphide is an unreliable method 
of ignition, since further increase in the content of phosphorus is 
associated with difficulties in exploitation. 

quite satisfactory results were obtained with a solution consis-
ting of turpentine, phosphorus and carbon disulphide in the following 
relative amounts: white phosphorus = 11%, carbon disulphide = 454%, 
turpentine = 44-35/o; the specific weight of the solution = 1.05-1.09. 
Any considerable change in the content of turpentine, even on the 
expense of increasing the phosphorus content, leads to the increase-
of the ignition delay. The investigation of the spontaneous ignition 
of this solution in air gave the following result: a filter paper 
moistened with the active liquid and left uncovered in air at room - 
temperature was spontaneously ignited within three hours. To get high 
measures of safej in handling, the present author carried out some 
experiments with a lower content of phosphorus and with the partial 
substitution of white phosphorus by a less active additive, namely,. 
sulphur.

v 
The experiments were carried, out by the engineer N. 0. Cernysev.
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As a result of the experiments carried out in the chemical labo-
ratory and the tests conducted on engines utilizing nitric acid as an 
oxidizing agent, a liquid mixture with the following composition was 
obtained: white phosphorus = 4. 5%, sulphur 7%, carbon -disulphide = 
53.5% and turpentine = 35%; the specific weight of this mixture is 
equal to 1.09 The tests carried out on this liquid, either in the 
laboratory (in a crucible) or in the engine, at 250 C, showed the reliabi-
lity of the spontaneous ignition. 

Viuch more active is the multiple investigated solution iith a 
much higher phosphorus content, for example, white phosphorus = 8%, 
sulphur = 8%, carbon disulphide 50% and turpentine = 30o; the specific 
weight of this composition is equal to 1.14. 

Nitric acid ignites the three and four component solution of 
the above-mentioned composition, but with a certain delay which dec-
reases uith the increase of phosphorus content. These solutions were: 
also spontaneously ignited if nitrogen tetroxide was dissoie& in nitric 
acid. 14-eanwhile, the addition of nitrogen textroxide renders the acid 
much more active and.enhances ignition. Also,- ; pure nitrogen tetroxide 
is more active than nitric acid, and satisfactbrily ignites a solution 
with 3 per cent phosphorus. 

Pure tetranitrornethane does not ignite the indicated liquids. 
1Io;:ever, its solutions with nitrogen tetroxide, with which it is mixed 
in all proportions, have an effect similar to nitric acid. Liquid 
oxygen does not ignite the active liquids containing phosphorus. 

The fact that turpentine is a substance which does not acquire. 
a constant composition or constant properties, is of great signifioane. 
Many types of turpentine oils are known, which acquire various properties 
depending on their origin, composition of the initial products, and 
the methods of their treatment. In this connection, it is clear that 
not all the types of turpentine acquire the necessary activity of 
spontaneous ignition on contact with nitric acid. In several cases, 
the solution prepared by the above investigated liquid mixture, but 
from a different type of turpentine, gave high values of ignition delays, 
which is not permitted in the engine. 

As a result, before the preparation of the solution, it is 
necessary to test the reliability of turpentine for the preparation of 
the chemical squib igniters. In the present experiments, the control 
test on the acti9ty of tupentine was carried out as follows: In a 
crucible or 10 cm , one cm f 96-99 per cent nitric acid was added by 
means of a pipette to one cm turpentine kept at a temperature in the 
range of lO-20C. If turpentine was spontaneously ignited within 10 
seconds from the moment of mixing, it was considered satisfactory. 

As already mentioned, preliminary testing of the chemical squib 
igniters for the determination of their reliability was carried out by 
a9ing by rneans of a pipette, one drop of the oxidizing at to one 
cm of the igniter which was placed in a crucible of 10 cm capacity
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the oxidizing agent fell on the open surface of the igniter. rlIk.le inter-
action of the oxidizing agent and the chemical igniter is carried out 
under conditions which do not correspond to the actual ones. In fact, 
the oxidizing agent injected into the combustion chamber is three times 
(by volume) greater than the fuel, and as both components of the fuel 
exist in the atomized state, the drops of the oxidizing agent and fuel 
get in contact with each other at an insignificant period of time and 
collide in the space of the combustion chamber. 

In this connection, the final check of the squib igniter should 
be carried out in the engine. For a more complete preliminary inveti-
gation of the iyiiter, it is expedient to carry out the ignition test 
by the atomization of both the oxidizing agent and the igniter by means 
of two sejarate atomizers whose performance (consumption, cone of atomi-
zation and mutual arrangement) should correspond to their function in 
the engine during its start. A schematic diagram of the installation 
applied by the present author for this purpose is illustrated in figure 
10. The compressed gas which is supplied from the pressure cylinder .1 
through a reducing valve 2, flows to the tanks 3-3; one of these tanks 
is filled vith the oxidizing agent and the other with the chemical squib 
igniter. The compressed gas forces the liquid under the necessary 
pressure to flow from the tanks to the starting valves 4-4 setting the 
control lever 5 to motion. The valves 6-6 are used for discharging the 
pressure from the tanks. The undirectional restricting valves 7-7 are 
included in the gas pipe line in order to avoid the leakage of the 
oxidizing agent and fuel from the tanks and mixing o f their vapours. 
The pressure in the tanks and in the gas cylinder is measured by means 
of manometers. The atomizers 8 are situated over the shaft 9 in 
such a way that their atomization cones cross each other. assigning a 
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certain preusure to the tanks, with the valves 4-4 closed, and then 
opening these valves, an immediate ignition is obtained. If the time 
of ignition is dela red relative to the time of mixing, to the extent 
that the difference could be visually distinguished, then the squib 
igniter should be considered unsuitable for its application with the 
given oxidizing agent. The installation is switched off by closing the 
valves 4-4 by means of the levers 5. 

The discrepancy between the results of the tests carried out by 
adding the oxidizing agent to the liquid and the results obtained from 
the experim2nts on atomization can be illustrated by the following 
example. A solution consisting of 8 phosphorus, 8% sulphur, 50% 
turpentine (of low activity) and 34 0/o' carbon disulpide, did not ignite 
at all by adding one drop of nitric acid to one cm of the squib igniter. 
This solution was immediately ignited when an equal volume of nitric 
acid was added to the crucible. On the other hand, the same solution 
gave an ignition delay of four seconds when tested by means of the 
atomizers. A similar deviation was observed on testing other solutions 
with various contents of phosphorus (from 3 up to 25 per cent). 

By the same method, it was found that the ignition delay of 
the squib iiter consisting of 25% phosphorus and 75% carbon disulphide 
was quite high. since its inagnitw.ie was measured after the lapse Of 
1.5-2 seconds from the moment of mixing, ignition took place on the 
bottom of the shaft to which the components flew down, and the rever 
sible flame ignited the atomization cone along its side. 

A solution consisting of 50% phosphorus and 50% carbon disulphide 
was immediately ignited spontaneously under the same conditions. However, 
the utilization of this solution is dangerous due to the strong vola-
tility of carbon disulphide and the easiness of ignition of phosphorus 
on its contact with air after the evaporation of the solvent. 

During the performanoe of the atomizer in the combustion chamber 
of the engine, the conditions of mixing the components differ slightly 
from the conditions of atomization in the open space. The extent of 
the stream range is quite sufficient for the components to reach the 
opposite wall of the combustion chamber, where they continue their 
mixing but already more compactly by spreading on the wall. Therefore, 
those oxidizing agents and chemical igniters which are not ignited 
within the limits of the atomization cone could be ignited on reaching 
the wall of the combustion chamber. This fact was confirmed by carrying 
out some experiments on atomization in open air, where an iron sheet 
was placed at a certain distance from the atomizers, and also by the 
direct test of the atomizers in the engine. In these tests, ignition 
took !'Lce only when the atomized components attained the opposite 
wall of the chamber. As a result, at the moment of içnitiori, the whole 
chamber	 filled with the atomized mixture of the oxidizing agent 
and fuel; this mixture was of tenly exploded with a considerable force 
and tiie engine was destroyed.
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Therefore, the conditions under which the licuid flows in the 
combustion chamber considerably decrease the ignition delay but do not 
provide a normal start of the engine. 

The ignitig liquids, in whose composition phosphorus and carbon 
disulphide are included, are quite dangerous in handling. On pouring, 
the liquid evaporates leaving phosphorus which is spontaneously ignited 
on its contct ::ith air and may catch fire. Therefore, the other igni-
ting liouids which are free from these drawbacks deserve great attention. 

Arnon the easily spontaneously ignited inorganic substances, 
besides phosphorus and its solutions, it is possible to mention also 
the suspensions of the alkali and alkaline-earth metals or their alloys 
in liquid fuels such as petroleum products, turpentine and so on (the 
German patent 110.3951307 1940). Sodium phosphide deserves also a great 
attention. On its interactiot with water and acids, phosphine, which 
is spontaneously ignited in air, is evolved. 

According to the German patent No. 395130 (A. Massn), the sus-
pensions of the alkali and alkaline-earth metals in the fuel can be easily 
obtained by means of efficient mixing the low melting point metals or 
their alloys in the molten state with the liquid fuel. Actually, for 
example, the melting points metallic potassium, sodium and lithium are 
equal to 63 . 5, 97.5 and 1790C respectively, which are rather low; their 
alloys acquire much more lower melting points. In this way, it is possible 
to obtain quite perfect suspensions with a content of metal of 50 per, 
cent by weight and over. 

In present work, it has been mentioned that the presence of an 
insignificant amount of metal is quite sufficient for the ignition of 
this suspension on contact with water. Thus, in the case of using 
sodium, its presce in an amount of 7 per cent will be quite sufficient. 

'faking into consideration the low specific weight of these 
metals, it will not be difficult to select a liquid fuel with the proper 
specific !ei(ht, and to obtain stable colloidal solutions or suspensions 
that are suitable for storage. For example, for potassium (0.862), it 
is possible to use benzol (0.866), toluene (0.876) or kerosene (0.84 
0.87), and for sodium (0.97.1), it is suitable to use tetraline (0.971), 
and so on. 

The active liquids, which are suspensions of the indicated type, 
were investited by the engineer Cernyev. The suspensions of sodium 
in toluene and the suspensions of sodium phosphide in turpentine were 
subjected to investigations.. The first suspension was obtained by the 
agitation of molten sodium in toluene at the boiling point of the liquid. 
The second supension was obtained by grinding sodium phcsphide together 
with turpentine in a porcelain mortar. In this case, a coarse grain. 
suspension was obtained, which gave a successful and immediate ignition 
from one drop of nitric acid. 

It has been previously referred to the charge consisting of a 
mixture of potassium perchlorate and an easily inflammable fuel, which
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is s.ontaneous1y ignited on contact with nitric acid. If we succeed 
to find out an orunic solvent for dissolving potassium perchlorate, 
then it will be possible to develop a new liquid chemical squib igniter. 
The absence of strong solvents for dissolving potassium perchiorate did 
not permit the solution of this problem. The engineer Cernysev and the 

present author have investigated nitrobenzene, glycerine and other 
substances as solvents. However, these substances did not give satis-
factory results in the sense of producing a self—igniting solution, 
due to the low content of ptassium perchiorate in the solution. 

Concerning the injection devices, it should be mentioned that 
during the application of the process of spontaneo.is ignition, the 
active liquid can be injected into the combustion chambe of the engine 
by means of a separate nozzle. However, this method is riccompanied by 
considerable complications, and the weight of the engine is also inc-
reased. Actually, the introduction of a separate nozzle requires the 
presence of an extra device for the supply of the igniter to the chamber, 
for example, by means of a compressed gas. The engine will be more 
complicated if the active liquid is not spontaneously ignited on .its 
contact with the oxidizing agent utilized in the engine. In this case, 
a special active oxidizing agent should be inj.ced on the start of 
engine.

In order to simplify, as far as possible, the mechanism of the 
spontaneous ignition, without the determination of the quality of igri— 
tiori, it will be expedient to achieve the injection of the chemical 
igniter through the atomizer assigned for the supply of fuel f53. For 
this purpose, it is quite enough to insert a small chamber filled with 
the active liquidin front of the atomizer installed in the engine, 
along the i;ath of fuel flow. This chamber was called by the author 
the ignition chamber. On starting the engine, for example, by means 
of a compressed gas, the fuel from the tank arriving at the ignition 
chamber drives out its content into the combustion chamber. The chemical 
igniter is ignited on its contact with the oxidizing agent which flows 
by this time through the atomizer into the combustion chamber. 	 The 
flame produced from the igniter causes the ignition of the main fuel 
just as the latter starts to flow into the combustion chamber. 

For the smooth shift of the engine from the chemical igniter to 
the main fuel, the latter should not be separated by an air cushion.: 
Therefore, until the ignition chamber is filled with the igniter, it 
is necessary to fill up the whole line from the tank to the ignition 
chamber with the main fuel. 

In the case when the oxidizing agent supplied to the engine is 
not capable of igniting the active liquid, it will be possible to insert 
a secondary ignition chamber in front of the atomizer of the oxidizing 
agent and fill it with an active oxidizer. Thus, for example, on using 
tetranitroethane as an oxidizing agent, it is expedient to apply a 
secondary ignition chamber with nitric acid..
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The indicated devices were investigated by the present author 
on engines working on a mixture of nitric acid and various petroleum 

products. In the case of an accurately prepared chemical igniter, a 
reliable and successful ignition was obtained. 

In the simplest case, the ignition chamber acquires the form of 
a cylinder (see Fig. 11,1) whose end plates are fitted with pipe connec-
tions which have provisions for an inlet and outlet. The lateral walls 
of the chamber are equipped with stoppers which act for pouring and. 
discharging the liquid as well as the main fuel during filling the line 
tank-ignition chamber with it. This device has the following drawback: 
the fuel flowing from the tube can shoot the iition liquid and, as. a 
result, a mixture of this liquid and the main fuel will flow into the 
combustion chamber. The. devices illustrated by the schemes given in 
figure 11, II-VI, can avoid this drawback. The experiments showed that 
the device iven in figure 11, V, is sufficiently reliable as well as 
simple.

The subsequent experiments showed that, for the achievement of 
a reliable ignition, an insignificant amount of chemical igniter is 

required to the extent that an ignition chamber is not at all necessary 
as a separate device. In this case, the role of the ignition chamber 
can be achieved by a part of the fuel pipeline adjacent to the atomier, 
in which the igniter is inserted before the start of the engine. 

With such a utilization of the chemical igniter, new requirements 
should be claimed: It should not enter into a chemical reetion with. 
the fuel with which it gets in contact in the pipeline or the ignition 
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chamber. It is also desirable that the igniter does not dissolve in 
the main fuel. According to whether the fuel tanks exist above or 
below the ignition chamber, or its substitution by a section of the 
pipeline, it is desirable that the specific weight of the igniter should 
be lower or correspondingly higher than the specific weight of the main 
fuel component which is in contact with the igniter. The last two re-
quirements are not necessary, since, for example, by the installation 

of reverse uni-directional valves separating the active liquid from 
the basic component of the fuel, or by the application of an ignition 
chamber with a piston, according to figure 11, VI, it is possible to 
avoid the solution of the igniter in the main fuel. 

The above described chemical igniters do not interact on mixing 
with all the fuels of interest, but are capable of dissolving in them. 
However, the experiments showed that on careful pouring of the petroleum 
products on the surface of the chemical igniter consisting of three 
componeiits: phosphorus, carbon disulphide and turpentinei the liquids 
will be arranged according to their specific weights. 

The addition of sulphur to the chemical igniter appears to be 
useful, also for increasing the specific weight of the solution. In 
this way, the specific weight can be increased, to 1.2. In.00nclusion, 
it should be mentioned that this method of spontaneous ignition of the 
fuel is the most reliable and perfect means of ignition in the rocket 
engine, among all the previously described methods. 

5- The repeated ignition 

The device of the repeated start of the engine should be capable 
of its switching on and off several times without any interference with 
the engine, irrespective of the duration of the breaks in its performance. 
This problem can be solved by several various methods. One of these 
methods consists of introducing a mixture of gases into the combustion 
chamber by means of a special atomizers the mixture is ignited at the 
necessary moment and will provide a flame of a sufficient intensity. 
According to the other method, a spontaneously igniting liquid is intro-
duced by the same way into the combustion chamber for the formation of 
a flame which causes the fuel mixture to burn. 

The scheme of ignition according to the first method is shown in 
figure 12. The atomizer 1, of the gas burner type, which is situated in 
the combustion chamber 2 of the engine, serves for the supply and mixing 
of the gaseous fuel mixture (for example, air and acetyline and so on). 
The components of the fuel mixture are stored under separate pressures 
in individual small gas cylinders 3-3. The flow of the gas from the 
cylinders is achieved by turning a hind wheel 4 coupled with the valves 
of both cylinders. At the exit of the burner, a plug 5 is inserted, 
which is fed from a magnet 6 or from an induction coil. 

The mechanism of the performance of this installation system is
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as follows: Iiition is first initiated. Then, by turning the hand 
wheel, the gas flows out and a flame is established inside the combus-
tion chamber of the engine. Afterwards, the supply of the fuel through 
the atomizer 7-7 is switched on, and when a stable performance regime 
is attained, the gas supply is switched off and ignition is quenched. 

A. variant of this method of repeated ignition is ignition by 
means of an air carburettor, which was suggested by the engineer I.I. 
Kulagin (see Fig. 13). Compressed air from a small cylinder 1 flows 
into a simple carburettor 3 on opening the valve 2; the carburettor is 

tIJ. 

Fig. 12	 Fig. 13 

filled with benzene. The explosive mixture which is formed in the 
carburettor flows through the valve 4 into the ignition chamber 5 
where it is ignited from the plug 6-6 and a hot flame is established 
in the combustion chamber 7. Afterwards, the fuel is injected by means 
of the atomizer 8-8 into the combustion chamber where it is ignitedby 
the established flame. When the pressure developed in the combustion 
chamber exceeds the pressure of the fuel mixture supplied by the. car-
burettor,, the valve 4 is automatically closed and the flow of the 
igniting mixture is switched off. Following this, the valve of the 
cylinder 1 should be closed and ignition is quenched.. 

The numerous investigations carried out on this ignition system 
of the rocket engine showed its successful performance under the condi-
tions of the correct regulation of the composition of the fuel mixture 
in the carburettor, i.e., on the punctual performance of the carburettor. 

The only drawback of the repeated ignition by means of a gaseous 
fuel or a vapour mixture is the necessity of using an electric ignition 
device for this system. The chemical repeated ignition does not need 

such an electric ignition device, since the injected active liquids are 
spontaneously ignited on their contact with the fuel; the scheme of: 
this type of ignition differs from the previously investigated scheme 
only by this simplification.
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The general form of the device and action of the rei.eated 
chemical ignition is as follows (see Fig. 14): small tanks are partially 
filled ':ith active liquids (for example, tank 1 - with nitric acid or 
sulphuric acid and tank 2 - with a solution of carbon disulphide and, 
phosphorus in turpentine), and the remaining tree volume is filled with 
a compressed ,as (a neutral gas, so that the active liquids could not 
react with it). On opening the hand. wheel 3 coupled with the valves of 
both the small tanks, both liquids are forced along the pipelines into 
the chamber 5 of the engine through the atomizer 4, where they are 
spontaneous ly iited and a flame is established. It is clear that the 
compressed gas can be stored in a separate reservoir from which it flows 
along the pipes into the tanks to drive their content out. This compli-
cates the scheme but it can simplify its utilization in many ways. 

In order to get a strong flame with the least consumption of 
active liquids, the chamber 5 should be supplied with a good atomizer 4 
which is fixed in such a way that it can provide good mixing of the 
compononts of the s elf- iiiting mixture at the moment of their injection 
into the chamber. 

In those cases when the utilized fuel develops a very high tem-
perature inside the combustion chamber of the engine, the atomizer should 
be enclosed in a housing for its protection from destruction, as schematically 
shown in figure 14. The atomizer should be provided with a reverse
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uni—directional valve or valves, to protect the pipelines of the ignition 
tanks from the increase of pressure during the performance of the engine. 

The scheme of the repeated chemical ignition is considerably 
simplified if only the active liquid fuel is injected into the chamber 
of the engine, and the oxidizing agent of the main fuel is utilized as 
a second component. In this case, the oxidizing agent should be injected 
in advance of the other component of the fuel mixture so that a flame 
could be established in the chamber before the arrival of the main fuel. 
Thus, a tank supplied with a valve, a pipeline and a simple diffuser 
could be sufficient. If the compressed gas is separated from the active 
liquid., then the scheme will have the form shown in fiure 15. 

The scheme of chemical ignition can be very highly simplified if 
the utilized gas is spontaneously ignited on its contact with the 
oxid.izin agent of the fuel; such types of gases are known. In ti is 
case, the corresponding system will be as shown in figure 16. 

The repeated ignition of the fuel by means of the hot walls of 
the combustion chamber was also investigated. For this purpose, the start 
of the enine was carried out by means of one or the other method. The 
engine ;ias left to work for some time and was then switched off. After 
the lapse of a short time interval (amounting to few seconds, so that 
the combustion chamber does not have enough time to cool), the fuel, 
which is spontaneously ignited on contact with the hot walls, was 
al1oed to flow. In this way, the engine working on nitric acid and 
kerosene wa2 succeesfuly 2witched on and off several times in succession. 
Hoevc-r, ince, in this case, ignition took pl:ce when the atomized 
components attained the chamber walls opposite to the diffusers, then, 
up to the moment of ignition, the whole volume of the chamber appeared 
to be full with the explosive mixture. Therefore, the safety of a 
such type of start can be achieved only in engines of low power, or by 
the application of startin, diffusers of low rate of gas production. 

Besides the investigated, methods of ignition, there exist also 
several other methods, which had been suggested since a long time ago, 
for example, ignition by introducing into the combustion chamber a fuel 
mixture of which one of the components or both are initially heated in 
a separate chamber to the spontaneous ignition temperature of their 
mixture. The method of catlytic ignition, ignition by means of a pyro-
phone alloy, volt arc and many other methods, have been also suggested. 
The investigation of these methods deserve to be a separate subject 
for future ;or1cs.
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°.PPRC'XIIdTE CALCULATION 0R THE 0R1-101 
A1D 0E4-102 ENGINES 

[1937] 

II. The effect of tetranitromethan on metals 

On considering a desii for the jet engine, a problem arose for 
the selection of a material that should withstand the corrosive effect 
of the oxidizing agent. In order to obtain the necessary data, laboratory 
investiations were carried out by the present author to study the corro-
sive effect of tetranjtromethan on test Pieces of a series of metals./I-7. 
The method of investigation is described below (the test pieces had the 
followinL diinen ions: 20 x 50 x 1 mm.) 

The following metals were subjected to investigation: duralumin, 

aluminiuk copper, lead, E. Ja-2 (stainless steel), brass, iron, tin, 
electron , quick solder, and aluminium bronze. 

The results of the investigations carried out On ten test pieces 
of different metals are given in table 1. The test pieces were soaked 

Table 1 

M e t a 1
Loss in 
weigh, 
mg/cm  

The state of the surface 

L\iralumin 0.14 No traces of attack. 
Aluminium 0.16 No traces of attack. 
Copper 0.52 Powdered light non-uniform green. 

deposit. 
Brass 0.75 Fine non-uniform green deposit. 
Iron 0.65 Rusty deposit 
E Ja-2 0.07 No traces of attack. 
Lead 1.20 Thin grey film. 
Tin 1.6o White uniform deposit. 
Electron 0.43 White non-uniform deposit. 
Aluminium bronze 7.4 Bright green thick, deposit. 
(the experiment lasted 
for 10 days).

in tetra nitromethane in the 
.t the end. of this period, t 
and the state of the surface 
loss in ueight (expressed in 
given in the table. 
z summarized (Edit.) 
Slk ft.ans1. Note: electron is

temperature range of 13-16 0 C for 38 days. 
ae specimens were washed, dried, weighed 
was dtermined by visual examination. The 
ma/cm ) during the whole soaking period .is 

a type of alloy. 
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As a result of these investigations, it was found that duralumin, 
aluiiiiun.and, in particular, stainless steel E.Ja-2 are the most resis-
tant metals to corrosion. Therefore. such metals are suitable for the 
manufacture of the different engine parts that come into contact with 
tetranitromethane. On the other hand, iron, copper, brass and electron 
are slowly attacked by this oxidizing agent, and they are therefore 
used for the manufacture of those engine parts which come into contact 
with tetranitromethane for a short period of time only. 

Lead and tin are much more strongly (twice) attacked. The uti-
lization of lead gaskets is allowed only under the conditions of their 
frequent change. Finally, aluminium bronze and, in particular, quick 
solder are attacked so strongly that they cannot be used at all. 

All the metals save different colours on their attack with 
tetrani tromethane. 

In order to get much more information on the corrosive effect 
of tetranitroine-thane on metals, the test pieces were soaked for a 
period of 2 - 5 hours in hot tetranitrometharie (see table 2) whose tempe-
rature was maintained at a certain level in a sand bath. Such rpef 
investigations are of particular interest because the gaskets and the 
combustion chambers are surrounded with the hot oxidizing agent. 

Table 2 

bi e	 t a 1
Loss in 
weigh, 
mg/cm  

t,°C 
average The state of the surface 

])ralurniri 0.056 84 No traces of attack 
:U.uminiumn 0.009 88 No traces of attack 
Copper 0.047 60 No traces of attack 
Brass 0. 056 8i No traces of attack 
Iron 0.037 86 No traces of attack 
E.Ja2 0.047 98 No traces of attack 
Lead 4.2 86 Non-uniform thick deposit 
Tin 0.062 96 No traces of attack 
Electron 0.093 71 No traces of attack

The experiment lasted for 1.5 hours. 

Naturally, these experiments showed that, at high temperatures, 
corrosion takes place more intensively. In this case, the reaction 
products are dissolved in tetranitrometijane because the surface of the 
specimens, with the exception of lead, remained clean, and no precipi-
tation of residues was observed. 

Taking into consideration that the performance of the motor is 
measured only in minutes, it can be concluded that the close contact of 
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Fig.l 
1- Air cylinder; 2- Air valve; 3- heducing valve; 4- Three-way valves; 
5- Uni-dirctionl restricting valve; 6- Three-way valve; 7- Shutting-
off valve; LL The oxidizing agent tank; 9- The fuel tank; 10- Shutting-
off valve; 11- Controlling lever; 12- Wire; 13- Spring; 14- gine; 
15- Sprking-1ug of the current receiver; 16- Conductor; 17- Battery; 
18.-. (Two pin) plug; 19- Switch; 20- . Controrn lamp; 21- Resistance; 
22- The gauge of the air cylinder; 23- The gauge of the oxidizing 
agent tank; 24- The L--uage of the fuel tank; 25- A manometer for measu- 
ring the pressure in the engine. 

tetrnitio:riethane with .uraluriiin, aluminium, iron, E.Ja-2, copper, brass 
and tin will not result in an intolerable attack. Electron and lead, in 
particular, will he much more strongly attacked. Aluminium, proved to 
be the most resistant metal to corrosion. 

The results of the present experiments permit to conclude that 
the corrosive effect of tetranitrornethane on metals is much less than
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that produced by nitric acid. Therefore, the materials used for the 
manufacture of engines working on nitric acid can be utilized more 
sucessfully in engines working on tetranitromethane. 

The installation scheme for feeding and control1in 

the engine which uses tetranitromethane as an oxidizing 
agent 

The present installation scheme for feeding and controlling the 
engine remains almost the same as that used for engines working on acids 
(see fig. 1). The fuel supply is achieved by means of compressed air 
provided from an accumutator (or a compressor via a reservoir). The 
pressure in the tanks is regulated by means of a reducing valve. Ahead 
of the reducing valve, the gas pipeline is branched into two separate 
lines which are equally supplied with uni-directional res-tric-tor valves 
and shutting-off valves. The fuel flows through shutting-off valves 
operating by the controlling levers (sectors). On the proving stand, 
the fuel is ignited by means of a light sial (a lamp). The start of 
the engine is manual (it is much more suitable to use an automatic 
control due to the great length of the gas and fuel pipelines).
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If an ordinary fighter is supplementary provided with a rocket 
engine, that can considerably increase its motion speed at decisive 
fighting moments, then such an aircraft will have tactical advantages; 
it can overtake the running away ener, or outstrip in fighting with a 
lees risk /1]. 

According to the conditions of the present problem, the necessary 
Performance time of the rocket engine may be, naturally, very small, and 
can be estimated by few minutes. 

To find, out to what extent the installation of a rocket engine in 
an aircraft is likely to be useful for the stated purpose, the present 
author has carried out some tentative calculations for a concrete case [2]. 

c-i) 

r	 1 
--_-	 L	 - 

-	 41 IrI 
............. 

Fig. 1 - A schematic diagram for the installation of a rocket engine 
in an aircraft. 

I. To the starting cylinder; 29 Control Sector. 3. Interlocking device. 
4. The rocket engine. 5. Drain plugs. 6. To the abroad electric mains, 
7. Signalling device. 8. The thrust of the engine. 9. A relay. 10. Firing 
switch. 11. To the abroad electric mains. 12. A fuse. 13. A hydraulic two 
speed clutch. 14. The thrust. 15. Transmission slide valves 16. Receiver 
filters. Li. Transmission relays. 18. The pressure of kerosene. 19. The 
pressure of the acid.. 20. Control panels of the fuel valve. 21. The kerosene 
tank. 22. The pumping unit. 23. To the starting cylinder. 24. The acid tank 
25- Fuel valves with a pneumatic control. 

Conclusions 

The main calculated, data are listed in the summary table. 
The weight of the jet installation without fuel is 75 kg., and 

the thrust of the rocket engines may be either 600 kg. or 300 kg. (it 
can be regulated). The rocket engine can be mounted either in the back 
part of the motor nacelle or in the airôrafts' tail, in a m anner that 

* Summarized (Editor). 
- _...
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excludes the effect of the gas jet, discharged through. er'ine's nozzle, 
on the aircraft's fuselage and fin assembly. 

'uirirnary table 
Horizontal speeds of the 0-100 aircraft 

iviaxirnum speed km/hr 
(H	 iOooU m)

['he speed incre- 
mont of the air- 
craft

The 
thrust 

 of the 
rocket

Fuel 
con- 
sump— 
tion,

Fuel 
reserve

Burning 
time 

 win. 
Without a :ith a rocket km/hr. % 
rocket installation engines, kg/sec kg. 1 
ins talla- kg. 
tion  H=10000m 

600	 750 150 25 600 2.755 496 370 3 
600	 635 35 14 300 1.378 496 370 6 

Note: The speed increment of the 0-100 aircraft on the ground (H o) is 
equal to A v 82 kin/hr (18 .) for a thrust of 600 kg. (within a period of 
3 win.); (v	 = 460 km/hr without a rocket installation, and v 	 = 542 ay 
kin/hr, withn1a rocket installation).	 max 

Vertical speeds of the 0-100 aircraft 

J1titucLe 
in.

The vortical speed of the aircraft 
(0	 7000 kg. )_

The vertical' 
speed increment 

Without a rocket with a rocket 
inta11ation,	 rn/soc installation, in/sec  

0 12.6 19.0 50 
2000 12.4 18.6 50 
4000 11.7 19.8 69 
6000 10.1 19.1 89 
8000 8.64 18.3 114 

10000 5.79 17.5 202 
12000 1.82 14.2 680

Note : The steed increment of the aircraft 11steel-7" (H	 = 10000 rn.)
cal i equal to Ov = 160 km/hr (30)-L; ) for a thrust of 600 ke. within a period 

of 9 win); and 6,v = 63 km/hr (20%) for a thrust of 300 kr. (within a 
period of 18 win); (v	 = 530 km/hr without a rocket installation; v mn 
has the values of 690m/hr. and 590 km/hr. with a rocket .instal1atjo 

The rocket installation can be used in the fighter version of 
the 0-100 aircraft (G = 7000 kg). The total weight of the rocket ins-. 
tallation and the fuel is approximately eaual to 570 kg. Besides ) the  
aircraft can be loaded only with 500 kilograms of benzene instead of the 



— 367 — 

ordinary 1000 kilograms, which ensures an approximate flight range of 
500 km. Accordingly, we will get a short-range fighter (with a range 
of 500 kin) characterized by certain tactical advantages, namely: the 
maximum level of its flight speed can be increased by 25 per cent within 
a period of 3 mu., or by 14 per cent within a period of 6 min. (at the 
calculated altitude); the vertical speed can be increased by a factor that 
ranges from 1.5 times on the ground to 8 times at the ceiling. 
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Fig. 2 — The installation scheme for ground testing the 
rocket engine of the aircraft. 

1. To the electric mains. 2. The pressure inside the combustion chamber. 
3. Signalling device. 4. The acid tank. 5. A rheostat. 6. Electric motor. 
7. The pressure of the acid. 8. The pressure of kerosene. 90 Transmitting 
relays. 10. The pressure recorder. 11. The rocket engine. 12. The thrust 
recorder. 13. The pumping unit. 14. Drain plugs. 1 5. Shut-off valves. 
16. The kerosene tank. 17. Fuel filters. 18. Receivers* 19. The drum of 
the recorder. 20. Electric motor with gear box. 21. 12-24 volts. 22. Drain 
plugs. 23. A pressure gauge. 24. An air cylinder. 25. A shut-off valve. 

At the decisive fighting moments, the pilot can switch on the rocket 
engine and take advantage of the high horizontal and vertical speeds, which 
permit him to overtake the enemy, occupy an advantageous position, climb 
rapidly, or, finally, outstrip in fighting with a less risk.
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Besides, the same rocket installation can be used in the long-range 
bomber "Steel-7" (a - 10000 kg.). In this case, the maximum level of the 
flight speed can be increased by 30 per cent within a period of 9 min., 
or by 20 per cent within a period of 18 min * , since the great weight of 
the aircraft permits to load 1 500 kg. of fuel for the rocket engine. 
Here, the weight of benzene is equal to 2000 kg. (for an approximate 
flight range of 2500 kin), and the bomb charge is equal to 1000 kg. The 
avai1abi1i1' of a great fuel reserve for the rocket engine installed in 
the aircraft, permits the pilot to use the bomber for outstripping the 
enemy's airforces several times. It also permits the pilot to fulfill 
successfully the task of dropping the bomb charge and return to his air 
base.

The given oaloulated data are quite sufficient to draw a conolu-. 
sion about the degree of the usefuihness of the rocket engines as means 
for providing an additional speed to the aircraft within short periods 
of time, when the situation necessitates the use of such a high speed 
(for the decisive momenta of .Si.ght). 

If aviation tacticians and aircraft designers give a positive 
conclusion, and the required thrust and performance time of the engine,. 
are more precisely specified, it will be possible to start the develop-
ment of a rocket installation project for a concrete aircraft. 

In conclusion, it should be noted that the use of rocket engines, 
working on liquid fuels as a supplementary installation in an aircraft, 
is only the first stage of the application of this class of engines in 
aviation. 

After gaining the necessary experience for the exploitation of 
rocket engines in aeroplanes, it will be possible to raise the question 
of the design of a purely rocket aircraft of the high-speed fighter' type, 
assigned for higher speeds and altitud.s, since the rocket engine will 
be very effective for this type of application.



Serlei Pavpovi

KOROLEV
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THE FLIGHT OF A JET AIRCRAFT IN THE STRATOSPHERE 

[1934) 

The works discussed in the various conferences deal with a wide range 
of problems related to the study of the upper atmospheric layers. It will 
be wise indeed to follow the saying: "To conquer an enemy you must firstly 
study him thoroughly". 

It is also very clear and quite understood to the present author 
the wish that was expressed by Ivan U1 1 janovj6 Pavlov /iJ in his address 
to the present conference in its Opening meeting; "from the great chain. 

of problems, that is to be solved, we must find out the very link that leads 
US to fly in the stratosphere at the earliest possible date". 

From this point of view, the jet aircrafts, about which the present 
author has the honour to write this report, have frequently acquired an 
undeserved "bad" reputation. Sometimes, it is used to discuss, in an 
extraordinary optimistic manner, the possibility of manned flights at 
high altitudes and great speeds by means of a rocket or an aircraft 
equipped with a jet engine. Unfortunately, as it was previously noted by 
Pavlov, not only the Soviet popular literature but also the special 
technical literature, are quite often abound with sensational reports 
about the possibility of such flights. For example, the following headings 
appeared lately in some of the journals: "From Moscow to Leningrad in _1J 
minutes" and "The flight of an amphibian jet aircraft -.across the Atlantic 
in l- hours at a speed of 4500 km per hour" ... etc. (See the journal 
"Saniolet" (Aircraft), NO -3,'P.43, 1932) [3]. 

It is not the aim of the present work to discuss the Possibility 

and feasibility of such ideas, but it should be pointed out that many 
people look to the rocket in a somewhat excessive thoughtless way when 
the application of the aircraft engines for the flight at the higher atmos-
pheric layers is met with some difficulties, or could not even be achieved. 

This point of view should not be accepted in the sense that the 
present author is against rockets, on the contrary, he has a deep confi-
dence that many flights in the future will belong, in particular, to the 
jet aircrafts. Nevertheless, at the present time, it is extremely 
necessary to make things clear and to elucidate the idea about this 
subject. It is hoped that professor LA. Rynin will not bear a grudge 
against the author, but henceforth we would like to see in his works on 
jet aircrafts a material presented to keep up with the well-known technical 
criticism [41. We should get the necessary information or prepare a solid 
foundation for the wide use of jet airerafte for flights in the rate 
layers of the stratosphere. Although these definitions are well-known, 
yet it is necessary to discuss them again for the purpose of getting a 

better consistency for the drawn conclusions. The Power of the jet 
engine installed in the aircraft starts to decrease with the increase of
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flight altitude, since the density of the sucked air decreases considerably. 
This is exactly the reason why it is impossible for the airorafte provided 
with ordinary propeller-engine groups to fly at high altitudes. Therefore, 

what is precisely needed is the establishment of special devices or 
particular propeller-engine groups (which have already been discussed in 
different works presented in the present collection) which would be able 
to provide the required thrust until we arrive at the given height. It is 
very probable, however, that in the very near future, the nature itself 
of the flight in the stratosphere at an altitude of some tens or even 
hundreds or more kilometers and, obviously, with high speeds, will cast 
doubt in general on the possibility of use of even a special high-altitude 
propeller-engine group for this purpose. 

The ceiling of this aircraft will be, obviously, much lower. 
Thus, an aircraft depending exclusively on jet engines for flying 

at high altitudes is the most suitable device for accomplishing flights 

in the higher rare layers of the atmosphere. This is mainly due to the 
fact that such type of an aircraft contains in itself the necessary 
driving force, which is independent of the surrounding medium. 

In the present work, light has been cast on a number of questions 
related to the flights of jet aircrafts in the stratosphere. In particular, 
it has been stressed on "flights" and not on "climbs", i.e., the motion 
of the aircraft in a certain direction to cover the given distance [51. 
These questions are the sore subjects for the rocket engineers, a kind of 

weak points in our work, and their settlement will show the conference 
not the fantastic but the realistic problems, which have to be solved at 
the present time. 

It is necessary also to note that the present work has been Presented, 
to a large extent, in the form of abstracts, because of the shortage of 
time and the great number of problems. 

Let us discuss the classification of the existing jet systems. In 
the previous work of Mihail Klavdievid Tihonravov the history of the 
development of jet aircrafts and their basic definition has been given. 
Therefore, we will confine the present discussion to the simplest form of 
classification, by dividing the jet aircraf to into groups according to 
the type of fuel supplied to the engines. Accordingly, three groups can 
be recognized. 

The first group comprises aircraf to which are equipped with jet 
engines working on solid fuel. In this case, different solid propellant 
and powder compositions can be used as a fuel. Research works on such 
types of engines have been widely carried out in Germany, where we can 
mention, in particular: Tiling, Opel, Obert and others. 

The second group of aircrafts is equipped with jet engines working 
on fluid fuels. Research works along this direction are carried out at 
the present time without any exaggeration, almost in all countries of the 
world. In this field, we can name, in particular, such scientists as: 
Obert (in Germany), Goddard (in the U.S.A.) and the Russian compatriots 
Konstantin Eduaridovic Ciolkovakij and the late engineer Frid.rih Arturovi 
Candor.
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The third group comprises aircrafts equipped with the so-called 
air-jet engines. In fact, these engines are jet engines working on 
liquid fuel, but with the only difference that the needed oxygen for 
combustion is provided from the surrounding medium (air). The performance 
of such engines was investigated by Loren (in France), professor B.S. 
Stekin (in the USSR) and the Italian scientist General Krokko /6]. 

Let us direct our attention to the analysis of some of the charac-
teristic features of the above mentioned systems, proceeding from the 
problem which has been settled by the present author. 

One of the distinctive features of the airorafta belongiig to the 
first group, i.e. those equipped with solid propellant jet engines, is 
the extremely short time of their performance. 

This results in a rapid increase in the speed, and the acceleration 
reaches very high values, with all the ensuing phenomena for the crew; and 
the aircraft's construction. Generally speaking, the performance of a 

solid propellant jet engine, is not different from that of a missile shot 
[ii. Attempts have been carried out to combine such engines in the form 
of multiple-charge batteries, or to install are. type of recharging devices. 
However, such attets havebeen m;t with great desiga complications due 
to bulkiness and t1e very great weight of such installations. In addition, 
it is necessary also to note that the research work carried out on solid 
propellant jet en4nes is associated, to a considerable extent, with 

certain risks. As an example, we can note the death of the German enineer 
Tiling, as well as the entire staff of his group, as a result of the 
explosion of his laboratory on the 10th of October of the last year /8J. 
Finally, one of the major disadvantages of the jet systems working on 
solid propellants is the very low pourer capacity of this type of fuel. 

Thus, a solid propellant (powder) having a calorific value of about 900 
Cal. per kilogram gives a thrust of 180 - 200 kg. 191. When the thrust of 
this type of fuel is compared with some of the existing types of liquid 
fuels, possessing a calorific value of up to 1000 cal. per kilogram, these 
figures are found to be quite small [10]. From the foregoing we can see 
quite clearly the limitations encountered with the possible use of the 
aircrafts equipped with jet engines working on solid fuels, or rather the 
impossibility of the application of such types of engines for aircrafts. 
On the other hand., the engines working on solid fuel are significant as 
a source of a great instantaneous force. Their utilization may be limited 
to, as already stated by Vjaeslav Ivanovi6 Dudakov in his report 
presented to the conference /11/, the easy take-off of the aircraft or, 
in other words, giving the aircraft a large acceleration (boost). There 
are also another possible aspects of the use of such types of engines in 
aircrafts, but they will not be discussed here. 

Let us now shift to the analysis of the second group of aircrafts, 
according to the above stated classification, namely, the aircrafts equipped 
with liquid propellant jet engines. It is necessary to mention the great 
significance of such types of airrafts, which is related to their duration 

for a long given period of time Wring the performance of this engine,
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intentional change of its regime is poessible, i.e., it is possible to 
control the engine during its performance. A mixture of liquid oxygen 

(or any other oxidizing agent) with benzene, or alcohol, ... etc., can be 
used, as already given by Mihail KLavdievi6, as an oxidizer and a fuEL 
Component. 

Let us discuss the weight characteristics of the jet aircrafts 
equipped with liquid propellant jet engines. 

The weight of the crew is firstly estimated. Obviously, it could 
be considered that the crew is composed of one, two or even three persons. 
In any case, the weight of the crew is a definite quantity and is rather 
clear for us. 

Secondly, the life reserve is considered. 'Here, we include all the 
installations, instruments and devices necessary to keep up the life 
conditions for the crew during t&éir work at the high altitude. 

Thirdly, we consider the weight of the cabin, which will be, obviously, 
sealed. One of the USSR-i stratoetat's designers, who is probably comrade 
Godunov, stated, that the weight of the cabin is approximately equal to 500 
kg. [12]. Of course, a lighter cabin could be, somehow, constructed for 

a rocket glider, but, in any case, the order of the figures (or rather 
its size) will not differ very much from the normal values. 

Finally, the last considered item is the design of the jet aircraft, 
which must fulfill the following three requirementez in the first place, 
the design should permit the aircraft to take-off and fly (climb) in the 
low atmospheric layers (i.e., in the troposphere); in the second place, 
the design should allow the aircraft to fly with high speeds in the 

stratosphere; and, finally, the aircraft should be able to glide and land 
easily. 

The purpose of the present work is not to present some sort of a 
concrete project of a jet aircraft for flights in the stratosphere, but 
it was intended by the above mentioned, discussion to show that the jet 
aircraft is not likely to be simpler or lighter than the general well-
known aircraft constructions, in particular,, the high-altitude aircrafts 
which are equipped with ordinary propeller-engine groups. The weight of 
the aircraft will not be estimated as tens or hundreds of kilograms, but 
it may amount to thousand or even two thousand, and more of kilograms. 

What are the take-off conditions of such an aircraft Regardless 
of the way by which the aircraft will take-off, it could be stated, that 
it will proceed by a rather slow process, at least in its first part. This 
can be explained by the fact that human beings cannot endure great acde-
lerations. Accelerations as much as about four are permitted, but only 
within a limited period of time. Besides, it is advantageous to move 
through the lower (denser) atmospheric layers with small speeds, other-
wise a very great resistance has to be overcomed. Thus, in this case 
also we can see that during the period of take-off and climb the aircraft 
will be far from those incredible speeds (and of course from the corres-
ponding great accelerations) about which we had read and heard so much. 
Accordingly, we can come to the first drawn conclusion, that the jet
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aircraft will not differ very much in its weight, or any other item of 
pure construction s pecifications and dimensions, from the well-known air-
crafts flying in the stratosphere with high altitude engines. The take-off 
and climb conditions of the jet aircraft (up to the moment when it attains 
very- high speeds, or when it shifts to a steady flight regime) will be, to 
a certain extent, similar to the take-off and climb conditions of the 

ordinary aircrafts flying in the stratosphere. Accordingly, it foliws that 
the required power and thrust of this engine will be close to those of the 
aeroplanes. Let us estimate the fuel consumed by the jet engines in this 
case.

It is known that, for jet engines working on a liquid fuel and an 
oxidizing agent, the composition of the mixture is formed in a proportion 
of about 1 : 4. The calorific value of this mixture is approximately equal 
to 2000 cal., and the developed thrust per one kilogram of consumed fuel 

mixture lies in the range of 220 - 240 kg. Consumption values for different 
thrusts during a period of one second, one minute and one hour are listed 
in the table. 

The adopted values of the engine thrust are purely conventional. In 
this case, therefore, the thrust is equal to 100, 500 and 1500 kg. The 

Table : The consumption of the fuel mixture in relation to the 
thrust (in kilograms) of the "RD" (Jet Engine) 

Performance time of the RD 	 Performance time of the "VRD" 
Thrust,	 (Jet Engine) working on a 	 (Air-Jet Engine) 

	

kg.	 lIQUid fuel

1 hour	 1 sec.	 ]. mm. 1 1 hour 

	

100	 0.42	 25.2	 1500	 0.14	 8.4	 500 

	

500	 2.10	 126.0	 7550	 0.70	 42.0	 2520 

	

1500	 6.30	 378.0	 22600	 2.0	 1200	 7500 

required thrust of the jet aircraft will possibly lie just within the limits 
of these values at the moment of take-off, climb and horizontal flight. 

The next equations were used to calculate the thrust of the jet engine 
working on a liquid fuel

	

C	 4:7 11ecc 

	

• •---	 or. ()	
- 

where G - is the rate of fuel, 

g - Is the acceleration of gravity, 
Vdjs - is the discharge velocity, 
Q - is the total gained heat, 

- is the effective efficiriy of the aggregate and 
Vf - is the flight speed.
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The fuel consumptions obtained for the air-jet engines, which will 
be discussed later on, are listed in the right columns of the table. In 
this case, the calculations were carried out by the following formula : 

I)	 '''i 

where C - is the coefficient of thrust, 

- is the inlet cross-sectional area of the engine, and 
v - is the flight speed. 

It is necessary to mention that the consumption values of the fuel, 
listed in the table, are, to a great extent, equal to the optimum values, 
and should be increased by 10 - 15 per cent. The data listed in the table 
speak for themselves and do not need any further comments. The author 
recommends this table for the attention of the designers who which to fly 
in the stratosphere with airorafte equipped with liquid propellant jet 
engines. 

It is necessary to stress on the fact that the method which charac-
terizes the flight of the jet aircraft exclusively by the duration of flight 
(which is precisely what has been assumed) is not quite accurate. The 

order of the jet aircraft velocities will practically differ considerably 
from those values which we obtain on the ground. Besides, the aircraft 
will cover a considerable part of the flight trajectory either gliding or 

with a very low given thrust. The balance of the total weights (including 
also the weight of the fuel) will be more acceptable. But the problem of 
the reduction of the fuel consumption will remain, undoubtedly, to be an 
urgent task for a long period of time, which if not solved, it would be 
unlikely for any one to realize a flight along any given trajectory in the 
stratosphere by an aircraft equipped with a liquid fuel jet engine, ending 
the trip by landing at the given point. The problem of the climb of the 
jet aircraft up to very high altitudes can be solved much easier, as 
reported by the engineer Tichonravov. 

Finally, some of the problems of topical interest, related to the 
utilization of liquid fuels for jet engines, will be discussed. 

The main problem is the increase of the efficiency of the fuel. A 
comparison has been carried out between the calorific value of the liquid 
mixture per one kilogram of fuel (2000 cal. and a thrust of 240 kg.), as 
well as the calorific value of the solid propellant per one kilogram of 
fuel (900 cal. and a thrust of 200 kg.), and the thrusts obtained in these 
cases. From this comparison, the imperfection of the processes taking 
place in the liquid propellant jet engine could be clearly seen. 

The other important problem is the production of alloys having very 
high melting points (it is a very essential requirement) for the manufacture 
of the vital parts of the engine. As an example, we can note the engines 
produced, by the German engineer Obert who achieved after many years of 
experimental work a performance time of about 7 min only. On dealing with
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great consumptions of fuel components, a rather d.iffuclt problem arises. 

This is the development of pumos or other feeding devices which can produce 
a flow rate of 6, 10 or 15 kg. per second for the liauid mixture. 

Comrade 6udnovskij (if the author is not wrong) in his address, to 
the conference on its opening meeting, on behalf of VOIZa [13] "Vsesojuznoe 
Obäestvo Izobretatelej" (the All-Union Society of Inventors), has under-
took to fulfill, jointly with the efforts of the members of the society, 
the socialist order to conquer the stratosphere as soon as possible. On 
behalf of the jet-craftsmen, the author can provide comrade udnóvskij 
with researches concerned with fuels, high refractory alloys, pumps or 
other devices for feeding the fuel at high flow rates, ... etc. We can 
also note a number of unsolved problems, such as; the control of the jet 
aircraft, its stability, the problems related to the process of landing 
(which, as it can be assumed, will not be an easy process by any means), 
the necessity for the development (principally) of quite modern instruments 
for the control of the aircraft and for the different observations, , *** . etc. 

Let us shift now to the analysis of the last part of the present 
subject, i.e., the aircrafts equipped with air-jet engines. 

The great quantities of fuel needed for this type of jet-engines, 
as it is evident from the calculations, has forced the technical scientists 

to search for a different solution for this problem. Naturally, the idea 
of the utilization of the oxygen contained, in the air for the high speed 
flights, as in the case of airoplanes, has come out on the stage. The 
principle on which this idea is based was given by the Italian engineer, 
Krokko, who stated the following: "The idea is to suck the surrounding 
air during motion, compress it under a pressure sufficient for the produc-
tion of high efficiency, and then feed the atomized fuel to the combustion 
chamber to burn it at a constant pressure. Finally, the combustion 
products are allowed, to expand to reach a fdischargeJ velocity greater 
than the velocity of the sucked air. The production of the mass of air 

flowing through at a given period of time multiplied by the gained velocity, 
will give the driving force required for the aircraft" [14]. 

It is necessary to note that professor 1ynin, on discussing the 
problem given by Krokko, has not emphasized enough that the air-jet engines 
can work only under the condition whena certain initial velocity (for 
example: 60-80 in./sec) is imparted to them. For this purpose, it is 

essential to have a subsidiary source of power which may be either a liquid 
fuel jet engine or some type of rockets working on a solid propellant for 
a short period of time. In the table, the values of the fuel consumptions 

for the air-jet engines are given. The situation here is much more favourable. 
The fuel consumption is approximately one third of that taking place in 

aircrafts equipped with liquid Propellant jet engines. Even in the case 
of the existence of some auxiliary installations for the fulfilment of 
the initial speed requirements, the balance maintained by the total weight 
of the aircraft equipped with air-jet engines will be fairly favourable. 

It is essential to note that the air-jet engines can be used at 
heights of 30-35 Kilometres only, since the thrust decreases in proportion
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to the decrease of air density /15]. The advantage of such types of 
engines, in comparison with the high altitude propeller-engine groups for 
which the power decreases also with the decrease of density, lies in the 
fact that it will be possible to achieve very great flight speeds at high 
altitudes, in addition to a somewhat greater ceiling. On the other hand, 

the maximum flight speed (in the stratosphere) of the aircrafts equipped 
with high-altitude propeller-engine groups is not likely to be more than 
700 km/hr, as given by the comrades Rosanov and Pythov [16]. The problem 
presented by Krokko will not be discussed here, since this has been already 
done (although briefly) by professor Rynin. We will proceed now to the 
conclusions. 

In the presented works on high-altitude airorafte, it could be seen 
that the data obtained with high-altitude propeller-engine groups, i. e., 
at a ceiling of about 1 5-20 km and maximum speeds of about 500-700 km/hr, 
are highly deviated from those normally expected from flights in the stratos-
phere. The limits of the altitudes as well as the velocities of the jet 
aircrafts will be, undoubtedly, considerably higher, but it is not its 
place here to give these figures, owing to the extreme freshness of this 
subject for the time being and to a number of other considerations. The 
present author believes that the problems presented, in this paper show 
quite clearly how far we are from success, and though for the jet airorafte 
such low limits of velocities and altitudes are not existing, in comparison 
with high-altitude aircrafts, yet we need rather a long time for their 
actual realization. 

Working or jet-aircrafts is difficult, but extraordinarily interesting 
and promising. Undoubtedly, the difficulties will be overcome at the 
end, though they may need somewhat more efforts than it seems at the first 
sight. The major thing, which is essential now, is to establish a. well 
co-ordinated effort between the rocket Scientists and the workers in the 
other fields of science and technology. 

After solving a number of problems, of which some have been presented 
in the present work (quite thoroughly, seriously and profoundly), we can 
come right up to the raised problem.
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ROCKET POWERED FLIGHTS IN THE STRATOSPHERE 

[1934] 

Preface 

The principle of the performance of rockets has been known since 
ancient times, but it had never found a wide practical application. Only 
in the last years, owing to the circumstances which will be stated later, 
the rocket was recognized (though only partial and not always deserved) as 
a sole and indispensable means of high-a1titudeand super-high altitude 
flights, since it attains very high speeds. 

Of course, the aim of all works carried out on this field in the 
imperialistic countries is to use the rocket powered aircrafts as widely', 
as possible for military purposes and destruction. 

Unfortunately, all what has been published, up to the present time 
concerning rockets and rocket technology are, to a large extent, so far 
from the truth, that it is difficult to understand and distinguish between 
fantasy on interplanetary themes and actual realistic possibilities. The 
knowledge of these possibilities and its study are necessary for this 

country, not only for its protection against any possible surprise and un-
expected events, but also because rockets will undoubtedly have a wide and 
rewarding field of application in favour of the socialist building in the 
USSR 

The aim of the present work is to state briefly in a popular descrip- 
tive form the principle of the performance and construction of some existing 
systems of rocket powered engines and crafts. 

Since the most interesting researches, amongst all existing works, 
are those concerned :ith flights in the stratosphere /], the greatest 
attention has been paid to this problem. 

In chapter IV, containing an elementary information about rocket 
powered units, the calculations could be omitted without affecting the 
nature of the summary.

Signature
Eng. S. Korolev, 

fReaktivnyj Nauno-issledovate1' skij ins titutj 
Moskva (Moscow), Sentjabr (September) 1934.
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"Who is strong in the air nowadays 
is strong in general". 

K. Vorojlov. 

Chapter 1 

Why flights in the stratosphere are necessary? 
Means and methods of their conquering 

The problem of high-speed transport has always attracted the attention 
of people, and an army of scientific and technical workers have been carrying 
out a lot of studies on this subject since a long time ago. 

Undoubtedly, the possibility of travelling by air was probably very 
tempting. 

Aviation has been developed in a very short period of time. Only 
thirty years have elapsed since the first uncertain steps from aviation 
pioneering flights to the dense atmospheric air layers surrounding the 
earth, and from the clumsy aeroplane to the modern aircraft which is one 
of the most perfect machines at present. 

At first, as it is usually the case with every new invention, avia-
tion has been used by capitalistic countries for military purposes. 

At the beginning of the world war no great importance was attached 
to aviation. However, towards its end, aircrafts started to play a very 
considerable role in all fighting operations. Further development and 
improvement of the aviation equipment has led to the situation that aviation 
is at present one of the most powerful means of fighting. 

The demand for fighter aircrafts is rising steadily. Th.zring the 
world war, one of the most important tasks of aviation was the reconnaissance 
of the front and neighbouring area. At the present time, the aircraft has 
to carry out numerous, variable and difficult functions. 

To carry out the reconnaissance itself, the aircraft must fly over 
the rear of the enemy and carry out the most comprehensive observations. 
The aircraft must be able to defend itself against the fighters of' the 
enemy, escape the fire of artillery and, being in the enemy's rear, destroy 
the proper objectives and inflict as much damages as it can. 

The quality indices of aviation are rising every day. The speed 
of flight as well as the altitude and range of flight are increasing. 
Similarly, the armament of the aircraft and its equipment, piloting 
technique., ..* etc., are improving. 

Aviation is getting to be the chosen means for the wide fulfilment of 
imperialistic intentions in the capitalistic countries. But in this 
country, it is getting to be the most effective means of defending the 
borders. 

The expansion of the fields of application of aviation for military 
Purposes, and the more and more increasing operational and flying-technical
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requirements of the aircrafts, have facilitated the continuous improvement 
of the aircraft's flying properties, and specifically the increase of the 
flight altitude. The rapid progress of the means of anti-aircraft defence 
had also undoubtedly a certain effect upon the increase of the altitude 

of flight. At the present time, the Zenith artillery has achieved a great 
progress in both the altitude range of the target and the firing accuracy. 
A series of instruments, enabling to observe in advance the approach of 
the aircrafts of the enemy, ..o etc., have been realized. 

Daring flight at heights in the range of 7000-10000 in and over, the 
aircraft cannot be seen or heard from the ground. Besides, if an aircraft 
flying at such altitudes is equipped with special high-altitude motors, 
it can attain very great flights speeds due to the decreased air density. 

Accordingly, the exceptional significance of the high-altitude air-
craft, as regards to its sudden appearance and attack, is obvious [31. 
In this case, the observation of the enemy attacking from the air, or its 
fighting, will be difficult and almost impossible. 

At the present time, it is difficult to specify comprehensively the 
tactics and all the methods of application of the high-altitude aircraft 
for military purposes. However, it can be presumed that while high-
altitude aircrafts are being developed, the corresponding types of ama-
merit such as bombing from high altitudes, high-altitude photography and 
visual observations, .,. etc., will be also simultaneously developed. 

The possibility of dog-fight in the stratosphere is questionable, 
since it will be very difficult to spot and attack the enemy, flying 
with a great speed at the high altitudes. lAre to the same reasons, the 
observation of the high-altitude aircrafts from the ground will be very 
difficult or even impossible. 

From the foregoing, the great significance of the high-altitude 
aircrafts for the military purposes is quite clear. 

The capitalistic countries are preparing feverishly for a new world 
carnage, using for this purpose all the latest technical achievements. 

Works are carried out in many countries on high-altitude aircrafts 
(stratospheric aircrafts). A number of such devices has already been 
built and is now under testing (the aircrafts of Farman in France, 
Junkers in Germany and others). At the same time, a wide range of 
attendant problems associated with these works, that can have variable 
applications in both military and ordinary operations, have to be solved. 

The high-altitude aircraft itself is 'a very alluring means of travel in 
the future, and, of course, it can have a very wide application in the 
agricultural and industrial processes. 

However, for the imperialists the high-altitude aircraft is, first 
of all and mainly, a new improved means of war and attack. Every attempt 
to apply any new technical idea for fields other than the military purposes 
is doomed to failure, and will be lost in the chaos of capitalistic crisis. 

Only the USSR, which is steadily pursuing a stable peace policy 

and which is increasing steadily its power, can solve in a rather wide, 
scientific and well planned manner such an enormous problem as the study
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and conquest of the stratosphere. Besides, the high-altitude aircraft is 
a type of supersonic transport system that is extremely necessary under 
the conditions of the very great distances in the Soviet Union. 

It is clear that a very important and urgent need exists for the 
study of the spheres where we want to fly, which is called the stratos-

phere. The study of the stratosphere itself is also of the atmost interest 
for the national economy, and for the solution of a series of scientific 
problems. 

In the stratosphere, we can solve a wide range of problems related 
to the fields of aeronautics and nuclear physics. We can also study the 
so-called Cosmic rays, solve numerous problems related to the field ofhigh-
speed aerodynamics, ... etc. 

Let us take aeronautics as an example. 'Up to the present time, there 
are contradictory points of view of the effect of the processes taking. 
place in the stratosphere on weather Changes and on the phenomena occurring 
in the atmospheric layers closely surrounding the earth's surface. 

It is well-known that the drop of the air temperature with climbing 
is about 60 c per 1000 m. Therefore, at an altitude of 10000 m. the 
temperature will be approximately equal to 500 0 below zero. However, it 
is assumed that with the further climb the drop of the air temperature 

is slower, and the temperature may even increase (see the diagram given 
in fig. 1) IsJ. The structure of the higher atmospheric layers is also 
insufficiently studied. It is considered that the mixing processes are 
considerably less favourable in the stratosphere than on the earth's 
surface, and consequently, the lighter gases are grouping higher than the 
heavier ones, in the form of layers, with the predominence of the corres-

ponding gas in each. Many attempts have been carried out by different 
scientists to determine the composition of the air at the high altitudes, 
but the results of these researches were ver y contradictory and doubtful 
f61. Of course, these results should, be checked up; its complete 
confirmation can be achieved only after taking a sample from the air in 
the stratospheric and subject it to chemical analysis. 

Let us discuss briefly one more question, namely: the almost un-
studied, up to now, effect of the so-called cosmic rays, which evokes a 
great interest. 

Many different radiations penetrate the earth's atmosphere. Here, 
we have gamma-rays produced from the radioactive materials located on 
the earths surface, as well as ultraviolet rays and infra-red rays, 
etc. Since twenty years ago, a new kind of radiation, viz, the cosmic 
rays, was discovered by accident. It is known that the gamma-rays are 
gradually absorbed, by the atmosphere. Therefore, it could be assumed, 
that radiation reaches at some altitudes an infinitesimal and practically 

imperceptible value. However, the validity of these expectations have 
not been proved yet, and some scientists (such as: Gekkel', Kol'gerater, 
Milliken and others), who have carried, out flights in the stratosphere 

as long ago as 1910 - 1914 and after the world war, discovered that the 
climb to the high altitude is associated with the appearance of some 

additional radiation. Unfortunately, science cannot give yet an exact



100	 --------- .-- - 

Wollocqiepa	 I "Ihit 
•

ir* 
.iroc	 u;0-2.'90 

80-

70 

hi 60

Ce,c1jiiwwic Ohfl(ma	 - - 

L"i'pwiwctqe,u

'III MM c/wa (TFCM(lcpu(n/flrnDa 
wiôcpciii 

pwll a nu qw- 

	

\i FIIVM1:I///IwIrc/wnF I/WI/Mi	 JbMM WUp-3011L1 9 may doc,i,u. 
(ICIIUHM rh/NL'f)lfI( ()

	 j	 1 

"	 M$11/CdlIM I Tcvpcu,avcciiva (F,Y//t'//(//- 
crnpuwucq/cpo/	 10 

I	 •...	 22gm Cnipuin.	 Ceouda am 

	

I	 V	 2/MM ti/up Iâ.JWId 8 
I . 7f l//(flu	 -IC(. fiL I/Il/lw /7flhI'/7I(7(	 f/flIt/Il C('CI'	 V	 L'JIl(/%M 

I' IWN L'llI/llilllh/ll I/Il/lIz. 	 )	 ( 
CA y/nw/ut, (k'mJiuJ'I\ /1) r/1/fuf/I/it 9III (i/il I/U//tI la 

13,/iym	 '/'/I(lIf(((IMi.)	 •,.., .\	 (%j'	 1,ut 
kM i, I/iniiw	 huullhjhle/,1F/7tfllftJjflA1	

MIX/vI( 

iLkP1 .1i45	 uwaj_, uwpuuntt	 1. -. .	 ..	 .. .. 
7	 ..	 I(tI/I/i/L' (

	
I1. 

/ •./\	 JwflucqJ/t/ia.t	 . . 

I) 

p

.50 

'IL) 2,1 

30 

21) 

iO I." 

- 381 - 

WA 

-911	 - 71)	 - MI	 -31/	 - /1/ U '111	 31)	 51/	 $ /0 
IrMlll:/Jiun)J/nL	 IIl: 

Fig. 1 - The structure of the stratosphere 

1. Pressure, in mm Hg- 2. Temperature, °C. 3. Altitude, in kilometers. 
4. Aurora borealis. 5. Noctitucent cloud. 6. The stratosphere. 7. The 
40 km. layer of temperature inversion. 8. The 36 km. recording balloon. 

The maximum achieved altitude. 9. The temperature determined by acoustic 
methods. 10. The 22 km. stratosphere. Osoaviahim. 11. The 21 km. recording 
balloon, in Sluck. 12. The 19 km. stratostat of the USSR. 13. The 16 km. 
Pikar's stratostat. 14. The intensity of cosmic rays. 15. Cirrus. 
16. Kirnuijus. 17. Ionosphere. 18. The temperature, determined by the 
photometric observation of the twilight. 19. The theoretical ceiling of 

the stratosphere. 20. The theoretical ceiling of the high-altitude aircraft. 
21. The velocity of the wind. 22. France. 23. The lower boundary of the 
stratosphere in the present altitude. 24. Troposphere. 25 . Ozone layer. 
26. Italy. 27. Everest.
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answer to the question of the nature of cosmic rays, and what are the 

causes of its appearance. At the All-Union conference on the study of 
the stratosphere, which was held in Leningrad in 1934, an assumption was 
put forward that the formation of cosmic rays is the result of some 
processes taking place in the galaxy outside the solar system, at a dis-
tance of 200 millions of light years from the earth. It may be, that the 
cosmic rays appear as a result of the complex processes taking place with 
the participation of a short-wave radiant energy and electrically charged 
particles flying with a high speed. The energy of a single cosmic ray 
impulse is milliard times greater than the energy of light rays, and 
thousand times as much as the energy of radioactive substances. According 
to approximate calculations, the cosmic rays carry to the earth an energy 
of 2.4 milliards of H.P. per second J-7/. A voltage of some millions of 
volts has been used to destroy the atomic nuclii. It is obvious that in 
order to produce cosmic rays, exceptionally powerful processes would be 
needed to take place with the participation of electricity. Such processes 
take place somewhere in the outer space. The intensity of the cosmic rays 
increases tens and even hundreds of times with the climb to the high 
altitude (see fig. 1). Therefore, the optimum Conditions for its study, 
and also for the investigation of its effect on the different kinds of 
processes as well as on the human organism, will exist at very high 
altitudes, i.e., in the stratosphere. 

There are various methods which could be used for the observation 
and study of the phenomena or processes taking place in the stratosphere. 
During the last decade a great number of such experiments have been carried 
out.

All the methods which are used up to now for the study of the 
phenomena taking place in the stratosphere, istruoture as well as charac-
teristic properties, can be generally divided into two groups the first 
group comprises the indirect methods of study, and the second comprises 
the direct methods of study. 

Experiments on the propagation of sound waves, reproduced by 
special explosions, belong to the first group. The explosions are 
recorded at different points. 

The speed of propagation of the sound waves is equal to 300-350 
rn/eec, depending on the air temperature. Besides, a sound beam is refracted 
when passing from a warm air layer to a cold one. This phenomenon allows 
to use the sound beam as a kind of thermometer, and to determine the 
temperature of the stratosphere through the speed of propagation of, the 
sound, by means of the corresponding calculations. 

If the experiments on the propagation of sound waves are carried 
out sirnultaneoulsy in opposite directions, then, as presumed, it will be 
possible by means of the difference in the velocities to calculate the 

ôomponent of the air velocity in the stratosphere, in the direction of 
the propagation of the sound wave. 

A number of important informations about the stratosphere, and 

specifically the data about the character of the change of temperature, 
was obtained by means of the ob 2 ervation of the different optical phenomena
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taking place in the stratosphere, such as: twilight, polar auroras, 
luminous clouds, ... etc. The curves of the change of temperature with 
altitude, of which one is constructed on the basis of acoustic methods 
of observation, and the other is based on the optical methods, are given 
in the diagram of figure 1. 

Different observations can be carried out for the study of the 
electric effects taking place in the stratosphere. Atmospheric discharges 
cause cracking and noise effects in the radio receivers. Determining-the 
intensity of the interference and the point from which it originates, we 
can trace in advance, from the observation place, the formation and 
approach of the cyclones originated even at very great distances. 

The study of the propagation of rad.iowaves showed that the upper 
atmospheric layers have a great influence on the transmission of the wave. 
Obviously, this is due to the fact that the atmospheric layers, starting 
at a certain altitude, are highly ionized and contain a great number of 
charged particles. The propagation of the rad.iowaves to considerable 
distances is possible due to the fact that, as soon as the waves reach 
the upper atmospheric layers during their propgation, they are partly. 
absorbed, partly refracted, reflected and go round the earth's curvature. 

To observe the different changes in the conditions of the stratos-
phere, a m'thod called radio-echo is used. This method consists in : 

transmitting from a radios tation a signal of a short duration, which when 
reaches the ionized layers is reflected and twins back to the earth in 
form of an echo. Sinoe the time taken for the signal to travel upwards 
and backwards 18 known, the reflection time can be determined, and.-
consequently, the Presence and location of the altitude of the ionized 
layers can be specified. The intensity of the ionization can be measured 
in these layers if the pressure distribution in the different regions of 
the stratosphere is known. 

A notion of the changes taking place in the stratosphere can be 
formed by carrying out such observations systematically at different day 
times and various points. 

The above listed methods, and a number of other similar experiments, 
still do not give a rather comprehensive and a reproducible authentic 
results of any observation. Of course, for a greater autneticity and 
completeness of the study of the phenomena taking place in the stratos-
phere, it is necessary to lift to the high altitudes if not a human observer 
then suitable instruments to carry out on the spot readings, records, 
etc.

The radio-sounding balloons developed by the Soviet scientist 
professor i4olanov, which can lift recording instruments to heights of 
up to 30 kin, are widely used at the present time for this purpose. The 
readings of the instruments are immediately transmitted automatically by 
radio to the earth. This permits to carry out the observations with a 
great simplicity and reliability, instead of relying on the instruments 
when they are landed later, and whether they will be found or not. Obser-
vations made by means of the radio-sounding balloons have given the
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possibility of the systematic study of life in the stratosphere. 

But however perfect the used instruments and observation methods 
may be, the most complete and valuable results can be expected only in 
the case when it will be possible to organize the lift and functioning 
of a flying laboratory. Such laboratories are considered up to now as 
stratostats; furthermore, they could be considered as high-altitude air-
crafts. 

The establishment of Soviet stratostats has given an enormous 
scientific information and has allowed to carry out a series of valuable 

observations. At the present time, the stratoeta.ts are considered as one 
of the most realistic means of the study of the stratosphere. This can 
be explained by the fact that through the flight of the stratostat is not 
a very simple matter, it is anyhow the today's Possibility. 

A series of flights in the stratosphere have already been performed 
by the stratostats, among which there were Soviet stratostats which had 
set a record of climb altitude, which has not yet been surpassed by any-
body. The observer being in the cabin of the stratostat, has the possi-
bility of carrying out for a long period of time all kinds of scientific 
observations, readings and records. Moreover, it is also possible to 

take photographs, and the pilot has the advantage of carrying out all these 
investigations at different altitudes. 

A number of technical and physiological problems, related to the 
long stay of a human being in the stratosphere, are solved in parallel. 

The still limited climb altitude may be considered, as one of the 
shortcomings of the stratostats as well as the radiosound.ing balloons. 

The assumption that the climb height of the stratostat could be 
limited by an altitude of 30-35 kin was discussed in the All-Union 
conference on the stratosphere [8J. Besides, the stratostat lacks the 
Possibility of flying in the desired direction, and its manoeuvrability 
as well as speed are limited. 

From this point of view, an aircraft flying in the stratosphere by 
means of a high altitude aviational motor or a rocket engine, may be 
considered as the most suitable device for carrying out the most complete 
study of the phenomena taking place at altitudes much higher than 30 km, 
which will reveal the mysteries of the stratosphere. 

Chapter 2 

THE CONDITIONS OF THE HIGH-ALTflUDE FLIGHT OF AN AIRCRAFT. 
AN AIRCRAFT EQUIPPED WITH A HIGH-ALPflTJDE AVIATIONAL MOTOR 

AND AN AIR-SCREW. AN AIRCRAFT EQUIPPED WITH A ROCKET ENGINE 

The density of the air decreases steadily with the distance of climb. 
Accordingly, at a height of 10000 in., the air density is about 34 per cent 
of its magnitude on the earth's suface, and at an altitude of 20000 in., it 
is Only 7 per cent.

A
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The flight of an aircraft at high altitudes is possible even when 
the ambient density of the air is very sinai]., but with a certain limitation 
related to the movement of the aircraft with a Considerable speed. The 

smaller is the density of the air surrounding the aircraft at a given 
flight altitude, the greater will be the speed with which the latter must 
fly to maintain a horizontal flight trajectory. The major difficulty here 
is that the power of the motor decreases with the vertical distance of climb 
owing to the decrease of the air density and the sunsequent decrease of the 

amount of oxygen fed into the motor. The rate of the decrease of the power 
of the motor is related to the rate of the decrease of the ambient air 
density. 

From the preceding, it is evident that the aircraft must develop a 
high speed in order to maintain a horizontal high-altitude flight. However, 
the power of the motor is not sufficient for this purpose in spite of the 
decrease of the aerodynamic resistance. 

The change of the air density and the power of the engines with and 
without a supercharger, as a function of flight altitude is represented In 
figure 2. The horizontal axis existing at the top of the diagram repreuents 
the values of the air density, and that at the bottom represents the values 
of the power of the motor. The vertical axis represents the values of the 
flight altitude. From the figure it could be seen that if a motor lute a 
full power on the level of the ground (such as a power of 1000 H.P., 
represented, by curve I), then its power at a height of 4000 in. will be 
only about 600 H.P. (or 60 per cent of the power achieved on the ground). 
Similarly, at a height of 12000 in. the power of the motor will be only 
200 H.P. (i. o. ) 20 pur cent of the power achieved on the ground), and 
at still higher altitudes it decreases to zero. At the same heights, the 
corresponding decrease of the air density will be smaller (see curve II). 
Therefore, if on the ground the air density is considered to be L 1) 
then at a height of 4000 in. its value will be equal to 	 0.699 (66.9%) 
and at a height of 12000 in. it will be 	 0.253 (25.3%). 

In modern aircraft, the conservation of the energy of the motor is 
achieved by means of a supercharger, which is cirived by the motor itself. 

It is necessary to mention that, as a whole, the construction of such 
a high.-a),titude engine is rather complicated.. Owing to design and 
maintenance difficulties it is impossible to realize a supercharger with 
a constant power up to an altitude of, say, 15000 - 18000 in. Therefore, 
the so-called multi-stage superchargers have been developed. Switching - 
on the first stage of the supercharger the power of the motor can be 
preserved up to a height of about 5000 in., and switching on the next 
stages, the power can be preserved up to a height of 10000 - 15000 m. 
Figure 3 shows the character of the change of the power of a motor equipped 
with a multi-stage supercharger, as a function of the altitude of flight. 

At the present time, the construction of motors equipped with three-
stage superchargers has been realized, which allows, theoretically, to 

preserve the power up to an altitude of 15-18 kin. However, due to the 
extraordinary technical difficulty: associated with the Construction of
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 Fig. 2 - The change of the air density 

and the power of the motor, as a function 
of the variation of the vertical distance 
of flight. 

0,- The developed power of the shaft, in 
H.P. 

b- The vertical distance (altitude) of 
flight, in km. 

C- The density of the air.
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Fig. 3 - The change of the 
Power of a motor equipped with 

• multi-stage supercharger, as 
• function of the vertical 
distance (altitude) of flight. 
1- The first stage. 
2- the second stage. 
3- The third, stage. 
4- Without a supercharger.. 

high-altitude motors equipped with multi-stage superchargers, satisfactory 
results have not been achieved yet by the factories which are envolved with 
such kind of work since a long period of time. 

Various other factors have also a great influence on the realization 
of high-altitude flight. 

Therefore, for flying at high altitudes it is very unfavourable to 
use an ordinary propeller, because it revolves with an impermissible high 
velocity in the rarefied air existing at the high altitude. If, however, 
the propeller is s pecially designed to operate in a rarefied medium, then 
a velocity considerably less than that on the ground will be developed by 
the motor. 

To achieve more or less a satisfactory efficiency for the motor, under 
all operating conditions, propellers with blades revolving at high speeds 
are used. Such types of propellers are complicated and heavy. 

The problem of cooling the motor installation is also difficult. 
Though it may seem strange at the first sight, but in the stratosphere, 

under the conditions of very low temperature, very large cooling surfaces 
and special radiators for cooling the air fed to the motor are necessary. 

Let us shift now to the consideration of the speeds that can be 
achieved by the aircraft on flying at the high altitudes. At the beginning 
of the present work it has been shown that one of the main advantages of
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Fig. 4 - The change of the air resistance with the 
increase of the speed of the aircraft. 
1- Resistance, in kg. 
2-. Speed, In./sec. 
I- Aerodynamic conditions. 
11-Ballistic condjtjon, 

the high-altitude flights is the possibility of achieving very high speeds 
that cannot be realized on the ground.. 

The air resistance opposing the flight of the aircraft increases in 
proportion to the square of the speed of motion (see fig. 4, curve I). But 
such a relationship will be correct up to a speed of about 240 rn/sec. (860 
km/hr). After this value, i.e., at greater speeds of flight, the resistance 
of the air to the motion of the aircraft will increase much more rapidly 
according to a different law (see fig. 4, curve II). Therefore, a consi-
derably greater engine power is required for the aircraft installation to 
achieve speeds higher than 860 kin/hr. However, if the aircraft climbs to a 

higher altitude, then, owing to the surrounding rarefied air, a considerably 
smaller engine power will be required for the flight, regardless of the 

fact that the resistance increases rapidly with the increase of the speed, 
as given before. 

Numerical data clearly demonstrating the entire advantage of the 
high-speed flight at h.gh altitudes, in comparison with the same flight on 
the ground, are given in table 1. 

This table is constructed for one of the racing record-holding 
scaplanes (hydro-planes), a participant of international competitions in 
flight speed (nejder's cup).
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ble 1 

The speed of The required -The required power The altitude at 
flight power of the engine of the engine at whieh the flight 
rn/sec on the ground, H.P. high-altitudes,E.P. should be carried 

out, M. 

240 6 000 980 15 000 
280 12 000 1500 19 000 
350 30 000 2000 22 000 

1000 -- 6000 30 000

For every selected value of speed, calculations were carried out twice: 
once for the immediate flight on the ground, and the other to know the 
optimum altitude at which a minimum power should be spent for the development 
of the given speed. If it is required to achieve a speed of 1000 rn/see, 
then we will have to climb to an altitude of 30 km and develop there a 
power of about 6000 H.P. 

U	 Il/U	 2011	 .1110	 110(1	 31/1/	 Id/Il	 il/Il	 11011 
('upui,a, iciiwiia, i.rn/ /11,. 

- Fig. 5 - The change of the flight speed with the 
vertical distance (altitude). 

1. The flight speed. 2. The flight altitude, km. 
3. An aircraft with a rocket engine, the maximum speed IV. 
4. The theoretical increase of the speed with the decrease 
of the density of the air, for a constant angle of attack. 
5. An aircraft with an engine of the Type RD IV (Rocket 
Engine Iv). 6. The minimum speed 79 Without a supercharger0 
8. Fitted with a supercharger. 
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Of course, it is impossible to realize a motor installation of 30000 
H.P. for the aircraft (to achieve a speed of 350 rn/sec or 1250 km/hr on the 

ground), meeting at the same time the weight and dimension requirements of 
a single-seater racing aircraft, in spite of any imaginable brilliant achieve-
ments of aviation engineering. The values of the speed already achieved by 
the record-holding aircrafts on the ground amount approximately up to 700 

km/hr (195 rn/see), i.e., they are very closely related to the limit of 240 
rn/sea given by the present author; beginning from this value, an enormous 
increase of power will be needed. 

The theoretical increase of the speed of flight at different altitudes, 
due to the decrease of the air density, is presented in figure 5 (see curve I). 
In fact, as it is presented by curve II, a change of speed occurs since the 
rate of decrease of the power of the motor with the altitude is higher than 
the decrease of the resistance (rising steadily with the increase of speed). 

The curve II was plotted for an arbitrary selected aircraft, for 
example, a single-seater aircraft with a load of 1300 kg., for the case: 
of its flight with an ordinary engine (not designed for a high-altitude 

flight). 
If a motor is provided with a supercharger installed in the same 

aircraft, then the change of speed will take place approximately as it is 

shown by curve III. In this case, we observe that the speed of flight 
begins to inorease with climb, reaching its maximum at a certain altitude 
and then decreasing with further clirn as a result of shortage in the 

supply of the available supercharger. 
Amongst all means of study and conquest of the stratosphere, the 

first priority should be given to the high-altitude aircraft-stratoplane. 
In any case, however simple the different indirect methods of observatipn 
may be, or however accessible the flight of the sounding-balloons may be, 
or as much interesting the flight of high-altitude aircrafts in the strátos-
pheric may be, the most attractive and important of all is the human flight 
in an aircraft that could easily cross the free space of the stratosphere 
in any direction. 

Only a flight which is not associated with any restrictions will 
mean a real conquest of the problem. 

Military requirements claimed for modern aircrafts, also compel 
quite definitely to work on more and more increase of the flight altitude, 
and on the development of special high-altitude aircrafts and motors. 

The high speed of flight is getting to be a, familiar quality of 
modern aircrafts. As we have already seen, aviation engineering has gone 

up closely to the achievable limit. 	 To increase the speed of flight 

much more, it is necessary to fly at high altitudes [ioJ. 

Daring the first All-Union conference on the study of the stratosphere 
a speed of 700 km/hr was said to be the maximum speed achieved for aircrafts 
flying in the stratosphere, which are equipped with ordinary motor propiler 

groups.
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If we examine the existing high—altitude airorafts, equipped with. 
a special propeller—engine installation, and analyse further the prospects 
of the development of such an aircraft, then we will come to the conclusion 
that the latter will not solve any of the stated problems to a sufficient 
extent, and it is unlikely that they can do so in the future. 

The range of the application of aircrafts fitted with superchargers 
as well as propellers is up to a limit of 20000 m., i.e., practically in 
the lowest part of the stratosphere, at its efflux. 

The construction and operation of the motor installation for flights 
at high altitudes is very complicated.. Also, considerable power losses 
take place in the supercharger itself as well as in the other auxiliary 
devices of the motor, propellers, cooling system, ... etc. As a result. 
of all these factors, a definite and very low limit of flight altitude 

could be achieved by such types of airorafts. 
If it is possible to realize an engine which will not lose its power 

on climbing to any high altitude, an aircraft with such a motor will be, 
able to develop easily very great speeds on flying in the most rarefied 
atmospheric layers, at altitudes of tens or even hundreds or more kilo—: 
meters. The change of the flight speed of a high—altitude aircraft 
equipped with an engine of a constant trhust, irrespective of the flight 
altitude, iu shown in figure 5 (see curve II). As it is seen from the 
figure, the speed increases steadily with the climbed distance. Such an 
aircraft could easily fly in the stratosphere. 

The rocket motors could be defined as those motors whose power do: 
not decrease with the travelled distance. This is due to the fact that; 
in the rockut motors the operating principle is based on the idea of 
developing high speeds considerably exceeding the values existing on 
the earth's surface. Therefore, rockets are a type of super—high—altitude 

engines. 
The future progress and the further achievements of aviation are 

related with the stratosphere. 
However, in order to have control over these high altitudes, it is 

necessary to build a light, reliable , and powerful rocket motor. 

Chapter III 

THE HISTORY OF THE APPEARANCE OF THE ROCKET ENGINES 
IW2RODUCTION TO THE ROCKET ENGINE AND ITS PARTS. 
A SHORT CLASSIFICATION OF THE ENISTING ROCKET SYSTEI'. 

The appearance of rockets dates back to the hoary ancient times. 
Some thousands of years ago "fire arrows" had been used in China daring 
war tine. The powder composition, which was invented by the Chinese lqng 
before its appearance in Europe, had been used as a propellant lilY.
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The rockets appeared in Europe since about 400 years by the conven-
tional system of chrono1o. There are fragmentary informations showing 
that rockets had been used to set fire in the enemy's camps during 	 - 

medieval wars, and also in 18th century in India, where the English General 
Kongrev [121 had achieved a rocket flight range of about three kilometres. 

In 1881, the Russian revolutionary N.J. Kiba1'i6, being in prison, 
had developed a rocket-aircraft project. When Kiba1'i6 was executed, his 

project remained in the archives of the gandarmery j1347. 
The Russian scientist Constantin Eduardovió diolkovskij, whose works 

in the different fields of science are well-known, is justly considered 

the founder and theorist of rocket flights. 
His first works on rocket flights date back to 1903, when his work: 

"Issledovanie mirovyh prostranstv reaktivnyini priborami" (The investigation 
of the world space by means of jet devices) was published ("Naunoe 

obozrenie" 1903, No-5 --). He has laid the bases of the theory of rocket 
flight, and gave a series of projects on rocket powered aircrafts.' He has 
also investigated numerous questions related with the flight of human 

beings at high altitudes in the cosmic space. 
The works of K.E. Ciolkovskij on the construction of an all-metal 

airship are, of course, well-known. But only after the October Revolution 
these works as well as the problem of flight by means of rocket-aircrafts 
began to be developed and realized. At the present time, K. E. Ciolkovskij 
is proceeding with his work, regardless of his old age and that be is very 

busy.
The closest follower of the ideas of K.E. Ôiolkovskij, and an ardent 

supporter and enthusiast of rocket engineering, was the very talented 
engineer and inventor Frid.rih Arturovi6 dander (1887 - 1933). 

It was due to his works that the prototypes of the first Soviet 
rocket engines were built during the last 10 years. F.A. Cand.er died in 

1933, but he succeeded to create a united group of workers, his disciples 
and followers [14]. 

Nearly during the time when the Russian scientists were working on 
the solution of the problems of rocket flight, similar works were under 
investigation in different other countries. In 1913, Esno-Pel'tri (in 

France) published some theoretical works on the problems of rocket flight 

/i7. The American scientist Robert Goddard, independently from K.E. 
Ôiolkovskij, developed in 1919 the theory of rocket propulsion [16]. He 
was the first scientist to reach a practical solution to the problem by 

carrying out a series of experiments [17]. The German scientist Obert 

developed, in 1922, on his own, a number of problems related to the theory 
of rocket flight, and carried out certain experimental works and researches. 
Obert, set up a number of his designs on rocket motors and aircrafts /18]. 

It is not a mere chance that the last decadeevidenced an ever increa-
sing interest to the problem of flight by means of rocket engines. The 
expiration for the improvement of aviation, as the weapon of coming wars, 
in capitalistic countries, has led to an intensive work on the increase 
of the flight altitude and the speed of the aircraft. These problems, as
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we have already seen from the foregoing discussion, can be solved only at 

flights high above the ground, in the stratosphere. 
This explains the rapid rise and increasing interest to the problem 

of rocket engines and the aircrafts equipped with such types of engines 
so that they can reach somewhat considerable altitudes. 

The operating principles of the rocket engine is extremely easy and 
consists in the following. On the explosion of a charge inside a vessel 
closed from all sides, the generated gases will exert the same pressure 
on the internal walls of the vessel. If a hole is made, for example, in 
the bottom wall of the vessel, the gases will be discharged throughits. 

until the pressure in the vessel is equal to the ambient pressure (see 
fig. 6). In this case, the pressure on the side walls of the vessel will 
be counter—balanced but in the direction opposite to the direction of the 
flow of the gases from the vessel, where a pressure is exerted, under whose 

influence the vessel will start to move. 
The created force acting on the vessel in the direction opposite to 

the direction of the flow of gases is called the jet force or the thrust 
of the jet engine. The vessel in which the explosion or the burning 
process takes place is called the combustion chamber. The hole in the 
combustion chamber, intended for the flow of gases, is usually provided 

with a conical nozzle. 
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Fig. 6 - A. schematic diagram of the 
performance of the rocket engine. 

1— The direction of motion. 

2— The direction of the gas flow 

3— The nozzle 

4- The combustion chamber. 

It is possible to load the combustion chamber with a charge of an 
explosive or combustible substance, which after combustion will generate 

inside the chamber a gas under a high pressure. On the :f low of the gas 

to the atmosphere through the nozzle, a jet force will be created as a 
result, and if the chamber is not fixed,it will start to move under the 

influence of this force.
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The simplest rocket-craft of such a type is the ordinary well-known 
rocket of the fireworks. 

If the explosive substance or the fuel is fed to the combustion: 
chamber in portions, we can have, not a single combustion process lasting 
for a short period of time only, but a steady-state operation of the engine 
within a certain time interval. 

The intensity of the operation of the rocket engine, as well as the 
internal combustion engine, can be increased or decreased by changing the 
rate of fuel supply to the combustion chamber according to the own wish of 
the driver. These engines can also be stopped and easily started again [19]. 

The characteristic feature of most rocket engines is that the 
composition of the combustible substance on which it operates, whether it 
is a powder or some sort of liquid fuel, is supplied to the combustion chamber 
simultaneously with the oxidizing agent, i.e., with a substance containing 
the necessary oxygen for the process of combustion. 

Thus, the performance of the rocket engine is independent of the 
surrounding density of the air, and can take place even in vacuum. There-
fore, the rocket engine is the most suitable device for the flight of an 
aircraft in the rarefied layers of the stratosphere. 

Rocket engines, which use the oxygen existing in the surrounding air 
as an oxidizing agent (the se-called air U rocket engines), though they 
depend on the atmospheric density, and consequently, they cannot operate 
in vacuum, yet they have a considerably higher ceiling than, for example, 
high-altitude aviational motors equipped with superchargers, due to the 
great speed of flight obtained in this case. 

The simplest scheme of rocket engines working on solid fuel is shom 
in figure 7. The different forms of propellants or any other combustible 
compositions generating a considerable amount of gases can be used as ,a 
solid fuel. The engine consists of a combustion chamber with thick steel 
walls rated to withstand the created gas pressure on explosion. 

The combustible composition is firstly fed into the chamber. After-
wards, it is ignited by means of an electric firing squib, which fires 
an igniter followed by the main mass of the charge. On the occurrence of 
explosion, the combustion chamber starts to move rapidly in the direction 
of the arrow under the influence of the jet force. If the combustion' 
chamber is fixed in a system of some apparatus (a missile or a winged' 
aircraft), the latter will also start to move. 

The scheme of the simplest type of rocket engine working on a liquid 
fuel is given in figure 8. Here, many different substances, such as 
benzene, alcohol, kerosene, etc., can be used as a fuel /201. Liquid 
ogen or air can be used as an oxidizing agent. When the fuel and the 
oxidizing agent are simultaneously fed into the combustion chamber in the 
corresponding proportions, and the mixture is ignited, the performance of 
the rocket engine is initiated..
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Fig. 7 - The scheme of the solid propellant 
rocket engine.	 - 

1— The combustion chamber, 2— The head. 3— The nozzle. 
4— The electric primer (squib igniter). 

5— The charge. 6— The cap. 7- The directionof 
flight. 

The supply of the fuel to the engine is presented in this scheme 
(see fig. 8) as follows 

The fuel and the oxidizing agent are stored in separate tanks, which 
are connected through ohut off valves by means of tubes to the atomizers 
fixed in the combustion chamber; the atomizers are used to inject the 
supplied liquid into the combustion chamber. 

To feed the liquid components (fuel and oxidizing agent) into the 
combustion chamber under a pressure (during the performance time the 
combustion chamber is always kept under pressure), the following procedure 
is applied.. A compressed air cylinder is connected with the fuel and :oxi_ 

d.izing agent tanks through a reducing valve. After adjusting the reducing 
valve to a certain required pressure, the compressed air is let into the 
tanks. As a result, as soon as the valves and the atomizers are opened, 
the fuel and the oxidizing agent are forced to flow from the tanks into the 
combustion chamber [a]. The ignition of the combustible mixture is then 
initiated by means of the spark provided from the sparking plug and the 
magneto, and the engine starts to operate. It is quite sufficient. to ignite 
the fuel mixture only at the first moment, since the new portions of the 
fuel will be spontaneously ignited [22]. By regulating the supply of the 
liquid components it is possible to change the thrust of the engine, or 
even to switch it.off. 

The above mentioned scheme of the liquid propellant rocket engine 
is of course the simplest general scheme. Actually, the construction of 
the rocket motor and all the parts of its units are not so simple, and 

require a number of different installations, instruments, etc. Nevertheless
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the construction and operation of the rocket engine is incomparably simpler 
than any other existing engine system. It is enough to point out that 
the rocket engine has not a single rotating part and does not require any 
particular fine adjustment, etc.
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Fig. 8 - The scheme of the liquid propelland rocket 
engine. 

1- The oxidizing agent. 2- The fuel. 3— A safety 

valve. 4— A valve. 5— The nozzle. 6-. A magneto. 

7-. Manometers. 8— Valves. 9— The engine control 
panel. 10- A sparking pg. 11- A valve. 12- The 
atomizer. 13- Compressed air. 14- A reducing valve. 
15-. The direction of flight. 16- The control sector 
of the atomizers. 

The most complex problem encountered during the performance of the 
liquid propellant rocket engines is the necessity of using liquid gases. 
It has been just mentioned above that most of the rocket engines depend 
for their performance on a mixture of fuel and oxidizing agent, which are 
directly fed into the combustion chamber. As a result, the rocket engine 
has the advantage of being independent of the oxygen existing in the 
surrounding air, and can operate even in a highly rarefied atmosphere. 
However, since a great quantity of oxygen is required for ignition of the 
fuel in the engine, especially in the case when it is necessary to develop 
a great thrust (powerful engines require more oxygen consumption), it seems 
impossible to use any form of oxygen other than liquid. 

If oxygen had to be fed in the form of a compressed gas, it would 

have been therefore necessary to provide either a very large compressor, 
which is driven by some sort of engine, or a complete set of oxygen 
containers. Obviously, such a load cannot be carried by any aircraft. On 
the other hand, the application of liquid oxygen or any other oxidizing 

agent is in its turn connected with a number of serious difficulties, and 
requires a great precaution.
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The use of 1iqiid ogen allows the rocket engine to operate without 
any loss of power in any rarefied medium. Moreover, the smaller isthe 
density of the latter, the more favourable will be the conditions under 
which the engine operates, as far as the pressure opposing the exhausted 
gases decreases. But both the data of the theoretical calculations and 
the results of the experiments carried out for their verification, do not 
give a quite favourable characteristic feature for the liquid propellant 
rocket engines, in respect to the consumed liquid fuel mixture. Thus, it 
has been established that the thrust of the engine is directly proportional 
to the amount of ignited fuel, i.e., the greater is the required thrust, 
the greater will be the quantity of fuel (fuel plus oxidizing agent) which 
should be ignited in the combustion chamber per unit time. Moreover, the 
liquid oxygen itself has a rather considerable specific weight, which simply 
means that any liquid propellant rocket engine requires for its perfor-
mance a great quantity of heavy fuel. In this respect, the internal 
combustion engines are much better than the rocket engines, since they 
utilize for their performance benzene, whose consumption in modern types 
amounts to 220-250 grams per H.P. per hour, and oxygen which is taken 
from the surrounding air; in rocket engines, however, liquid oxygen shquld 
be supplied in addition to the fuel component. As a result, the scientists 
were forced to search for some new types of engines. Of these, we can 
point out the comparatively recent engine suggested by Loren, the so-called 

air-rocket engine [24]. The theory of such an engine was developed for 

the first time in 1929 by the Soviet scientist professor Ste'6kin /27. 

The air rocket engine is based on the idea of providing the oxygen 
necessary for combustion from the surrounding air, andnot from containers 
as in ordinary rocket engines. For this purpose, the engine itself must 
move with a high speed, for example, of the:. order of 100 in/sec (360 km/hr) 
and over. The scheme of the air rocket engine is presented in figure 9 in 
the form of a pipe with a profiled internal canal. 

During flight, the engine sucks the air through the front aperture 
and forces it into the canal. The air is then fed into the combustion 
chamber where it is mixed with the other fuel component, which was supplied., 
through a special atomizer. The mixture is ignited and burnt, and the' 
generated combustion products are discharged through the nozzle in the 
same way as in all rocket engines. 

The velocity of the discharged gases will be greater than the velocity 
of the sucke& air, and as a result of this fact the system in which the 
engine is installed will move forwards. 

It is clear that, since the air'-rocket engines depend for their 
performance on the oxygen of the air, then the density of the surrounding 
atmosphere will have an effect on the combustion process. When there is 
no atmosphere or it is extremely rarefied, the air-rocket engine will not 
be able to operate. However, since at high altitudes very great speeds 

can be developed by the aircraf.ts equipped with air-rocket engines, due 
to the decrease of the aerodynamic drag on condition that the quantity of
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oxygen sucked into the combustion chamber is sufficient for combustion), 
then it could be practically expected that even at very high altitudes the 

air-rocket engine will operate [26]. 

- - 

Fig. 9 - A schematic diagram illustrating the 
air-rocket engine. 

In order to start the performance of the air rocket engine, an 
initial high velocity relative to the velocity of the air must be imparted 
to it. Being in a stationary state, during the flight with small speeds, 

such type of an engine will not operate. 
As a consequence, a question arises in regard to the fulfilment of 

the initial conditions under which the air-rocket engine can operate. 
Obviously, for this purpose, the aircraft equipped with such a type of 
engine must be initially accelerated up to the speed at which the engine 

can start to operate. 
After the required speed is achieved, the air-rocket engine is switched 

on, and the additional engines used for acceleration are switched off. The 
subsequent flight is achieved by means of the oxygen taken from the air, 
which considerably minimizes the weight of the aircraft. Consequently, 
the conditions of its take-off and the subsequent flight are improved [271. 

It is necessary to note that all these assumptions should be checked 

up experimentally. 
The existing types of the above described schemes of rocket engines 

can be divided according to the kind, of utilized fuel into three main 

groups, viz. 
i) Rocket engines working on a solid fuel, containing both the 

fuel substance and the oxygen necessary for the process of combustion; 

2) Rocket engines working on a liquid fuel as well as a liquid oxi-

dizing agent; 

3) Air-rocket engines working on a solid, liquid or gaseous fuel, in 

which the oxygen required for the process of combustion is supplied from 

the ambient atmosphere.
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It is clear, that all the above listed systems can have various 
design and exploitation features. They can differ in their performance 
time, starting from the short-term jet missiles up to the steady and uni-
formily operated engines, whose performance lasts for a considerable period 
of time; the difference may exist in the principle of feeding the engine, 
for example: by means of gravity, under the pressure of compressed air or 

any other gas, by means of special pumps, etc. Various methods can be 
adopted for ignition in the engines, guidance and control of their per-

formance, etc. 
Being installed in aircrafts, the rocket engines can be correspon-

dingly subdivided according to its purpose into the following 

1) Rocket-powered aircrafts (RLA), or as they are simply called fire-

work rockets;	 - 

2) Flares, used for signals (sound, smoke, light, etc.); 

3) Warheads or rocket missiles (for different military purposes);. 

4) Hail breaking devices (used for the dispersion of the hail-clouds); 

5) Rockets used for the purposes of aerial photography, and for 
lifting other scientific instruments up to high altitudes for scientific 

researches; 
6) ILA (Rocket-powered Aircrafts) or rockets for the transport of 

mail and goods; 

7) Rockets for lifting meteorological instruments to high altitudes. 
In the next paragraphs the most interesting types of ILL, or as it 

is often called rockets, will be described. According to Its construction 
the RLA (Rocket-Powered Aircrafts) can be divided into the following types: 

i) Wingless RLA (Rocket-Powered Airorafta) or rockets, rocket missiles, 

etc.

2) Winged RLA (Rocket-Powered Aircrafts); 

3) Integrated RLA (Rooket-Powered Aircrafts), i.e., which are any 
apparatus or device with a rocket motor set (combustion chamber, tanka, 
etc.) installed on it; 

4) Compound BLA (Rocket-Powered. Aircrafts) consisting of a number of 
subsequently acting rockets. In this type, the developed rocket is dis-
engaged during flight in order to decrease the weight of the aircraft;': 

5) Single motor and multi-motor RLA (Rocket-Powered Aircrafts), 
according to the number of the installed combustion chambers and nozzles; 

6) RLA (Rocket-Powered Aircrafts) with engine types different from 
-those described by the present author, or their patterns and combinations; 

7) Uncontrolled RLA (Rocket-Powered Aircrafts), i.e., with fixed; 
stabilizing surfaces, to ensure stable flight in the given direction; 

8) Controlled RLA (Rocket-Powered Aircrafts), which should haye a 
special mechanism for automatic control (in the future, the control' of 
rocket aircrafts and rocket planes will be, apparently, carried out by' 

the pilot). 
In spite of the great interest aroused at the present time by the 

rocket problem, and of the fact-that the possibility of flight by means
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of engines utilizing the flow of the discharged cases is practically known 
since a long time age, the rocket engineers have not until now laid such 
broad and diverse foundation on which their work can rest. Also, they have 
not yet achieved such results and success, so that we could say that there 
is a serious possibility or, all the more, a necessity for the classifica-
tion of the existing rocket engines and their systems. 

Therefore, it is enough to be limited with the given short list of 
the cases of the application of rocket crafts for certain purposes, which 
have already taken place, leaving all the other questions related to fantasy 

where they should be in reality. 

Chapter IV 

THE CHARACTERISTIC FEATURES OF THE ROCKET ENGINES 
AND DEVICES 

The fuel components (fuel and oxidizer) are fed into the combustion 
chamber of the engine, ignited, and the generated combustion products are 
discharged with a great velocity through the nozzle. As a result, the 
engine will develop a thrust equal to the force created by the discharged 

gi.8es.
Thus, the thermal enery of the fuel is directly converted to a 

kinetic enerr, which can be utilized to perform a useful work. The thrust 
of the rocket engine is equal to the momentum produced by the gas jet per 
unit time, according to the following equation 

where	 the thrust of the engine, 

in = k/g = the mass per second, 

k	 the rate of consumption of the fuel mixture, 

g	 the gravitational acceleration of gravity 
w = the velocity of the gas discharged from the nozzle, 

conforming with the following equation 

w= 9 LS 3 VYtIF.)IL, 

where	 0.2 - 0.4 is the thermal efficiency [29], H is the calorific 

value of one kilogram of fuel mixture, consisting of the corresponding 
proportions of fuel and oxidizing agent. 

The density of the air decreases with climbing, and consequently,. the 
difference between the pressure inside the combustion chamber of the engine 
and the ambient pressure, increases. Accordingly, the thrust of the engine 

4 increases with climbing. 
The character of the change of thrust for small rocket engines is

illustrated in figure 10. The values of (in kilograms) are presented along



- 400 - 

the vertical axis, and the altitude (in thousand meters) is presented on 
the horizontal axis. From the diagram, it is clear that the velocity inc-
rement at an altitude of about 20 km. is approximately equal to 8 per cent 

[3oJ.
Figure 11 shows the relationship between the force of the thrust .and 

the rate of fuel consumption, which is one of the basic conditions, as 

given by the formula of 
Another factor having a strong effect on the value of the reactive 

force is the discharge velocity of the combustion products. In order to 
increase the efficiency of the engine, it is necessary to find out by means 
of the suitable selection of the composition of the mixture the greatest 

value of w.

fit 
'11011 (11111)11	 (81/UI)	 hm)

Fig. 10 - The change of thrust with altitude. 

The efficiency of the rocket can be represented in the following 

form [31] :
U, 

Tip

1+ (-;i;--) 

where v the flight speed and w a the discharge velocity. 
The relationship between the efficiency of the rocket and the flight 

speed, calculated for a value ofw = 2400 m/sec, is presented in figure 12. 
The horizontal axis represents the values of the velocity v and the 

vertical axis represents the values of YL. It is clearly seen from the 

diagram (see fig. 12) the disadvantages o the application of rocket engines 
at small motion speeds, which takes place during flights at a zero altitude 
(on the earth's surface) and for any kind of rocket motor—cars and similar 
devices. The tendency of many scientists to use rocket motors for small 

speeds on the ground, indicates their complete ignorance. 
Then, an important condition for the calculations related to the 

rocket device is the proper choice of the combustion time of the motor. It 
could happen that tending to achieve the best results, the rocket may be 
loaded with such quantities of the fuel mixture that will not, any how, be 
efficiently utilized. The combustion time will be longer the greater is 
the ratio of the weight of the fuel to the total weight of the rocket, and 

the reater is the discharge velocity of the combustion products. The 
character of this dependance on w is shovm in figure 13, where the different 
values of the velocity w Pare inserted along the vertical axis and the time 
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(expressed in minutes) is inserted, along the horizontal axis. 
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Fig. 11 - The relationship between 
the thrust and the consumption of 
the fuel mixture.
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Fig. 12 - The relationship between 
the efficiency of the rocket and 
the flight speed. 

The thrust of the air-rocket motor can be estimated from the following 
foniila [32]

	

(1) .	 a -----

where C = the coefficient of thrust, 
the inlet cross-sectional area of the engine, 
the air density and 

v	 the velocity of motion. 

The selection and calculation of the different parts of the rocket 
motor and their installation can be, in many cases, carried out by the well- 
known methods used in other correspondinI, fields of techno1o r . But it. 
should be noted that the final results and the practical achievement of. a 
satisfactory performance of the rocket motor installation can be obtained 
only by means of experimental vork and adequate study of the performance of 
the engine, under stationary and laboratory conditions. The extreme simpli-
city and even the well-known schematic character of the rocket installations 
should not give rise to thoughtlessness on working in this field. 

wmJec	 - 

I	 z - 

Fit. 13 - The relationship between the discharge 
velocity of the combustion products and the combustion 	 - 
time.
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The fliht of any rocket aircraft of the type RLA (Rocket-Powered 
Aircraft) can be divided into a series of stages. The first stage is the 

lift uj and take-off; this process could be carried out by means of any 
device. Afterwards, the flLA (Rocket-Powered Aircraft) passes into the 
second stage, the flight upwards with an increasingly rising speed and 

by means of the installation of a rocket motor. This flight can take 

place along the vertical direction as well as at any angle to the horizon. 
In this case, the wingless RLA (Rocket-Powered Aircraft) will have some 
curved trajectory, whereas the winged RLA (Rocket-Powered Aircraft) will 
tend to increase the take-off angle, due to the increasingly rising flight 
speed as well as the greater lifting force, and then it bents into a loop. 
Therefore, in the last case, if the take-off velocity is actually high, 
the aircraft should be provided with a device or a certain control system 
to maintain its straight climbing trajectory. 

At the end of the combustion process (in the combustion chamber of 
the motor) i.e., when there is no more reactive force acting on the RLA 
(Rocket-Powered. Aircraft), the latter will continue to fly upwards by means 
of inertia. As it will be seen from the subsequent discussion, the dis-
tance crossed by inertia without the aid of the motor, may be very big, and 
sometimes it exceeds the distance crossed by the propulsive force of the 

motor.
After reaching the highest point in the trajectory, the rocket tame 

to free falling. If the craft is iinged, it will glide from the reached 
altitude. The equations of motion can be presented in the following general 

forms  

•	 -. g sin 0 - 
flAp () 0(p; 

(It	 In 

_	
II,Av 

L cos 0 
(It	 In	 V 

where v - is the flight speed, 
- is the inclination angle of the trajectory, 
- is the thrust of the motor, 

m - is the mass of the aircraft, 
A - is the ambient density 
g - is the gravitational acceleration of gravity, and 

and R are the aerodynamic forces at a speed of v = 1. y  
it 

Solving these equations by the wellknoim methods of numerical integ-
ration, we can find all the interesting parameters of the RLA (Rocket-Powered 
Aircrafts) as functions of time, and plot its trajectory. The main interesting 

A detailed presentation of the calculations related to the RLA (Rocket-
Powered Aircrafts) is not the subject of this work. Therefore, we refer the 
readers who are interested in this sort of study to a specialized literature.
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characteristics of the rocket-powered aircrafts can be found by approximate 

methods after making some assumptions. 
In the case of a straight line flight trajectory (carried out with 

the motor working on) with an angle to the horizon, the equation of the 
forces existing under equilibrium will be expressed as follows 

I?uj' .	 -- (). sin 0, 

where R = C A is the component of the harmful resistance and Q is the 
x	 xs average weight of the aircraft (which is projected on the trajecoxr). 

The highest speed of the RLA (Rocket-Powered Aircraft) is represented by: 

the following relationship

VI 

and in the case of vertical climb we have 

The obtained value of the speed v1 will represent an average value: 

if the calculations are carried out for an average weight during the per-
formance time of the motor, beginning from the moment of its start till 
the end of the combustion process. The height of the lift, with the motor 

working on, will be equal to

-:. v 1t sill 0, 

where t is the performance time of the motor. 

In order to take the change of density into consideration, we can 
recalculate the value of the speed v, after the determination of the. height 

and its corresponding density ' , by using the following equation 

In this case, the height of the lift, with the motor working on, will be 

= vt sin 0. 

In the case of the vertical rise of the rocket, the following formula 

for the determination of the greatest flight speed can be written if the 
calculations are carried out without taking the air resistance into consi-

deration

V
I tfl%)
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where Q	 - is the flying weight at the moment of the start; 
— is the weight of the unloaded, aircraft and 

emty - is the burning time. 

The height of the left, with the motor working on, will be equal to 

I1MO1'. =i	
(In i) ...	 ._. 

The height of the lift by inertia will be equal to 

1)erh	 2g 

and the greatest overall height of the lift will be equal to : 

If ..- ii41', 

If the calculations are carried out by taking the air resistance into 
consideration, the obtained results will differ considerably (getting worse); 
the difference for low flying rockets will be greater than that for rockets 
flying at high altitudes. Two trajectories for the flight of the same 
rocket at a constant rising angle, with and without the consideration of 
the air resistance,-' are given as an example in figure 14. 

The characteristics ('taking the air resistance into consideration) 
of a rocket achieving a flight height of 133 km are presented in figure 15. 

ri 

Fig. 14 - The trajectory of a rocket flight, with and 
without the consideration of the air resistance. 
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Fig. 15 - The characteristic features of a rocket. 
- The horizontal axis represents the time (expressed in seconds). 
- The vertical axis represents the following parameters : the-accele-
ration j, the velocity v and the height z, for every given moment of 
flight.
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- The duration of the flight is 233 sec. 

The speed of flight increases rapidly and reaches a value of 220 
rn/sec at the 25th second, of flight, and more than 350 rn/sec at the 50th 
second of flight. 

Afterwards, the speed increases more rapidly, since the rocket exists 
at an altitude of 90 km where the aerodynamic drag is insignificant, reaching 
its maximum (1340 rn/see) at an altitude of about 100 km. The flight 
proceeds by inertia up to an altitude of 133 kin; at which the theoretical 
value of the speed falls to zero, and the aircraft turns to descent. The 
acceleration decreases slowly at first, and its curve turns at the moment 
when the velocity of the rocket exceeds the sonic speed; the rocket then 
rises steeply upwards. 

In conclusion, it should be pointed out that the research work on 
rocket motors and aircraf is has only started recently. This is why this 
field of engineering is still insufficiently studied, and, of course, the 
few known attractive theoretical methods for the preliminary determination 
of the characteristics of the rockets need further development and thorough 
experimental testing.

Chapter V 

ROCKET ENGINES AND OTHER DEVICES WORKING 
ON SOLID FU ELS 

The ordinary rocket used for fireworks (fired during the celebrations) 
is the simplest type of aircraft moving by means of a solid propellant 
rocket engine. This rocket consists of a cartoon case filled with a pro-
pellant charge. The case is closed from all the sides but one, where thre 
is an exit through which the gases are discharged after iiition of the 
propellant. The propellant powder should be stuffed into the case as dense 
as possible, so that the combustion process could take place on its surface. 
Somebints an internal channel is made in the charged mass to increase 'the 
burning surface. If clue to any reason, such as the improper pressing of 
the propellant, an instantaneous combustion takes place, the rocket will 
explode. The composition of such a type of rocket is fixed to the charged 
case as a useful load, and stabilizers (or simply a long stick) acting as 
a tail are arranged to stabilize the motion of the rocket. 

The solid propellant rocket engines have been widely Practised lfl 
Germany, where a series of various experiments have been carried out. 

Different patterns and combinations of solid propellant combustion 
chambers have been installed in motor—cars, miles, railcars, gliders, etc. 

11
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Fig. 16 - The cross-section of the solid propellant 
combustion chamber. 

A schematic diagram of the solid propellant engine, u;ed by the 
German engineer Opel in his rocket motor-car is presented in figure 16. 

The motor-car of Oi.;el is shown in figure 17, together with an installation 
of 12 types of such engines in the form of a set. The engines are alter-
natively inited in the desired sequence (see fig. 18), and the created 
force (or rather a push) results in the movement of the car. During the 
test of this motor-car on April 1928, the achieved speed was equal to 100 
km/hr. During the subsequent tests, a speed of more than 200 km/hr was 

achieved. The increase of the speed was extremly fast, to the extent that 
after the experiments the driver suffered from pains, which were attributed 
to the effect of the acceleration. Of course, after the consumption of the 
charge of the engine set, the motor-car continued to move by inertial with 

an increasingly rising speed. 

Fig. 17 - A rocket motor-car 

The main difficulties opposing the realization of the rocket installa-
tion in motor-cars were the high explosive temperature as well as the 
generated very great gas pressure. A great deal of work needs to be carried 
out for a long time to find out suitable types of slowly burning solid 
propellant, and also combustion chambers capable of withstanding such 

high pressures. 
The control of the motor-car was realized by means of an ordinary 

steering wheel, and the contacts switching on the ignition were connected 

to the foot pedal. Pressing the pedal, the combustion chambers were fired
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alternately, so that by a quick press down to the stop it was possible to 
start all the engines almost instantly. 

The designer of the solid propellant engine, installed in the motor-
car of Opel, was the German engineer and pyrotechnician Zander. 

-	 • 
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Fig. 18 - Demonstration of the rocket motor-car 

After the successful experiments with the motor-cars, Opel and Zander 
carried out also some experiments with rail cars, boats, motorcycles, etc. 

The experiments were also associated with some failures. For example, 
the performance of the rail car began without the existence of a driver, 
and as a result, it exploded and crashed. Also, the boat, which was driven 
by Opel, had sunk after explosion, and he had to swim to save himself. 

In Germany also, the first experiments carried out on aircrafta 
powered by solid propellant rocket engines were achieved, wring the first 
experiments, a tailless glider of the type "duck" was constructed, i.e., 
with a fin assembly situated ahead of the wines (see fig. 13). 

Fig. 19 - A rocket glider of the type "duck". 

Crafts of such type are distiniished with high linear stability, 
and it is assumed that they cannot lose speed. For flight testing of the 
propellant engines, such qualities of the "duck" had a considerable signi-

ficance. However, the possibility of the sudden ignition of all the chambers 
was not excluded, and hence the aircraft under the effect of a strong push
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could lift up, 1oe speed and stall on its wing, or on the contrary, it 
could force its way into the ground with an angle. 

Since the first experiments had been carried out nearby the ground, 
at an altitude of 10-15 in, these considerations were highly significant. 
Besides, the design of the "duck" glider allowed to install easily a set 
of rockets nearby the craft's centre of gravity. De to this fact, great 
moments, which tend to bring the aircraft out of balance, will not appear 
during the performance of the engine, even in the case when all the chambers 
explode at the same time. The installation of the engines in a similar 
position in o'dinai,r type aircrafts would be impossible, since the exis-

tence of the fuselage and tail assembly will prevent this process. 
On the 11th of June 1928, the pilot 6tammer fulfilled the first 

successful flight with a such type of aircraft, achieving a -flying record 
of about one minute, and a range of up to two kilometers. 

Opel'.-; rocket aircraft (1929) is shown in figures 20 and 21, before 
flight, when the engine was ready for the start, and at the moment of 
take- off.

do, P
p/_ 

Fig. 20 - Opel's rocket glider. 

Opel selected for his experiments a single-seater glider - which is 
a high-wing monoplane strengthened by wing bracing struts. The tail unit 
was r:ised and connected to the wing and the end of the fuselage by means 
of a simple truss made from tubes and bracing wires. The fuselage was 
substituted by a small cabin, in which the pilot's seat was located in its 
front Part, and the aggregate of the solid propellant chambers was 
installed in the rear. Due to the fact that the tail assembly is raised, 
and its bracing tubes are moved aside, the gases discharged from the engine 
have a free path. The engine, as in the 6tammars. aircraft, was situated 
nearby the craft's centre of gravity. The control of the ignition process 
in the combustion chamber was carried out by a sector situated on the left 

of the pilot's seat. The pilot had, the possibility to ignite each rocket 
separately. Opel succeeded to travel about two kilometers and to stay 
in air for 45 sec. The highest flight altitude was not more than 15 m. 
airing his first flight, Opel was able to ignite only 9 rockets out of 
the 12 rockets installed in his glider.
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Fi. 21 - The Thke—off of the Opel's glider. 

3 

Fit. 22 -	 jencra1 view	 Fi. 23 - The take—off of the Ti1ina's 
Of one of the Tilixt's	 rocket. 
rocket. 

Speakin of thQ attempts carried out by the German researches to 
ue the olid propellant rocket engines fo' flight, the works of the 
Pilot - enineer Tiling will be discussed. This scientist carried out 
his experiments on sall models of different types, in ihich solid jr 
pellant rocket erines were installed (see fig. 22 and 23). 

The;e models had simplified, to a treat extent, the entire work, 
and periiz1tti to conduct experiments on a large scale with the minimum 

expenses, and to solve many va12e problems inevitable durinL the preliminary 
stages of any zcientific research work, and especially in an absolutely 
new and unstudied field such as the Problem of rocket f1ihts (as it was 
at that time). 

Undubtedly, the models of the solid propellant rockets, which can
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be considered a Pure pyrotechnical inclination in his work, were not in 
themselves a target for Tiling. His main object was to realize the flight 
of large rockets for transport or cargo (combat) up to high altitudes and 
ranges. Tending to achieve in his works the possible highest lift altitude 
of rocket models, Tiling set as a condition a gradual rather slow increase 
of acceleration at take-off, since he had never left the idea that a human 
being will be able to fly at last in his rocket. This condition will be 
decisive in the case when the rocket carries a living load. As it is well-
known, a human organism can hardly bear acceleration; he can only bear 
small values (of about 3-5 times that of the acceleration due to gravity) 
during a very short period of time. 

The rockets designed by Tiling did not look like pyrotechnical toi es, 
since they had quite high dimensions. The wing span in the diverged 
position reached up to 3 m, and the length of the rocket amounted approxi-
mately to the same value. Undoubtedly, the designer was planning to shift 
later on to considerably greater models. Tiling's models were spindle-
shaped with tapered good aerodynamic shape; stabilizing surfaces (tails) 
were fixed to the body. Two of the four tails could diverge automatically 
after the achievement of the maximum lift altitude by the rocket, acting 
as wings, with whose aid the device could reach the ground. Tiling 
attached a particular importance to the problems related to the safe 
landing of his devices. Tiling's rockets could climb to altitudes up to 
2 km, from where they could glide due to the existance of the wings,.and 
perform a safe landing. In some designs the diverged blades imparted a 
rotatory movement to the rocket around its longitudinal axis. As a 
result of this movement, the return of the rocket was delayed and the 
safety of landing was increased,. 

The combustion chamber and the nozzle of the rocket were made of 
steel, and the stabilizers as well as the other accessories of the body 
were manufactured from non-ferrous alloys of the type used in aircrafts. 
In some rockets, the body was a kind of a wooden bar, to which a chamber, 
loaded with a propellant charge, and stabilizers were fixed. 

Figure 24 shows the rocket of the American professor P. Goddard. 
A pressed solid propellant charge was also used here as a fuel for the 
rocket engine. The combustion chamber and the nozzle of the rocket were: 
made of nickel-chrome steel. According to its design, the rocket was 
made of two parts in order to develop a greater speed; during flight, 
the biggest part of the engine was the great engine dropped at the end 
of its combustion time, and the remaining small part continued to fly 
with a greater velocity. As a result, the whole aggregate would exist, 
on the start of its performance, in a rarefied atmosphere, after its 

initial lifting up to this height by the force of thrust of the big engine. 
The idea of the multi-stage rocket, as already mentioned before, 

consists in the following: the rockets are used successively, dropping each 
part at the end of its performance times the lower dense air layers can 
be crossed with a minimum speed, and consequently, with the minimum 
losses, decreasing the weight steadily. Further on, in the rarefied
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atmosphere, this should give the possibility of developing greater speeds 
and to reach the maximum height of the lift. Another characteristic 

feature of Godd.ards rockets was the arrangement of special inclined 
channels, also loaded with the propellant charge, in the noze part of the 
rocket. Each of these channels is in fact a small rocket engine. When 

Fig. 24 - The scheme of Goddard 1 s solid propellant rocket. 
1- The propellant charge, 2- The cross-sectional area of the 
rocket, 3- The channel, 4- The nozzle,	 5- The big engine 
of the rocket, 6-. The charge, 7. The small engine of the 
rocket.
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Fig. 25 - A schematic diagram showing the models of the 
devices equipped with solid propellant rocket engines. 
1- The trajectory of one of the flights. 2- A model 
with tail fins. 3- Tailles6 models.
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the channels are ignited, the upper part of the rocket rotates rapidly 
under the action of the reactive force, functioning as a kind of gyroscope 
tending to keep the position of its axis of rotation constant. The idea 
of imparting a rotatory movement to the rockets, similar to the rotation 
of gun projectiles, was a considerable step towards the increase of the 
flight stability of the rockets. 

In some countries, at the time of the development and testing of 

the wingless aircrafts and rockets, driven by solid propellant engines, 
similar experiments on the utilization of such engines in various aircraft 
models have been carried out for military purposes. 

A series of experiments on flying rocket torpedoes designed by Unge, 
have been carried out in the ICrop's proving ground (in Germany). Similar 
experiments have been also carried out on sea torpedoes. As a result of 
these experiments, it has been found that the solid, propellant rocket 
engine could operate also under water after its ijtjon. 

Figure 25 shows a schematic diagram of the models tested in 
Vasserkupe in 1928; tese models were equipped with propellant chambers 
of different thrusts. 	 The thrust ranged from 3 up to 300 kg., and the 
dimension5of the models were not more than 3 meters for the span. A great 
attention was given to the smooth steady take—off of the models, which was 

quite a difficult process to achieve. Under the influence of the propellant 
engine, which imparts an instantaneous great speed to the rocket, the 

model had a tendency to bent into a loop or, if the take—off angle was 
great, to lose speed and stall on its wing. In the case of successful 

take—off and acceleration, the model started to climb under the influence 
of the thrust of the rocket engine, and at the end of the combustion 
Process it continued climbing upwards by inertia, ending its flight by 
gliding, covering rather a considerable distance. Highly significant 
results have been obtained as a result of the successful flights. For 
example, the correct alignment of the whole rocket has been achieved. 
Also,it has been succeeded to counter balance the moments developed by 
the reactive force of the engine, on one side, and the component of the 
air resistance, on the other side. 

At the first sight, the extraordinary advantage of the utilization 
of the solid propellant rocket engines in any kind of devices, moving 
either on the ground or flying in the air, has attracted for a long period 
of time the attention of many scientists. As a result, various devices 

have been developed and constructed during the last years. In fact, not 
a single research worker of rocket technology has by—passed the solid 
propellant rocket engines in his work, and, therefore, they constituted 
a kind of school for the future researchers. 

However, it is necessary to note that very soon it became clear that 
it is disadvantageous, difficult and dangerous to use solid propellant rocket 

For more details the reader is referred to "Z.F.N., the volume published 
in 1928 [331. 

,
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engines in any kind of ground carriages or even in aircrafts flying with 
very small ground speeds. 

Under these conditions, not more than 3-5 per cent of the energy 
developed by the rocket engine was effectively consumed, i.e., the 
efficiency is practically equal to an infinitesimal quantity. 

Thus, the use of solid propellant rocket engines has lost its 
interest, and if there are still some works carried out on cars and other 
devices driven by such engines, they are only a result of the novelty of 
the problem in general and of the necessity to solve and study a number 
of related problems, in particular. Besides, the best agitation for the 
rocket problem, especially during its first period, was rather the demons-
tration of the rocket motor-car, undoubtedly moving by means of an engine 
operating on a quite new principle, regardless of the sceptics opinion, 

Moreover, one of the characteristic features of the solid propellant 
rocket engines is the extreme short performance time [341 . Within two 
seconds the engine imparts to the device the maximum speed in the form of 
a strong push, which then damps down to zero or until ignition of the next 
chamber is initiated. Of 'course, the obtained accelerations reach a very 
high magnitude, with all the ensuing phenomena for the crew of the rocket 
device and the strength of its construction. 

Generally speaking, the performance of the rocket engine on a solid 
fuel is nothing but a reactive shot, or a series of such shots if a number 
of chambers are connected in series. 

Attempts to arrange such engines in the form of great multi-charge 
batteries, or an installation of recharging attachments, have been met with 
design difficulties, awkwardness and the extremely great weight of such 
installations. If the method of decentralization of the rockets is 
applied, i.e., to distribute them all over the construction of the given 
device, this will certainly lead to the increase of its weight, since 
considerable strengthening of the parts is needed so that they could with- 
stand the effect produced by the rockets. Besides, it is necessary to 
assure the complete reliability and synchronization of the performance of 
the engines, otherwise the balance of the device (such as an aircraft) 
will be disturbed in the case when the rockets are fixed on its wings. 

On the top of all the preceding factors the work with solid prope-
llant rocket engines is extremely dangerous. There is a number of well-
known cases in which the propellant rocket installations exploded. As an 
example, we can note the death of the German engineer Tiling with the 
entire group of his laboratory on the 10th of October 1933 as the result 
of an explosion. 

One of the main disadvantages of the systems equipped with rocket 
engines working on solid propellantjjs the comparatively lou, calorific 
value of the latter. Thus, the calorific value of the solid propellant 
is about 900 Cal. per one kilogram, while that of some of the existing 
liquid fuels may amount up to 2000 cal. per one kilogram. 

All these circumstances illustrate quite convincingly the fact that 
the solid propellant rocket engines are not suitable for the different 
kinds of ground or air devices [357.	 -
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In fact, if we go through the literature for recent works carried 
out in the field of rocket propulsion, we will see that rocket motor-cars 
fitted with solid propellant chambers or any similar constructions are not 
met anywhere. 

It should be noted again that even in the case when all the technical 
and exploitational difficulties are successfully overcome, and the safety 
Of the experiments conducted on the solid propellant rocket engines is some-
how achieved, their application as devices moving with ,round speeds (which 
is infinitesimal from the point of view of rocket engineers) would still 
be disadvantageous. A sufficient efficiency could be achieved for the 
various devices only at very great speeds, measured in hundreds of metres 
per second. 

Therefore, it is possible to refer to the application of the solid 
propellant rocket engines for aircraf-ts as auxiliary means only, and in 
first place, as a powerful short acting power source to facilitate the 
take-off. 

The object of the rocket boost of an aircraft is the utilization 
of the thrust of the rocket engine to impart an additional acceleration 
to the aircraft, and t}iereb,r , to shorten the 1wning period of take-off. 
The rocket boost of an ordinary aircraft has considerable advantages. 
First of all, it makes it possible for the over-loaded aircrafts, witil., 
great flying weights and insufficient motor power (power which is enough 
for flight but is small for take-off), to take-off easily. It will be. 
also posib1e for the powerful and heavy aircrafts to take-off from aero-
dromes with a reduced field or with a partially spoilt field. The 
booster locket will enable the aircraft to take-off, for example, froin a 
mountainous land or from the deck of a ship, etc. Finally, when the 
aircraft is lifted up, the solid propellant rocket engines can be tised 
to get a Aster climb. The rocket installations for the process of boost 
can be designed in such a way that they can be dropped after their use: 
to decrease the weight of the aircraft and to minimize the aerodynamic 
drag.

However, it should be particularly mentioned that if, as stated 
before, the solid Propellant rocket engines are used only as auxiliary 
means (for the booster rockets) for the transportation of people by air 
or ground, they could also be very convenient and formidable weapons, - 
being inctalled in rockets or winged models that are not carryin a living 
load.

Undoubtedly, the propellant rockets developed by Tiling and many 
other scientists, besides their moderate uses for "mail" or "passenger" 
purposes, they can be (and surely they will be) easily used as combat 
means, i.e., as rocket projectiles and torpedoes. 

The role played by rockets as siial1ing and lighting devices for 
military purposes is not new and is well-known. Later on, after its 
improvement, the rocket started to be used as an incendiary projectile 

For more details the reader is referred to "Tehnika vozdunogo flota", 
No.1 1 1 934, P.64-75.



- 415 - 

Such roc\(ets had been also widely used in the ancient times (by the English 
army during the period of the Napoleon's wars, and even by the Russian 
army, as a rocket artillery, for the conquest of irkstan), but from the 

middle of the last century rockets were almost superceded by artillery 
(clue to its great achievements) and only recently (at the time of the 

development of the enire rocket problem) they have been recognized again 
as pure combat means. 

In regard to the jet aircrafts (carrying no living load) equipped 
with Propellant engines, we are in fact dealing again with a booster rocket; 
the only difference is that the device to be accelerated is not an aircraft 
but a special projectile or apparatus, and the value of the gained accele-

ration is almost unlimited. The allowable overloading limit is given 
according to strength considerations only, and consequently, may be practi-
cally very great. Undoubtedly, the use of the solid propellant rocket 
engines can give good results mainly in this direction. 

By estimating, in general, the possibility and expediency of the 
utilization of the solid propellant rocket engines for flights as well as 
ground transportation, it should be directly stated that it is dangerous 
and disadvantageous to fly or move by their means on the ground.. This 
conclusion is not based on principal reasons, but depends on the above 
partially described features and disadvantages, which are characteristic 
of the solid propellant as a fuel charge for an engine. Moreover, human 
beings have not yet been adapted to travel under the conditions at which 
the solid propellant engines could be useful. 

Under ordinary conditions it is possible to refer to their utilization 
as booster rockets for aircrafts (or other devices), as well as rocket 
missiles.

Chapter VI 

ROCKET ENGINES AND DEVICES WORKING ON 
LIQUID FUELS 

"Idea precedes realization, imagination 
precedes accurate calculations", 

K. Ciolkovskij 

Since more than twenty years ago the Russian scientist Kons-tantin 
Eduardovib Ciolkovskij suggested, for the first time in history, the utli-

zation of liquid substances and oxidizers as fuel components for the locket 
engines. 

Rockets were used as incendiary projectiles before the improvement ofthe 
incendiary ammunition. They were also used in the airforce during the first 
half of the world war as means for destruction of the captive balloons.
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The present author has pointed out before, on discussing the works 
carried out on the devices equipped with solid propellant engines, the 
numerous disadvantages and characteristic features of the solid propellants, 
which limit their utilization for flights. 

It was necessary to approach the subject in a different way and find 
out some other types of fuels and methods for feeding the rocket engines, 
which can keep the engine working in the form of a continuous cycle and 
which can make it possible to control their performance regime. 

Thus, the shift from solid propellants to liquid fuels has been done, 
sooner or later by every test worker and research scientist in the field 
of rocket technoloy, without any exception. This shift was natural, logic 
and inevitable. 

The application of the liquid fuel rockets as a mean of manned flight 
in the cosmic space was suggested by K.E. Ôiolkovskij as long ago as 1903 
1371.

At the same time, K.E. Ciolkovskij did not give a design project of 
his interplanetary space-craft, considering that a more detailed development 
of the theoretical principles of his idea should be firstly carried out. 
A short description of the rocket schemes given by Ôiolkovs1r, which are 
presented in fignre 26, will be given below [381. 

"The rocket (1903) is a metal propelled chamber having a shape which 
gives a minimum resistance on flight, and is supplied with light ogen 
absorbers of carbon dioxide as well as other animal secretions. The rocket 
is designed to carry not only the different physical instruments but also 
a cabin for the pilot. The cabin comprises a great reserve of materials 
which form an explosive mixture immediately after their mixing. After the 
correct and rather uniform explosion of these substances in the prescribed 
place, they arc discharged in Lhe form of hot gases through tubes widened 
at their ends, resembling a megaphone or a musical wind-instrument. These 
pipes are situated along the chamber sides in the direction of its length. 
Mixing of the explosive material is carried out in the narrow end of the 
tube, where the generation of hot and concentrated gases takes place. The 
gases are allowed to expand and, consequently, cool, where upon they rush 
outside the other end of the tube through the bells with a relatively great 
velocity. The whole reserve of the explosive material is consumed within 
20 minutes. The tube in which the gases flow is surrounded by a casing 
in which a cooling liquid ( hydrogen or o rgen) having an approximate 
temperature of 2000 C is circulated very rapidly. 

In order to prevent the rotation of the rocket during flight, the 
reactive force must pass through its centre of gravitr. The accidentally 
disturbed inertia can be readjusted by either displacing some mass inside 
t1e rocket, or turning the end of the bell or the front rudder. If the 
manual control of the stability is found to be difficult, then different 
automatic devices (rroscopes, a magnetic needle, the power of the sun 
rays, etc.) can be used. When the balance of the rocket is disturbed, 
then the focus of the sun, obtained by a biconvex lense, changes its 
relative position in the rocket and excites, firstly, the expansion of
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Fit. 26 - The rocket schemes of K.E. Ciolkovskij. 
1- People, b:L-eathino and other devices. 
2- Liquid oxygen, freely evaporating at a very low temperature. 
3- Liquid hydrocarbon. 
4- The rocket of the year 1915. 
5- The rocket of the year 1914. 
6- Liquid hydrogen. 
7- i human being. 
8-. An absorber of carbon dioxide. 
9- Liquid oxygen. 
10- The rocket of the year 1903. 

the gases, then, the electric current and, finally, the displacement of 
the masses (which must be two); accordingly, the balance of the rocket 
will be restored. The eyroscope consists of two discs rapidly rotating in 

different planes, and can be also used for stabilizing the rocket; acting 
upon springs, it can on deformation excite an electric current and affect 
the displacement of the masses. 

The thickness of the walls of the tube will not be more than 5 mm
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if steel is used, but it may be melted (its melting point is equal to 
13000R). Therefore, a better refractory material such as tungsten, with 
a melting point of up to 32000 C, should be used. 

In subsequent works, K.E. Ciolkovskij has developed and improved his 
projects in more details, but he never gave up the idea of flying in the 
cosmic space. 

The rocket (1914) consists of two chambers situated in its front 
part. The chambers are separated by a partition which is not shown in the 
figure. One of the chambers contains liquid oxygen which is freely evapo-

rating. The oxygen has a very low temperature and surrounds part of the, 
explosion tube; the other parts are subjected to a high temperature. The 
other chamber contains liquid hydrocarbons. The two black points existig 
at the bottom of the figure represent the cross—sections of the pipes 
feeding the explosive material, to the explosion tube. The inlet of the 
explosion tube (see the space around the two points) is fitted with two 
branches, through which the rushing gases flow carrying the liquid 

explosive elements and pushing them into the tube, exactly like an injector. 
The freely evaporating liquid oxygen, in its gaseous and liquid states, 
flows inside the space existing between the two shells of the rocket, and 
thereby prevents heating of the rocket's interior during its rapid motion 
in the air. The explosion tube takes a winding path along both the 
direction parallel to the axis of the rocket and the normal direction. The 
aim of a such arrangement is to prevent the rocket from turning round, 
and to improve its contro11 ability. The rapid flow of the cases along 
this winding path permits to dispense with massive rotating discs. The 

right side of the front part of the rocket is completely isolated, i.e., 
closed from all sides. This section contains 

1) The necessary gases and vapours for breathing; 
2) Provisions made to protect the human beings from gravity (up to 

fivefold or tenfold), for example, a man can rest in a lying position inside 
an instrumental case with water; 

3) Food reserves; 

4) Control devices, regardless of the lying position in water; 
5) Substances absorbing carbon dioxide, miasma and, generally, all 

the expiration products which are harmful to health. 

The internal surface of the explosion tube can be lined with any 
refractory material such as carbon, tungsten, or a crucible substance. The 
previously described devices are used to maintain the stability of the 
rocket". 

It should be mentioned that, later, K.E. Ciolkovskij gave up the idea 
of the spiral explosion tube, in his work: "Kosmieskaja raketa Opytnaja 
podgotovka" (Experimental investigations for space rockets), 1927. 

Described by K.. Oiolkovskij in the work: "Issledovanie murovyh prostranstv 
reaktiimymi priborami" (The investigation of cosmic space by means of jet 
devices), (a supplement), Kaluga, 2914.
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K.E. Ciolkovskij describes his next rocket (1915) as follows 
"The tube A and the chamber B,which are constructed from any refrac-

tory metal, are lined with a more durable metal such as tungsten. C and 
D are pumps, infecting liquid oxygen and hydrogen into the combustion 
chamber. The rocket is pi.ovided with another outer refractory case. 
Between the two cases a space is left, in which liquid oxygen flows in 
the form of a very cold gas, to prevent excessive heating of both cases 
due to friction of the rocket during its flight with a high speed in the 
atmosphere. Liquid, oxygen and hydrogen are isolated from each other by an 
impermeable envelop (which is not shown in the fire). J is a pipe which 
conveys the evaporated cold oxygen into the space between the two cases; 
it dichuxges its content through the apertures K-K. On the pipe's port 
there is a rudder (ihich is not shown in the fi.ire) with two mutually 
pexenicular planes for the rocket guidance. The rushed out liquefied 
and cold gases change the direction of their flow by means of these 
rudders, and thereby turn the rocket". 

To develop his projects, K.E. Ciolkovskij paid more and more attention 
to the source of rocket motion - to the rocket engine itself, to the Thedin 
prob1eis of the fuel, en-ineo, control, etc. This is quite natural, since 
flight at high altitudes and even in the. interplanetary spce, where one 
day may take place, can be realized only by having a sufficiently:'reliable 
and perfect engine operating according to a quite new principle. 

The engine should receive the atmno3t attention of scientists or 
any research worker in this field. In this respect, the history of the: 
development of iviation may be considered a rather convincing example. 
All projects remained in the sphere of fantasy, and practical attempts 
could not go further than episodically carried out jumps over small dis 
tanees, whic:h were very frequently ended with disasters. Even now, in 
spite of the great progress achieved in the construction technoloy of 
avii,tiona1 motors, many problems are riot yet solved due to the iziiperfection 
Of the motor units. 

Undoubtedly, the rest of the problems, even the most complicated 
ones, will be solved almost completely by carrying out research works on 
.odels of the flying objects and on the objects themselves (and they will, 
probably, fly in the case of construction of a reliable engine). 

The well-knom liquid fuels such as: benzene, alcohol, kerosene, 
1-etroleu:n, liquid hydrogen, and others, were mainly suggested as fuels for 
the rocket engines. Liquid air or liquid oxygen are used in most cases as 
oxidizers, but, some times, oxygen was substituted by acids. 

Liquid air is an easily flowing transparent liquid of a sky-blue colour, 
with a boiling point of -1900 C under atmospheric pressure, and of -2100C 
in vacuum /39/. During recovery, the obtained air is turbid due to the; 
existance of solid carbonic acid impurities, but after filtration it 
becomes tianparent, and the solid carbon dioxide is precipitated on the 
filter in the form of a residue. On the evaporation of liquid. air (con-
tining 21 per cent oxygen and 79 per cent n' .trogen), "air vapours" 
containing 7 per cent oxygen and 93 per cent nj.trogen are liberated at
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first, then they are followed by argon. Therefore, by mere evaporation, 
the remaining liquid air becomes more and more enriched with oxygen, and 
consequently, its s1r-blue colour acquires a deep tint. After the evapo- 
ration of 3/4 of the total amount of liquid air, the concentration of - 
oxygen in the residue will amount to 50 per cent, and when only 1/25 of 
liquid air is left, the residue will contain up to 90 per cent oxygen. 
It is impossible to obtain pure oxygen by this method. For this purpose, 
the same methods, utilized for refining alcohol in wine rectifying 
factories are used. Liquid oxygen or air are stored in glass Dewar's 
flasks or in special tanks, which are fitted with double walls; the space 
between the walls is evacuated from air to eliminate heating of the flask 
due to the conductivity of its material. The walls of the flask are coated 
with a silver layer to minimize the heat losses due to radiation. Nevexi .

-theless, liquid oxygen evaporates very quickly, and therefore, the flasks 
or the tanks cannot be closed tightly since explosion may take place due. 

to the high pressure of the vapours generated during evaporation. Liquid 
oxygen can be poured from one flask to another, but in order to avoid the 
explosion of the flask, cold gases are firstly let into it before pouring 
in the liquid. To carry out the pouring process efficiently both flasks: 
are connected by a tube, one end of which is deeply immersed in oxygen. 
Then a small excess pressure (1 - li atm) is developed in the liquid oxygen 
flask by means of compressed air, and the liquid flows over through the 
tube to the other flask. Compressed air may not be used. In this case, 
after connecting the flasks by a tube, the oxygen flask must be tightly 
sealed. Therefore, after a short period of time a pressure will be 
developed in the flask due to vaporization, and the liquid will flow to 
the other flask. The handling of liquid oxygen is very simple and it 
requires only accuracy and care. However, during its utilization, trans-
portation storage, etc., all the necessary Precautions should be taken, 
since liquid oxygen can cause very dangerous hazard. 

The scheme of the liquid propellant rocket engine working on a fuel 
mixture of liquid oxygen and benzene is presented in its simplest form in 
figure 27. Liquid oxygen is stored in copper tanks of a pear-shaped form. 
These tanks are provided, with double walls, the space between which has 

been evacuated from air. At the same time, the neck of the tank serves as 
a seat for fitting a head with a valve, tightly closing the tank. The 
valve is held in a clamped position by means of a spring, which can be 

adjusted as desired to the required pressure. Thus, if the pressure in the 
tank is increased, due to any reason, beyond the safe' value, the spring 

will be pushed and the valve will open, discharging the excess gases. 

After restoring the pressure to its original value, the valve will close 
the tank tightly again. In addition to the spring, the valve is also 	 - 
supplied with a lever; by pressing on this lever it is possible, regardless 
of the pressure in the tank, to open the neck and., consequently, to drop 
the pressure to zero. The Possibility of such manipulation is very sigui-

ficant, since it allows the operator to release the pressure in the tanks 
very quickly in case of any trouble in operation, opening a free way for 
the evaporating gases to the atmosphere. Thereby, a possible explosion
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Fig. 27 - The scheme of the liquid propellant rocket engine. 
1- Oxygen, 2- Hot, 3- Cold, 4-. (fuel) jet, 5-. Uni-directional 
restrictor valve, 6- Nozzle, 7- Combustion chamber, 8- Evaporator 
9- Nitrogen under pressure, 10.-. Instruments and control panel, 
11- Temperature, 12- Pressure, 13- Chamber, .14- Nitrogen, 
15.- Benzene, 16- Oxygen, 17- Right, 18- Left, 19- ¶Ips, 
20- Valves, 21- Water, 22- Fuel, 23- Nitrogen, 24- Oxygen, 
25- Cylinder with hot water, 26-. Nitrogen compensator, 
27- Vaporized nitrogen, 28- Hot water, 29- Nitrogen, 30-. Roller, 31- Rope, 32- Additional heating, 33- Hot water, 34- Water tank, 
35- Pump, 36- Tap, 37- Benzene, 38-. Safety valve. 

could be prevented. Filling the tank with oxygen is carried out through 
the neck by removing the whole head with the valve. Oxygen is fed into 

the combustion chamber by means of an inert gas, supplied to the tank under 
a certain pressure. Liquid oxygen is forced out of the tank and is fed 
to the pipe through a tube fixed close to the bottom of the tank. The - 
design of the benzene tank is similar to that used for oxygen, with the 
only difference that this tank has a single wall. The fuel components
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(oxygen and benzene) are fed from the tanks to the motor through separate 
pipe connections. Liquid oxygen flows to evaporator jets, while benzene 
flows directly to the jet fixed on the combustion chamber. Oxygen gets 
into the evaporator in an atomized state. Flowing through it, it vaporizes 
and goes through a uni—directional restrictor valve to the combustion 
chamber. The evaporator has double walls, between which warm water cir -
culates. The advantage of the uni—directional valve is to prevent the propa-
gation of the explosion wave into the tank in the case of the occurrence 
of a strong explosion in the combustion chamber. This valve consists of 

a tube with a core moving in it. Depending on the direction of the flow 
of the gas, the core will be pressed to one of the valve's caps. Thus, 
the gases can flow freely in one direction, but in the other direction 
they will be obstructed by the core covering the exit of the pipe and 
pressed to it by the pressure of the gases. The combustion chamber ' is a 
cylinder with double walls. Oxygen vapours was the internal pipe and 
flow through oval slots directly into the chamber nearby the benzene at 
The sparking plug, by means of which the mixture is ignited, is situated 
in the same place. 

The high temperatures developed in the combustion chambers of. the 
rocket engines working on liquid fuels is the reason for the unsuccessful 
achievement of a considerable performance time for these engines. After 
the lapse of few seconds, the refractory material begins to fuse and the 

combustion chamber is converted, immediately into a shapeless iron lump. 
Thus, cooling of the rocket engine constitutes a particularly complicated 
problem. Figure 27 shows a system for cooling the internal jacket of the 
chamber by oxygen vapours, which was used by professor Obert during his' 
numerous experiments. After working for many years, Obort achieved a 
performance time of not more than 5-7 minutes without the distruction of 
the combustion chamber. Undoubtedly, one of the most principal difficul-
ties fading the development of rocket technolor is the problem of finding 
out suitable refractory materials which could be used for the manufacture 
of the combustion chambers, and which could withstand, temperatures of more 
than 3000 0 C for a long period of time [41]. 

As given before, feeding of the fuel components into the combustion 
chamber is realized by the application of an excess pressure of inert gas. 

For this purpose, nitrogen is used, which by means of a special installa-
tion maintains the feeding pressure (in the tanks) constant throughout 
the whole performance time up to the full evacuation of the tanks. The 
nitrogen compensator is a flask with liquid nitrogen. This flask contains 
anotr	 cylindrical flask, to which hot water (heated daring its flow 
through the nozzle's case) is continuously fed. At the same time, this 
water cools the nozzle. If the pressure in the system starts to drop, the 
piston located in the left side 'of the nitrogen compensator in the small 
cylinder begins to slide upwards and dips the flask with the hot water 
deeper in the nitrogen tank by means of a lever. As a result, nitrogen, 

evaporates more intensively and the pressure in the pipes of the system 
and tanks rises again. In case ihe pressure is too high for any reason,
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the piston will be pressed downwards by the gases and the hot water will 

be raised, thereby decreasing the evaporation of nitrogen and dropping the 
pressure. For the case when the pressure rises too quickly, the nitrogen 

compensator is provided with an automatically operating safety valve, and 
also with a lever for the rapid discharge of pressure. 

The quantitative /and qualitative] regulation of feeding the fuel 
components (i.e. the fuel mixture) during the performance of the engines is 
realized by the control of the flow of oxygen into the evaporators and. 
benzene into the combustion chamber. 

The control of the engine is centralized on one panel, where the 
directing instruments are located also. The flow of oxygen in both lines 
is controlled simultaneously by means of one sector. Another sector 
is used for the control of the flow of benzene. Nearby the panel, the 
handles for the control of the closing taps of the supply systems of 
benzene and oxygen, as well as the levers for opening the storage tanks 
of both fuel components, are situated. In addition to the control of the 

fuel supply by the regulation of the flow of the components, a less 
important condition should be satisfied. This is the achievement of a 
uniform pressure in the whole system of the engine. To realize this, 
manometers indicating the pressure in each tank separately, as well as 
in the nitrogen compensator and. the combustion chamber, are located on 
the control panel. The pressure in the tanks during the steady state 
performance of the engine is, of course, greater than that in the 
combustion chamber. On the other hand, if it is assumed that the pressure 
of fuel supply is less than the pressure existing inside the chamber, then 
feeding of the components will be out and the engine will stop. 

It should be noted that a reliable and easy control of all the 
devices of the engine, as well as the reliable performance and control 
of the measuring apparatus and instnments, which can indicate immed.iat9ly 
the values of pressure, temperature, etc., are a necessary condition and 
a prerequisite step for a successful work. 

The start of the engine is carried out as follows: at first, the 
required pressure in the oxidizing agent and fuel tanks is developed, 
then the taps and the valves are opened and the fuel mixture obtained, in 
the combustion chamber is ignited by an electric spark [42]. The intensity 
of the performance of the motor (the thrust) can be changed as re quired in 
any direction by the control of the flow of fuel, as well as the change 
of the pressure of fuel supply. 

A characteristic feature of any rocket engine is that the ordinary 
determination of power is inapplicable in this case. 

The intensity of the performance of the rocket engine is charac-
terized by	 another property, namely, the developed thrust. In order 
to measure the thrust of an aviational motor, a propeller must be set in 

motion. But the rocket engine transfers the provided heat energy directly 
in the form of a reactive force. The thrust of the rocket engine can be 

easily measured if the combustion chamber is connected, for example, with 
a dynamometer.
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Some times, a different method is used. .& screen, connected by a 
lever to a balance pan, is fixed not far from the nozzle (see fig. 28). 
The gas jet discharged from the nozzle strikes the screen and deviates it. 
Accordingly, the balance is set in motion. By putting weights on the 
balance pan to bring the screen to its initial position, the engine thrust 
could be determined. 

The operating principle of this reactive force gauge will be clear 
if it is referred to the above described performance scheme (see fig. 6) 

of the rocket engine. The pressure exerted on the side walls of the combus-
tion chamber is mutually balanced in all directions, but the pressure at 

the bottom (the reactive force) is equal to the pressure of the gases 
discharged from the nozzle and has an effect on the screen of the balance. 
By the way, there is a wide-spread wrong idea relating the rocket motion to 
the repulsion of the exhausted gases by the surrounding air. This idea 

has been developed by a complete misunderstanding of the operating principle 
of the rocket motor, which imparts a thrust to the aircraft due to quite 
a different reason, as outlined in the above described scheme of figure 6 
(cf. Chapter III). 

To test the above described engine, a tailless type glider (see 
figs. 29, 30 and 31) of a triangular shape was selected 143]. The wing is 
a woody conctuction of three parts of thick profile, and has in the middle 
a bulge in which the pilot's seat is installed. In the central section, 
combustion chambers, storage tanks, evaporators and the whole supply 
system of the engine are installed. iliraluminium shafts are installed 

between the struts to fix the tanks to the wing, and the tanks themselve 
could be dropped according to the pilot's wish. The control of the glider 
is carried out by a stick and pedals. Rudders and vertical stabilizers 
are fixed on both ends of the wing. Thus, on pressing the pedal, the rudder 

frtOf'(ThY C.:ull?It1W
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Fig. 28 - The balance used for the measurement 
of the reactive force. 

1- The combustion chamber, 2- The screen.
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Fig. 29 - A schematic diagram showing the rocket glider. 
1— Chamber, 2— Pilot's seat, 3— Oçrgen, 4— Nitrogen,	 ¶ 

5— Benzene, 6-. Evaporators, 7-.. Combustion chamber. 

is doviatod only from one side (from the very side to which it iu nocesOary 
to turn). The ailoronu and the elevators are fixed in the centre of the 
rear edge of the wing and the cantilever, respectively. 

30 - Thetake—off of the rocket glider.
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Fig. 31 - The rocket glider during flight. 

The following specifications characterize the glider 
Span, RLI	 12.1 , Span-chord ratio (elongation), m 	 7.3 
Length, m	 3.09 , Weight without the rocket engine, kg. 	 200 
Height, in	 1.25 , Maximum 2lift-drag ratio	 16 
The area of the wing's surface, m	 20. 

Table 2 shows ho pi much it is difficult to solve the problem of flight 
by a motor working on a liquid fuel in such a simple form. In the case of 
an engine thrust of 50 kg., the flight will be achieved practically with 
a great difficulty. The glider should run for a long time before take-off, 
and climbing takes place very slowly and up to a very small height (810 in.). 
The situation will be slightly better if the glider is boosted, and a 
thrust of 100 kg. will be obtained. In order to fly in this case with a 
speed. of 120 km/hi', it is required to consume the fuel mixture at an approxi-
mate rate of 200 g/sec, which is equal to 12 kg/min or 720 kg/hi' (assuming 
that the speed is constant all the time), i.e., in reality the glider will 
not be able to carry such a load. On the other hand, if an ordinary 	 V 

aviational motor such as "ABC", with a power of only 24 H.P., is installed, 
the aircraft will be able to fly easily for more than three hours at a 
speed of 100 km/hi', practically reaching a ceiling of about 3000 in.
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¶L.ble 2 

Flight data of a glider equipped with a rocket engine 

The thrust of the engine 

50 kg. 100 kg. 

Take-off run, sec 60 20 
Vertical speed on the ground, in/sec. 22 7.1 
Maximum speed on the ground, km/hr. 139 198 
Ceiling, in. 810 1400 
Fuel consumption, g/sec. 250 420 
Flight duration, mm. 6 4 
Flight range, km. 13 20

If the weight characteristics of the aircrafts equipped with liquid 
fuel rocket engines are investigated, unlimiting it by the given example 

of the tailless glider only, but analysing the question in some more details, 
we will come to the conclusion that the manned flight of an aircraft equipped 
with such type of an engine still belongs to fantasy, according to the 
present state of rocket technolor /441 . However, we must, of course, dis-
tinguish between two concepts: the undoubted (in principle) and, generally, 
possible lift of a man by means of a liquid propellant RBA (Rocket-Powered 
Aircraft) to some altitude over the ground, and the still unrealizable 
flight for a more or less long period of time on a given path. By the 

second case we mean high altitude flight, since it is impossible to achieve 
such great flight speeds in the dense atmospheric layers on the ground in 
order to get a sufficient engine efficiency. 

Let us analyse the items from which the flying weight of a high 
altitude aircraft equipped with a liquid propellant rocket engine is composed. 

Firstly, the crew. Here we can speak about one, two, or even three 
persons. The weight of the crew is quite a definite value and ranges from 
100 to 300 kg. (including the parachutes, warm clothes, etc.). 

Secondly, the living reserve. This will comprise all the installations, 
instruments and attachments for maintaining the living conditions for the 
crew during their work at the high altitude. 

Thirdly, the cabin, which will be, obviously, airtight; its weight 
is considered to be about 300 kilograms. 

Finally, the design of the FiA (Rocket Powered Aircraft), which meets 
mainly three requirements; it should permit: i) take-off and climb in the 
low layers of the troposphere; 2) flight with great speeds in the stratos-
phere; 3) gliding and landing. The statement of a concrete project of any 
type of RPA (Rocket Powered Aircraft) is not the subject of the present 
discussion, but from the above given conclusion it could be seen that such 
an aircraft is unlikely to be lighter than some of the existing aviational 
constructions.
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The weight of the aircraft with the crew, equipment, instruments, 
etc. (but without the fuel) will be estimated not as tens or hundreds of 
kilograms, but as one thousand or may be two thousand kilograms. 

That will be the take-off conditions of such an aircraft ? Proceeding 
with our discussion, it can be stated again that irrespective of the method 
by which the take-off will be achieved, it will take place, at least in 
its first part, rather slowly. This is necessary because human beings 
cannot bear great accelerations. Besides, it is advantageous to go through 
the lowest more dense atmospheric layers with small speeds, otherwise it 
will be needed to overcome a considerable air resistance, which, as we-,have 
seen, rises very rapidly beginning from some speed. 	 - 

Therefore, we can see that the speeds of the rocket powered air-
crafts, during take-off and climb, are very far from those incredible values 
ascribed to them so readily. 

In this case, ire can come to the conclusion that the order of the 
figures concerning the weight of the EM (Rocket Powered Aircraft) will not 
differ very much from the corresponding values of the aircrafts. Here,: we 
should remember that the discussion of the aircraft weight is going-on all 
the time without taking into consideration the weight of the fuel required 
for the rocket engine. As we have seen, the conditions of take-off, up to 
a certain moment, will be also similar to the conditions related generally 
to the aircrafts. Consequently, the required thrusts for the engines will 
be of an order of magnitude close to that of aircrafts. Let us estimate 
the value of the fuel consumption in this case. 	 - 

It is known that the composition of the fuel mixture of the previously 
described type of rocket engine working on a liquid fuel and an oxidizing 
agent is in the approximate propertion of 1 : 4. The calorific value of 

the mixture is about 2000 cal., and the theoretical value of the thrust 
obtained from one kilograme of consumed fuel is approximately equal 'to 
200 kg.

The values of the fuel consumption and the oorrspond.ing values of the 
engine thrust for one second, one minute and one hour are listed in table 3. 
The values of the engines thrusts are taken quite arbitrary, and are in this 
case equal to 100, 500 and 1500 kg. The required thrusts of the given engines 
will, probably, be just within the limits of these values, or a combination 
of engines in couples, etc.

ble 3 
The values of the fuel consumption corresponding to the thrusts 
(in kilograms) of the LRfl (liquid propellant rocket engines) - 

Thrust 
in kg.

Performance time of the engine 
1 sec. 1 mm. 1 hr. 

100 0.42 25.2 1500 
500 2.10 126.0 7550 

1500 6.30 378.0 22600

K 
From the author's report presented in the first All-Union conference on the 

study of the stratosphere, 5 April 1934. 
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Unfortunately, the figures listed in the -table do not indicate any 
siifjcant iesult (in reality they are even worse). 

If the weight of the fuel (even the most moderate quantity of it) 
is added to the weight of the aircraft, such an aircraft will not be able 

to lift itself. This situation must be seriously taken into consideration 
on carrying out any work along this direction. 

However, it should be pointed out that the method of the consideration 
of the feasibility of flight by the performance time is not quite correct 
for rocket aircrafts. The order of speeds for Practically advantageous 

rocket crafts, as may be called, will considerably differ from those values 
which we get for aircrafts. 

Moreover, a considerable part of the trajectory will be spent by the 
aircraft on gliding, i.e., without the performance of the motor, in addi-
tion to the increase of the gliding range on account of inertia. 

Therefore, during the steady state flight at the given altitude a 
small thrust will be required for the flight, for which an insignificant 
amount of fuel will be consumed. Thus, the total balance of the weight, 
and particularly that part which belongs to the fuel, can be found much 
more consoling than in the discussed example if the calculations are 

carried out proceeding from the covered distance (even during a short 
period of time). 

Undoubtedly, however, the problem of decreasing the fuel consumption 
per unit thrust will remain for a long period of time the urgent task of 
rocket research workers /45]. 

By the weight of the rocket engine we mean only the weight of the 
combustion chamber and the nozzle. The weight of all the other accessories 
can be added to the feeding system, 1. e., the tanks, supply system, etc. 
Thus, the weight of the engine itself is small, and the weight of the 
feeding system will depend on a number of factors, such as capacity, loca-
tion scheme, the used material, etc. 

One of the essential factors which considerably affects the weight 
of the tanks and the whole feeding system is the method of fuel supply to' 
the combustion chamber. In the described example, the fuel supply takes 
place by means of a pressure under which the whole feeding system, fittings 
and tanks exist. This process considerably increases the weight of the 
installation, because the tanks should be strengthened, such that theycould 

stand the required pressure. Though such a system is the simplest and most 
easily feasible, yet, as a rule, especially if the tanks are of great 

capacity, it is found rather heavy. Besides, since all the fittings, pipes, 
connections and tanks are under pressure, a very thorough assembly and 
fitting of all the parts is required, otherwise it will be impossible to 
increase the pressure in the system due to leakage which may occur in any 
place.

The feeding pressure reaches very considerable values (60 - 80 atm) 
for some engines, and hence, the weight of the whole motor installation 

will be very great. In order to avoid this disadvantage, pumps or injecting 
installations can be used.
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The tanks of the oxidizing agent and fuel are freely connected with 
the atmosphere, but the fuel is fed to the combustion chamber by one of 

the stated methods under a suitable pressure. In this case, the tanks are 
made thin-walled and are rated only to stand the weight of the stored 

liquid. Also, all the pipe connections must be sufficiently tight to avoid 
leakage. The pump itself, the combustion chamber and the tubes connecting 
them are under high pressure. 

The supply of fuel by means of pumps has not been widely practised 
due to a number of various difficulties and., in particular, the required 
high flow-rate of the liquid, although many works are carried out in this 
direction and, evidently, can give positive results [46]. 

If we proceed to the discussion of other types of rocket aircrafts 
designed for achieving high altitude flight, namely, the devices which do 
not carry people, i.e. a living load, then by the utilization of liquid 
propellant rocket motors as power sources, somewhat more favourable 
results will be obtained in comparison with ordinary airorafts. 

The reason for this lie in the fact that considerably greater accele-
rations can be given to such rockets and, accordingly, greater flight 
speeds, at irhich, as it is known, the efficiency of the engine increases, 
can be achieved more quickly. 

Besides, a series of very complicated problems characteristic of the 
aircrafts, and imposing well-known restrictions, will no longer arise in 
this case. Of these, we can mention the control of the RA (Rocket Powered 
Aircraft) as an aircraft, its take-off and landing, permissible limits of 
developing accelerations, and many other problems. Of course, the desi 
of the rocket will be much more simple, easy to be realized and advantagous. 

The achievement of ceilings of 20, 50, 100 km by means of wingless 
rockets equipped with liquid propellant motors, is, for example, a quite 
practicable matter. These altitudes have not been achieved up to the 
Present time, but this will undoubtedly follow soon. A sufficient confir-
ination of this fact can be the intensive work and the numerous experiments 
carried out presently in this field. 

There are some well-known projects on lifting a rocket to high 
altitudes to carry out different observations, for which the recording 
instruments are taken as a useful load. The flight duration of such a 
rocket (with the motor working on) can range from 33 to 100 sec. depending 
on the lift altitude and other factors. 

In the first moment of flight, the rocket crosses the lower atmos-
pheric layers developing very great speeds of some hundreds of meters per 
second, and after the full consumption of the fuel it continues climbing, 
moving by inertia. Achieving the maximum height, the rocket lands on the 
ground with the aid of some attachments. 

Takin the stated circumstances into consideration, and on the basis 
of calculations founded on realistic technical and industrial Possibilities, 
it should be stated that the liquid propellant rockets can fulfill a number 
of scientific investigations related to the study of the stratosphere. In
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this case, it should be noted that the given figures for illustrations are 
not by any means the maximum limits, and, gener1ly, the rocket has not a 
limited ceiling. 

From the analysis of the diagram illustrating tistructure of the 
stratosphere, shown in figure 1, it is clear that the ro..'kets are excep-
tionally significant as means for the investigation of the tratosphere. 

iUl the other methods used for the flight or lifting instruments cover only 
the lower altitudes of the stratosphere, and certainly cannot give in most 
cases sufficiently comprehensive results. 

In addition to the great technical difficulties which must be overcome 
to realize the flight of a rocket to high altitudes and its safe landing on 
the ground, there is a series of not less important side problems. The main 
problem of these, is the question concerning the development of special 
quite new recording and sialling apparatuses carrying out either obser-
vations under the conditions surroundin the instrument inside the rocket, 

or records. In this case, a device should be developed, which can allow 
the rocket to land on the ground with a sufficiently low speed, otherwise 
it will be impossible to keep the instruments, or at least the records, 
intact. 

In imperialistic countries the rocket will be least of all used for 
scientific research purposes. It will be mainly applied for military 
Pur

p
oses. Moreover, its high flight altitude and range will be just the 

most suitable properties for this purpose. 

From the end of the last decade, intensive works have been carried 
out in many countries on RBA (Rocket Powered Aircrafts) equipped with 

liquid propellant rocket engines. In Germany, a series of experiments were 
carried out with small expexirnental rocket models of the type "Nirak". 

Fig. 32 - The rocket of the type "I:Iirak_I". 
1-. Oxygen tank, 2— Combustion chamber, 
3—Ocygen inlet, 4- Carbon dioxide, 
'Benzene inlet, 6- Carbon dioxide 

receiver. 
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The first rocket	 (see fig. 32) was constructed, from 
aluminium, and it consisted, of three parts : the top part - was assigned 
for the liquid oxygen tank, the bottom part - for the benzene tank, and 
the middle part - for the combustion chamber. The last part had a conical 
shape and was manufactured of copper alloys without any internal lining. 
Both tanks were made of duraluminiuin: the upper tank contained about one 
litre of oxygen, and the lower one contained about one litre of benzene. 
Oxygen was fed into the combustion chamber under the pressure of its own 
vapours, which were generated quickly due to evaporation, since the tank 
was tightly closed. Benzene was supplied under a pressure of carbon 
dioxide and, consequently, it was possible to avoid the use of a pump, 
which would be disadvantageous in this case. The total weight of the 
rocket (with the fuel) was about 3 kg. Thee experiments carried out on 
this rocket by using a balance gave a lifting force of 4.5 kg., or in other 
words, if the rocket was not fastened during the experiment it would have 
been lifted up. 

It was assumed that oxygen needs some heating in order to develop a 
sufficient pressure, whereas the combustion chamber requires cooling. As 
a result of those considerations, the combustion chamber was pushed into 
the oxygen tank. However, this arrangement was found to be unsatisfactory: 
the oxygen was overheated (which should not be the case) and the combustion 
chamber was not sufficiently cooled. The conical shape of the latter was 
found to be unsuitable because the corners of its bottom part were preventing 
the rapid discharge of the gazes and were considerably reducing the thrust. 
Besides, it was found essential to increase the volume of the middle, and top 
parts of the combustion chamber for the formation of a better mixture and 
the improvement of the combustion process. As a result, a very high 
pressure was cievoloped in the oxygen tank to the extent that it exploded, 
Which indicates that the rocket needed a safe' valve. 

Therefore, the next irpe of rocket u14irak_II 1I (see fig. 33) was 
constructed.. This rocket was Provided with a valve which was adjusted such 
taut it was opened at a pressure that could not be withstood by the walls 
of the tank. The benzene tank and its equipments remained the same as in 
the former case, while the combustion chamber was subjected to radical 
changes. It remained, as in the former case, inside the oxygen tank, but 
it was provided with a steel case covering a ceramic jacket, which prevented 
the free transfer of heat to oxygen, and protected the chamber from burning. 
The combustion chamber had a cylindrical shape and., consequently, a greater 
volume than that used in the first rocket. 

The explosions were attributed to the oxygen tank and the combustion 
chamber in ' Iirak—I" and "I'lirak-11 11 , resp ectively. The combustion chamber 
was softened due to the insufficient strength of the ceramic material. 
The high temperature was transferred to oxygen and, as a result, the 
explosion of the whole rocket took place. 

According to the data given by professor N.A. Irnin.
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The experiments were tarried out in a deep ravine, on whose bottom 
a small steel tower was installed. Fuel tanks covered with soil were 
situated on both sides of the tower. The taps of the tanks could be 
opened from a distance by means of wire rods. The bench used for the 
best of the engine on the spot consisted of a lever of an approximate 
length of 300 mm, provided in its middle with a rotating axis. The tested 
rocket motor was ins-tailed on one end of the lever, while its other end 

was resting on a force gauge provided witha clock mechanism rotating a drum 
with a baickened. paper. The recording arm, fixed on the lever, drew the 

diagram of the change of the engine thrust. It was possible to read the 
value of the reactive force at any operating moment according to the dia-
gram if the corresponding calibration was made. 

During the first operating moments the motor was somewhat sparkling 
and the combustion was interrupted. However, later on, with the rise of 
the temperature of the motor, its performance became regular and a strong 
flame was established below the nozzle to a distance of 1 - 1* in. in the 
form of a uniform yellow jet; the jet was also accompanied with a strong 
howl. The performance lasted for one minute, which appeared to be an 
extraordinary long time for those who attended the conducted experiments. 

During the bench experiments the combustion chamber was inserted in 
a small tank with running water. For a performance time of not more than 
lj mm. the water in the tank was transformed from the frozen state into 
the boiling state, but the copper jacket of the motor was not smelted and 
was only slightly oxidized. When the engine was to be stopped, the flow 

6ak C AUCflpQ

Fig. 33 - The rocket of the i'pe 
"Mi rak- II". 

1- Oxygen tank, 2- Steel case, 
3— Ceramics, 4- Combustion chamber, 
5— Oxygen inlet, 6- Benzene inlet, 
7- Carbon dioxide receiver, 
8- Oxygen inlet, 9— Carbon dioxide, 
10- Benzene inlet. 
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of oxygen was closed at first, and then benzene. On the other hand, if 
the flow of benzene was firstly stopped, pure oxygen, touching the red-hot 
metal, could probably melt or cut it. 

During flight, such small motors should operate for not more than 
30-40 see, to prevent the excessive overheating of the chamber. During 
the bench experiments the performance of the small motors was increased 
to about 5 min when the chamber jacket was cooled with water. When the 
performance time was increased up to 10 mm., the motors were either 
exploded or burnt, which indicated that they were. considerably overheated. 
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Fig. 34 - The rocket of the type "Liirak-III" 
1- Combustion chamber, 	 2- Oxygen inlet, 
3- Nitrogen,	 4- Benzene, 5- Combustion 
chamber, 6-. Oxygen inlet, 7- Benzene inlet 
8- Duraluminiu.m case,	 9— Oxygen tank.
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The conducted experiments were observed with great precautions from 
behind a firm shelter by means of a mirror system. 

The rocket 1'1irak—III" (see fig. 34) was changed with respect to the 
design of the benzene tank as we].l as the shape and position of the motor. 
Two tanks counterbalancing each other were installed instead of the single 
lower tank. Benzene was introduced into one of these tanks, while nitrogen 
was introduced under pressure into the other. Both tanks were connected 
with a pipe, so that the fuel (benzene) was pumped into the combustion 
chamber by the gas pressure when the valve was opened. Nitrogene was 
used instead of carbon dioxide because it was found to be more reliable 
and it could give the required pressure immediately. The combustion 
chamber had a cylindrical shape with rounded ends. It was made of d.ura-
luminium with an internal copper lining. The critical (the narrowest) 
cross—section of the nozzle was made somewhat greater, and the nozzle 
itself was macis longer than that ued in the former engines. The internal 
surface of the nozzle was lined with copper having an approximate thick-
ness of 2 mm along its whole length. 

An interesting phenomenon was sometimes noticed during the experi-
ments. While the pressure in the chamber was about 12-20 atm, the 
feedin pressure was lower and the engine continued to operate. This can 
be attributed to the presence of gas streams in the chamber, which caused 
a sucking effect near the inlet part of the pipe feeding the fuel into 
the combustion chamber. However, it may be also explained by the detona-
tion effect. 

The thurst of the engine was about 10 kg. and the performance time 
was 32 sec., while the consumption of ooj-gen by volume was 4 times that 
of benzene. 

The rocket was designed to reach an altitude of up to 5000 m, and 
though this height is not great, it should be remembered that this rocket 
was, as its name indicates, a small model. However, if the rocket is. 
slightly enlarged and	 another motor is installed in it, then the 
achievement of very considerable altitudes would be expected. 

The -A 	 of the big multi—stage rocket of Obert is presented in 
figure 35 . This rocket consists of two types of rockets. The first 
works on alcohol, while the other uses liquid hydrogen. It was presumed 
to use the alcohol rocket in the lower dense layers of the atmosphere 
where the air density is great, since the rate of the discharge of the 
gases and its flight speed are comparatively smaller. But in the more 
rare layers where the density is small, the smaller hydrcn rocket could 
be used, since the rate of the dicharge of the gases and its flight 
speed are greater. 

The test of this device was the following: the investiation of the 
height, composition and temperature of the earth's atmosphere; the deter-
mination of the characteristics of the change of air resistance at diffe-
rent altitudes and speeds, and the test of the performance of the rocket 
itself. 

k Its detailed description is not given, since the work is summarized.
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Fig. 35 - Obert's multi-stage rocket. 
1- Cross-section 1, 2- Cross-section 3, 
3- Cross-section 4, 4— Cross-section 6, 

'5- The liquid hydrogen rocket, 6- Liquid 
hydrogen, 7.- Section 2, 8- Combustion 
chamber, 9— Nozzle, 10- Alcohol, 
11- Cross-section 5, 12- Cross-section 7, 
13- Combustion chamber, 14- Nozzle. 
15 Aichol rocket.
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In order to facilitate the start of the rocket.:.- another auxiliary 
rocket was provided, since there was also a project related to the launch 
of the rocket from a certain altitude, where it could be lifted by an 
airship. Thus, the start of climbing will be, according to calculations, 
at an altitude of 7700 in, from which 5500 in will be covered by the airship 
and 2200 in by the auxiliary rocket. According to the calculations carried 
out by Obert, the total climb of the rocket working on alcohol fuel should 
reach a height of 56 km. 

The upper part looks like a cap over for both rockets, and is kept 
closed by springs. When the alcohol fuel is exhausted, the connection 
between the top and the body is released and the top is opened falling to 
two parts. The liquid hydrogen rocket is then launched from the inside 
of the alcohol rocket. The pressure in the oxygen tank is about 20 atm., 
and there is a device that regulates the consumption of the fuel and 
oxygen.

The liquid hydrogen rocket starts its flight from an altitude of 
56 km., and after 8 sec. it reaches an altitude of 84 km. Further flight 
proceeds by inertia, . and. when the driving part of the rocket is dropped, 
its head with the instruments should reach an altitude of one thousand, 
nine hundred and sixty kilometers. In this case, the, following flight 
speeds will be obtained: at the end of the auxiliary rocket, burning 
during 8 sec, the speed will be 500 rn/see; at the end of the consumption 
of alcohol, at an altitude of 56 km (after 40 see), it will be equal to 
3000 rn/sec and the maximum developed speed will be 5100 rn/sec (after 
another 8 see). The duration of the flight is about 35 mm. counted 
from the moment of the start up to the return of the casing to the ground; 
the take-off acceleration is about 10 g. 

55,5:M 
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Fit. 36 - The intal1atjon for the take-off of Obert's 
rocket and the parachute used to land it on the ground. 

We will not go further to the deep criticism of this jiroject whose 
achievements will be in practice, probably, lees, and whose difficulties 
will be more than professor Obert Lives in his short statement. But it 
should be no od that tho dcsin of a multi-stage rocket to achieve a 
groat altitude is principally an idea deserving attention. If, from the 
technical poinL view, a system of rockets ii; competently and. rationally 
developed and realized, then the achievement of such Tsat altitudes will 
be quite realistic and the problem will be solved by the existence of a 
reliable motor. 

If the achievement of such 5reat altitudes is not set as a target, 
and it is only required to lift the instruments up to 100 kin, which will 
be of great assistance to the study of cosmic rays, etc. (as the acade-
mician loffe stated during the first al-Union conference on the study of 
the stratosphere), then such complicated installations as the described 
multi-stage rocket of Obert will, of course, not be needed. 

The organization of the research work on the stratosphere can be 

simple and accessible, just only due to the use of rockets, and in 
particular at such altitudes where neither the s ounding-balloon nor the 
stratostat will be able to lift up. 

Undoubtedly, the work in this direction can give fruitful results. 
However, the flight of a human being to the stratosphere by means of devices 
equipped with liquid Propellant rocket engines is impossible at the 
present time due to the above mentioned, reasons. 

Chapter VII 

AIR-BREATHING ROC}ET EIJGI!IES AND DEVICES 

The flight of high altitude is possible on condition that it should 
take place with a considerable speed, which will be greater the less is the 
ambient density.
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If we consider the speeds, it will be seen that, beginning from a 
definite value, the harmful resistance impeding the flight of the aircraft, 
will increase rapidly with the increase of speed. However, at high altitudes, 

the resistance will be considerably smaller due to the small air density. 
For each given speed there exists a certain value of density and, 

consequently, a corresponding value of flight altitude at which the 
resistance will be minimum. 

Thus, the height and speed are related to each other by the condi-
tion of the minimum resistance during the flight of the aircraft at high 
altitudes. The main principle of the latter is the correlation between 
the height and the speed in order to achieve the minimum resistance and 
consequently, the minimum consumptions of power, fuel, etc. Some figures 
characterizinç this relationship have already been given in table 1. 

Any idea about high altitude flight (which may not always be well 
founded and correct) is closely associated with the possibility of the 
achievement of very high speeds. 

From the former statement it is clear that the utilization of rocket 
devices for this purpose is restricted by a series of conditions, which 
practically exclude the possibility of a rocket manned flight at the 
present time. 

This is mainly due to the fact that the present aircraft, carrying 
a human being, will not be able to develop the speed quickly enough up to 
the required value, because of the low efficiency of the rocket engines -
and the enormous consumption of the fuel required for flight, which ovez 
loads the device and prevents it from lifting up. 

The developed situation forced the scientists, persistently working 
on the problem of rocket flight in the stratosphere, to search for some 
other solution for the problem. If liquid propellant rocket fuels are 
particularly considered, then the whole situation will be, so to speak, 
"complicated". This is due to the fact that very great quantities of 
heavy liquid oxygen must be carried by the rocket itself to form the fuel 
mixture. As a consequence, attention was given to the idea of the utili-
zation of the oxygen of the air, as in the case of ordinary aviational 
motors.

The rocket devices should develop very high speeds during their 
flight and, consequently, it will be possible to utilize the gained velocity 
head to supply the required quantity of oxygen into the combustion chamber 
of the engine. Therefore, there will be no longer any necessity for a 
special liquid oxidizer, which, in addition to its great specific weight, 
is supplied, as we have already seen above, in a quantity exceeding several 
times that of the fuel. Thus, the idea of the air—breathing rocket motors 
depends on the utilization of a fuel mixture that is formed of some fuel 
component and air sucked into the combustion chamber during the flight at 
a considerable speed. In this respect, the following statement was given 
by the Italian research engineer D. A. Krokko ; 

"The idea is to entrap the surrounding air during motion, compress it 
under a pressure sufficient to create a high efficiency for the motor, and
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then feed the atomized fuel into the combu4tjon chamber to burn it under 
a constant pressure. The combustion products should then be given the 
possibility to expand, so that they can achieve a velocity exceeding that 
of the sucked air. The product of the mass of air flowing during a given 
period of time multiplied by the gained velocity, will give the necesax, 
driving force for the device" ti/. 

A number of specific features are of great siiificance in the work 
with air—breathing rocket engines.
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37 — Pouring orgen into the rocket. 

The first of these features is the initial boost of the device, which 
is essential to start the engine f487. As it was mentioned before, the 
value of the initial speed ut which a sufficient quantity of air can be 
supplied to the motor is approximately equal to 100 m/sec. Though the 
acnievement of such a speed by the utilization of the ordinary methods of 
aviational techniques is presently possible, yet it will be unexpedient due 
to a number of reasons. The arrangement for a special boost by a liquid 
propellant rocket engine or some other rockets working on solid fuel will 
be, evidently, required. 

Generally, we should not exect a great similarity between the share
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Of the rocket oerec1 aircraft, provided with an air-breathing iaotor, and. 

the oi inaj tjpez of aircrafts. This is because the collection of the main 
parameters of the craft (the span, span-chord ratio, etc.), as well as the 
scheme of location of the motor installation and the air receivers (having 
big cross-sections) arranged for it,in addition to the boost installations, 
etc., will give a quite different picture. 

Concemin'z- the installations used for sucking and feeding air into the 
motor, it should be noted that the cross-sections of these parts, which is 
equal to the dimension of the air-breathing rocket engines, will reach 
rather considerable values in the case when it is required to develop a 
big thrust. As shown from the conducted experiments, this measure compli- 
cates more the aerodynamics of the aircraft, increasing its harmful 

resistance, i.e., it requires again the increase of thrust. In Zeneral, 
the problem is to get an advantageous ratio between these quantities such 
that the device could be able to fly. 

Krokko has theoretically proved in his works the possibility of the 
realization of an aerodynamic device that could have a clearance for the 

suction of the ambiont ir, at the tehiperatire and pressure corresponding 

to the speed, nd in which the jet is discharged in the opposite direction 
after its heating. The velocity of the discharge of the jet will be 

greater than the velocity of suction (due to heating) and, as a result, a 
reactive force will be obtained. This force can neutralize the resistance 
of the device and set it to motion. 

A

39 - The take-off of Ii.K0 
Tihc,ravov's rocket [49].
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If the fuel consumption of the air-breathing rocket motors is 
considered, a more favourable picture will be obtained. At the same' 
thrust, the fuel consumption (see table 4) is approximately three times 
less than that of the liquid propellant engines. Even in the presence 
of some auxiliaxy installations, which consume a certain amount of fuel 
to impart an initial speed to the device, the total weight balance will 
be still considerably better in this case. 

Tab le 4 

The values of the fuel consumptions corresponding to the 
thrusts (in kilograms) of the VRD (air-breathing rocket 
engines). 

Thrust, kg. The performance time of the motors 

1 sec. 1 mm. 1 hr. 

100

- 

014 8.4 500 
500 0,70 42.0 2520 

1500 2.0 120.0 7500

It should be noted that the air-brea thin- rocket engines have a 
limited ceiling, since their thrust changes in proportion to the ambient 
density. This limit is practically given by 335 km. However, in comparison 
with the high-altitude propeller-engine groups, whose power decreases also 

with the decrease of density, the advantage will be on the side of rocket 
motors, not only due to the somewhat greater ceiling but also because the 
later can provide considerably greater flight speeds at the given altitude. 
The maximum attainable speed of the aircraft equipped with high altitude 
propeller-engine-group amounts, as mentioned before, to 700 km/hr. 	 - 

René Loren proposed a series of air-breathing rocket motors and 
installations for their testing. 

Figure 40 represents the initial scheme of Loren' 8 tube, which has 
an internal profiled channel. The performance scheme of this engine is 
similar to that of the engine shown in figure 10. If the engine is placed 
in an air flow of high velocity, its performance will take place under 
stationary conditions. This schee is presented in figure 41, where b - is 
a compressor feeding air, A - is the combustion chamber, B - is a device 
for the ignition of the formed fuel-air mixture, and T - is the nozzle 
through which the combustion products are discharged.. It should be noted 
that an air compressor of a greater capacity will be required for the 
successful set up of more or less considerable experiments. Figure 42 
shows the scheme of an engine in which air goes to the motor through the 
cavity 14.1ocated in the nose part of the device. The combustion products 
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are discharged through the nozzles located on a circle on the rocket's 
side surface. Compression of the air stream takes place in the cavity M 
as a result of the great flight speed, and it is then directed to the 
combustion chamber. 

Fig. 40 - The scheme of Loren's air- .breathing rocket motor. 

Fig. 41 - The scheme of an ail—breathing rocket motor with 
blowing.

,- 1 -. 

At 

Fig. 42 - The scheme of a rocket with air—breathing reactive 
motor. 

Fig. 43 - The scheme of Melo's engine.
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Fig. 44 - The scheme of an air supercharger. 

The idea of the utilization of sucked air was proposed only for 
the formation of the fuel mixture in the combustion chamber. The French 
engineer Lielo invented a kerosene engine of the direct reaction type, in 
which the enerr of the gas is directly converted to an output energy 
without the aid of any intermediate device. The scheme of Helo's engine 
/5oj is shown in figure 43. After the' ignition of the gas it is discharged 
with enormous speeds through a narrow exit. In order to increase the 
efficiency of the engine it is necessary to increase the discharged mass 
by the addition of a mass of a sucked air to it. This explains the 
existence of four injectors in the scheme. The generated gases in the 
engine flow through the tube and meet the stream of the sucked air in the 
four injectors, situated in the sequence of their increasing dimensions.; 

Figure 44 presents the scheme of an apparatus operating according 
to a circular cycle, which was investigated by the engineer F.A. Candor 
The gas (the combustion products) flows under a great pressure through 
the tube H. This gas expands in a bell—shaped tube and is compressed 
again in the back cone L to the external pressure. Afterwards, it is 
released to the outside through the aperture 0. The sucked air flows in' 
the space between the outer casing A and the tube H. The air is heated 
over the length from B to C by ribs. Therefore, the tube H may also 
2cquire the form of a heating spiral or a radiator. The air expands from 
C to D and then is compressed again and released through E. The device K 
is a small tube, which may be replaced by a hole simply drilled in the 
wall of the internal tube. This device is utilized during the starting 
period as an air pump to set a low pressure in the place "DP"; it may be 
replaced by cooling ribs or a cooling medium such as liquid air or water. 

The described installation can give a high pressure of compressed 
air, and in the case when it is discharged through E in a direction 
opposite to that of the flight, its reactive force can be utilized. 
the other hand., if it is diverted aside through the tube E it can be 
used for other purposes. 

Finally, the flight trajectory of the device, which was calculated 
by the engineer Krokko, will be presented. In this case, an aixbreathing 

F. dander, "Proletiia poleta pri pomoi reaktivnyh apparator" (The problem 
of flight by means of jet devices), 1932.
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reactive motor is adopted, and the device itself is selected in the form 
of a body having the best aerodynamic shape characteristics. The flight 
load, at the moment of the start is equal to 1000 kg., of which 40 per cent, 
i. e., 400 kg., are occupied by the fuel, and the remaining 600 kg. belong 
to the construction and the useful load. The take-off is assumed to take 
place at an initial speed of 80 rn/sec (288 km/hr), which is imparted to 

the device by some sort of external power source or by an attachment. It 
is also assumed that the fuel taken for the flight is not consumed for 
this purpose. 
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Fig. 45 - The flight trajectory 

The flight trajectory of a device flying with a maximum speed of 
1000 rn/sec is shown in figure 45 to scale (curve No.1). For its better. 
illustration, the same trajectory is drawn to a reduced scale in the form 
of the curve No.2. The curve 110.3 represents the fuel consumption from the 
moment of switching on the aix-breathing rocket motor until its stoppage 
and the start of gliding by the device. The optimum flight altitude is 
chosen for the given speed. The points of the trajectory are connected 
with the corresponding points of the fuel consumption curve, so that the 
value of the achieved speed by the craft and the amount of consumed fuel 
are known for any given moment.. The flight trajectory is calculated on 

the basis that the device, which is climbing with an accelerated flight 
speed, reaches an altitude of slightly more than 30 km after consuming 

about 300 kg. of fuel. The device gets then smoothly into a horizontal
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flight with a speed of 1000 rn/see, proceeding with this speed up to 
complete burning of the fuel. The range of the first part of the trajectory 
on climbing is about 200 kin. The horizontal part of the trajectory has. 
a length of 1000 kin, and the range of gliding is equal to 600 km. The 
duration of the whole flight will be about 43.5 mm, which gives an 
average speed of about 690 rn/sec or 2500 km/hr. 

It should be stated that the ratio between the weight of fuel and 
the total flight weight, that was obtained theorectically in this example, 
is quite satisfactory. Moreover, if this ratio is compared with that 
obtained for an ordinary aircraft, the result will not be in favour of the 
latter. Therefore, the rocket device consumes in the present example 400 
kg. of fuel and covers a distance of 1800 km in 43-fr min. 

An aircraft weighing 1000 kg and equipped with a motor of 200 H.P., 
which has a considerable ground speed of 200 km/hr, will cover the same 
distance in 9 hours, consuming about 400 kg of fuel. 

It is clear that the aircraft still has the only temporary advantage 
that its flight is at present a simple and realistic matter, but the flight 
of a rocket device belongs to the future. 

If it is assumed that all the numerous difficulties preventing the 
realization of such a work will be successfully overcome, then the aim of 
a such flight could be practically fulfilled. 

In conclusion, it can be stated that the utilization of the air-
breathing rocket motors for thanxied flights in the stratosphere (in combi 
nation with other types of engines serving for boost) will, undoubtedly 
acquire interesting pro2pects. 

Conclusions 

The prospects of the utilization of rocket engines for aircrafts are 
frequently eoriuid.ered and discuued with an excessive optimism, which is 
particularly applied to flights in the stratosphere. It is considered that 
the future conquest of the stratosphere, and the present expansion of the 
boundaries of aviation on the ground, are exclusively a matter of how soon 
we will start to install rocket engines in aircrafts. Moreover, as soon as 
it is found that other methods cannot give a complete and a sufficiently 
satisfactory solution of the problem, and that altitudes over 35-40 kin are 
almost unattainable for investigations, the attention will be directed, 
with excessive lightness, to rockets. Many authors and scientists devoted 
their work to the description of rockets, down to the very minute details 
of their construction. 

i'Ioreover, the conviction of the utilization of rocket devices for 
flights in the interplanetary space has been substantially confirmed. On 
this subject, there are so many provisions and, some times, so incompetent 
suggestions and schemes, that a new idea does not seem to have evoked till 
now.

However, if we have a close look to the essence of the problem, we 
will realize that the matter is by no means easy and clear.
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The rocket motors and devices, regardless of their construction, 
have certain advantages and disadvantages and possible and impossible 
limits. Speed is a characteristic proper-br the rocket device. The rocket 
will prove itself only at a. high or enormous speeds, in coparison with the 
known speeds. In this case, all the factors will be quite satisfactory, 
such as good efficiency, small fuel consumption per unit distance, etc. 
Of course, we should abandon the attempts of the utiliMtion of rocket 
motors for transport on the ground by motor—care, motor—boats and other 
low—speed carriages. The modern aircraft is also unfit for the installation 
of rocket motors in spite of its enormous speed, as it may seem to be at 
the present time. It is quite sufficient to have a close look at the 
.discussed examples in the above statement, viz, the high altitude aircraft 
and the rocket glider, and to compare them with Obert's multi—stage rocket 

as well as other types of rockets. In the first case, we have a difficult 
laboured take—off of an overloaded aircraft, a flight for few minutes at a 
practically low altitude and then landing on an unspecified place, since 
the motor is stopped as a result of the full consumption of the fuel. In 
the other case, we have an instantaneous easy take—off, speeds of many 
hundreds of metres per second, and very high altitudes. 

Consequently, we can come to the following two conclusions 
The first is the necessity and expediency of the utilization of 

rockets, which develop immediate sufficient speeds and require experience 
because of these very high accelerations. This is the target of the 
prest. 

The second is that the manned flight of such devices is still impossible 
at present. We draw the attention again that we don't mean by this conclu-
sion the lift up, but a flight on some given route with an operating motor. 

It is clear that the rocket is a very serious weapon due to its 
exceptional properties, i. e., great speed and high ceiling (and, consequently, 
long range). All scientists interested in this field should take into 
consideration just this fact, not the still ungrounded fantancies about 
flights to the moon and speed records of unexisting rocket aircrafts. 

What is the way by which the problem of manned flight can be solved? 
Undoubtedly, if we are talking about flights at altitudes over 30 km, we 
cannot achieve it without a rocket. We are sure that this part of the 
problem will be also solved in the near future. If the problem cannot be 
solved, as we have seen, by solid propellant engines, and is solved with 
difficulty by modern liquid propellant engines, then the air—breathing 
rocket motors can give more favourable results, and some new schemes will, 
of course, appear and be developed in the future. 

The problems of the physioloy of flight, and the adaptation of a. 
human being to endure considerable accelerations, should be studied in 
order to achieve successful results, which could allow manned flights by 

means of the RLA (Rocket Powered Aircrafts). It may be necessary here to 
work in the direction of developing such devices and instruments that can 
give the possibility of enduring considerable overloads during certain 
period of time.
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Thus, quite concrete and realistic tasks should be established within 
the outlined limits, and we should deal with the study of the methods by 
which the work should be carried out. 

The overwhelming majority of all the works, apart from the principally 
u.ncorrect direction noted by the present author, have also one of the most 
serious shortcomings, viz.: an insufficient attention is paid in these 
works to the motor. But, for the success of the work, a reliable rocket 
motor with high standard specifications is needed in the first place. 

Therefore, we should clearly realize here what could be done for every case 
of the rocket device and its parts or the motor. 

At this stage we can come to the conclusion (third) that it is 
impossible to talk about any supernatural achievements unless we have a 
reliable rocket motor whose parts and details have been considered and 
developed, and which has been practically tested. 

The rocket motor should be the focus of attention. 

Does this mean that all other attendant problems should not be 
studied ? Of course, not. On the contrary, they should be studied. Such 
problems as, for example, the achievement of stable flight, the rational 
control system of the PLA (Rocket Powered Aircrafts), the devices used for 

take—off, monitoring and recording instruments for the different data at 
very high altitudes, as well as many other problems should be solved. But 
in each of those cases it should be clear that working on one of such 

problems will not mean working on the rocket itself but one of its specific 
problems, and a good development, for example, of control does not mean 
that a good rocket has been obtained.. 

The fourth conclusion is that more correct and serious work is needed 
to attain the perfection of the stated problems. 

We should proceed from general points, figures and schemes to a 
thorough scientific study of each separate subject. 

Among these, an honourable place should be occupied by all the subjects 
that are directly related to the motor. The following subjects can be 
ascribed to them: the problems of the physics and chemistry of the motor; 
the development of fuel mixtures that could give maximum discharge speeds 
of combustion products; the materials which are highly significant for the 
rocket engines; the process of feeding the fuel into the motor; the develop-
ment of feeding pumps, injectors and other devices; the refractory materials 
which could secure a prelonged performance of the motors without the 
destruction of the chamber; and many other subjects. 

We are sure that the flight by means of rockets will develop widely 
in the near future, and will occupy a proper position in the system of 

socialist technolor. A striking example in this respect is aviation, which 
has achieved in the USSR such a wide scope and success. Undoubtedly, the 
rocket technolor will not have less pretensions in its field of applica-
tion, which must become in the future an ordinary and deserved situation.
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11IiTGED ROCKETS AND THEIR UTILIZATION 

FOR LIMiNED FLIGHTSk 

/1937 

The wined rocket is a flying device which is brought into motion 
by means of the direct reaction of an engine, and which has a surface that 
can develop a lifting force during its flight in the air. 

The take-off, climb, and subsequent flight, as well as the gliding 
and landing of such a device will be considered in a wanner analogous to 
the rise of aircraft. 

The flight may pursue the achievement of the maximum lift with sub-
sequent gliding and landing, or a given lange, i.e., the flight may cover 
a maximum distance along a direct or a given route. 

In the subsequent summary, the problem of the maximum attainable 
flight altitude for a winged rocket will be discussed. In this case, it 
should be taken into consideration that the rocket will carry a living 
load, i.e., a man. 

The idea of the utilization of the rocket devices for lifting a man 
to high altitudes and also for carrying him to the cosmic space is known' 
since a long time ago. This is because the idea of the rocket engine it-

self, from the point of view of its nature and the principle of its action, 
could be best applied to such types of flight. In this connection, it is 
necessary to montion the main works of K,E. Ciolkovskij and F.A. Candor. 

A great number of various possible rocket devices iere suggested by 
different sciei:tits at different times. These suggested devices, eccoi 

ding to the points of view, of the authors, could have brought a revolution 
in the rocket technoloy. Most of those schemes were not on the due 
standard and, in particular, the rocket parts, which were incorrectly 
elaborated. Recently ; -many suggestions led to the simple installation 
of a rocket engine (working on solid or liquid fuels) on the well-known 
types of aircrafts It was assumed that, in this way, extraordinary high 
altitudes and flight speeds could be achieved. There is no need to mention 
all the failures of such a mechanical shift of rocket technolor to aviation. 

In fact, we should ask ourselves the following question: Did a max 
fly on rocket aircrafts, did he achieve, even at an insignificant rate, 
those head-turning success of which the authors of these projects were 
drearnin8? Sorrily, no. Furthermore, the fantastic works did not work. 

Extrcts from the lecture given by the author on the 2nd of March 1935 
during the first All-Union conference on the utilization of rocket devices 
for the investigation of the stratosphere.
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Therefore, if we hold firmly the quite correct situation under whose 
sigi the present first (in the Soviet Union and the whole world) rocket 
(not interplanetary) conference proceeds lu, namely ; dwelling only on 
the real facts and the real achievements on a scientifically substantiated 
basis and not on the fantastic forecasts of the subsequent work of Soviet 
rocket scientists, then leaning or resting on any "history" should be 
forbidden. 

What are the main characteristic features of a manned flight in a 
winged rocket? Briefly, this question can be answered as follows. First 

of all, the flight will be at high altitude and, consequently, the pilot 
should be provided with all the necessary equipments for work at high 
altitude (a pressurized, suit, a pressure cabin, the corresponding food 
stuff and so on). Secondly, the processes of take-off, lift up and climb, 
as well as the cu'r'i-1inear flight, will be characterized by a considerable 
change in the speed. Consequently, the human organism will be subjected 
within a certain period of time to the effect of acceleration. Therefore, 
the pilot should be placed under such conditions that the effect of 
acceleration can be easily beared. 

If the problem concerning the number of persons which should directly 
participate in such an experimental flight comes up for discussion, then, 
although it is desirable to have two and even three men yet we should 
dwell, as a start, on one man only, since each excess kilogram of load, I 
as it will be shown later, acquires an exceptional significance. There-

fore, the useful load of the winged rocket will, in the first approximation, 
be estim.ted as follows : 80 kg. 	 the weight of a single man, plus 
30 kg.	 the weight of his equipments, that is, a total of 110 kg. 

Now we shift to the investigation of the characteristics of the 
family of winged rockets, in connection with the drawn scheme. 

Few words will be said on the possible scheme of the winged rocket. 
It is clear that a great number of quite different types of rockets,-having 
their :positive and negative sides, can be suggested. In the most general 
form, holding the previously made assumptions, it is possible to suppose 
that the given device will acquire a classical freely carried out individual 
scheme with a wing of a thick profile, and a centrally inserted fuselage 
with a tail fin fixed at its end.. 

Will this device be similar, for example, to an ordinary aircraft 
of the same scheme? It can be assumed that the similarity will be insig-
nificant with respect to the series of the specific factors and the 
conditions which will be investited below.	 - 

Most probably, the winged rocket will exhibit the following external 
features: a small stroke, a small elongation and a small value of lifting 
surface (aerofoil). The fuselage will acquire a siiificant length and 
it will be occupied mainly by the engine, tanks, feeding devices of the 
engine and so on. 

It is possible that the wing can be utilized for the accomodation 
of the various aggregates of the engine, the instruments and so on. 

The cabin or the place of 'she pilot will occupy relatively a very
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small place in the fuselage and, at least in the first devices, it will be 
of the opened type. It is assumed, in this case, that the pilot will fly 
in a pressurized suit. This situation is stipulated mainly by the consi-
deration of the weight economy. 

The pressure cabin acquires, as it seems to be, a considerable 
advantage in comparison with the pressurized, suit. The main disadvantages 
of the cabin is its considerable clearance, difficulties in the inference 
of any type of control, and the most important of all is the considerable 
weight, which acquires much more significance in robkets than aircraft. 

Among the series of questions associated with the settlement of the 
problem of a rocket manned flight, the question of a powerful rocket 
engine working on a liquid fuel, acquires a great siificance. The reali-
zation of a manned flight in the stratosphere in a rocket device depends 
mainly on the future achievements in the field of rocket engines. 

It is much better to characterize the rocket engine by the maitude 
of the thrust developed during the consumption of one kilogram of fuel 
per second [2]. The relationship between the change of thrust with the 
rate of fuel consumption is illustrated in figure 1. The values of the 
thrust (expressed in kilograms) are represented along the vertical axis, 
while the rate of fuel consumption (in kg/sec) is represented along the 
horizontal axis. The two lower dotted lines correspond to a thrust of 
200 and 225 kg.., which is the thrust of the rocket engine obtained for - 
the consumption of one kilogram of fuel. The solid line and the upper 
dotted lines correspond to a thrust of 250 and 275 kg. respectively. 

Therefore, a rocket engine of a thrust equal to 2000 kg. will consume 
the fuel at u rate equal to 8 kg./sec. Adapting such characteristics t 
the rocket en;ine, it will be possible to solve the problem of its utili-
zation for flight. 

Such considerable rates of fuel consumption for the engines show 
that the fuel reserve which should be carried by the rocket will be. 

sufficiently big. Actually, if this problem is studied in details, then 
it will be found that the maximum flight altitude will be directly de-
pendant on the amount of loaded fuel. 

The relationship between the maximum flight altitude and the amount 
of fuel divided by the total initial weight (in per cent) is illustrated 
in figure 2. The vertical axis represents the values of the altitude, 
and the horizontal axis represents the percentage of the fuel content. 
The diagram was plotted for a set of rockets having an engine with a thrust 
of 250 kg. per one kilogram of fuel consumption per second; this corresponds 
to a thermal efficiency of 	 0.33 (see below), which may be considered 
a quite real value. 

If more or less real values are taken: a 40 per cent, then H 
will be equal to 14.5 kin.; for a 50 per cent, the maximum altitude 
increases to H 

max 20 km. For devices equipped with engines having 
a slightly lowrefficiency and, consequently, a lower thrust per one 
kilogram of fuel consumption per second, the maximum altitudes will be 
considerably lower.
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Fig. 1 - The diagram of the change 
of fuel consumption with the thrust 
1— Thrust, kg. 
2— Consumption j,or see, kg/sec.

Fig. 2 - The diagram of the 
dependence of the maximum flight 
altitude (rocket ceiling) on the 
fuel content. 
1— The maximum flight altitude, M. 

2— (The amount of fuel/initial weight) 
10Oia% 

There also exist a series of factors which are of great importance 
for the construction of a wined rocket to reach the maximum flight height. 
Amon ,:-,, these factors there are the following: the proper selection of the 
relationship b ' tfeen the thrust of the rocket engine and the initial weight 
of the rocket, also the value of the specific load, of the carrying surface 
of the rocket. 

The relationship between the maximum flight altitude (rocket ceiling) 
and the ratio of the engine thrust to the initial weight is illustrated in 
figure 3. A series of curves were plotted by means of the date obtained 
from the numerous computations carried out for the different variants

'I (more than 200), for different initial weights (G) and fuel contents (a), 
as well as different values of the ratio P/a ranging from 05 up to 2. 
All the curves showed a quite smooth maximum for a value of 	 . 1.1. 

The relationship between the mximum flight altitude (rocket ceiling) 
and the values of the load per one m of wing area, which was obtained by 
means of these calculations, is illustrated in figure 4. From the examina-
tion of the curve plotted in figure 4 it is clear that, with the increase 
of the specific load to a certain limit the ceiling will increase very 
rapidly. Further increase of the load will have a slight effect on the 
values of H a • The curve illustrated in figure 4 was plotted for a set 
of winged rcets by assuming that they took off without running, i.e., 
they departed suddenly from the ground with the optimum angle which for 
winced rockets, as the computatiohs show, is equal to Q 600, and that 

the proper speed was immediately obtained (this corresponds to lifting up
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Fig. 3 — The diagram of the change 
of the maximum flight altitude 
(rocket ceiling) with the ratio of 
the engine thrust to the initial 
weight. 
1— The maximum flight altitude, H.kg. 
2— The ratio of the engine thrust to 
the initial weight.
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Fig, 4 — The diagram of the depen-
dence of the maximum flight altitude 
(ocke-t ceiling) on the load, per one 
m of the wing surface. 
1— The maximum flight altitude, 

	

H. Kg.	
2 2— The load per one m of the wing 

surface, in kg. 

by means of booster rockets, whose weight was not considered). 

Therefore, the fuel exhausted on running was not considered and, as 
a consequence, the slightly increased values of the maximum altitudes, 
compared to those mentioned before, were obtained on the diagram (see fig-4). 

The numerical data, given in the table of figure 
4, show that by 

increasing the specific load the amount of fuel (a%) could be increased on 
the expense of decreasing both the weight of the wings and the harmful 
resistance of the device.

±: (5 0,07 I ) . 

From this relationship, the necessi-tr for the winged rocket to acquire 
a specifc wing-load of any value falling in the approximate range of 30 
500 kg/rn is clear. 

A question arises in regard to the method of take—off and landing 
of such devices. 

In fiure 5, a series of curves, which characterize the dependence 
of the take—off and landing velocities of the rocket on the various para-
meters, are illustrated. 

The values of the flight speeds (ecpressed in rn/sec and km/hr) are 
presented along the vertial axis, and the values of the loads per unit 
area of the wing 	 kg/zn are presented along the horizontal axis. 

The upper curve shows the change of the take—off velocity of the 
rocket, which is expressed by the folloiing equation 

/------7 
I -,	 - 
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Where e° = the air density and Cy = the value of the coeffi- 
cient of the

- 
lifting force during the to 

For the was taken given curve, the value of 
0 ta equal to 0.3. 

In practice, e ft it was shown that for winged rohkes it is possible to take 
Cy fakQ-off 0. 5 1 which slightly decreases the rnaitude of the take-off 
vecity.

Fig. 5 - The dependence of the take-off and landing speeds 
Of 'Lilarocket on the various parameters.	

2 1- Thu _--p ood ) rn/see, km/hr. 2- P - is the load, per m of 
the wing, in kg. 

The second curve shows the character of the change of V 
for Cy 

^tkr, off 0.5.	 take-off 
ottorn of these curves, the curve of the landing speed for 

1 is illustrated by the dotted line, while the curves of the 
landing speeds during burning-or cutting off the corresponding amounts 
of fuel are represented by solid lines. The latter conditions are consi-
dered indispensable, since the difference between the initial wei gh t of 
the rocket on the start and at the moment of landing will be considerable 
due to the huge amount of loaded fuel, and will be strongly reflected on 
the magnitude of the landing speed. 

Examination of figure 5 shows that by following certain conditions 
the situation will not be hoeless as it appears to be at the first sight. 
Thus, for a load, of 400 kg/rn acting on the wing, the take-off velocity 
for Cy tk o = 0.5 will be approximately equal to 80 rn/see, and the e- 
landin speeci, which depends on the fuel content (a = 40 .- 60%) 01 the 
initial weight, will lie within Lhe range of 1 5128 km/hr. 

The landing speed is equal to 
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where a	 the fuel content, expressed in per cent with respect to the
initial weight of the rocket. The fuel content was initially com puted by 
assuming that the consumed fuel was completely burnt or discharged, taking 
into consideration the indispensable condition of the utilization of any 
device, which necessitates the increase ofy1	 and the decrease of the 
magnitude of the landing speed,	 an 

The characteristics of the boost given to the winged rocketby means 
of the booster rocket are illustrated in fi,ure 6 according to the following 
relationship•.

V	 =V	 Bj	 t boost	 take off	 av boost 

where Vboos 	 the boosting velocity, B 0.85 .. 0.9	 the correction 
coefficient of the boost, j	 the verage value of the acceleration ay 
during the boost, expressed in II/sec , t the boosting time expressed 
in Sec.
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Fig. 6 - The characteristics of 
the boost of the winged. rocket. 
Taking: G =21000 kg. and 
f = 40 rn/sec
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Fig. 7 - The diagram of the variation 
of the weight of the rocket engines 
with the thrust. 
1- The weight of the engine, kg. 
2- P thrust, kg. 3- A multi-ôhamber 
of 100 kg. 4- A multi-chamber of 500 kg. 
5- A. single chamber. 

From this relationship, the boosting time is determined as follows 

t	
V1 off 

boost	 Bj 
ay. 

and the length of the path alone which the rocket will be subjected to the
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boost will be equal to

';.
2 /.\	 IJj 

In this case, the average values of the acceleration in the equations of 
the boosting time and its trajectory will be slightly different from each 
other.

The required impulse for the boost will be given by 
Gji' 

c;j	 g	 Jig 

The vertical axis of the diagram of fiure 6 represents the values of 
t	 the boosting time, in seconds; S

ti	
the path of the boost, in m. 

1) 

aM I	 the impulse, in kg. tee. For a take—off speed of 80 ms/sec we 
get:

Sr 5 m it	 - 9000 
^ks_ 

The vlue of the acceleration was taken in this case equal to j,40 
rn/sec , which corresponds to a linear overload of about 4. Human beings 
can fully bear the acceleration within such a short period of time. 

In addition to the above mentione factors, it should be mentioned 
that the increase of the load per one m is also pecessary, since it is 
difficult to realize a sufficiently big and strong wing with a small load 
during the flight with such high zpeed3 as those taking place in winged 
rockets. According to figures 5 and 6, it follows that a certain increase in 
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Fig. 9 — The diagram of the variation 
of the weight of the pressure accu-
mulator with the amount of fuel. 
1— The weight of the pressure accu-

' mulator, kg. 2— The amount of fuel, kg. 
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Fig. 8 — The diagram of the variation 
of the weight of the tanks with the 
amount of fuel. 
1—The weight of the tanks, kg. 
2—The amount of fuel, kg. 
3— king; The specific weight of 

the fuel '' = 1. The pressure of 
fuel supply p = 30 atm. 

The maximum permitted pressure 
P 45 atm.
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the specific load of the wing should not be avoided; this gives a series 
of quite sensible advantages and, in this case, the resulting complications 
are not so huge and unavoidable as it may appear at the first sight. 

We come now to the investigation of the weight log of the rocket. 
Figure 7 shows the change in the weight of the rocket engines with 

the force of thrust. The values of the weight of the engine in kilograms 
and theia correspondjn values of the thrust are inserted along the 
vertical and horizontal axes respectively. 

The diagram shows that the absolute value of the weight of the power -
ful rocket engines is not high. The economy in the weight is obtainedin 
the case of the more powerful rocket engines with a single chamber, in 

comparison with the installations giving the same thrust force but consis-
ting of several chambers of smaller dimensions. 

Generally speaking, in the log of the weights of the winged rocket, 
it should. be mentioned that the motor is the basic fraction in the weight 
of the empty machine (if, as it has already been mentioned, the weight of 
the proper engine, is not too much, then the considerable part of the 
weight will be constituted by the fraction of the tanks of the oxidizing 
agent and fuel, and also by the fraction of the feeding system which 
supplies the engine with fuel mixture). This proper auite clear phenomenon 
explains the need for the winged rocket to be loaded with a huge amount 
of fuel, and to be equipped with an engine having a tremendous rate of fuel 
consumption. 

The character of the relationship between the weight of the tanks 
and the amount of fuel, is given in figure 8. For simplification, the 
specific weight of the fuel was taken equal to ld 1, which is usually the 
ease in practice for the mixture. The diagram was dram on the basis of 
the experimental data as well as a series of analytical cheokings of the 
weight of cylindrical tanks of various capacities and constructed from 
different materials. The working pressure in the tanks was taken equal 
to 30 atm., i.e., a classical very frequently utilized system of fuel 
supply was applied, in which the fuel was forced to flow from the tanks 
to the combustion chamber by means of pressure. The computations showed 
that the unlimited increase of the dimensions of the tank is inexpedient, 
and it is practically much more profitable to insert several tanks. The 
lightest tanks are those constructed from elektron (a type of alloy) and 
then those made from cluraluminium and special steel. The heaviest tanks 
are those constructed from tubes of big diameters. The tubular tanks are 
suitable for small rockets, whereas on increasing the amount of fuel their 

applications becomes unsuitable, not yet speaking about the exploitational 
difficulties. iXie to the little experience gained by workiig with this 
material, the weight of the "electron" tanks may be taken only as a 
theoretical limit which we should try to attain during design. 

If the suply of the components into the combustion chamber is 
achieved under the pressure of air or a neutral gas from a special pressure 
accumulator, then the weight of the latter can be expressed by the 
following relationship which is represented in figure 9
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V	 --
accu..	 'lank -. (),2V4 

where V	 = tile volume of the pressure accumulator; 
aocum = the pressure of fuel supply; 

pSUP 
= accum the pressure in the accumulator; and 

V -tank= the volume of the fuel tanks. 

The weight of the pressure accumulator will be - equal to f7 
P
accum G	 OS2G	 = 

accum	 tank p	 Gtank 
supply 

The simplest computation shows that for the ordinary ratio of the 
pressure in the accumulator to the pressure of fuel supply (which is about 
5:1), the volume of the accumulator will be practically five times less 
than the volume of the tanks. But since the pressure in the accumulator 
is, in average, five times greater than the pressure in the tank, then the 
weight of the pressure accumulator should be considered equal to the weiht, 
of the tanks. In practice, however, it is possible to get a certain ,slight 
decrease in the weight, since the high pressure accumulators should acQuIre 
a considerable reliability and, in addition, their accessories (reducing 
valve and so on) are much heavier than those of the tanks, and so one 

On the basis of the data given in figures 8 and 9 a comparative 
diagram was drawn (see fig. 10), where the expressions are given for the 
average weights of the tanks (made from different materials) and .the. 
pressure accumulator in proportion to the weight of the fuel. 

Figure 10 shows that, by taking the real conditions, the weight of 
each of the tanks and the accumulator is equal to 20 per cent of the weight 
of the fuel, i.e., they both constitute 40 per cent of the weight of the 
fuel. It is possible to say with confidence that, in the light of modern 
technoloy, the mentioned values are not, at any rate, high. In practice, 
by means of very big shifts, it is possible to achieve the decrease of 
these values by a factor of 1-2 per cent. It is clear that this does not 

........ 

.............. 
............... 
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Fig. 10 - The average weights of both the tanks and the 
pressure accumulator (expressed in per-cent) with respect 
to the weight of the fuel. 
1- ]Airaluminiuin tubes. 3- .Lii alloy of electron. 
2- Thiraluminium or a special steel. 4- The pressure accumulator.
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acquire any practical significance, since the encountered difficulties 
are in this case huge. Also, this decrease in weight will even, probably, 
lead to a loss in the reliability of the installation. 

In practice, it is much more probable to expect an increase and 
not a decrease in the weight of the feeding system in comparison with the 
mentioned values. 

To conclude the analysis of the weight log, a summary diagram for 
the weights of the set of the winged rockets is drawn in figure 11. The 
weight (expressed in percent) of the fuel, tanks, pressure accumulator, 
construction and the useful load of the rocket are inserted to the left 
along the vertical axis. In total, the vertical ordinate is equal to 
100 per cent, i.e., equal to the total initial weight of the rocket. The 
following numerical values (expressed in kilograms) of the initial ireights 
of the rockets are inserted along the horizontal axis: 300; 500; 1000 and 
2000 kg. On drawing, it was assumed that the useful load (the pilot and 
his equipment) will remain constant. The amount of fuel was arbitrary 

chosen equal to a = 50% with respect to the initial weight of the rocket. 
This diagram clearly shows the tenseness of the weight log of the rocket. 

The variation of any parameter, for example, the increase of the useful 
load or the weight of the construction, will be reflected on the magnitude 
of a% and, consequently, on the ceiling of the given rocket (see fig. 2). 

The diagram shows that the weight of 'the construction attains a 
value of about 22 per cent for a rocket with an initial weight of G = 2000 
kg. This value will further slightly change with the increase of the 

MN 

MI Iii/ 6	 iI 
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ii	 iiti	 .i,u	 iuui 

Fig. 11 - A summary diagram of the weights of the winged 
rocke ts. 

The total initial weight of the rocket - 100%. 
® The initial weight of the rocket, kg. 
.1 - The crew or "the useful load of the rocket". 
2 - The engine. 

3 - The construction. 

4 - The accumulator. 

5 - The tanks. 
6 - The fuel.
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dimensions. Therefore, on increasing the initial weight of the rocket 

an approximately constant ratio of the components of its weight log will 
be obtained. This relationship is illustrated on the right side of the 
diagram (see fig. ii), for a rocket with an initial,weight of 0 = 2009 
kg.

'IC	 - 
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Fig. 12 — A diagram showing the weight 	 Fig. 13 — The average weight 
of the (pump) unit for the fuel supply 	 of the feeding system of the. 
into the combustion chamber	 rocket engine (expressed in per-
1- The weight of the pump, kg.	 cent) relative to the weight of 
2-G 

s 
P	 the fuel supply	

1- The pump unit, 2- The tanks, 
3- The accumulator, 4- The tanks, 
5- The supply under pressure•, 
6.- The supply by means of a pump. 

The investigation of the weight log of a rocket with an initial 
weight of 300 kg. shows that, as a consequence of the considerable big useful 
load (110 kg., which constitutes 36. 6 per cent of the initial weight) and 
the considerable a = 50% 7 its log will not remain constant, even if the. 
weight of the construction is not taken into consideration. It should be 
mentioned that the utilization of rockets with a small initial weight 
(up to 2000 kg.) for manned flights at relatively high altitudes will be 
hardly possible. 

Summarizing the above-mentioned factors, it is necessary to admit that, 
by the utilization of rocket engines working on liquid fuels with pressu-
rized fuel supplying systems and disposing an efficiency of? t 0.33 for 
the engine (i.e., getting a thrust of 250 kg. for one kilogram of fuel 
consumption per second.), a man can be lifted in a winged rocket to an 
altitude of up to 20000 m. 

Can be there a shift towards better aspects? Yes, there can be 
and, in particular, for the devices acquiring big initial weights. 

However, taking into consideration the modern situation of rocket technolo&y, 
and all the difficulties of the construction and exploitation of such a 
huge high altitude device, and also the extraordinary difficul'j of 

working with tremendous amounts of liquefied gases (which are an indispen-
sable factor), it should be admitted that the method way of increasing
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the initial weight of the rocket cannot be regarded, at the present time, 
realistic. On the other hand, the results obtained by the author should 
not be, by any means, considered satisfactory. Undoubtedly, it follows 
and it is necessary to work on the improvement of the construction 9f the 
device and engine in order to achieve better results. 

The first method consists of increasing the fuel reserve a%. For 
this purpose, it is necessary to abandon the system of supply by means of 
pressure and go to the supply by means of a pump f47. In this case, 'the 
necessity for the pressure accumulator fades away, and the tanks themselves 

will be lighter, since they will be working under atmospheric (or small) 
pressure. The final situation, besides the decreasing weight, will greatly 
simplify the exploitation and increase the reliability of the whole device. 

4 
I	 2 
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Fig. 14 - Comparison of the weight data of two winged 
rockets with the various feeding systems of the engine: 
G	 = 2000 kg;	 P = 2000 kg. o 
.1- The crew;

en"
-. The engine;	 3- The construction; 

,4- The pump; ,5-. The tanks;	 .	 6- The fuel.
1- The total initial weight of the rocket 1000/0 
2- I The supply under pressure 
3- II The supply by means of a pump. 

The weight of the pump (of the whole unit, including the weight of 
the 

f
uel which is required for its performance) can be represented in the 

form of a diaTam (see fig. 12) according to the following relationship 

0 4G = SP 
Et 

PAP 	 IJ 

where C	 = the weight of the pump unit; 
QPUmp 

= the rate of fuel consumption; 
= the pressure of fuel supply; and 

SUDD
= the specific weight of the mixture. 

According to the data published by the engineering section of the RNII 
(the Rocket Scientific Research Institute). 



- 461 - 

The increase in the weight of the feedin system on the installation 
of a pump i theoretically obtained in two steps. The practical increase 

of a% will be slightly lower, since the increase of the fuel reserve will 
be simultaneously accompanied, by an increase in the weight of the tanks 
as well as the pump itself. For a rocket with an initial weight of 
Go 2000 kg., it is possible to achieve a 58%. Generally speaking, 
the realization of a winged rocket with a fuel content up to 60 per cent 
of the initial weight should be considered realistic. The weight ratios 
of two rockets, one of which has a pressurized system of fuel supply and 
the other has a pump unit, are given. 

The efficiency of the engine is quite an important factor; by its 
variation the data of the rocket flight can be considerably improved. 
However, in this way, a series of great difficulties are unavoidable, 
particularly, if	 is increased on the expense of increasing the 
pressure in the chamber. It should be remembered that quite high tempe-
ratures exist in the combustion chamber and, as a consequence, the strength 
of the material and the stability of the chamber are decreased. 

The increase of the efficiency of the engine will increase the 
specific thrust developed from one kilogram of fuel consumption. There-
fore, by having the same initial fuel reserve a%, the winged rocket will 
considerably increase its ceiling (see fig. 17). 

Figure 15 show the character of the variation of the specific 
thrust of the engine , developed from one kilogram of fuel consumption, 

•	 ;: (' .'.:	 .. 
..L.LLtLJ ;'.!1 :0 	 ..s,/	 .79,1	 .f9,V	 'i/li	 11,Ui	 'i'i	 7	 'its;:; 
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Fig. 15 - A diagram showing the change of the thrust of 
the rocket engine, obtained from one kilogram of fuel consump-
tion, with the thermal efficiency. 	

2 1— P, kg.; 2— P. in the combustion chamber, kg/cm 

with the pressure existing inside the combustion chamber at the corresponding 
values of the thermal efficiency. This relationship is expressed by the 
following equations

I)	 mu',,, 

iv,,	 9,5 

k  
According to tue data published by the engineering section of the RNII 

(The Rocket Scientific Research Institute).
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where p = the thrust of the engine; m 	 the mass per second; w	 the 
velocity of the gas discharged from the ozzie3 '; U 	 the caloriic 
value of one kilogram of the mixture consisting of ' fuey and oxidizin! 
agent and	 the thermal efficiency, which is equal to 

and for the consumption in kg/see, it is equal to 

where P = the pressure of the medium outside the nozzle; 
P.	 the pressure inside the combustion chamber; 
P = the thrust per one kilogram of fuel consumption per second; and 

K 1.15 an adiabatic index. 

From the investigation of the diagram (see fig. 15), it follows that 
the efficiency of the oxygen—alcohol engine, which gives a thrust equal to 
275 (and not 250) kg. from one kilogram of fuel consumption per second, 
is equal to	 0.40, and the pressure inside its combustion chamber is 
approximately equal to 50 atm. The realization of such an engine, as 
already mentioned, is a sufficiently difficult problem. In addition, the 
big pressure in the chamber necessitates the application of considerable 
preusure for the fuel supply, which highly complicates the construction of 
the feeding syutem and increases its weight. Probably, it will be more 
expedient to use certain new fuel components in order to get even 275 kg. 
of thrust from one kilogram of fuel consumtpion, and also to avoid such 
considerable Pressures inside the combustion chamber /6J. 

The determination of the main aerodynamic characteristics of the 
winged rockets can be achieved in most cases by means of the well—known 
methods, since the take—off as well as a considerable part of the trajectory 
are performed with subsonic speeds. 

It is much easier to tabulate the results in the form of the following 
two tables (Table 1 and 2) :

Table 2.

No. Nomenclature Maximum General Re— 
cross(mid) cross(mid) C C S marks 
section section S.  

X xM 

1 The cabin of the pilot 
2 The motor nacelle 

3 The horizontal fin 

and so on

C -	 =
barmnf 
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Table 2 

The aerodynamic characteristics 

The data 

-3 —1.5 0 1.5 3 

C
y 

C
x wing 

C
x harm 

x Rock. 
C

In 

c/ 
yc•	 x wing 

rock

Tho following designations were adopted in table 1 and 2 
C  
x harm	 the adduced coefficient of the harmful resistance of the whole. 

rocket except the wing; 
S	 the lifting surface of the lines; 
C 
xRock	 the eotfficjent of the harmful resistance of the whole rocket;' 

 C y win-' 
.	 the coefficient of the harmful resistance of the wing; 

C	 the coefficient of the lifting force of the wings; 
C	 the coefficient of the linear moment of the wings; 

Y x winr	 the quality (finess) of the wing and , 
(d /0	 = the quality f1ness) of the whole rocket. y xrock 

Wit is necessary, the evaluation of the wing polars from one elongation 
into the other could be carried out in the same manner as it is done for. 
aircrafts. 

By projecting all the forces acting on the winged rocket along both 
the tangent and the direction normal to the flight's trajectory, the 

Fig. 16 — The equation of the rocket motion. 
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equation of the rocket motion could be expressed. in the followin general 
form :

/?,&p(v) v - (7 sin 0, 
= 1?,1u2A - G cos 0. 

Dividing both equations by lvi and expressing them in a differential 
form, the following equation could be finally obtained 

dv -	
±L_ --	 Kj,,	 I, (v, 0, 1), --	

() 
 ! 

m	 VI	
g '!	 /2 (v, 0, 1); 

V 

where
dv 

t dt= the tangential acceleration; 

vd 
jn -dt the normal acceleration of gravity; 

C fS - the force of the air resistance at a speed of 

V - 1 rn/see; 

R	 C FS the lifting force at v = 1 rn/eec; 

A f = the ratio of air densities at the given altitude and 
on the earth's surface; 

(v)	 the functional dependence of the included correction for 

the value of R on the speed, in case the rocket flies with 
a speed greater than the Sonic speed; 

g	 = the acceleration of gravity; 

= the inclination angle of the trajectory to the horizon; 

dQ = the increment of the inclination angle within an infinitely 
small time interval; 

= = the flight (variable) mass of the rocket; 

G	 = the weight of the rocket at the given moment; 

v	 the flight speed at the given point of the trajectory; 

t	 the flight time, estimated from the moment of the start 
of the rocket. 

The solution of these equations is elaborated in details in the work
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"Dinamikd raketnyhsaino1oov" (The dynamics o rocket aircrafts) of 
professor V.P. Vetcinkin.	 If partial numerical integration is applied, 
then it should be carried out by the method of approxima 9 computations 
as mentioned by V.P. Vetcinkin in a series of his works, , i.e., to start 
the computations by the method. of Rung and to continue by the method of 
Koêll, which can be applied to an equation of any order. 

The flight trajectory of the winged rocket can be divided into 
several regions. The first region is the take—off run by means of a 
catapult, then the take—off by means of the particular engine, followed 
by climbing with an increasing speed. If at the moment of the take—off 
the rocket is not guided by the rudder of the altitude, then it will lift 
up extremely rapidly and bent into a loop Li!. The investigations shdw 
that the most suitable climbing angle is equal to 	 600, which should be 
appropriately maintained by means of the rudder or any automatic device 
during the whole performance time of the engine. At the end of the engine 
performance the rocket will continue to move with the same angle (o 600) 
by inertia until its flight speed becomes equal to the gliding speed, and 
then it will be necessary to direct the machine to the gliding regime. If 
it is required to achieve the maximum possible lifting altitude for a given 
rocket, then it should be possible at the last stage of the engine per-
formance to adjust the machine to fly vertically upwards till the full - 
loss of the speed. Afterwards, the rocket will rapidly lose its altitude', 
acquire again a speed and take a gliding path. 

The equations of the rocket motion during rlight, from the moment 
of the start till the established take—off under_an anl.& of 49 = 600 3 can 
be expressed in the following form :it,, -. 	

- 

	

i	

/gv 

-	 C	 (It	 C	 (;t	 V (it
For the second region of the rocket trajectory, i.e, during its flight 

under an angle of 60 0 9 the equation of motion can be written as follows;. 

,/p	 (/ .. - If .Av) g	 -
gsjli ()()", 

/1 ,L\1'	 (G 0 .- G d t) CU.S GO". 
and for the final region of the trajectory, i. e. during the vertical flight 

Published in the "Sbornike RII" (The collection of research works of the 
Rocket Scientific Research Institute), "izd" (publisher) Osoaviahima. 
Ak 

"Tehnika vozdunogo flota" (The tecbnolor of air flight), No.5, 1931; 
"Metody pribliennogo I islennoo integrirovanija obyknovennyh differendial 'nyh 
Uravnenij" (The methods of approximate and numerical inteTation of the 
ordinary differential equations), izd "WA", vyp (issue) I, 1932, vyp II, 
1934, vyp III, 1935 (in print); "Rukovod.stvo po pribliennym vyislenijam" 
(iidance to approximate computations), "Trudy CAGI", vyp. (issue) 210, 
1 935, (in print).
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of the rocket upwards by inertia, till the full loss of the speed, neglec-
ting the air resistance, the following equations can be written 

S	 Vt1• g 

U•(ft l)uI.Ix --

for V. inert = 0, the flight comes to an end, and we have -

-. V111.1x 

g 

Where S = the trajectory taken by the rocket by inertia; 
t.	 = the time of flight by inertia; 

= the speed at the moment of transition of the rocket max	
into the vertical flight by inertia. 

Using these equations and also the previously accomplished investi-
gations, it will not be difficult to find out the flight characteristics 
of any given locket. 

Figure 17 shows the relationship between the ceiling of a winged 
rocket, having an initial weight of 0 = 2000 kg. and P 2000 kg., and 
the content of the fuel a% as well as the efficiency of the engine 
The vertical axis represents the values of the rocket ceiling (see fig.17), 
and the horizontal axis represents the values of a% and the various values 
of the efficiency of the engine. Three pairs of curves are plotted on the 
diagram. The dotted lines show the variation of the rocket ceiling without 
taking into consideration the flight by inertia, while the solid lines 
show the same variation by taking into consideration the vertical lift till 

the full loss of the speed. From the investiiation of the curves shown in 
figure 17 it follows that the maximum flight altitude of a winged rocket 
carrying a man, taking into consideration the upward flight by inertia 
(at the end of the engine's performance), is not more than 32000 m. In 
this case, it was assumed by the author that	 0.4 and a = 6( of the 
initial weight. 

The flight characteristics of the same winged rocket for a = 60% 
and 1Z = 0.4 are given in figure 18. The rocket carries a man on its 
board and ieaches, as mentioned before, a height that is slightly more 
than 31 km., including the flight achieved by inertia after ending the 
performance of the engine. 

The maximum flight speed of the rocket is equal to 300 rn/sec. 
Within 12 seconds, the rocket attains an approximate speed of 150 rn/sec 
(540 km/hr) and lifts up to an angle of 600 , under which it continues 
climbing till full burning of the fuel. 

The performance of the engine comes to an end at the 165th second, 
where the rocket continues to fly upwards till the full loss of the speed 
at the 195th second .nd an altitude of about 31 km; afterwards the rocket 
gets into diving and then into a .idin descent. The speed of gliding
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at the first moment, i.e., at an altitude of about 26 kin, will be approxi-
mately e'.ual to 250 rn/sec (900 km/hr). 
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Fig-. 17 — The diagram the 
dependence of the rocket ceiling 
on the percent of the fuel content 
as well as the thermal efficiency 
of the engine. 
1— The maximum flight altitude, 

in.;	 2-
3- The amount of fuel ,

.l00	 a Initial weight
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Fig. 18 — The characteristics 
of the winged rocket 

1— The time of flight t, sec. 

The change of the acceleration is represented on the curve j = f(t). 

During the first seconds of the flight, after the boost of the rocket, the 
acceleration is decreased and even acquires a certain negative value, i.e., 
the rocket was put into rest due to the fact that within a short period of 
time it turns into flight with an angle of Q 600. The rocket then—follows 
a straight path with an angle of Q = 60° along which it is somewhat 
accelerated; the acceleration increases smoothly up to the moment of full 
burin--- of the fuel. 

Figure 19 shows the flight trajectory of a rocket having an initial 
weight of 2000 kg. and p 2000 kg. [the diagram is drai-m on a large scale 
(at the top of the fiire) and a small scale (at the bottom of the figure). 
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Fig. 19 — The flight trajectory of the 
winged rocket. 

1— H, km.; 2— The range of flight, in., 
scale 1:100; 3- The range of flight, 
kin, scale 1:1000.
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The maximum achieved flight range is approximately equal to 220 km., and 
the time is about 1100 seconds .' 18 minutes. 

The problem concerning the maximum attainable horizontal flight 
speeds and the determination of the maximum flight range of the given 
rocket is of a well known practical interest. For the investigation of 
these problems, a series of additional calculations should be carried out, 
since certain assumptions should be done in order to simplify the work. 

The average flight mass was calculated, and for the computation of 
the maximum flight speeds it was assumed that the device moves with a 
steady and regular mass ratio. It was also assumed that the rocket acquires 
a horizontal flight at the various altitudes, accelerating all the time till 
full burning of the fuel, flying further horizontally by inertia and 
finally taking a gliding path. If the air resistance on the horizontal part 
of the trajectory is not taken into consideration, then the maidmuzn horizontal 
flight speed of the rocket could be found as follows 

11/  

On integration, the following equation is obtained : 

v= 7;_ u,, 

	

(:1)	 4 

wi	
.Jt 
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• l- i.'0; 

Taking into consideration the air resistance, the following differential 
equation is obtained

\	 g	 Jdi• 

where 'P	 the total force of the air resistance. 
if P is proportional to the square of the velocity, then th€ integ-

ration of this equation can be accomplished, in a final form. In this case, 
the value of the flight weight of the device should. be taken equal to 
Ga	 average (on the horizontal part of the flight). Dropping the mathe- 
maica1 calculations, the final result can be represented in the form Of 
the following equations, suggested by the engineer M.P. Drjazgovyj T91 

Tj YUII - 
V214.j/	

vcs+1)' 

where

LI
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where V = the speed of the rocket at the moment of its transition into 
the horizontal flight. 

The required value of the maximum flight speed of the rocket is found 
from the following relationship 

V
max 

by designating

tt	 —t 
eng	 o 

where t	 = the total time of the engine performance and. t = the time 
of the 	 of the rocket from the start till it gets into a horizontal 
flight [ioj.

L=L °+L	 +L	 +L Oz .60	 horiz	 inert	 glid. 

where L	 = the flight range during the straight motion of the rocket 
with anile Q 600 (its value is taken from the tables of numerical. 
integration); 

(v	 +v) 
L	

max	
o (t	 - t )	 the horizontal flight range during the horiz	 2	 eng	 o

performance of the engine; 

(V	 +V	 ) max	 d 
L	

gli t.
	 the horizontal flight range by inertia inert	 2	 inert

(where V	 the gliding speed at the 
given alide); 

L	
max glid. = H o IC
	 = the range of gliding (where K max = the 

. 
maximum attainable aerodynamic characteristics 
of the rocket). 

On the computation of the maximum flight speeds, the obtained values 
of V	 were greater than the sonic speed. Due to the lack of the possibility 
of ging the required coefficients of blowing, and to avoid the use. of the 
theoretical data which are not always accurate, it was assumed that the flight
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Fig. 21 — The diagram of the 
variation of the flight range 
of the rocket. 
1- The total range, 2- The range 
of gliding, 3- The range of I the 
horizontal flight by inertia, 

4- The range of the horizontal 
flight by means of the engine, 

5-. The range of the inclined 
flight with an angle of 600 up to 
H. 
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of the rocket on the horizontal part of its trajectory takes place without 
an air resistance. In this case, the change of the speed will take the 
form of the dotted curve represented in figure 20. In order to consider, 
even to a less extent, the effect of air resistance, a second curve was 

drawn for the speed by considering the effect of the resistance according 

--
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Fig. 20 — A diagram showing the 
flight speed of the rocket at the 
end of the engine Performance, 
during the horizontal flight at 
various altitudes. 
1- . V 171/sec, 2- The altitude at 
which the rocket flies horizontally, 
Hm, 3- Neglecting the air resistance 
in the horizontal part, 4- Taking 
into consideration the air resistance 
by the quadratic law. 

to a quadratic law (see fig. 20). Actually, the values of the speed will 
be lower if the real air resistance on flying with supersonic speeds is 
considered. /llJ. From the diagram of figure 20 it follows that the maximum 
flight speed, by taking into consideration the air resistance according to 

a quadratic law, will be equal to 900 rn/sec and will be attained at an 
altitude of 17 km. Practically, the rocket is expected to attain a speed 
of about 600-700 rn/sec (2000-2500 km/hr), 

Figure 20 shows the great importance of the air resistance, particu-
larly, at lower altitudes. Accordingly, if the rocket is boosted on the 
earth till full burning of the fuel, then by neglecting the air resistance 
it should attain a speed of 2400 rn/sec. However, due to the effect of the 
air resistance the rocket will develop a speed slightly less than 400 in/sec. 
This difference is decreased with the rise into the higher altitudes. Due 
to the assumptions made by the author, the curves in the di-tgram will 
coincide at a point corres ponding to the end of the engine performance,*
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i.e., the moment of the full consumption of the fuel in the process of the 
rocket rise to the given altitude. 

Figure 21 shows the assumed variation of the flight range of the 
rocket with the height H at which it acquires a horizontal flight. 

In figure 21, the values of the maximum flight speeds of the rocket 
and the corresponding values of H are represented by the vertical and 
horizontal axes respectively. The diagram includes four curves charac-
terizing the flight range of the rocket, namely: the flight range with the 
rocket forming an angle 9 = 60 0 up to the height H ; the flight range 
till full burning of the fuel; the horizontal f1igt range by inertia up 
to the gliding speed and., finally, the gliding range from the height H. 
In the upper part of the diagram, the fifth (summation) curve, showing 
the maximum flight range of the rocket, is given. 

It follows from the diagram that the most suitable regime will be: 
to lift the rocket up to an altitude of about 23 km where it gets into 
a horizontal flight, accelerating until the full consumption of the fuel, 
flying further by means of inertia and, finally, taking a gliding path. 

In this case, the maximum flight range of the rocket is approximately 
equal to 230 km. The diagrams given in figures 20 and 21 should be 
considered only approximate. 

In conclusion, it is possible to mention some points on the tech-

noloy of the future rocket manned flights. Apparently, due to the very, 
high speeds of motion and the quite complicated flight trajectory (as 
shown before), before), and also because the flight will often take place without 
a clear orientation, special automatic devices (autopilots) will be 
required for the control of the rudder and most of the mechanisms of the 
rocket. 

From the carried out investigations it is possible to make the 
following conclusions; the results obtained by the author cannot be 
considered, to any extent, satisfactory, and, therefore, further improve-
ment of the rocket technology is necessary for achieving real high altitudes 
of the order 60-100 km and over. As a result of the computations carried 
out by the author, very moderate altitudes of the order of 20 km were 
obtained. Looking slightly forward, rejecting the technically unsuitable 
constructions and improving the engine, it will be possible to achieve 
altitudes of about 30 km. Even these relatively low altitudes cannot be 
easily obtained. 

It was clearly shown that during the course of carrying out the 
investigations, a series of limited. (at the present time) assumptions-

should be made for the successful solution of the problem. It is forbidden 
to go further beyond these assumptions. For a considerable boosting speed 
and a great landing speed, a sufficient intense weight log of the rocket 
(and. so on) should be included. Finally, all these facts indicate that 
the obtained actual rocket may be much worse than its project. 

A question therefore arises about the measures to be taken. First 
of all, we should search for new schemes for such rockets, which acquire 
a more suitable mass ratio and a more perfect construction. In particular,
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all the possible combined, and composite schemes should be considered, here. 
This can be illustrated by the following example; a big rocket carries a 
smaller rocket up to an altitude of, say, 5000 mi Further, this second 
rocket lifts up a much smaller rocket to an altitude of 12000 m. Finally, 
this third rocket (or fourth, in counting) flies already freely to several 

V VKIIIIVrWb I1JWL/1L 

Fig. 22 - The characteristics of the air rocket engine 
1- P the thrust obtained from the consumption of one 

kilogram of fuel, 
2- V the flight speed 
3- The aii'-rocket engine NO-2 
4- The air-rocket engine No-7 

5- The ordinary rocket engine working on a liquid fuel 
(a mixture of oxygen and alcohol) 

6- The ordinary rocket engine working on a solid fuel. 

tens of kilometers upwards. Then, if a comparison is made between the 
data of winged and wingless rockets it may be concluded that it will be 
more suitable to rise upwards as far as possible without wings, and then 
to project from the body of the rocket certain surfaces (fins) which can 
develop a lifting force during landing or horizontal flight. 

Finally, the most important point is the need not only to improve 
the engine and its aggregates but also to search for new schemes and to 
use new fuels. 

In this respect, the so-called air-rocket engine acquires a consi-
derable interest. As known, this engine does not need a special reserve 
for the oxidizing agent and takes its oxygen from the surrounding air. 
Generally speaking, the scheme and the principle of the performance of 
the air-rocket engine are, at the present time, known in general. The 

characteristics of two air-rocket engines working on various fuels are 
shown in figure 22. For the sake of comparison, the characteristics of 
the rocket engines working on a solid fuel as well as a liquid fuel 
( oxygen-al cohol) are also given. From the figure, the advantages of the 
application of the air-rocket engine for flights are clearly seen. The 

specific thrust of such an engine, resulting from one kilogram of fuel
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consumption exceeds several times that of the ordinary engine working on 
a liquid fuel (if the specific thrusts obtained from one litre of fuel are 
compared, then the difference will be slightly less) /12J. The advantages 
are obvious and many, although they cannot be practically applied to the 
set of winged rockets investigated, by the author, since such irpes of 

rockets are considerably different from the devices equipped with the air-
rocket engines. Nevertheless, it should be admitted that the air-rocket 
engines acquire a quite exceptional interest and significance for the 
flight of rocket devices, in particular at altitudes up to 30 km. 

In conclusion, the author will dwell on two examples. 
The first one is an aircraft of well known scheme and devices, 

equipped with a rocket engine. It is possible to state clearly that 
nothing good to be expected from such a combination, since the fuel reserve' 
which could be carried constitutes an insignificant part of the initial 
weight of the aircraft. The take-off of this aircraft will take place 
slowly and, accordingly, insignificant ceilings are obtained. Moreover,' 
we should take into consideration the non-practicability of the aircraft 
with respect to the accomodation of a large amount of fuel, its strength, 
aerodynamic and ma-1y other characteristics, which excludes its utilization 
for flights. We should remember always that the indispensable condition; 
for the suitable performance of the rocket engine is its speed. 

The second example is the installation of a rocket engine on a device 
designed for flights of a purely experimental character at low altitudes. 
Such kind, of trials already exist. The glider constructed by the engineer 
Ceranovskij at the 'NIJE (The National Institute of Jet Engi es) of Osoavia-
hima in 1932, is illustrated in figure 23 17. The glider was designed 
to operate with an experimental engine of the type developed by the 
engineer dander. However, it was not Possible to test this engine under'  
flight conditions due to its imperfectness. As it was not possible up to 
now to establish any particular record, then, undoubtedly, we should already 
make up our minds to construct a laboratory device which will facilitate: 
the systematic study of the performance of the various rocket installations 
in air. 

With such alaboratory it could be Possible to conduct the first 
experiments on the air-rocket engine, and to carry out a complete series 
of other experiments, towing a prototype model of the device at the 
required altitude. Such a device can attain a ceiling of up to 9-10 km., 
Although the realization of the first rocket-plane laboratory for the 
performance of a series of scientific investigations is still difficult at 
the present time, yet it is a necessary problem, which is facing the Soviet 
rocket scientists this year. 

The description of the lider is given by the present author in his 
book; Rakethyj polet v stratosfere" (The rocket flight in the stratosphere), 
Voengiz, 1934.
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The wined rocket acquires a great significance for the manned high 
altitude flight and for the investigation of the stratosphere. 

The future work consists in mastering the principles of rocket 
technolor and reaching the first strato— and ionosphere altitudes by 
means of the persistent daily work, without the unnecessary publicity 
and advertisements as, with regret, frequently happens with many works 

in this field. The task of the whole community as well as the ivia ?ISRP 
(The Military Scientific Research Project) and Osoaviahima, is the world-
wide co—operation in this field, and also the correct presentation of the 
related topic problems by the small socie' organizations and individual 
scientists. The ideas of the rocket flight should be also correctly 
Popularized. zed.
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OBJECl/17 NO. 212. TACTICAL— TECHNICAL 
CHARACTERISTICS OF A LONG RANGE WINGED 
ROCKET S_UIPPED tITH ROCKET ENGINES 
WORKING ON A LIQUID FUEL 

[1936] 

1. The winged rocket is intended for firing from the ground to a 
long distance. 

2. As a result of the works carried out in 1936, an experimental 
model was obtained. This model does not carry a warhead equipment but it 
acquires a longitadinal and cross—sectional stability during the flight 
with a working engine and during gliding. It acquires also a reliable 
performance of all the mechanisms. 

3. A rocket engine working on a liquid fuel [2] was used to provide 
the propu1iive force. 

4. The project and computations should achieve .the following rocket 
flight data

a) a flight range of up to 50 lcui, estimated from the horizontal 
level.

b) an average speed of up to 80 is/eo during the flight with a 
working engine. 

c) an average sped of up to 40 rn/sec during gliding. 
U) an accuracy of Up to 1160 of the travelled distance. 

5. The rocket should carry u to 30 kg. of a useful loed. 
6. The full initial weight of the ro1cet in the loaded state should 

not exceed 150 kg. 

7. For the insertion o the eful load within the body of the rocket 
a free volume of UI) to 15 din should be provided. 

8. The stabilization of the rocket flight should be carried out by 
means of automatic control instruments. During the elaboration of the 

control and stabilization systems the possibility of the utilization of 
the telemechanical control instruments, which were adopted in the object 
217 [3], should be foreseen. 

9. Launching of the rocket can be achieved by means of a special 
device, since the running distance should not exceed 120 m. 

10. The maximum acceleration f the rocket on take—off and during 
flight should not exceed 100 rn/sec 

11. The rocket in the unloaded state (without fuel) should be easily 
transported by a freight automatic machine.	 - 

12. The rocket should be simple in exploitation and safe for the 

working personnel up to the moment of launching, on condition they maintain 
the corresponding instructions. 

13. During the elaboration of the rocket on the basis of both the
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present technical rec!uireraents and the experimental data the possibility' 
of the future rapid and easy development of identical rockets for military 
applications should be foreseen. 

14. The rocket is subjected to factory tests in two copies after the 
affirmation of the certificate by the fire tests carrie, out by the head 
of the department and under the conditions of the simu].aneous represen-

tation of the project, computational data, and the acts of the fire tests, 
confirming the conformity of the rocket to the present tactical—technical 
requirements.
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OBJECT NO. 218. TC TICAl TECHNICAL CHARmIOTERISuGS. 
OF AN AIRCRAFT EQUIPPED WITH ROCKET ENGINES 

(A ROCKET PL) 

[1936J 

1. The rocket plane of the developed model was designed to achieve 
the specified height and velocity of flight. 

2. The rocket plane is an experimental model that was designed to 
obtain the first practical experimental data on the problem of manned 
rocket flying devices. 

3. As a result of the works conducted in 1936, the following items 
had to be carried out: the development of a sketch project, the establish— 
ment of theoretical investigations and the calculations, the study of the 
aerodynamic flow, the design of a fuselage model for the rocket plane and 
statistically testing the individual parts of its construction. 

4. Rocket engines working on liquid and solid fuels provide the 
reactive force necessary for the flight of the rocket plane. 

5. The rocket plane should carry the following loads 
a) A crew of two men with parachutes - weighing 160 kg., 
b) rBio pressurized suits equipped with devices for the supply of 

oxygen - weigiing 40 kg. 

Therefore, the total weight (crew plus suits) is equal to 200 kg. 
6. The project and calculations should comply with the following 

requirements of flight data for the rocket plane 
a) A maximum flight height (ceiling) of up to 25000 in. 
b) A maximum speed of up to 300 rn/sec for the horizontal flight 

at an approximate height of 3000 in. (on the base of one kilogram of fuel 
consumption). 

c) A landing velocity (with empty tanks) of up to 160 km/hr. 
d) The horizontal flight with the rocket engine working should 

last for a period of up to 400 sec. 
7. The take—off of the rocket plane could be a4ieved by the following 

methods :	 - 

a) Lifting the R.P. (Rocket Plane) to a height in the range of 
8-10 kilometres by its loading on a large aircraft equipped with high—
altitude engines. 

b) Towing the R.P. (Rocket Plane) with a powerful aircraft to a 
height of 4-5 kilometres (and up to a height of 8-10 kilometres in the 
case of using special devices). 

c) By the independent take—off from the ground. 	 - 
8. In order to secure the take—off of the rocket plane a preliminary 

boost by means of solid propel1ait rockets can be applied.
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9. By strength, the rocket planes should be calculated by the standards 
taken for the high speed aircrafts with an analogous velocity range. 

10. The rocket plane should acquire a full stability and control 
during the whole flight regime, which permits to achieve steep turns, 
eights (manoei.wres) and spirals with steep angles of more than 45', as well 
as gliding. 

Note: It is not necessary to achieve the above mentioned piloting 
fires.

11. The desigm of the cabin of the rocket i'lane should give provisions 
to the crew for the use of parachutes in case of necessity. 

12. On developine a rocket plane on the basis of the present tactical-
technical c1wracteris tics, and also on the basis of the experimental data, 
the possibility of a much easier development and the subsequent application 
of similar devices for the military purposes should be taken into considera-
tion.
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CALCULATIONS FOR AN ENGINE AGGREGATE 

A SYS TEll OF FUEL SUPPLY) /1936] 

1— Calculation of the amount of fuel 

The fuel reserve of the rocket engine and, consequently, the capacity 
of the fuel tanks were determined from the conditions of the maximum possible 
aircraft load, for which the requirements of the strength were fully main—
tamed (2 = 7, G 670 kg). On this basis it was found that for a total 
flight weight of 670 kg. the following values should be adopted for the: 
first method. 

The capacity of the acid tanks = 40.4 litres; the weight of the 
oxidizing agent = 60.5 kg. and the performance time is t 101 sec. The 
capacity of kerosene tanks 	 20.2 1itrs; the weight of kerosene = 16.5 kg.
and the performance time = 120 sec. In this case, it wao assumed that the 
engines work with full power and the consumption rates of te oxidizing 
agent and the fuel are equal to 0.6 kg/soc and 0.138 k/sec respectively; 
the fuel reerve is equal to 11.5 per cent of the initial weight. 

Due to the slightly increased weight of the aggregates of the system 
of fuel supply, which were calculated according to the first method, a I 
second alternative method in which the amount of fuel was doubled, was 
deduced; hence, on account of roduciny' the weight of some aggregates, the 
ir.titial flight weight was successfully brought to a value of G 695 kg,; 
which exceeds the earlierly selected weight (G 670 kg, for which '	 7)
by 25 kg. only. This difference does not, practically, have any effect on 
the power of the aircraft. lioreover, the mass of the aircraft will rapidly 

......... 

Fcr the :iecond alternative method the following values wore adopted. 
The uupcity of the acid tanks	 80.8 litres; the wei ght of the 

oxidizing agent = 121 kg. and t 202 sec. The capacity of kerosene tanks = 
40.4 litres; the weight of the fuel = 33 kg. and t 240 sec. The weight 
of the excess fuel (in percent) is equal to 23 per cent of the initial 
weight. 

It is necessai' to mention that the second alternative method is no  
limited by the possibility of increasing the fuel reserve in the rocket 
plane 218-1. According to the second alternative method the overload of 
the aircraft together with the fuel reserve amounts only to 25 kg. (3.8' 
per cent) at the beginning of the flight. From the practice of eqloita-
tion of the ordinary type aircrafts, excluding the record aircrafts of 

a special assignment, it is Ioim that considerable big overloads are 
permissible. These overloads may attain sometimes 50 per cent of the 
initial weight under normal loading Conditions.
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2- Calculation of the volume of the pressure accumulator 

The calculation of the volume of the pressure accumulator will be 
carried out for the first type of rocket plane for which the following data 
were adopted; the capacity of the fuel tanks 	 60.6 litres; the

tanks working pressure 2in the tanks during performance with a full power 
37 kg/cm (the probable pressure dro in the pipelines and in the 

accessories will be taken equal to 6-8 kg/cm from the calculations o: the 
resistance); the working pressure in the accumulator P acc 130 kg/cm 

is taken less than that permitted - 150, since practically it is not 
often possible to charge the accumulator in the airport UI) to 150 atm). 

The general equation of the polytropic change of the gaseous state 
is represent eçl by pV	 const.; for in 1 2 pV 'onst.	 isothermal change; 
for m K, pV = const. = adiabatic change. 

lu	 .11 
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The volume of the pressure accumulator will be determined by assuming 
an isothermal change of the gas during its expansion through the reducing 
valve, m = 1.

V1	 = 24 
3,51-1	 2,51 

In the case when it is considered that the process takes place adia-
batically, k = 1.4, and we get

1,71:418 
&es 

- 1 

Since both the obtained values of (V ) are considered as extreme 
values, (V	 )will be determined at Ic	 k = 1.2, and k = 1.3, which acc
give us the possibility of the approximate evaluation of the average volume
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of the pressure accumulator (all the calculations were carried out fo an 
engine workin with a full power under a pressure of P tank

	
kg/cm 

till the whole fuel was consumed. The results of the computations are 
given in the following table 

Adiabatic Polytropic Isothermal 

k 1.4 1.3 1.2 1.1 1.0 
V 41.8 37.4 31.7 28.4 24.1 accuin

The possibility of setting up 14 tanks in the rocket plane 211, 
each with a capacity of three litres, i.e., with a total capacity of 42 
litres, has been taken into consideration. For the first type of aircraft, 
8 tanks of a total capacity of 24 litres were mounted. To start with 
this number of tanks is quite sufficient, particularly if we take into' 
consideration that according to the preliminary data of the laboratory 
investigations (which are still at the present time under examination) 
there exists enough basis to assume that the index (k) will lie within: 
the limit 1.1 - 1.2 2 and, consequently, the drop in the thrust due to the 
shortage of the gas will be practically insignificant. 

3— Calculation of the resistance in the pipelines 

The acid pipelines 

The resistance due to friction 

A) 
r 

where

g = 5.75 m. = the total length of the acid pipeline 
d. = 0.01 m.	 he diameter of the acid pipeline in the light 
g = 9.81 rn/sec 
c = the rate of flow of the oxidizing agent, in rn/sec. 

For a normal thrust we have ; 

--I	 .

 

0,395-1000 
____________ =5O4c/ec =5,04m/ce 5 ., -  

where V	 = the volumetric consumption of the oxidizing agent, in 
OX1	

litres/sec. (which has a value of 0.395 litres/sec. for 
the normal thrust). 

According to Darsi we have 

(where d is given in mm). 
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Substituting the value of c and all the other kno•m values, we get: 

U Otitt9.5 75(1'.	 /it) '''V	 - - -	 - 
J 

9 IM• ' 
A	 '/2 

iP.re	 0,01 -1,U2 L0,7$5 (o,m)	 19,U2.t),Uiii (U,01)	
')  

For convenience, the dimension of (V 	 ) during the calculations 
will be taken in litres/sec.

	

	
oxid. 

Thus ; 

132 (I' 

The computed data of the oxidizing agent as a function of thrust 
for the engine RI651I (Experimental Rocket Motor-65) will be adopted 
from the report of 1936 (the Object 202), pages 17 and 18, as well as 
from the table of the 6th of Februaxj 1936. 

The results of the computations are given in the following table 

F, kg. G, kg/sec V	 , litre/sec 
oxid V2 

oxid
h	 m 
fric t. resist

,
frict, resist, 
k/crn2 

50 0.267 0.176 1	 0.031 10.3 1.03 
80 0.366 0.241 0.058 19.3 1.93 

100 0.433 0. 285 0. 081 26. 9 2. 69 
130 0.533 0.349 0.122 40.5 405 
155 0.623 0.410 0.168 55.6 5.56

Losses due to local resistance. 

These losses are composed of : losses due to change of direction at 
the bends (h'); losses due to change in the cross—section (h") of the pipes 
and losses in the valves (h"). The acid pipeline has 3 bends, one valve 
and variable cross—sections. Makin t	 = 0.1 for the bends at D/R 0.5-0.3 
and	 = 15 for the valve, then we get 

h	 1L'+h+h"	
c2	

---	 (3(1,1 + 15)	 0,7C2AL 
r,. 

Let us determine the relationship o = f(G) sec. The computations, are 
given -in the following table. 	 - 
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P, kg. V
oxid c, rn/sec

2	 2,	 2 c , rn	 sec 1) 

litre/sec oca1 resist local resist 

50 0.176 3.24 5.02 3.9 039 80 0.241 3.07 9.49 7.4 0.74 
100 0.285 3.63 13.2 10.3 1.03 
130 0.349 4.45 19.8 15.5 1.55 
155 0.410 5.22 27.3 21.3 2.13 

The total values of the pressure losses (p) are given in the 
followin6 table 

G 
oxid 0.267 0.366 0.433 0.533 0.623 

p,	 Y,3 1.42 2.67 3.72 5.60 7.69 

From the report on the object 202 carried out in 1936, the data of 
the resistance of the particular engine	 and the pressure (P.) inside 
the combustion chamber as a function of the rate of fuel consumption are 
taken. Then the data concerning the pressures in the sys tem can be 
tabulated as follows 

P, kg. 50 80 100 130 155 
G.	 kg/ 0.267 0.366 0.433 0.533 0.623 

p, kg/ 1.42 2.67 3.72 5.6 7.69 
P	 kg/ 1.30 300 4.40 6.70 8.00 
P, kg/ 6.00 10.0 12.8 17.2 22.0 
P 
tank 

kg/ 8.72 15.67 20.92 29.50 37.69
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From these data, a curve was plotted as shown in fire 1. 
Now let us determine the losses in the pipelines supplying the 

compressed gas to the acid mainfold. 

Calculations for the pipeline section extending from the reducing 
valve to the acid tanks. 

Friction losses

?.1	 C2 

2g 

	

where	
3	 3 1.22 in kg/rn	 the specific weight of one in of compressed 

gas (m = P	 in absolute value); 
2.4 in = the ngth of the pipeline; 

d = 0.008 m - = the diameter of the pipeline 

	

C.	 ._Lx°	 1j9/m/8ec, (V.a, in litre/see); 

:c (0,).1I)() 

= is a coefficient which is determined by Ratcel as follows : 

+	
209 

1 
0,000878 

Uc 

.0,00742 0,066 + —— (V 1 j £/6cc). 

/M

1 .•	 -.--J

Mi	 ew 1(111 /31) LSJ1 Pi  

11,387 0, 1135 1.,, ,/J 11672 U/di i.; 

Fig. 1 - The diagram for the change of 

' P
1 and A P, as functions of G kg/sec., and 

P kg. 

Here U =Ttd = 0.0251 in = the perimeter of the tube in metres. 
Thus:

	

xi	 (t9,9.1.1,22"1 

'1r re5 .	 d	 19,02 

and by rearrangement 

h

	

fr.resist = 7400	 v 
oxi d. )2 in mm water. 

(Via in litres/see). 
ox
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The losses clue to local resistance will be equal to 

(4 

r. LcJ,b	 1( 

For the given section of the gas pipeline there exists 7 bends and 
= 0.15. Accordingly, we get 

1,22m(19,9 1/ 	 .7.J 15	 -	 - 
25,9in(V.J 

The results of the calculations are tabulated as follows : 

G oxLd , kg/sec 0.267 0.366 0.433 0.533 0.623 

fr. resist' kg/cm
2 0.0216 0.0652 0.1150 0.2310 0Q3940 

local resist' kg/cm
2 0.0007 0.0023 0 0044 0.0094 0.0164 

Total	 4p', kg/cm 2 0.0223 0.0675 01194 0.2404 04104

Calculations for the pipeline section extending from the pressure: 
accumulator to the reducing valve. 

Friction losses 

To simplify the calculation the following relationship is taken for 
compressed air

Y. p	 1,22.130 = 159 /$(3	 cont, 

which slightly increases the losses 

1 =3.55m. 
d = 0.008 m. 

V T•1000-• 

-7;-. •(0.8).100 

where V r, = the rate of the volumetric consumptionf the acid and kerosene, 
in litres/sec. 

	

X - 0 00309 
0,00201)	 0,000:137	 0,000878	 0.00742 

-- p	 :1- 19,1) VT	 0,0251	 ili,o v.6Ti25i	 ), ) 6 I. 

X3,55Ø9j9 l'—) . 150	 - 

T-	 0.00.Tu,)2	
: t'J 211 (J0() ?. (V)'1 .4t.4t. 

Translator note: The subscript T denotes : propeltant. 
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According to the data of the engine of the "ERI-65" (Experimental 
Rocket Motor-65) we have 

P, kg. 50 80 100 130 155 

G.d, kg/sec 0.267 0.366 0.433 0.533 0.623 

Gfuel	 kg/sec 0. 060 0.089 0.110 0.139 0.166 

GT, kg/sec 0.327 0.455 0.543 0.672 0789 

VT, litre/sec 0.250 0.347 0.415 0.514 0.600

which are necessary data for the subsequent computations. 
Losses clue to local resistance. 

For the given section of the gas pipeline there exist 7 bends. 
Accordingly, we get

(l 
/'	 yDiE.-370 (V1)mn 

The results of the computations are tabulated as follows 

G , kg/sec.	 0.327	 0455	 0.543	 0.672	 0.789 

fr.resist' kg/cm
2	 0.850	 1.480	 2.040	 3.050	 3.990, 

local resist' kg/cm
2	 0.021	 0.041	 0.058	 0.089	 0.122 

2 Total AP, kg/cm 	 0.871	 1.521	 2.098	 3.139	 4.112 

The Kerosene Pipelines 

For the kerosene pipelines, the cross-sections of the pipelines 
are similar to the acid pipelines. For lower consumptions of kerosene 
under the same given conditions, the losses in the kerosene pipelines will 
be less, in comparison with the acid mainfold. Therefore, special calcu-
lations for the kerosene pipelines will not be carried out, and for. the 
creation of similar performance regimes for both pipelines, a throttle disc 
is situated on the kerosene mainfold, whose cross-section is selected 
experimentally. For orientation during the preliminary experiments, th 
diameter d of the throttle disc is found from the relationship 0

= It ° 
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Here the following desiriations are used 

Vf1 , 3 m /sec = he rate of the volumetric consumption of the fuel; 

0.6 an experimental coefficient; 

10600 - - 
If =	 Pta	

-0 10 . PK - 

the de,rived head is expres:ed through the pressure in the tanks; 

d •-- I /	 /•___4.O,UO(Ji1 
0• -
	 V	 }T[?ffj

	
0,00243 

d0 2,4 ?n.Tb 

The pressure losses along the whole pipelines, extending from the 
pressure accumulator to the engine ; is determined by the summation of the 
above calculated resistances. 

The summary of the results are presented in the diagram of fiure 2 
and in the table 

P, kg. 50 80 100 130 155 

kg/- 0.327 0.455 0.543 0.672 0.789 
p, kg/ 1.420 2.670 3.720 5.600 7.690 

i 1)',	 kg/' 0.0223 0.0675 0 1194 0.2404 0.4104 
L. p", kg/cm 0.871 1521 2.098 3.139 4.112 
a t1),	 kg/( , 1 2.313 4.258 5.937 8.979 12.212

4- Calculation of the jerformance characteristics 
of the engine agregate 

Taking V	 -	 24 litres, K = 1.2 accum

V =	 =,,,Jp. =:c± 
a certain (fictitious) volume of gas, released during the eansion 

ofthe pressure (p0 	 ) to the pressure in the accumulator (P). ac UM 
The emptied volume of the tanks for the given moment will be equal 	 - -

to:

V3Mc P 	 vpt, 
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ihere = the rate of fuel COnsUmption, in litres/see. 
t 1 = the performance time of the system. 
By subtition, we get 

TJ;3:I	 ()T = 1 

' 1 L	 I 
Pu	 •1 

V	 I P 

.3: 

4p IflICMZ 

Ii 

8 

4 

u ci	 IOU	 1.0 155
	

rtçx 

0,347 L'i55 t543 qU72 4789 C.sy/e 

Fit. 2 - The d.iaraw of the chance	 Figure 3 
Of 6 p,	 ,	 pH, as functions 
of G /ee and P ku,. 

In the pL(Jsen -L caue, accordin; to the data of the enine of the type 
"ER65" (Eperimontal locket !.1otoi65), V will be equal to 

j"P= 

	

Gp	 0,738 

	

 =	 = 0,5591 /rec.
it 

The boostin time of the engine, computed from the moment of lawichin 
till the performance with the full thrust, is equal to tbt = 2-3 seconds, 
which can be Practically neected. 

The 'erfortrjance time (the platform characteristics) of the system 
(t 

1a	
is determined for the selected initial conditions and for 

t.nk 
ma = constant. The pr	

p1 
pressure in the accumulator P at the end of 

this perrormance time of the system will be equal to 

	

Sji	 37 I:. 10	 47 9!c&.



- 489 - 

= 10 k/crn 2 was chosen for the given type of reducing value on 
the basis of a series of exoeriments carried out on the object 312 in 1937. 
The pressure in side the accumulator at the time (t) is expressed as 
follows

1	 1	
.•( 

(/)) -
	

- __ enc	
= (130)°.'

24 

(p)0.83	 57, — 047t. 

different values for t, we get (t expressed in sec and 
pk/cm)

1=0	 ji= 130, 
t = 10 J) = 117,5, 
£ = 20 /) = 105,0, 
t=40 f)=79,5 

arid, finally, we have

1=70 p=47,0, 

which corresponds to the and of the "platform". 
ktkin	 h a ceck on the value of (t1) by the fuel conuu,nption, we 

get:

r	 ((41\ "7	 I(°)°	 - 1	 32,2 . 

I .	 i.'•	 I p	 k. • ,	 I 47 \ 

-V Nhk 1,t6r t . : 9,2
7) C('?. 

From these thta, tue first (basic) part of the characteristics -of 
the feeding system is dra-m (see fig. 4). 

The su'o3eauent performance of the system will take place ifith a 
variable P tank , which is decreased due to the shortage in the supply of 
ComOresed gas. Assuming that the performance of the engine will take 
Place till full burning of the fuel, then for simplification, the volume 

of the proper accumulator may be taken instead of the volume of the pressure 
accumulator, since the computation of-this part is quite difficult.



Vl.k hr,tLt•j ( ank 

 

Fig. 5 

- 490 - 

P, WOW 

too so 

Fig. 4 - The characteristics of the 
engine aggregate (the feeding system).

where P	 47 kg/cm plus the volume of the emptied part of the 
fuel tan 	 with 2the compresued aas under a pressure of 

tani.]1atorin	 37 kg/cm 
.n .1 t1s case, the total given volume of such a pressure accumulator 

will be equal to

=
Plank. 

	

39,2 + 0,8.24 (-'-
	 (;3,2 , 

where -1— = 0. 8, as taken from the consideration that the pressure in :the 
accumulator will be slightly higher than the pressure in the tanks, and, 
consequently, there will be losses in throttling. 

For the time t we have

V r a	 V 

-	 •-- I	 L 

Since throttling through the reducing valve will be absent, and the 
Process will take place almost adiabatically, then K 1 will be avih LKn ei



r 
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to 1.3; from which we get L121 

-	 V
( " t 'a hk 

dV 

di	

J dVq dp	 -	 I (1	 dpi. 
'ic pt)	 1%	 4)	 dt 

(IV
i1(P." -) .	 .4:'i!• ; H ere.. ii =	 )Ii; 

A = 
l3,2 

(37) 1 •1000 -= 77 000; 

7(7OO.j,:1 
1Uth	 1010; 

I'kah)c nL	 (3.t,)

 
10 10	

c dt. 
.1 

Pfan ic  

F ..	 ________  
• CT	 ((p1.7ou	 P 

We get:

•	 ftn 4	 j1aL 

I	 i' d/p1(	
$ dl. 

pt1Ic,p1 

The data for the calculation of the value of F will be taken from 
the calculation of the lossoi and. resistances in the feeding system (given 
in the table). 

P, kg. 50 8o 100 130 155 
G, kg/sec 0.327 0.455 0.543 0.672 0.789 

1tank' kg/
8.72 15.67 20.92 29.50 37.69 

tank )1-760 45.7 115 214 398. 610 
F, sec-cm/kg 67.5 19.3 8.68 3.78 2.14

The integration will be carried, out graphically by measth'ig the area 
of the diagram i11ustated in figure 6. The integration limits will be 
P	 37 kg/cm and P = the final pressure in the fuel tank p1 t	 tank nl 

i tanks, wtnch s determined irom th
i
e tollowing main equation by assuming 

that 	 =0 
I) 



1 5 ec cm '/A3 

9-Ik6 5'44 17ec 

G	
ii 

..h 3 119 3	 33	 :w 28	 2.6 211.6	 20 
p1.	 PiaH.:op 1'n9Ic,/

up

O,738.7(J.5Ng	 6Z$9Si4 ii 

42

50 71) 81 98 115 

t,sec 

Fier. 6 Fig. 7 
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4r I I	
I "ta< FL 

InJ	 / 

24	 i:7f "' 
2 

From this equation, it follows that P k final = 24.6 kg/cm2. 
To check the accuracy of the results, te reverse operation is 

carried, out. From the obtained data, the relationships G 	 f 	 is 
drawn for the entire performance time of the system. Thegra,phica1 
integration of the diagram shown in fiure 7 is carried out; from which 
the total fuel reserve, which was taken at the beginning of the calculation 
is obtained. 

The characteristics of the engine aggregate are illustrated in 
figure 4. The maximum performance time of the system, for a full power, 
is equal to 70 seconds. Therefore, the system perform for 45 seconds till 
the pressure in the chamber is equal to P. = 15 kg/cm . In this case, 
the thrust P is equal to 115 kg. The tota± performance time of the system 
(the first variant) till fuel burning of the fuel is equal to t = 115 
seconds.

5 - The calculation of the rate of flow of the fuel 
on the board through the emergency overflow valve 

The data for the calculation : 

Vfuel = 20.2 litres 

= 40.4 litres 
E-'-"3.14(0.1)2 

F	 0.00785rv- the area of .w— 
4	 4 

the cross-section of the discharging pipeline;



- 493 - 

C Y2g1i: VflhTOT:0)	
the flow rate during the 

discharge. 

disQh	
the discharging pressure, in k9/cm 2. 2The calculation will be 

carried out for two values : P disch 15 kg/cm (the pressure 2during 
launching and switching off the system) and P	 37 kg/cm (the pe 
forinance pressure).	 disch 

Since the cross—section of the discharging kerosene pipeline is equal 
to that of the acid pipeline, and since the throttle valve is not situated 
in the dischurgint, kerosene pipeline, then kerosene will be always dis-
charged earlier than the acid. as seen from the following values : 

1/ 

1(1. / lUil,2pO,thj75	 10 V1ti,2i.(J,00785 

- ------_	 (Jec. 
w V1U0,2.7.O,(J785
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THE; PRELIJ;IINARY TESTING PROGRAM OF THE SYSTEIv 

OF THE OBJECT 212 No.1 

L1931/ 

1— HIraulic tests 

1. Testing the tightness of the taps and valves under a pressure 
of 40 atm., and the tightnes 's of the air reducing valves under a pressure 
of 120 atm. The fuel taps and valves are hydraulically tested with water. 

2. Testing the performance and re1iabi1ir of the taps and valves,' 
and selection of the final specimens. 

Tests are also carried out on the parts of the engine that come into 
contact with kerosene (as a fuel) and nitric acid (as an oxidizing agent). 

The optimum conditions for the performance of the engine were deter-
mined by opening and closing the taps and valves of the corresponding 
components of the fuel under a pressure of 40 atm. till a successful per-
formance was obtained. 

3. After mounting the accessories on the object, the whole system 
is hydraulically tested under a pressure of 40 atm. The tanks should be. 
filled up with the corresponding components. The necessary pressure in 
the tank is .1).ovided from an air accumulator which is charged up to 120 
atm.

4. Testing of the object's system on the consumption of the oxidizing 
agent and fuel.

II— Firing tests on the -2troving stand 

1. Checkin the iiition system ni tue ignition of the charge. 
2. Launching the engine of the object's system under a normal thrust, 

measuring the reactive force (by weans of the pressure in the chamber) and 
controlling the performance of the Pressure reducing valve (by measuring 
the pressure in the tanks). Regulation of the reducing valve till the 
given pressure (30 atm) is obtained.  

III— Firing tests in the air 

(according to a special program) 

Comrade Golenkin /iJ was appointed for the supervision of the expe-
riments, in consultation with comrade Gluko [2].
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TH TESTING PROGRAM OF THE LOADED J.iODEL OF THE 

OBJECT 212 

[1936j 

The tested. object - Two specimens of the model of the object 212 
were constructed according to the following data ; 

Specimen No.1 - a weight of 42 kg., with an alignment 1 83 mm from the 
of 19 per cent from t	 nose of the 

Specimen No.2 - a weight of 42 kg	 in ., with an a1ient	 fundamental aerofoil 
of 19 per cent from

	

	 (on the board of the t
fuselage). 

The vertical tail and ailerons were tightly fixed. 

The rudders of the horizontal tail were wedged after being set at 
the proper angle. 

The aim of the tests: to check experimentally the stability of the 
object during the take-off from a catapult at the selected alignment and 
incidence angle. 

The sequence of carrying out the tests 
1- The model is set up on the truck of the catapult at an angle of 80. 
2- The incidence angle of the wings is equal to 110, which corresponds 

to an inclination angle of B _70 for the rudder height. 
3- The propellant charge inside the chamber of the catapult consisted 

of 10.5 rods (weighing 6.86 kg), which gives a speed of 48 rn/sec at a 
distance of 25 metres from the catapult. 

During the tests, the following measurements and observations were 
carried out  

1- The place of separation of the model from the catapult. 
2- The flijit characteristics and the climb angle. 
3- The height and range of flight.



- 496 - 

A WIND TUIThTJ TESTING PROGRAM OF THE OBJECT 318-1 

L193L1 

The aim of the tests 

1. To check the feeding system (during operation) and the Performance 
of the engine on the object. 

2. To obtain (during the firing tests in the wind, tunnel) calculated 
data for the engine installation. 

3. To establish the possibility of the exp1,tation of the object 
318-1 in air, with a rocket engine installation. 

The tested object 

4. The rocket plane 318-1, was equipped with an engine of the type 
ERr65 (the Experimental Rocket Motor-65)- 

5. On the rocket plane, a feeding system was installed, which consists 
of three tapering tanks, each with a capacity of 20.2 litres (2 tanks for 
the oxidizing agent and one tank for the fuel). In addition, 8 small air 
reservoirs, each with a capacity of 3 litres, as well as accessories and 
wirings for the fuel supply, were also installed. The working pressure;in 
the tanks of the fuel coumonents is equal to 30 atm.; the working pressure 
in the air reservoirs amounts to 130 atm. 

Note: The object is subjected to testing according to the present 
program in the prsesence of: a) Instructions on the method of testing the 
tightness of the whole system under a working pressure of 30 atm., and also 
after checking the Performance of the aggregates of the whole system under 
pressure; the fuel tanks should be tested undera pressure of 45 atm and 
the air reservoirs under a pressure of 200 atm; b) the formulated. log-
book of the rocket plane and the engine. 

The sequence of carrying out the tests 

The whole cycle of the wind, tunnel tests of the object 318-1 consists 
of three parts : 

6. Cold tests: carried out on the fuselage of the rocket plane 
(without the win) and the tail fins near the proving sland of the testing 
grou

p No.3. 

7. Firing tests; carried out under conditions similar to those men-
tioned in point 6. In this case, the engine is placed inside the working 
area of the proving stand, and is isolated from the object by means of an 
armoured plate fixed to the wall of the proving stand. 

8. Firing tests: carried out on the fully mounted rocket plane with 
the established win, tail fins and engine bonnet. The protective armour 
plate is lacking in this case.
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Note ; In all the three mentioned, cases the control of the engine 
is achieved by means of the supervisor of the experiments from the cabin 
of the rocket plane. 

9. All the tests are strictly carried out in accordance with the 
confirmed instructions of the method of testing with the engine working on 
a liquid fuel (see the orders 110.31 and 40 of 1936), and the temporair 
instructions on the eqloitaticn of the engine of the Type ER165 (the 

cperimental Rocket 1otor-65). 
10. During the Performance of all the tests a particular attention 

should be given for the !;rOteCtiOn ag-ainst the fire hazard, by providing 
the necessary anti-fire equipment (such as: fire extinguishers, dry sand, 
and a solution of soda for degassing), which should be situated in a place 
suitable for utilization. 

Instructions for the execution of the tests 

Part  

Cold Tests 

11. Preparation of the measuring instruments, devices and container-,, 
which are necessary for the cold tests, viz 

a) Automatic recorders for the pressure in the tanks and the combustion 
chamber; precsure manometers installed in the acid tanks and at the inlet 
of the engine (on the acid mainfold), and clocks with stop:atches. All 
these instruments are arranged on an additionally established board near 
the cabin;

b) Three bottles are assied for the supply of kerosene through the 
atomizers. Of these, one bottle (with a funnel) is assigned for the supply 
of the acid through tho nozzle, and the other two are reserve bottles for 
the supply of the components;  

c) The device which is used for firmly fixing the engine in position 
is isolated from the connections of the kerosene atomizers 'and bottles. 

12. Charging the pressure accuuiuhi.tors with a compressed air up to 
a pressure ' of 30 atmospheres. 

13. Storing into the fuel tank 16.6 kg. (20 litres) of kerosene. 
Note : The tanks are filled with tractor kerosene (OS "Standard" 

6460) having a speofic weight of 0.82 - 0-84 at 15 0 C. Nitric acid is 
supplied according to the OST "Standard" 5375; its specific weight is 
e qual to 1.51 - 1.52 at 150 C, and its concentration is 95-99 per cent. 

14. 'ie )ressure in the tanks is increased up to C atm. 
No -Le In the case when the attained pressure is more thsn 8 atm., 

it is permitted to di-.;charge the excess air through the air vdves, whose 
Closing tightness should be checked afterwards. 

15. The connections extending up to the valves are filled with, the 
comronen-Ls by means of the emergency overflow valve fixed on the board, 
which is connected to the reserve bottles.
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Note : In the case when an insigiifjcant leakage of the components 
is observed on the board after closing the emergency overflow valves; i.-t 
is allored to press the emergency valves by hand. 

16. The fuel valves are opened by means of a throttle quadrant, and 
the Components are then supplied into the engine. The pressure in the 
tank is regulated by means of the reducing valve so that pressure of 8 atm. 
is obtained at the inlet of the engine, as given by the manometer in the 
acid mainfold. The pressure drop from the tanks to the engine, and the, 

Position of the reducing valve are determined.. The time taken to conduct 
the experiment is measured by the stop-watch. 

In the case when it is desired to establish the given conditions 
quite rapidly, the determination of the rate of consumption of each component 
is carried out by the weighing method. 

17. A series of experiments are carried out in order to obtain 
consumption rates of 0.6 kg/sec and 0.138 kg/sec for the oxidizing agent 
and fuel, respectively. The permitted deviations are of the order of 
+ 0.05 and + 0.01 kg/sec for the oxidizin agent and fuel, respectively. 

During all the tests the pressure at the inlet of the engine should 
be adjusted to 8 atm. 

No-to : a) during all the tests an attention should be paid to. the 
successful porfo-rniance and tightness of the fuel tanks; b) -the total 

duration of the performance of the system, with full tanks, is about 100 
seconds.	 .	 . 

18. Carrying out experiments for the determination.of the simulta.-' 
neous flow of the components through the atomizers, under conditions similar 
to those given in points 16 and 17. 

19. reating the obtained results and their correlation with te 
Provided requirements and successful performance of the system. After 
accomplishing successfully all the preceding points we come to the firing-
tests.	 . 

Part II 

Firing tests of the system 

20. During the firing tests of the system the start of the engine is 
carried out in a manner exactly similar to that utilized in the cold tests, 
taking into consideration the requirements of the point 7 of the present 
program. Initially, checkin the electric circuit of the rocket plane is 
achieved by inserting a (8v) nickel-chrome wire of 1 mm diameter and .120 
mm length in the circuit. The engine should be started within 20 minutes 
from the end of the check. 

21. The air accumulators are charged with compressed nitrogen under a 
pressure of up to 130 atm. In the exceptional cases it is allowed to carry 
out the tests with compressed air. 

22. The consumed amounts of oxidizing agent and fuel, stored in the 
tanks during the firing tests, are finally established on the basis of the
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data obtained in point 17. When the tests are carried out with compressed 
air the amount of fuel is estimated from the assumption that kerosene is 
present in excess for a period not less than 8-10 seconds. 

2. During the firing tests the. pressure of the fuel supply in the 
tanks is regulated by carrying out the calculation to get a pressure of 
30 atm., which corresponds to an engine thrust of 130 kg. In this case, 
the pressure in the combustion chamber is approximately equal to 20 atm. 

24. A series of firing tests should be carried out to confirm the 
correlation of the results and the reliability of the performance of th 
system. The duration of the individual tests can reach up to 100 seconds 
under the condition that the pressure inside the combustion chamber is not 
less than 6 atmospheres. 

25. After the treatment of the data of the firing tests of the system, 
and the reproducibility of the obtained results, we come to the firing 
tests of the whole assembly of the rocket plane. 

Part III 

The firin& tests of the whole assembly. of the rocket plane. 

26. The firin tests of the whole assembly of the rocket plane are 
similar to the firing tests of the system, taking into consideration the 
requirements mentioned in point 8 of the present program. 

27. On carrying out these tests, proper attention should be given 
to the maintenance of the tail fins and the engine bonnet, their heating; 
the stability of the parts of the rocket plane, the successful performance 
of the system and the good correlation of the results. 

The testing ground 

28. The tests of part I and II were carried out on the proving stand 
of the testing group No-3 of the institute. 

The tests of part III were carried out within the territory of the 
institute; and safety shields were used for the protection of the engine. 
The exact place of these tests was nominated by the director of the 
institute.

The supervision of the experiments 

29. The experimental investigation of the present program was carried 
out under the supervision of the head of CrouP N o-3, the engineer Korolev 
S. P.
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A BRIG TECHNICAL REPORT ON THE OBJECT 312, 

WRITTEN IN THE YEAR 1937 WITH RESPECT TO 

GROUP No.3 

[193L7 

I. The object 312 is a scientific investigation project on aerotor.-
pedoes. It includes a series of theoretical problems on torpedoes launched 
from the ground as well as from the air. 

The object itself, classified under the index 312 (the work on the 
object was initiated in 1936), was intended, for firing from ground to 
ground for the experimental check up of the computed positions and mainly 
for the study of the stability of flight. 

In 1937, by means of a planning chart, the achievement of the following 
works was foreen 

The stage 
number

The designation of the works The volume of 
the works, % 

1 The investigation of the dynamics of 40 
the aerotorpedo 

2 Finding out the conditions which should 
be satisfied, by the automatic device for 
the stability flight 
a) the theoretical part 6 
b) the laboratory tests 10 
o) Testing the torpedo on flight 14 

3 a) Investigation of the arodynamics 
and stability 16 

b) Investigation of the effect of gas 
s.tieam on the aerodynamics, stability 
and strength of the torpedo 14-

These works were mainly directed for the achievement of a stable 
take—off and climb of the torpedo. The experimental investigation was 
carried out on four models of the torpedo 312, which were ordered in the 
the summer of 1932. 

II. Among the numerous stages of the tests, the first stage was fully 
accomplished. 
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In the second stage, the theoretical part was not accomplished to 
the extent of 1%, whereas the laboratory tests were completely carried 
out with the exception of the control firing tests. 

Only one torpedo (the object 216) was tested on flight; the torpedoes 
312 of the summer tests were not studied. 

The third stage was fully accomplished with the exception of the 
following points 

1. The investigation of the effect of the gas stream, since the 
supdrvisor of this investigation comrade Ddakov flj was transferred to 
another group. Consequently, the point "C" of the third stage was removed 
from the plan of the object 312. 

2. The investigation of the hinge moments and the compensationof the 
control elements, since their construction was not accomplished. 

Most of the data of the third stage exist in the form of manusripts 
which require further treatment. 

III. In total, four tori) 
laboratory investiations were 

1. Exploding the torpedo 
Hydrodynamic Institute). 

2. Exploding the torpedo 
3. Launching five models 

4. Testing the engine of

does were manufactured, and the following 
carried out 

model in CAGI (The Central Aviational 

in nature with a working automation. 
on the proving stand. 
the system on the proving stand.. 

IV. The performance program was not achieved due to jo 'reasons; 
The first reason was the delay of the arrival of the metallic parts from 
the factories. 	 - 

Thus, the object 312 No.1 /2] was received on December 1936, the 
object No.2 - on February 1937 and. the objects No-3 and 4 on August 1937. 

All the objects were received in a completely unsatisfactory state. 
The last two objects were received in the form of individual parts, and the 
testing group was obliged to spend some time on assembling, repairing and 
finishing the object. 

The second reason was the delay in receiving the motors from the 
testing group No.10 /37 (they have not been received up to the present 
time), and the delay in finding out the automation of the start. Until 

now, the devices of the automatic stabilization were not received from the 
testing group NO-7A7. 

V. A great deal (12%) of works outside the plan was not accomplished, 
repairing and collecting the objects of the testing group NO-3, and also 
the preparation of a new experimental system for the stand tests to substi-
tute the completely deteriorated system of the object No.1. 

In addition, all the objects were equipped with an automatic 'starting 
device for the engine.
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VI. The results of the work will be utilized by the institute for 
further researches on the torpedo models 301 [7. 

VII. The technical evaluation of the works accomplished in 1937 was 
not published. 

VIII. 73 per cent of the plan as well as 12 per cent of the overplan 
works were fulfilled, which gives a total of 85 per cent with respect to 
the volume of the works of the basic program. 

Taking into consideration the point 3 "Ca which was removed from the 
program, the fulfilment of the plan will be equal to 

85.	
100- 9. 

100-14 

A summarized technical report on the object does not exist; there 
exist only individual reports on all the separate tests and the theoretical 
investigations.
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REPORT ON THE FIRING TESTS OF M OBJECT 318, EQUIPPED HITH 

AN ENGINE OF THE TYPE ERM-65 Nc.]. (EXPERD.tETAL ROCKET MOTOR 

65-No. 1) AND Ii0UNTED ON THE PROVING STAND OF THE GROUP NO.3 

WRITTEN ON THE 16 th OF DECEIiBER 1937 

The tests were carried, out according to the approved testing program 
of the object 318-1, established on the 3rd of September 1937 [iJ, and 
according to the conclusions of cold testing the control of the feeding 
system of the object (see the report of the 14th of December 1937) f2j. 

1- The aim of the tests 

The preliminary firing tests of the object were carried out for - 
checking the metallic part. 

2- The preparation of the materials for the tests 

1. Weighing the fuel components by filling the bottles 

Guei	 16.5 kg., 

G- 60 Kg. (filling the bottle with 50 kg.). oxidizer 

The used fuel was tractor kerosene of the "OST" Standard 6460, with 
a specific weight of 0.83. 

Nitric acid of the "OST" Standard 5375 was used as an oxidizing 
agent, with a specific weight of 1•52 and a concentration of 98 per cent. 

The weight of the fuel, which was equal to Gf 
1 

16. 5 kg., was 
estimated from the consideration of the rate of fueeconsuiuptjon (a 	 ) 
which is equal to 142.5 g/sec (see the report of the 14th of December el 
1937), This amount of fue 

I 'd cures the maximum time of engine performance 
which is equal to t	 =	 = 115.6 seconds (with full power). 

The weight of 	 oxäg agent, which was equal to G
pxidize 60 kg., was estimated from the consideration of the rate of tue oxi.izing 

agent consumption a	 = 580 g/sec (see the report of the 14th of 
December 1937). This amount-keeps the engine working for a time of t	 = 

per 60/0.580 103.5 seconds (with full power). 

The amount of fuel was taken with excess kerosene (giving an etra 
performance time of 12 seconds), which is in accordance with point 22 of 
part II of the testing program of the object. 

2. The pressure 2accumulator was charged with compressed nitrogen up 
to P	 = 115 kg/cm .	 ring charging, a flow was observed in theneck 
of one	 the tanks of the accumulator. 

Th,te to the insiniujcant pressure drop (amounting to 1-2 atm. within 
10 minutes) it was decided to proceed with the tests.
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3. Charging the electric accumulator and loading with the i.ition 
rods was carried out as usual (see the report of the 15th of Novei:i'oer 1937) Li'.

4. In the remaining tests, the preparation was also the same as in 
the former (see the report of the 14th December 1937) LV. 

3. The execution of the tests 

1. Fi11in' the pipeline with the fuel components up to the valves 
was carried out by supplying the components through the emergency valves, 
since the latter were manually closed. 

2. After charging the accumulator and filling the pipeline, the 
ianition rods were screwed in the socket of the engine's, head, and the 
conductors were connected to the electric feeding system. - 

3. The pressure inside thetanks (of the fuel and oxidizing agent) 
was increased up to to 15 kg/cm (see the report of the 14th of December 1937) 
This pressure was sufficient to start the engine. 

4. Switching on the electric feeding system was carried out by closing 
the circuit by means of a plug, while the start of the engine was carried 
out by pressing the knob (existing'on the control arm). On flashing the 

control lamp, the components were allowed, to flow into the engine by opening 
the fuel valves by means of the gas sector. 

5. The start of the engine was normal (not sudden); hence,' during 
the course of testing, the regulation of the reducing valve by means of the 
air mainf old was carried out after 60 seconds from the start of the 'engine. 

6. Switching off the engine was carried out as follows: the starting 
air valve was closed and 2the pressure in the tanks of the fuel components 
dropped down to 15 kg/cm ; the fuel valves were then closed and the valves 
of the discharge of pressure from the tanks of the fuel components were 
simultaneously opened. 

The engine stopped at once. 

The performance time of the engine was equal to ( t . f )	 92.5 seconds. 
The pressure establised. in the tanks of the fuel mponents was 

equal to	 )	 28 kg/cmtank 

' 
,,The pressure inside the combustion chamber was equal to (P.) '16 

kg/cm, which corresponds to an engine thrust of 122 kg. 

The pressure in the tanks and the combustion chamber was constant 
throughout the whole experiment. 

2The initial pressure in the accumul9or was equal to  
kg/cm and the final pressure was 65 kg/cm a	 accum 

7. At the end of the experiment the 'tanks were emptied from the 
components of the fuel in order to measure the fuel consumption during the 
time of the performance of the engine. 

The following results were obtained 

The amounts of fuel and oxidizing agent supplied before the tests 
(taking into consideration the amount taken to fill the pipelines) are 
equal to
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= 59 kg., 

0fuel 

The amounts left after testing are equal to 

24- 775 kg. (with the container) 0fuel = 11 - 500 kg. (with the container) 
The weight of the container 4.300 kg. The weight of the container = 5.100 kg. 

G
oxi d 20.475 kg.	 Gfuel	 6.400 kg. 

Conseq uently, the amounts of fuel consumed during the experiment are 
equal to 

0oxid.	 59.000 - 20.475	 38.325 kg. 

0fuel	
16.300 - 6.400	 9.900 kg. 

t	 = 92.5 seconds 
perf	 38. 525 
G	 =	 = 0.416 kg/sec s oxid 
G 
S 

fuel	
92.5	 0.107 kg/sec. K1 0 oxid. 416 = -	 - = 3.9. 

fuel 107 

The average rate of fuel consumption (a) was estimated from the per-- 
formance time of the engine (t 

erf 
92.5 sec.). 

According to the obtained consumption for the indicated P 
k 

and P, 
the remaining amount of excess fuel is sufficient for the engineo work 
for a time equal to

6.400 
t 
perf = 0.107	 59.8 sec (fuel) 

20.475 tf = 0.416	 54.5 see (oxidizing agent) 

8. No defects or changes were observed, on the external examination 
(after the experiment) of the engine and the feeding system. 

4- Conclusions 

1. A series of firing tests (about 20 tests) should be carried out 
with the engine protected with an armour plate, in order to test the switching 
on (and off) of the engine. 

2. The tank of the pressure accumulator, which has a leak, should be. 
disconnected from the conductor with its subsequent replacement during 
sorting out the feeding system of the object. 

The tests should be carried out with a pressure accumulator composed 
of 7 tanks. 

3. 1iring the subsequent firing tests, a thermocouple should be 
inserted for the measurement of the temperature of the heated engine head.
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1. REPORT ON THE FIRING TESTS OF THE OBJECT 318-1 
MOUNTED ON THE PROVING STAND OF THE GROUP lie. 2 

WRITTET ON THE 11Th OF JA1UARY 1938 

1 .- The aim of the tests 

Working out the start of the engine. 

2— Preparation of the materials for the tests 

All the measures are the same as in the previous investigations. The 
fuel tanks are again filled with the components: nitric acid = 60 kg. and 
tractor kerosene = 16.5 kg. 

3— The execution of the tests 

All the steps are the same as in the previous investigations. 4In 
total, five tests were carried out and the engine was started as normal 

smoothly. The engine was switched off immediately by closing the fuel valves. 
During the preliminary tests a weak flame (torching) was observed in the 
nozzle of the engine, within 2-3 minutes from its switching off. At the' 
end of iition, the feeding tubes were disconnected from the engine-and. 
the pressure was increased in the fuel tanks. At a pressure of 10 kg/cm 
an acid stream was ejected from the nitrogen feedins , tube, apparently due 
to untight closing' of the fuel valve. This explains the above—mentioned 
torching. The fuel valves were opened: and closed many times by means of 

Thedata-
S tar t in

IV 

P 
start 

kg/cm 2 15 15 15 15 15 
tank) kg/cm2 24 19 18 18 18 

P 14 12 12 12 12 

P	 kg/cm2 
ace initial, 80 75 82 80 80 

2 
P ace 'final, k;/cm 72 70 76 72 70 
t 
perform, 

sec. 24.2 18.8 11.6 12.6 12
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the ,as sector under various pressures in the fuel tanks (up to 20 kg/cm2). 

In all the cases, the valves were tightly closed and leakage of the compo-
nents was not observed.. 	 -. 

On the external examination of the aggregates of the feeding system 
and the engine, no defects or changes were observed. 	 -: 

The data of the investigations are given in the table (see above. 

Conclusions 

1. The start of the engine was worked out within the period beginning 
from the 25th of December 1937 till the 11th of January 1938; durin the 
experiments, the twenty firing tests took place normally and successfully, 
without any troubles. The engine was started immediately and smoothly; 
its performance was steady and could be stopped easily. 

2. The metallic Part of the rocket Plane 318-1 itself as well as 
the engine of the type ERtv65 No.]. (the Experimental Rocket Motor), behaved 
during all the tests without reproach. No troubles or failures wer 

observed. The established system of controlling and testing the engine 
from the cabin appeared to be sufficiently comfortable. 

It is desirable to cover the following observations 
a) to set on the instruma-bion board of the pilot an electric lamp 

or the illumination of the instruments and for softening the brightness 
of the flash of the controlling lamp (it is also possible to paintthe 
latter, which should, however, be practically checked). 

b) to fix a stop-watch in the upper part of the notch of the cabin 
at the level of the pilot's eyes. 

C) to install a second pressure manometer in the acid tanks, which 
serves, mainly, to confirm the readings of the already existing manometer. 

d) to make a notch in the coil (the core) of the ignition device of 
the engine to avoid falling of the powder (explosive) cartridge at the 
moment of ignition of the propellant charge. This notch will also provide 
a seal (at the cone) for the porcelain bushings, and will increase their 
length up to the powder explosive cartridge. 

3. The investigation of the start of the engine installed in the 
rocket plane 318-1 is considered perfect. 

4. To continue the firing tests on the proving stand in order to 
measure the characteristics according to the resting program. 

It is necessary to carry out the following preliminary experiments 
a) Investigation and examination of the engine and feeding System; 
b) The internal examination of the fuel tanks and certain oxidizing 

agent tanks (and if necessary all the tanks); 
c) Hydraulic testing of the engine (according 2 -to the instructions): 

testing the fuel tanks under a pressure 2of 55 kg/cm ; the oxidizing agent 
tanks under a pressure of 200-225 kg/cm ; testing the conections extending 
from the tanks to the engine under a pressure of 80 kg/cm . All the tests 
should be carried out with an endurance of 10 minutes; 

d) Checking the performance of all the taps, valves as well as the 
reducing valves; 

e) Calibration of all the instruments and issuing an ex piration certificate.
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A REPORT ON THE FIRING TESTS OF THE OBJECT 

21 8-1 
/1_J7 

ON THE PROVING STAND OF GROUP NO. 2, 

5 FEBRUARY 1938 

1- The aim of the tests 

Annulling the characteristics of the feeding system of the 
object and measuring the temperature t o of heating the engine's head 
at 

max

2-.The preparation measures of the tests 

All the measures, are the same as in the previous investigations. 
The fuel tanks are filled with the following components; 60 kg. 

of nitric acid and 16.5 kg. of kerosene. 
The air accumulator is charged up to a pressure of P 	 126 

k cm
2	 accum g/.
A platinum-platinum-rhodium thermocouple is used for measuring 

the temperature of heating the head of the engine. 

The installation of the instruments is the same as in the firing 
tests carried out on the 3rd of February 1938 121. 

3- The execution of the tests 

The start of the engine was normal and 'smooth. After the start, 
the air valve was fully opened at once; the reducing valve was not 
regulated during the experiment. 

The readings of the instruments were recorded (simultaneously) 
after each 10 sec. during the whole experiment (see the table). For 
the rapid stop of the engine, the air valves 'ere opened, and when the 
pressure in the tanks was dropped to 16 kg/cm the fuel taps were closed' 
and the engine was immediately switched off. 

The total performance time t 
erf 

was equal to 95 see., and at 
the end of the 2experiment the presse in the tank P	 was increased

tank up to 65 kg/cm 
When the experiment was over, the components were removed from 

the tanks. 

The amounts of fuel and oxidizing agent supplied to the tanks 
are equal to G

oxid	 fuel 
60 kg. and G	 16.5 kg.
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-	 The amounts of fuel and oxidizing agent removed before the 
experiment are equal toG1 oxd 1.785 kg. and G1	 = 1.220 kg. 

The amounts of fuel an oxidizing agent existg in the tanks 
before the experiment are equal to G 	 = 60 — 1.785 = 58.215 kg. and 

= 16.5 — 1.220 15. 280 kg.	 °' 

fuel The amounts of fuel and oxidizing agent left after the experi-
ment are equal to 0 f , = 0 kg. and G xid = 4.685 kg. 

The amounts o?'uel and oxidizing agent consumed during the 
experiment are equal to G

fu 1 =
 15.280 kg. and G •d 58.215 — 4.685 = 

53.530 kg.	 e	 __ 

Since t rf =	 sec., then the average consumption of the fuel 
components perecond will be equal to G 	 = 563.5 g/sec and 
0f'uel = 

160.7 g/sec, and their average ratI1&1 will be equal to 3.51. 
No defects were observed during the external examination of the 

feeding system. 

The tin solder of the thermocouple in the engine's head was 
smelted. The manometers indicating the pressure in the chamber were 

out of work due to the fracture of their tubes which were, apparently, 
not tightly fixed to the stand. 

The record of the readings of the instruments was carried out 
by the following staff: the engineers: 6etinkin, itov and Dedov, 
the technicians: Durnov and Vlasov, the metal craftsman: L. ' 	 and
the designer: Pallo. 

During the examination of the engine of the type tlp4...65.s No. 2,. 
a small pot-hole was observed in the critical cross-section of the 
nozzle. An assumption was made by Comrade Gluko, which states that 
this pot-hole could have been formed due to an internal defect in the 
material of the nozzle after the prolonged performance of the engine 
with full power. 

The timing process was conducted by the engineer Sóetinkov and 
the designer Pallo. 

Summary of the reading records of the instruments. 

IifI'/	 P Pi, lcJfcM' 

126 15 15 - - - 
10 103 38 41 30 400 22 for 5ec 
20 97 37 40,5 25 200 22 

480 90 35 39 26 260 21 
40 83 33 38 24 260 21 Thr 38 

79 31,6 36 23 270 - 
60 74 30 34 16 270 - 
70

1
70 28 33 13 260 - 

80 65 27 30,5 12,7 220 - 
90 61 26 29,5 10 200 -
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Conclusions 

1. The full power experiments were repeated after the installa-
tion and performance of the engine on the stand. At the beginning, a 
series of short-time starts were made with full power, and then the 
prolonged control tests (70-90 see) were carried out with the installed 
tail fin.

2. Before conducting the experiments mentioned in the preceding 
point, the tests included in the other points of the program should be 
carried out.
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Stfl'ThIARIES OF THE REPORT ON THE OBJECT 318 

"A SCIENTIFIC-IRvEsTIaATrjE WORK ON THE ROCKET-
POWERED AIRCRAFT

[1938] 

I. The formulation of the problem and the assigned 
aims of the rocket aircrafts 

A. Military application 

1. The difference between the maximum speeds of modern bombers 
and fighters is so small that the pursuit of the bomber after manoeuv-
ring is practically inexpedient, since within the persecution time it 
can run tens and hundreds of kilometers. At the present time, there 
are almost no means for stopping the bombers flying in ac1osed structure 
at an altitude of 6-8 km. with a speed of 500-600 km/hr. The appea-
rance of such bombers in the armaments is quite realistic in the near 
future.

2. The insufficient vertical speeds of the modern fighters 
stipulated the necessity of establishing their airports at a distance 
of 100-140 km. from the front line. Therefore, the interception line 
of the enemy can lie within the range of 80-120 km. from the front, 
and the defence of this zone (the zone of tactical surprise) will be 
quite difficult. With the continuous increase of the speeds and flight 
altitudes of the bombers, this zone will acquire a tendency towards 
further expansion. 

3. Due to the high hrizontal speeds of the modern aircrafts 
and the big loads per one m [exerted on the wing], the radii of the 
3600 (banked) turns were considerably increased, and the difficulties 
associated with finding the enemy in the air after manoeuvring became 
greater. Therefore, the air battle during the interception of the enemy 
will lead to either a short-time shooting or to persecution. 

4. On the basis of the above mentioned information, the necessity 
arises for designing a fighter which acquires a very high speed and, 
in particular, a high climbing speed. This fighter . should be mainly 

it 
See, for example, the article of A. Lapinskij: "Osnovnye voprosy 

sovremennoj aviacii" (The main problems of modern aviation), published 
in the journal "Voennaja mysl", No-3-4, 1937, page 85-95.



-512-

assigned for defending the zone of tactical surprise. The fuel reserve 
of such a fighter should secure a battle duration of 4-5 minutes, and 
a flight range within the limits of the zone of tactical surprise 

(i.e., 80-120 kin). As it will be shown below, the rocket fighter can 
fulfil these requirements. 

B- Investigation of the Stratosphere 

1. As known, the ceiling of the stratosphere is equal to 30 km., 
while that of the stratospheric aircraft is less than 20 km. 

Lifting a man to an altitude of more than 30 km. is possible 
only by the utilization of rocket devices. 

2. The rocket-plane, in comparison with the wingless rocket, 
acquires those advantages which permit its rise over the aircraft and 
Provide controlled landing. The wingless rocket is an indispensable 
device for the investigation of the stratosphere. 

3. The possibility of the military application of the high-
altitude variant of the rocket-plane should be kept in mind in the 
case when the enemy possesses a stratospheric bomber aircraft. 

C- Investigation of the aerodynamics of the high 
speeds and the problems associated with it 

1. The investigation of the aerodynamics of the subsonic and 
sonic speeds acquires a tremendous significance in modern aviation. 
In the wider construction and constructed wind tunnels, the models of 
the aircraft are blown, i.e., the Reynold)s number is not considered. 
The construction of the wind tunnel for natural blowing is practically 
impossible. A considerable part of the investigations on this problem 
can, therefore, be carried out on the rocket airdraft, since it is 
possible to record the thrust values accurately. 

2. In a rocket-plane, it is possible to carry out investigations 
on the vibration of the wings and tail at high speeds. 

3. The investigation of the air-rocket engine after its testing 
in the laboratory can be similarly carried out in a rocket-plane 
equipped with a liquid propellant rocket engine. 

II. The Modern Situation of Rocket Technology 

A- Nitrogen Engines 

1. At the present time, the problem of the construction of a 
jet engine with a developed thrust of 150 kg. can be considered princi-
pally solved. The data are as follows; the specific engine thrust
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i.e., the thrust (expressed in kilograms) developed on the consumption 
of one kilogram of fuel per see, is equal to 200-210 kg. sec/kg; the 
permissible maximum performance time of the engine 'C at the, maximum 
thrust is equal to 120 sec. and the weight of the engine 

G 	
is equal 

to 8 kg. The improvement of the engine and its characterists will 
be still carried out in the future (see the work of the objects 202 
and 606) /iJ. 

2. The series of experiments carried out on an engine with a 
thrust of 300 kg. indicated the possibility of developing, in the 
near future, an engine with the following data: P k = 200-210 kg. 
Sec/kg; t = 150-200 sec and G12-15 kg. (see the work of the 
object 601) /2/. 	

eng 

3. After carrying out the corresponding scientific-investigative 
work, there will be no principal difficulties against getting an engine 
with the following characteristics: a thrust in one aggregate of up to 
500-1000 kg; a performance time(with small engines having a thrust of 
100-200 kg.) of up to 15-20 mm., and an engine weight (for'-big thrusts) 
of up to 3 percent of the thrust, for repeated starts. All 'these 
chaructrietics are a matter of "finish" and not a "problem'! which 
can or cannot be solved. 

4. On transition to other oxidizing agents on the basis of 
nitrogen and on the application of pumps, it will be possible, in 

the future, to increase the specific thrust up to 260-280 kg. (this 
is already a "problem"). 

B- Oxygen Engines 

1. The utilization of the oxygen engines, from the point of 
view of the flight data, is justified in the case when their specific 
thrust is greater than that of the nitrogen engines by 20-25% (under 
equal pressures of fuel supply), which is necessary for the compensa-
tion of the differences in the weights of the tanks and air cylinders. 

2. At the present time, the problem of the oxygen engines can 
be considered principally solved only for specific thrusts equal to 
or even smaller than those of the nitrogen engines. 

3. Iffien the specific thrust is greater than that of the nitrogen 
engine by 20-25% (under the same other conditions), the utilization 
of the oxygen engines for the high altitude flights will be -possible 
and expedient. To ascertain the possibility of its application in 
military purposes, additional tactical-technical investigations are 
required.

C-. Air-breathing rocket engines 

1. At the present time, the air-breathing rocket engines are
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still in a stage of preliminary laboratory investigations, and it is 
impossible to decide with full confidence on whether the calculated 
data will be totally obtained. 

2. It could be assumed, on the basis of the existing .data, 
that the aircraft equipped with an air-breathing rocket engine will 
acquire very high horizontal speeds and flight altitudes at ranges 
considerably exceeding the ranges of aircrafts fitted with liquid 
propellant rocket engines. 

3. Since the thrust of the air-breathing rocket engine is, in 
the first approximation, proportional to the speed, to a power less 
than two, then it is possible to assume that the big climbing angles 
of the trajectory at low speeds (less than the sonic speeds) will be 
difficultly achieved. Therefore, the utilization of the air-breathing 
rocket engine as a main engine for the fighter is doubtful and needs 
further investigations. 

Accordingly, the principal field of the military application 
of the air-breathing rocket engine will be the bombing and reconnai-
ssance aviation. From this point of view, the air-breathing and liquid 

propellant rocket engines do not replace each other but areintegrated 
devices in the military aviation. In the scientific field of inves-

tigation, it should be considered that the flight of the air-breathing 
rocket engines at altitudes higher than 40-50 km. will be accompanied 
with exceptional difficulties. 

D- Preliminary experiments on winged rockets 
equipped with liquid propellant engines 

1. At the present time, there exist a series of constructions 
of winged and wingless rockets performing the whose supplying system 
was repeatedly subjected to firing tests; hence, a quite satisfactory 
result 1wa1s obtained in certain cases (see the work of the objects 
06/Ill" ', 212 1 312 and 318). 

2. The carried out flight tests of the winged models showed 
that their correct flight, corresponding to the calculated data, is 
possible under the following conditions : 

a) In the case of fixed rudders, the rocket flied correctly, 
and at a sufficiently developed thrust it performed a series of loops 
as an ordinary aircraft (see the journal in which the experiments are 
published, Sector No.8, within the period 1934-1935); 

b) In the case of an accurately working automatic pilot, the 
satisfactory flight of the model is possible. During the tests, 

regions of correct flights were obtained up to a height of 600-800 m. 
(see the work of the object 06/111 No-312). Therefore, on the basis 

-	 of the conducted experiments it is possible to assume that if a man
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is seated in the model an accurate flight could be obtained along all 
the regions of the engine performance. 

3. The method of fuel supply by means of compressed air was 
utilized in the flying objects and also in the stands, for feeding the 
engines. The principle of this method could be considered tota1ly 
understood. Other methods of supply given (by means of ca1u1ations) 
a considerable economy in the weight of the construction and, therefore, 
improving the flight data, are conceivable. Of these method, we men-
tion the pump supply and the supply by means of a solid propellant 
accumulator.

E.- Preliminary calculated data 

1. On the basis of the carried out survey it is possible to take, 
from the rocket part, the following initial data for the calculation 
of the flight characteristics of the rocket-planes 

a) at the present time, we could obtain a thrust of 150 kg., a 
specific thrust of 200-210 kg., a performance time of 100-120 sec., a 
single stage launching, and a fuel supply by means of compressed air; 

b) in the near future (at the beginning of 1939), we could 
obtain a thrust of 300 kg., a specific thrust of 200-210 kg., a per-
formance time of 150-180 sec., a single stage launching, and a fuel 
supply by means of compressed air (or by means of a solid 4Pellant 
accumulator); 

c) after some years, we could obtain in one aggregaa thrust 
Of up to 500-1000 kg., a. specific thrust of 200-210 kg., a rfQrmance 
time of up to 15-20 mm., repeated launching, and a fuel s1p1y by means 
of compreosed air or by a solid propellant accumulator (or r means of 
a pump);

d) in prospect (with a certain degree of probability3., we could 
obtain a thrust of up to 2000-2500 kg., an engine perforrnane time of 
30 mm. for low thrusts (80-300 kg.), a specific thrust of 2.70-28 0kg., 
repeated launching, and a fuel supply by means of a pump. 

III. The Characteristic Features of the Flight 1 
Data of the Rocket Aircrafts 

A. The utilization of the rocket-plane as a 
fighter-interceptor. 

1. The carried out theoretical investigations (see tike work of 
the object 318 and the articles of Zenger, Korolev, 6etinkov [4] and 
others) proved that, for the improvement of the flight data of the 
rocket-plane, it is necessary to increase the load per in • Therefore,
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in the calculations, the 2following maximum loads were adopted [5/: 
during lning, 120 k 	 (V d
	 - 115 km/hr), and. during take-off, 

200 kg/rn .	 The ratio of	 to the weight during the take-



off and lift should not be less than 1; it is usually taken equal to 1. 
2. The efficient load was taken equal to 212 kg. J.nc1uding the 

weights of the pilot (80 kg.) and armament (120 kg.) . The weight of 
the glider (the wings, the fuselage and so on) was taken from the 
aircraft statistical data. The weights of the different parts of the 
rocket (the tanks, the engine and so on) were taken on the basis of 
the preliminary calculations (a fuel supply by means of compressed air). 

3. The characteristics of the engine were taken according to the 
data of the near future, i.e., a thrust of 1400 kg. 	 2 x 700, a specific 
thrust of 210 kg., a performance time of 15-20 mm. for low thrusts and 
multiple starting (see . II, D, 1 1 c). 

4. The aerodynamic characteristics were taken according to the 

aircraft standards for a well "fillet" airoract with an elongation of 
')= 6.5 - 7; the polar was checked by means of the existing-,blowing 
torpedo and with the experimental machine. All the computations were 
carried out on the assumption that the flight speed does not exceed 
the sonic speed. With specially seleoted forms of shackles.. (aerofoils) 
and fuselage, the maximum speed can be approximately taken equal to 
850 kg/hr. The calculation of the trajectory along the regions of 
unsteady motion was carried out by the method of numerical integration, 
according to the trapezoid. rule. 

5. The results of the calculation of the trajectory of the 
rocket fighter, during its take off from the earth by means. of its engine, 
are shown in the '!graphs of interceptions and persecution"(see the 
work of thobject 318; the calculation of the trajectory is not yet 
performed) . On the basis of these graphs it is possible to see that 
for an enemy aircraft having a speed equal to 400 km/hr. at an altitude 
of 5 km., the fighter takes off at the moment when the enemy exists 

For the sake of comparison, we mention that te aircraft of Marcel-
Bloch 160 took-off with a load equal to 210 kg/rn 2 , while the aircraft of 
Forman 2231 lifted with a load equal to 170 kg/rn ("Les Ailes", 21 
October 1937). 

The graphs of interceptions and persecutions", included in the work 
"Aerodinainieskij raset raketnogo istrebiteija" (The aerodynamic calcu-
lation of the rocket fighter), differ slightly from the graphs in the 
work of the object 318. In particular, the Immelmann ¶flirn is replaced 
by a single turn.
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at a height of 13 km. and fights him at a distance equal to 5 km. from 
the airport to the front; the fighter makes then an Immelmann turn, over-
takes the running away enemy, "hangs over its tail" and pursuits it 
for 10 min. Within this time, it moves far from its airport up to a 
distance of 60 km. so that the returning back journey can be accomplished 
by gliding. 

If an another extreme case is considered, which is less probable 
even in the future, and it is assumed that the enemy flies at an altitude 
of 9 km. with a speed. of 600 km/hr., then the rocket fighter will take 
off at the moment when the enemy exis-ts at a distance of 20, km from the 
airport; this gives the fighttr a counter fight and a persecutioz of 
the enemy (after the Immelmann turn) for 3 win, moving far from its 
airport up to a distance of 36 km. 

6. It follows from the given data that the rocket fighter 
reduaes the zone of tactical surprise to a strip of less than 20-30 
km. width. The head of the tactics department of the M.A.. (Military 
Air Academy), Colonel 6ejdeman, and the representative of the head 
of the department of fire-arms training of the same academy, Major 
Tihonov, in their conclusion on the object318 (see the work of the 
object 318) concerning the duration of the combat, have stated the 
following: "All these data (concerning the pursuit duration of the 
rocket fighter) have now already provided a real- possibility for carry-
ing out the combat, assuming that the sudden superiority of the 
flight-technical data of the aircraft can assure a rapid victozy". 
This "... small duration 	 already permits now the util-ition 
of these aircrafts on the front, and, moreover, it determines the 
desirability of such utilization [6]. 

7. It is of great interest to put forward the comparative flight 
data of the rocket plane and the modern exj)erimental fighter Renar 
R-36 which is equipped with a motor of the type Ispano 12 Ycrs, having 
a power of 910 h.p. [see the table presented on the next page]. 

8. In conclusion, it is possible to mention the following 
characteristic features of the rocket fighters : 

a) the easiness of the installation of an engine with a big 
thrust in the aircraft, and consequently, higher speeds and angles of 
climb could be obtained; 

b) the independence of the thrust on the altitude, and consequently, 
improving the flight properties with the mere rise of the aircraft up 
to the given altitude; 

c) high rates of fuel consumption, and consequently, -a small 
flight duration, big reserves 2of fuel and a short range; 

d) big loads per one m , and consequently, bad manoeuvrability 
and high landing speeds. 

On the basis of the performed analysis it seems quite expedient 
to utilize the rocket fighters in the future as fighter-interceptors
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Key:
(1) The Altitude, m. (2) The maximum speed, Km/hr (3) The 
vertical speed, rn/sec. (4) The minimum time of climb 
(5) The Rocket fighter. 

Note : 1. The time of flight at V 	 is approximately 3 times less 
than that at V 500 km. 

2. The flight range of R-36 is about 900 km., and the range 
of the rocket fighter during the flight with an operating 
engine is about 140 km. (at)2 0). 

for defending the "zone of tactical surprise", in co-operation with 
the ordinary -type fighters. 

9. At the present time, the prospective investigation'  of the 
military application of the rocket aircrafts cannot be considered 
finished, and it is possible to mention the following directions along 
which the investigations should be necessarily carried out: 

a) the flight-tactical data of an aircraft with a screw-motor 
group, equipped with an auxiliary rocket engine; 

b) the flight-tactical data of a rocket-plane of reduced dimen-
sions, suspended from a multi-seated fighter; 

c) the possibility of decreasing the necessary maximum thrust 
of the rocket engine. 

B- The high-altitude and the scientific-investigative 
aircraft 

1. It has been theoretically proved by the investigations 
carried out by various authors that, for the ordinary aircraft schemes 
at the fuel reserves attainable at the present time (up to o%) and 
for a specific thrust of even 300 kg. (taking into consideration the 
increase of thrust with altitude), the rocket aircraft equipped with 
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a liquid propellant engine acquires a flight range of 200-300 km., 
i. e., it cannot compete with the ordinary screw-motor group. 

2. In 1937, a theoretical investigation was carried out on the 
future application of the rocket-plane for long range flights, pro-
ceeding from the optimum references, i.e., applying the characteristics 
of "the subsequent prospect" to the engine (of. II, D, 1 9 g) and 
utilizing the composite schemes. As a result of these investigations, 
it was shown that even under these optimum conditions and for a minimum 
useful load of 175 kg., a flight range of the magnitude of 2000 km. can 
be obtained by the ternary scheme (an ordinary aircraft + a catapult 
rocket-plane + a proper rocket-plane), since the initial weight of 
the catapult aircraft exceeds 10 tons.	 - 

3. Concerning the optimum lifts, the following results were 
obtained: with the characteristics of the engine of the "nearest 
prospect" (cf.s II ) D, 1, c), for a rocket-plane of 1600 kg. weight, 
lifted by an aircraft to an altitude of 8 km., the absolute ceiling 
was equal to 45-50 km., and for a specific thrust of 280 kg.. sec/kg. 
and an initial altitude of 10 km,H	 - O km. In these both cases 
the useful load (including the weight o lie pilot) is equal to 175 kg. 
On utilizing the composite rocket-planes with an initial weight of 
8 tons, an altitude of 80 km. can be obtained for a useful load of 
about 400 kg. and a specific thrust of 210 kg. sec/kg. The absolute 
ceiling obtained in this case is about 130 km. However, the descent 
from this altitude by using the wings is impossible without special 
braking devices due to the high accelerations isee the work of the 
object 318 on: "Perspektivy primenenija raketoplanov" (The future 
application of the rocket-planes) f(J}. 

4. In all the cases of the installation of powerful rocket 
engines (PG) and. for an initial lift of the rocket-planeto an 
altitude of 628 kin., velocities exceeding the sonic speed could be 
obtained (for the first stage - up to 350-400 in/sec., and for the 
composite schemes - 1000 rn/sec. and even more). At these speeds, it 
is possible to obtain a steady motion and to carryout the corresponding 
measurements. 

5. Summing up this chapter it is possible to state that for the 
investigation of the stratosphere at heights ranging from 30 to 80 km 
by manned flights, the rocket-plane will provide wide and sufficiently 
real prospects in the future. The same can be said on the practical 
investigations related to the aerodynamics of the aircrafts flying 
with sonic speeds. The application of the rocket planes for long 
range flights, considering even the huge travelling speeds, is in-
expedient.
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IV. The method8 of the solution of the problems 

of the rocket-plane 

(The plan of the work) 

A- On the parts of the rocket-plane 

1. On the basis of the carried out and reviewed theoretical 
investigations on the flight-tactical and high altitude data of the 
rocket-plane, the problem of the need and the necessity for a much 
more forced development of this object should be principally solved. 
In this case, the theorectical investigations should be confirmed and 
substantiated by specially developed experimental works, namely 

a) checking the engine and the system of fuel supply in the 
rocket glider during flight (the existing engine has a thrust of 150 
kg., with a fuel supply by compressed air and a fuel reserve of about 

'5%)
b) checking the reports on the weights of the rocket parts 

(mainly the weight of the tanks and the air accumulators). 

2. For the construction of a rocket-plane of any practical 
assignment (military or scientific), the preliminary theoretical and 
experimental solution of a series of problems is necessary, namely : 

a) the stability and control of the rocket-plane at relatively 
big thrusts and large fuel reserves (take-off, landing and flight); 

b) the effect of high speeds (of the sonic magnitude) on the 
stability, strength and flight data of the rocket-plane; 

c) the interaction of the whole aggregats of the system of the 
engine during flight at relatively big thrusts. 

As a second..s-tage, the construction of a special experimental 
device should be undertaken. Due to the fact that the high speeds can 
be attained only at high altitudes, the constructed experimental device 
should be of the high altitude type with the possibility of its hanging 
from a multi-motor aircraft (for example, TB-3). 

To facilitate the solution of the main problems during the 

construction of the device, it is necessary to reject the introduction 
of unchecked elements in the aircrafts and rocket practice (for example, 
a thin wing of big elongation, to include the tanks in the construction 
of the fuselage and so on). As a sequence of this, all the obtained 
flight data of the experimental device will be greatly reduced. The 
main characteristics of the rocket-plane are as follows: the crew 
consists of two men; the initial weight is equal to 1.5-1.6 tons; the 
engine weight is 3 x 300 + 1 x 150; the absolute ceiling H 	 on 

bsolte the start from 8 km. is equal to 25 kin., and on the start irom the
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ground is equal to 13-16 km.; the maximum average speed of the horizontal 
flight at an altitude of 7.9 km. is up to 800-900 km/hr , and the 
landing speed with empty tanks amounts to 120-130 km/hr. This work 

(working off the sepra'te aggregates) can be initiated after finishing 
the first stage under the condition that the operation will be speeded 
up by the 300 kg. engine.

Fig. 1 - A general view: of the experimental rocket glider. 
The engine of the type "ERM-65" (having a thrust of 150 kg.); the 
performance time of the engine at full thrust is about 110 sec.; the 
initial weight is approximately equal to 600 kg.; assignment; Checking 
the engine, the system of its fuel supply and the control during flight. 

3. After carrying out the first experiment on the experimental 
device and working off the engine for big thrusts and durations, it 
will be possible to step to the design of an experimental model for a 
specific application. 

B- On the parts of the engine 

1. It is necessary, in the first place, to speed up the working 
off of the nitrogen engine at 300 kg,, with a specific thrust of 200-210 
kg. and a performance time of 180 sec., and carrying out, parallel with
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this, a work for increasing the duration of the performance of the 
150 kg. engine to 5-8 mm. 

2. In the second place, it is necessary to start a work for 
increasing the thrust in one aggregate up to 1000-1500 kg., and the 
duration of the performance of the small engines up to 15-20 mm. 
Moreover, it is necessary to develop a pump and an engine of repeated 
starts. The work for increasing the efficiency of the engine should 
not, of course, be stopped. 

3. To continue the scientific-investigative work on the oxygen 
engines along the direction of increasing their efficiency. 

V. What has been achieved up to the present time 

A. Theoretical and project works 

Theoretical and tactical investigations (not finished, yet) 
were carried out on the rocket-plane, whose results were summarized 

above. A series of computations were performed on the experimental 
device to get the necessary data for the theoretical investigations. 
The lay-out drawings of the general view were made (see the ,-work of 
the object 318) /J. 

B. The experimental work 

1. A project for the installation of the 150 kg. engine on one 
of the existing gliders (SK-9) has been put forward. All the necessary 
calculations (aerodynamic, strength, hydraulic and so on) have been 
also carried out (see the work of the object 318-1) [9J. The capacity 
of the tanks should be sufficient for the performance of the 150 kg. 
engine for 100 sec. The equipment of the glider was finished in 1937. 

2. At the present time (January 1938), all the necessary dry 
tests of the system of the engine were finished and gave satisf.ctory 
results. Twenr three firing tests were performed on the stand and 
they gave also satisfactory results. After finishing the firing tests 

on the stand. (there still remains 7-10 tests), the flight tests were 
carried out (take-off from the ground and towing). 

VI. What should be done now for the successful 
continuation of the works 

1. As shown from the above summary, the volume of the works on 
the rocket-plane as well as on the engine required for it is 1 quite 
large and requires many means and a sufficient time (about four-five 
years) for its conduction. Therefore, it is now necessary to take a
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definite decision on the necessity and importance of this object 
and to provide all the necessary conditions for the works. The inde-
finite solutions will only impede the work, since with the insufficient 
rates of working, getting the first practical results will be put off 
to a period of 5-6 years, during which the requirements of the object 
could be completely changed due to the progress in the tactics and. 
technology.
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A PROGRAM FOR THE DRY TEST OF A SYSTEM OF 

SEPARATE FUEL SUPPLY OF THE OBJECT 218 

[1938J 

The Aim of the Tests 

1. To check the possibility of the performance of the simplest 
system of separate fuel supply of the engine. 

2. To determine the characteristics of the fuel supply for a 
separate feeding system. 

The Object of the Investigation 

3. An experimental system of separate fuel supply consisting 
of two tanks of the type 218, two valves, two pressure regulators, two 
shut-off valves, two air cylinders and an EMI-65 motor. 

4. The control of the object is carried out from the support 
on which the fittings are mounted. The tanks exist on the stand plat-
form behind the shield.. 

5. All the experiments are carried out on water. The drift of 
water is carried out through the engine of the type ERM-No. 2. 

The Preparation of the Tests 

6. Filling the tanks completely with water up to 50 mm before 
reaching the limit of the neck. 

7. PreliminaV setting of the pressure regulator at a pressure 
of P	 = 37 kgcm (as in the object 218) and. under a pressure of 

WOk15 kg/cm (according to the data of the object 212) 
8. Checking the magnitude of the pressure in the compressed air 

cylinders.

9. The protective measures are applied, in all the cases, accor-
ding to "The instructions of the performance of the tests of the objects 
of group No.211.

The Program of the Tests 

10. Checking separately the consumption of each fuel component  
(on water) by the engine under a pressure drop of the order 6-8 kg/cm 
In this case, the following data should be obtained :
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Voxidizer	 2 i 0.400 litre/sec 	
P	 - 15 kg/cm is selected) 

fuel 
V	 0.165 litre/sec	 supply 

11. The selection of the necessary regime is carried out by 
varying the pressure of the fuel supply by means of a valve and pre-
ferably by a pressure regulator, and also by means of throttling 
washers. 

12. Checking the performance of each componnt separately under 
a pressure of P°	 ranging from 50 to 120 kg/cm , and measuring the aocum, 
following parameters 

tplatform - is the time required for maintaining P	 = conet.
tank 

P tank- is the pressure of fuel supply 

PX. - is the inlet pressure, and if its measurement is 
possible, then 

Q sec - is the consumption per second. - 

13. To set up, according to the results obtained in poin-tL12, 
an experiment for the combined work of both tanks for the given regime. 
The measurements are the same as in point 12, yet they should be set 
at the same time-intervals. 

14. According to the results of the tess given in point 13, 
the tests under a pressure of P ork
	 kg/cm (and possibly under 

any other intermediate pressurel are set in the same succession in 
accordance with point 11. The measurements are also the same. The 
tests are performed at high rates of fuel consumption as well as with 
new throttling washers. 

15. All the experiments are carried out by the foreman engineer 
S.P. Korolev.
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A PROGRAM FOR FLIGHT TESTING THE ROCKET PLANE, 

OBJECT 218-1 

193& 

Introduction 

The present program includes mainly all the necessary flight 
tests of the object 218-1, namely 

I. In the full volume: ground tests on the platform in the 
assembled form. 

In the minimum necessary volume 
II. Flight tests as a glider. 
III. Flight tests with an operating rocket engine. 

In both cases the take-off of the object 218-1 is carried out 
in the towed state behind the aircraft R-5 up to an altitude of 1500 m. 
where the tests are performed. 

It is necessary to mention that due to the novelty of the work 
and also according to the availabi1ir of the special device's and the 
testing conditions, some delay may occur in the pro-ram of the process 
of testing for a more deep study of a certain phenomenon or 'problem. 
Each delay in the program should be conformed by the group conducting 
the tests on the object. 

The experiments are conducted by the group appointed 'for 
testing the object 218-1, under the supervision of the engineer S.P. 
Korolev.

The testing group comprises the following personnel; Volkov A.I.-
asalaboratory assistant of the rocket engines, Dirnov A.M. - as an 
aviational mechanician, and Pallo A.V. - as a constructor technician. 

Part I 

Ground Tests 

The Aim of the Tests 

1. The determination of the character of the effect of the 
performance of the rocket engine on the different parts of the object, 
which are absent during testing on the stand, such as: the vertical 
and horizontal tail, the bonnet of the engine and the wings. 

2. The explanation of the presence of the phenomenon of the 
vibrational character in any parts of the object during the performance 
of the rocket engine at various regimes.
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3. Final checking of the performance of the metallic part of 
the object in the completely assembled state under ground conditions 
before shifting to the flight tests. 

4. Training the supervisor of the experiments during working on 
the object without safer precautions outside the shield. 

Preparation of the Tests 

5. The object 218-1 with an engine of the type ERN-65 No. 2 is 
prepared and set up for the tests, in all respects, according to its 
service logs (No.001 and 046) and "the instructions on conducting the 
tests of the objects of group No.2 of the SRI (the Scientific Research 
Institute)". The permitted digression from the "Instructions" is the 

installation of the object outside the shield on the platform. airing 
the tests, the supervisor of the experiments exists in the cabin of 
the object while all the remaining staff stay behind, the shield. 

60 The ground tests are carried out on the platform near the 
proving stands of group No.2 and group No.1. The object is.-set up 
with the tail towards the proving stand of group No.1, wher.e the 
stopper shield is raised along the path for the reflection of the gas 
stream of the engine. 

7. The object is fixed on the platform over the mount points 
in the flight position. The support is installed under the front part 
of the fuselage. Under the tail part of the fuselage at the beginning 
of the fin, the bounce is installed and is fixed to the ground together 
with the fuselagein such a way that the possibility of tearing the 
tail could be excluded. 

8. On carrying out the experiments, the following protective 
measures should be taken 

a) Before the start of the tests, the working staff hould move 
behind the shield, where they are not allowed to leave till ' the end 
of the experiment; 

b) At the end of the test, the approach towards the object is 
permitted only by the permission of the supervisor; 

c) A mirror is set near the object. This mirror allows the 
supervisor of the experiments to observe the tail part and the engine 
from the cabin of the object; 

d.) In case of fire, a sufficient amount of dry sand, fire 
extinguishers and degassing solutions, should be kept near the object. 
Also, a hose (pipe) capable of giving water to the object should be 
kept near the shield. 	 The remaining antifire safety measures should 
be maintained according to the order established by the S.R.I; 

e) The presence of barrels, bottles and other vessels filled 
with fuel components as well as with any other fuel substances or 
materials near the object is not allowed;
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f) The bottles in which the emergency overflow of the fuel is 
discharged from the object should be situated at a distance not less 
than 4 meters from the object and from each other. These bottles 
should be also protected by means of a special shield, which excludes 
the possibility of their destruction or inflammation during testing 
the object. 

The volume of the discharging bottles should permit the evacua-
tion of the whole fuel tanks of theobject. In this case, the possi-
bility of over-filling the bottles should be excluded. 

9. During testing, all the measurements should be carried, out 
by the devices set on the instrumental board of the object. The 
instruments should be calibrated. The performance time of the rocket 
engine should be measured by a stop-watch by means of an observer 
sitting behind the shield. In case of necessity, the temperature of 
the separate parts of the object subjected to heating is measured by 
means of a thermocouple. At the end of the experiments, the amount 
of the actually consumed fuel is determined. Therefore, the following 
parameters are measured	

2 - the pressure of the kerosene tank (expressed in kg/cm  
measured by means of a manometer, 

2 r - the pressure of the oxidizing agent tank (expressedin 
kg/cm ), measured by means of a manometer, 

2 1 - the pressure of the oxidizing agent chamber (expressed in 
kg/cm ), measured by means of a manometer, 

the performance time of the rocket engine (expressed in seconds), 
measured by means of a stop-watch. 

TO - the temperature (expressed in deg* centigrade), measured 
by means of a thermocouple, 

Kerosene (expressed in kilograms - the kerosene consumption 
during the time of the conduction of the experiment. 

The Program of the Tests 

10. All the tests are carried out by the supervisor of the 
experiments in strict accordance Jj h the calculated data of the 
object 218-1 (see part II and Iv) 1  and the service logs of both 
the object (No.001) and the ERN-65 No.2 (No.046) engine. 

11. All the tests, should be carried out according to the 
indicated sequence; thus, each subsequent test can be set only under 
the conditions of getting reliable results from the previous one. 

12. Initiation of the ignition of the 1-2 ignition rods inside 
the combustion chamber. The horizontal and vertical tails and the 
bonnet of the engine are installed on the fuselage, whereas the wings 
are not fixed in position. As a result of the possible heating of the
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control rudder, it should be fitted with a OnTrmocouple in the close 
vicinity to the section of the engine bonnet for the measurement of 
its temperature. 

13. Carrying out 2-3 short-time starts for he rocket motor, 
whose duration is 20-25 sec., for P^ k a 28 kg/cm and. P = 100 kg. 
The operation of the engine during e final test 2is carried out for 
a full thrust of P 150 kg. and Ptank 37 kg/cm . DuringVthese 
tests, the tail fin and the wings are not installed., whereas the bonnet 
of the engine is fixed in position. An attention should be,given to 
the temperature of heating the bonnet and its possible measurement. 

Photographing the gas stream of the rocket motor. 
14. The installation of all the tail fins and the wings on the 

object. Carrying out two tests of a duration of 0 and 50 see., for 
a full thrust of P 150 kg. and P-k 37 kg/cm . On th& control 
rudder, in the close vicinity to the section of the engine's bonnet, 
a thermocouple should be fixed, whose readings should be observed by 
the supervisor of the experiments from the cabin. When th& temperature 
reaches 1500, the experiment is stopped. Moreover, the observation 
of the state of the tail and wings is carried out from behind the 
shield and, in case of necessity, a signal is given for stopping the 
engine. Photographing the ga stream of the rocket motor 18 then 
carried out. 

15. All the arrangements are the same as in pont 14 carrying 
out a single test at P a 100 kg. and P	 a 22 kg/cm the.,durationtank 
of the test is up to 100 sec. 

16. All the arrangements 
out a single test at P a 60 kg. 
of the test is up to 200 sec. 

17. In case of necessity, 
according to the indications of 

Note; From one to two tes 
inclined position of the object, 
(the spike standing on the groun 
30).

In total, according to part I, 8-10 firing tests should be 
carried out on the object on the platform. 

Part II 

TESTING THE OBJECT AS A GLIDER WRING FLIGHT 

The Aim of the Tests 

18. Testing the glider during flight by its hanging under the 
rocket installation (without a fuel). 	 V 

are the same as in poi9 14. Carrying 
and	 a 17-18 kg/cm ; the duration tank 

2-3 delivery tests are carried out 
the testing group.	

V 

ts could be carried, out at the 
for example, at the landing angle 

Ld) and at the angle of glid4,ng (up to
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'19. Testing the glider during flight with a full load. (with 
a fuel).

20. Calibration of the speed indicator and checking the 
computed values of the gliding speeds and landing speeds during flight. 

21. Training the pilot. 
22. Recording, during flight and in the case of the presence 

of the corresponding possibilities and instruments, the polars, the 
glide path indicators and the characteristics of the longitudinal 
static (and quite preferably the dynamic): stability of the machine, 
even for only 2-3 alignments during the flight .on.. gliding. 

The Preparation of the Tests 

23. The object 218-1 equipped with an engine of the iype ER]1-65 

is prepared in strict accordance with its service logs (No.001) and 
the calculated data (see part II), for which a final control mounting 
should be carried out by checking the performance of the control 

members and the alignment of the whole machine. An automatic recording 
barograph is established for all the flights. 

24. A practical alignment of the object with empty tanks should 
be carried out by weighing and for checking on a balance. By means 
of a load fixed on the nose of the fuselage, the centre of gravity 
along the length should be obtained at a distance of 33% of the A.A.C. 
(Average Aerodynamic Chord) [2], i.e., in the same place where it was 
existed in the glider (SK-9) without a rocket installation. , The 
obtained data should be checked with the data of the computed alignment 
and the service log of the weights (see part III of the calculation of 
the object 218-1).	 - 

25. A special test is carried out on the object 218-1 for 
checking the action of the detaching mechanism of the towing rope for 
various tensions of the latter (by hand) and for various angles at 
the given altitude, and aside with respect to the lock. In all the 
cases, the lock should successfully detach the rope. This check is 
carried out on the detaching mechanism of the aircraft R-5 which will 
perform the process of towing. 

26. Before the performance of the first flight, the machine 
should be examined, by the testing group, and the tests should be 
carried out by the pilot and the appointed technician. In the future, 
before each flight, the machine should be examined by the pilot, the 
appointed technician and one of the members of the testing group. 
The corresponding notes on the results of the examination should be 
recorded in the service log. 

27e Initially, the following preparatory measures should be 
taken before the flight, and deviation from which is not allowed :
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a) The establishment of the reliability of the given ineteoro-
logical situation for the flights of the object 218-1. The essential 
condition is the presence of good visibility and a cloudiness not 
lower than 1700 in. For the first 3-5 flights (and preferably for the 
subsequent flights), the presence of a wind, having a velocity of not 
less than 5-6 rn/sec. is essential. 

Note: The presence of a detailed meteorological report on the 
weather conditions, including the temperature data and the atmospheric 
pressure, is essential during all the flights, for the treatment of 
the testing results; 

b) For the sake of training, the pilot of the aircraft R-5 which 
will perform the towing process of the object 218-1, should. achieve 
2-3 flights with a take-off and climbing speed of 130-140 kin/hr. A 
special attention should be given for keeping this speed constant 
during the flight. The weather and wind forecasts should be checked 
at the same time; 

c) For the towed take-off, the object 218-1-should be situated 
as far as possible behind the line of start, in such a way that not 
less than 600-800 in. are left behind for the take off of the aircraft 
R-5.

In addition, a reserve runway of not less than 500 in. should be 
left in front. The object should be situated to the left of the towing 
aircraft at a distance of	 in. (as calculated for the flight), and 
behind it at a distance fixed by the length of the towing rope; 

ci) As a releaser of the towed machine under the wing' of the 
object, a suitable man should be appointed., who can run quickly; he should 
not be obstructed with unnecessary clothes. The releaser should be 
personally instructed before the flight by the pilot of the object 
218-1. It is necessary to note the exceptional significance of the 
correct release of the towed machine for a successful take-off. 

e) The coupler, flying on the aircraft 11-5, should be personally 
instructed by the pilot of the object 218-1. He is not allowed., by 
any means, to detach the object 218 during the take-off (for any posi-
tion whatever may be the case), excluding only the cases when any 
part of the carrier is removed away from the object or if a situation 
is created which directly threatens the aircraft with a danger. It 
is necessary to note that the detachment of the object 218-1 by the 
coupler during the flight of the aircraft, leads almost inevitably, to 
a serious damage of the object. 

i') During the aero-tow flight, the following signals are adopted.: 
a wave of the hand of the releaser on the ground is a signal 

for pulling the slack of the rope; 
raising the hand of the releaser - is a signal for the start; 

a sign produced from the pilot or the coupler of the aircraft 11-5 
during flight - is a signal to the pilot of the object for immediate 
detachment;
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a sign from the pilot of the object 218-1 during flight - is 
a signal to the releaser of the aircraft R-5 for immediate detaching 

of the rope; 
lowering the hand of the pilot of the aircraft R-5 according 

to the signal - is an indication to the pilot of the object to get, 
for example, far aside, too much and so on; 

frequent swinging from one wing of the object 218-1 to the 
other - is a signal to the pilot of the aircraft to restore the flight 

regime.

The Program of the Tests 

28. All the testing flights are carried out by means of the 
pilot of the object 218-1 (and equally by the pilot of the aircraft 
R-5 as well) in strict accordance with the calculated data of the 
object 218-1 (see part II and v) and the service log No.001. After 
the first flights, the pilot should approximately conform the computed 
speed range to that obtained during the flight. All the deviations 
from the computed data should be immediately informed to the testing 

group.
29. All the tests should be carried out according to the 

indicated sequence; hence, if it is necessary, the number of flights 

can be increased.  
30. Carrying out the first take-off-test with a detachment at 

an altitude of 5-7 m. and straight gliding. The take-off of the air-
craft R-5 is carried out by forcing the gas until the object is detached 
at a speed of up to 130 km/hr. The detachment from the aircraft is 
carried out by the pilot of the object 218-1, by preliminary wringing 
out of the machine and relaxing the towing rope. When it is clearly 

seen by the coupler of the aircraft R-5 that the object 218-1 is 
detached, the rope is released. If there exist no obstacles along 
the path of the take-off, the aircraft R-5 is allowed to lift up with 
the rope which is then released from the air. 

In the case when the pilot of the object 218-1 does-not have 
the time to detach it immediately from the aircraft and., consequently, 
when the possibility of a straight line landing is doubtful after 
the detachment, the pilot on the tug should continue to approach to 
a circle up to a height of 400 m. with subsequent detaching and landing. 

During the first flight test, the pilot should check the per-
formance of all the rudders and to get an idea on the alighment of 

the machine. 
Note: During all the flights, spirals lower . than 100 m and 

slides lower than 15 in. are not allowed..
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31. Carrying out a towed flight at an altitude of 1700 m. of 

a duration of 30 min. The detachment is performed at the same , height 
(1700 m.). During climbing, the pilot of the aircraft R-5 should 
make 4 turns at an angle of 900 , increasing the flight speed after 
each turn by 10 km/hr. (i.e., 130 ) 140 , .150 and 160 km/hr.). The 
pilot of the object 218-1 should, accordingly, register the records 
of his speed indicators. Testing the machine at the computed speed 

range (95-110 km/hr.) and decreasing the speed to a minimum (85-95 
km/hr.). The pilot should record the decrease in the speed; for each 
regime according to the value of speed. To check the tendency. of 
the machine for these regimes (particularly at the minimum .speed) 

with a free hand lever. 
Bringing the gliding speed to 200 km/hr. and establishing the 

inclination of the machine with a free hand.lever (in the case of the 
presence of a considerable pressure on the handlever,' the latter 

could.not be set free). 
Performing a series of shallow and deep spirals up to 450 at 

various speeds, and carrying out several deep slides in both sides, 
also at various speeds. The inclination of the machine isestablished 

on sliding at a low speed. 
All the evolutions are ended at an altitude not lower than 600 m. 

after which the object is ready for landing. 

32. Performing five flights of a total duration up to 5 hours 
with a detachment at an altitude of 1700 in., for training the pilot. 

It is allowed to perform deep spirals up to 450 and to carry out 

slides. All the evolutions are ended at an altitude not lower than 
600 m., after which the object is ready for landing. 

33. Performing from one to two flights on a kilometre. scale for 

the calibration of the speed indicators. The measurements , are carried 
out by means of the instruments mounted in the object 218-1 as well as 

in the towing aircraft R-5 . The flights are conducted for. not less 

than four regimes by two approaches. The flight altitude is established 
in accordance with the conditions of the kilometre scale, preferably 

at the higher altitudes. 
34. Performing from one to two flights with the tanks filled 

with the fuel components. The object is detached at an altitude of 

1700 in., and the computed values of the speed (see point 31) are 
correlated with the flight data.	 . 

Testing the discharge of a part of the fuel componentsthrough 

the emergency valves on board. The discharge from the aircraft R-5 
is observed; during flight. Landing is performed with full tanks. 

35. Performing, in accordance with point 22, 2-3 • lights for 

the determination of the characteristics of the machine." In this case, 
the object 218-1 is towed up to an altitude of 2500 in. For a successful
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flight,, the presence of possibly more calm atmospheric conditions 
and the absence of wind are essential. 

]ring gliding under various regimes (within 100 m.), the 
pilot records the values of the altitude, speed, time and., if possible, 
the indications of the longitudinal declinometer and the angle of def-
lection of the rudder (it is preferable to install chart recorders of 
speed and deflection of the rudder, for example, of the types "Spidograf" 
and "Sor", which are produced by the central aero-hyd.rodynamic institute). 

For the determination of the characteristics of the longitudinal 
static and dynamic stabilities, it is necessary to carry out 3-4 
additional flights by recording the deflections of the rudders. On 
the investigation of the dynamic stability, it is sufficient to record 
the oscillation of the speed during the dynamic disturbance of the 

stability (for example, by a hand push). 
Note: On carrying out the investigations in relation to the 

present point, the program should be particularly formulated according 
to the existing instruments and testing conditions. 

In total, 11-14 flights are suggested for part II (excluding 

point 35). For accomplishing point 35, another 3-_4 flights are 
required.

Part III 

THE TESTS CARRIED OUT DURING THE FLIGHT WITH 

AN OPERATING ROCKET ENGINE 

The Aim of the Tests 

36. First of all, testing the liquid propellant rocket engine 
installed in the aircraft during flight, and checking the performance 

of the whole metallic part. 

37. The measurement of the speed and the rate of climb of the 

object 218-1 during the flight with the rocket engine, and. comparison 
of the obtained values with the computed data. 

38. The study of the stability and control of the object during 

flight, with the rocket engine installed on the tail. 

39. The determination ('luring the flight with an operating 
rocket engine) of the data of the polar and longitudinal static (and 
preferably dynamic) stability of the object, even for two-three align-
ments, in the case of the availability of the corresponding ossibi-

lities and instruments.
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The Preparation of the Tests 

40. The object 218 with an engine of the type 0R165 is 
prepared in strict accordance with its service logs (No.001 . and 046) 
and the calculated data (see part II). For all the flights, self-
recording barographs and reloading instruments are installed. 

41. Before the achievement of the first flight, the machine 
should be examined by the testing group, the pilot and the appointed 
technician. Furthermore, before each flight, the machine should be 
examined, by the pilot, the appointed technician and a member of the 
testing group, and the corresponding notes should be written in the 

service log. 
42. Before the achievement of the flight, the accuracy of the 

installation of the rocket engine on the object should be checked on 
the basis that its thrust passes through the centre of gravity of the 
machine. The results of the experiments should be settled. 

43. In the case of the occurrence of any changes or coriections 
in the metallic part or in the calculated-operational data of the 
object, during the previous ground tests of the object and during the 
flight as a glider, then all these changes should be marked., in the 
corresponding manner, in the service log of the object or of the 
engine, and., if necessary, additional computations should be drawn up. 

44. To perform the preparatory arrangements on the start in a 

manner similar to that indicated in part II, p 27 a,b,c,d,e and 1. 

The Program of the Tests 

45. All the flight tests are carried out by the pilot of the 

object 218-1 (and equally by the pilot of thd aircraft R-5) in strict 
accordance with the calculated data of the object 218-1 (see part II 
and v) and the service logs No.001 and 046. lAfter the first flight, 
the pilot should approximately correlate the computed speed range with 
that obtained during flight. The testing group is informed with all 

the deviations from the computed data. 

46. All the tests should be carried out in the indicated sequence; 

hence, if necessary, the number of flights could be increased. 

47. All the flights are performed with full fuel tanks. During 
the take-off and climb, the pressure in the tanks is not increased. 
All the taps and valves should be tightly closed, and the engine is 
switched off. On each flight, the pilot works out the amount of fuel 
necessary for the accomplishment of his task, after which he performs 
landing with the remaining fuel. Pouring the fuel outside the board 

is recommended only in case of emergency. 
Before landing, the pressure in the tanks should be decreased,
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all the valves should be t.ighly closed and the engine is switched 

off.
48. The first flight is achieved by the towing aircraft R-5 

up to an altitude of 1700 in, where the detachment of the object is 
carried out. The detachment should be carried out over the centre of 
the airport or in the region where the machine can be freely landed 
(taking into consideration the drift of the wind). 

The subsequent manipulations are performed by the pilot in the 

following order :	 2 
a) increasing the pressure to the initial value P = 15 kg/cm 

b) the safety clip of the electric ignition is fixed on the 

operating clamp; 
c) the machine is set on the steady regime of gliding in 

accordance with the computations at V f1 . ht = 100 km/hr. (if there 

are no changes due to the previous tess; 
a) on attaining a flight altitude of about 1500 m., the 

rocket engine is switched on. Starting the rocket engine below 1300 

m. is not allowed; 
e) after the start of the rocket engine, the gas is2supplied 

for getting a pressure of P = 100 kg. and Ptank = 22 kg/cm . 
The flight is achieved. within 60-80 sec. along a horizoital 

straight path, after which the rocket engine is stopped. and. the 

machine starts langing. 
During the first flight, the pilot should remember the signi-

ficance of the maximum flight speed and the inclination of :the 

machine.

49. Performing 3-4 flights under the same conditions given in 
point 48. In the subsequent flights the flight time is inoreased up 
to 100-140 sec., and the magnitude of the speed is recorded with the 
lapse of time (2-3 points). The horizontal straight direction-of 
flight is maintained by means of the indications of the altimeter and 

the variometer. 
50. Performing 2-3 flights under the same conditions mentioned 

in points 48 and 49 along a horizona1 path at an altitude ;of 1500 m, 
for P 150 kg and P	 = 37 kg/cm . In the case of attaining a

tank 
maximum speed. of V	 = 200-215 km/hr., it is recommended to reduce

max 
the gas by decreasing the pressure in the tanks. If it is necessary 
to change the flight regime rapidly by decreasing the speed, then it 
is recommended to close the air valve and gently stripping off the 

machine (an inclination of 3.-50 is sufficient). The duration of the 
flights ranges from 75 up to 100 sec. 

51. Performing 1-2 flights under the same conditionsmentioned 
in the previous points along a horizontal straight path at an altitude 

of 1500 in., for P a 60 kg. and. Ptank 
= 17-18 kg/cm2. The duration of
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the flight ranges from 200 to 220 sec. 
52. Performing 2-3 flights under the same initial conditions 

by climbing along a straight line fom an initial altitude of 1500 m, 
for P = 150 kg and P.fnk 37 kg/cm . The duration of the flight 
ranges fr om 75 to 10 see. The angle of climb (according to the cal-
culations) is about 90. 

The climb is guided by the graph of the horizontal and vertical 
speeds of the computed barogram (see the calculations of the object 

218-1, part v). 
53. Performing 2-3 flights at an altitude of 1500 m. with the 

accomplishment of eight manoeuvres by an operating rocket engine, for 

P = 150 kg and P 60 kg. During the accomplishment of the eight 
manoeuvres, it is necessary to maintain, as far as possible,a small 

radius of 360 0 (banked) turns, performing the latter without decreasing 
the climb. The time of one full 360 0 (banked) turn is recorded. from 
the ground or from	 another aircraft. 

54. During all the flights indicated in the points from 48 to 
53, the pilot should measure the regime of the engine performance 
(mainly the value of the thrust). He should also record the magnitude 
of the flight speed with the lapse of time, as well as the rate of 
climb (by means of a variometer) for the flights with a climb. 

Moreover, for each flight, a barogram and a record of the 
accelerations in the direction of flight are carried out. 

It is also preferable to know the time at which the speed of 
flight will be established for the given regime. 

55. Performing 3-4 flights in accordance with the points from 
22 to 35 for the determination of the polar with an operating rocket 
engine and the data of the longitudinal static and dynamic stability. 
According to the availability of the instruments and the conditions 

of these tests, a precise program should be formed. 
For part III, only 11-16 flights were suggested, and foi 

accomplishing point 55 another 3-4 flights are required. 
Note: On finishing the tests according to the present program, 

the examination of the object 218 during take-off from the earth can 
be carried out; in this case, a special program should be made,
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I1ThODUCTION

THE PROBLEM OF THE INTERCEPTOR AIRCRAFT "RP" 

(A Jet Interceptor). Equipped with a Jet Engine 
of the type RD-1 

11942J 

The present program was accomplished under the 'following cir-
cumstances 

I. The acquaintance with the jet engines showed that it is 
possible and necessary to use these engines in the aircrafts in,  the 

nearest future. 
On providing the necessary conditions, these aircrats can be 

realized within a short period of time and can be effectively utilized 
in the current war against Germany. 

In particular, the liquid propellant jet 'engine of the type RD-i, 
designed by the engineer Gluko, will be produced in the near future. 
The RD-1 will be tested. on December of this year (1942). Within the 
first quarter of 1943, the engine will be worked off, thenit can be 
installed in an aircraft approximately on i/v or i/Vi 19430 

The engine RD-1 can be considered as an aggregate consisting of 
four chambers and a turbo-pump. The thrust of the engine amounts to 
1200 kg. and the developed power during the performance regimes of the 
flights is about 2500-4000 h.p. For the ordinary aviational motors, 
this is equivalent to 3000-3600 h.p. The weight of the RD-1 is about 
180 kg.	

0 

It is necessary to mention that the engine' RD-1 was' developed 
on the basis of the previously carried out successful experiment with 
engines of such a fundamental type and analogous construction,' which 
assures its successful exploitation on delivery.  

This is the present situation of the liquid propellant jet 

engines.
II. Concerning the application of the jet engines, it is 

possible to state the following: it is quite certainly known that the 
jet aircrafts and also the auxiliary jet aggregates and objects, during 
the last 8-10 years, were built literally everywhere in all the countries. 

.In the U.S.S.R., after several years of experimental and prepa-
ratory works, a jet aircraft (or a glider with a jet engine) was 

constructed for the first time in 1936 by the author's project, and 
was successfully tested in the period 1938-1939 (with the engine of
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the engineer Gluko) by the pilot Fed.erov of the Scientific Research 
Institute of the Military Air Force [i]. 

This machine, having a weight of 700 kg. and a jet engine of 
a thrust equal to 1500 kg., was intended, as a prototype exqlusively 

assigned for the experimental purposes. 

In 1937, at the rocket scientific research institute, the 
author initiated a work on a two-seater jet fighter-interceptpr (the 

object 318-RP) 2 with a flight weight of 1900 kg. and equipped with the 
jet engine of the engineer Glu.ko, which has a thrust of 9 .00 kg. 
(2500 h.p.). 

This work was completed. Recently, the "VI" aircraft (a high 
altitude fighter), constructed by the engineer Bolhovitinov, has been 
developed. This aircraft achieved, uptill now, one flight with the 
engine switched on. The "VI" aircraft is assumed to be used as a 

single-seater fighter interceptor, and has the2 following characteristics: 
the span a 5.5 in., the area of the wing 	 7 in , the flight weight 
1620 kg. and the weight of the armaments	 5100 kg. The flight time 
at a speed. of 800 km/hr. is 2 min., and the maximum flight time at 
speeds of 550-360 km/hr. is about 4-5 mm. The jet engine of the 
type D-l-A-llOO (of the rocket scientific research institute), which 
is installed in the "VI" aircraft, gives a thrust of 1100 kg. This 
engine operates by means of compressed air cylinders under a pressure 

of 150 atm. Therefore, a great amount of such cylinders should be 
taken for the flight of the "VI" aircraft. The permitted performance 
time of the engine of the rocket scientific research institute is very 
small (six flights, the duration of each is not more than . 80 sec.). 

Under all these conditions, the possible effective output of 
this machine is very small, and the system of the fuel tanks exist 
all the time under high pressure. .Also,the compressed air cylinders 
are a possible source of hazard during the exploitation of the tighter 

aircraft. 
If the RD-1 engine is installed in the "VI" aircraft instead 

of the engine produced by the rocket scientific research institute, 
then the flying properties will be improved. However, this does not 
permit the utilization of all the potentialities of the RD-1 engine, 
since the aircraft required for this alteration is so big that it 
actually leads to the reconstruction of the machine. 

This is the present situation of the utilization of te jet 

engines. 

There exist some data, information and drawings for this aircraft.
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III. The determination of the real possibilities of the aircraft 

equipped with a liquid propellant jet engine offers a doubtless interest 
to the modern situation of the research works. 

An answer to this question may be given by the preliminary 
calculations given below, which have been specially accomplished, for 
the interceptor aircraft "RP" equipped with a jet engine of the type 

RD-1.

A Short Description of the "RP" Aircraft 

Assignment and Application 

The "RP" aircraft is assigned for fighting the aircrafts of 
the enemy in the air on defending certain areas, towns, affixed 
objects and lines, and so on. 

The forestalling of the ordinary defence fighters during the 
flight, for meeting the enemy, flying at an altitude of 6-8 km. with 

a speed of 550 km/hr., could be done at a distance of about 7Q-100 km 
and more (the zone of tactical surprise). For the "RP" aircraft, this 

distance is reduced to 13-18 km. The sharp superiority in. the flying 

properties permit the "RP" aircraft to overtake and destroy any 
modern aircraft flying with any speed at any high altitude ., and 

falling in the zone of its action. 
The "RP aircraft can be similarly utilized for the sudden 

rapid attack of the ground targets, tanks, batteries, the zenith 
points of the enemy, ferry-troops and so on. 

Acquiring a quite considerable rate of climb (10 km. within 

2 mm.) and a maximum horizontal flight speed .of 1000 km/hr., the 
BP" aircraft can maintain the initiative during the fight by having 
the possibility of the sudden swift attack. When it is necessary, 
it can make a rapid manoeuvre for occupying a new initial position 
or a more suitable one, for a repeated attack. 

The quite considerable flight time of the jet aircrafts 

(10-18 mm. at a speed of 800-550 km/hr. and a maximum flight: time 

of 30 mm.) allow the "BP" aircraft to accomplish all these manoeuvres. 
The scheme and the construction of the aircraft. 
In order to avoid unnecessary experimentation, the ordinary 

well studied scheme was taken. 
It was assumed that the RP" is a single-seater aircraft,a mono-

plane with a lower disposition of the wing, a fuselage, a lifted 

pilot, armament, part of tanks, engine installation and tail .f in. 

The chassis is of the three-wheeled type and is much lower, than the 
ordinary type due to the absence of a screw on the machine. The 
three-wheeled chassis is necessary to ensure the performance of the
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engine during the motion of the aircraft on the ground, and to facilitate 

the take-off and landing of such a machine.	 The machine is mainly 

constructed from wood (the tail part of the fuselage and the lifting 

engine are made of duralumine) and do not require the ut1liation of 

any special or rare materials.	 The ordinary type fuel tanks are 

welded by aluminium. 
The engine is installed in the tail part of the fuselage with 

its nozzle directed backwards during the flight. The combustion chamber 

of the engine with the gas-generator forechamber, which is pontinuously 

The preliminary calculated data of the "RP" aircraft 

The types I and II with 
flight weights of: 

2150 kg. 2500 kg. 

The over-all dimensions 

The span, M. 6.2 :	 7.2 

The length,	 in. - 7.35 
The height, m.	 2 - 2.2 

The surface area of the wing, in 8.5 13.0 
The elongation of the wing 4•3	 1 4.0 

The weight 

The weight during the take-off, kg. 2150 2500 
The weight during landing, kg. 1150	 : 1300 
The average weight during flight, kg. 1650 1900 
The weight of the useful load,- kg. 350 350 
Including the weight of armament, kg. 200 200 

The weight of the fuel, kg. 1000 1200 

The specific loads 

The average load of	 lifting surface 2 the 

during flight, kg/in . 194 146 
The load of th	 lifting surface during the 

take-off, kg/in . 253 193 
The load of le lifting surface during 
landing, kg/rn . 135 100 
The average load of the span during flight, 

kg/ms 266 264 
The load of the span during the take-off, 

kg/m. 347 348 
The load of the span during landing, kg/rn. 168 80



operating, and also another chamber, are mounted on the tail of. the 
fuselage. Moreover, two other chambers are mounted on the wings with 

a downward inclination angle of 50. 

The Engine Installation 

The installation of the liquid propellant jet engine of , the 

type RD-1 in the ILP" aircraft was accepted. This engine has the 

following main data : 
Maximum thrust on the ground, kg.	 1200 

Maximum thrust at 10 km., kg.	 1300 

Minimum thrust, kg.	 100 

Fuel consumption, kg/sec.	 6-0.6 

The weight of the engine, kg. 	 2	
180 

The maximum c1'ss-section of the engine, in • 0.35 

The overall dimensions of the engine, in.	 0.6x0.8x1.2 

The altitude of the engine is unlimited. As a fuel, nitric 

acid (OST 124 67-39) and tractor kerosene are used. The screwd and 
radiators are not required, and the motor vibrations are absent. 

The Armament 

It is foreseen that the following armaments could be installed 

in the RP" aircraft 
two guns (VJa) of a 23 mm calibre with a reserve of 159 missiles, 

and a "VS" machine gun with a reserve of cartridges. In the overloaded 
type, it is possible to suspend jet missiles (six pieces) of 82 mm 

calibre.

The Technological Characteristics 

The distinct feature of the interceptor aircraft 1IRP 11 and its 

jet engine is the easiness of their manufacture, and also the-small 
labour consuming character stipulated by their relative simplicity, 
small over-all dimensions and weight. The main aggregates ofthe 
aircraft, viz: the wing, fuselage and tail, are made of wood, which 

facilitates their constiuction as well as the availability of the 
materials. 

The construction of the RD-1 engine is simplified, to a great 

extent, by the absence of crank shafts, crank, connecting rod assembly, 
piston group, camshafts with gears, crank cases and other inevitable 
constructional elements of the ordinary engines. The total number 

of the parts of the engine, including c.11 the normal and bracing parts, 
are 800 pieces. In this connection, there will be no need for a
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The speeds of the horizontal flight

The 1ypes with 
flight wegiths of: 
2150 k. 2500 k. 

The maximum speed, kin/hr. 
The cruising speed, km/hr, 
The economical speed, km/hr. 
The landing speed with full tanks, kin/hr. 
The landing speed with empty tanks, km/hr. 

The climbing data 

The time of climbing to a height of 5000 in, mm. 
The time of climbing to a height of 10000m, min. 
The maximum vertical speed on the ground, rn/sec. 
The maximum vertical speed at a height of 5000 in, 
rn/sec. 
The maximum vertical speed at a height of 10000m, 
rn/s so. 
The ceiling, in. 
The time of climb to the ceiling, min. 

The take-off data 

The duration of the take-off, sec. 
The running distance, m. 

The data of the flight duration and the 
range with an operating jet engine 

The duration of the flight at a speed of 800-550 
kin/hr and an altitude of 5000 m, min. 
The duration of the flight at a speed of 800-550 
km/hr. and an altitude of 10000 in, min. 
The maximum flight duration with the economical 
speed V	 on the ground, mm. 
The fli'iange with a speed of 800-550 km/hr., 

km.

> 1000 
800.-550 
550-360 

160	 150 
110	 100 

1.5 2 
2 :2.5 

73' 69 

124 '108 

170 ':	 I 152 
20000 

3 .3.5 

15 '14 
496 398

	

8-16	 10.5-18.5 

	

8-11	 11.5-16.5 

28	 30 

	

100-158	 130-200 

Due to the insufficient study of the field of the high speeds, the 
author used everywhere V 	 - 800 km/hr., although on the basis of the 
computations carried out

maz
 the consideration of the Berstou's correc-

tion, the obtained V	 is equal to 1000 km/hr. in all the cases. 
max 

Without the utilization of shi1ds or other devices.
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special machinary installation in the aviational motor factories, on 

the construction of this engine. 
The easiness of the manufacture of the "RP" aircraft and, the 

RD-1 engine, their small labour-consuming character and. the absence 
of all types of screws and radiators, permit to adjust, within a short 
period of time, a big serial production of such machines at a considerably 
reduced number of co-operative factories, suppliers and fittings. 

Conclusions 

The further given initial calculations of the IIRPII. aircraft 

have been carried out on the following basis 
The data and the characteristics of the RD--1 jet engine were 

taken from the information disposed by the S.S.C. (the Security Services 

Committee). 
The main parameters of the aircraft were selected on the basis 

of the investigations carried out by the author on the optimum dimensions 
and ratios of the jet aircrafts, such as the ratio between the engine 
thrust and the flight weight of the engine, the percentage of he fuel 
content and the values of the specific loads of the lifting aras and 

spans m. Separate drawings, and in particular, the drawings of the 

wing of the jet interceptor aircraft (the object 3l811EP 11 ) are kept in 
the S.S.C. (see above). These drawings were also used. 

The author particularly emphasizes that during the est4blish-
ment of the scheme, the normal aircraft scheme, which is sufficiently 
well studied, was adopted. Accordingly, unnecessary unknown elements 

(concerning the proper aircraft), which acquire a great siificance 

for the II RP II interceptor, were avoided, since it is a machine of a 

completely new class. 
The engine installation is arranged as follows; that part 

comprising the gas generator forechamber and the other constantly 
operating chamber, are situated in the tail of the aircraft, while the 
remaining two chambers are situated on the wings. Such arrangement 
does not worsen the aerodynamics characteristics of the machine, and 
satisfies the necessary speific requirements of the performance of 
the jet engine, as well as the conditions of the aircraft alignment 

and the general compactness of the scheme. 
Since the main flight regimes of the "RP" aircraft 1iein the 

fields affected by the compressibility of the air, then, in the calcu-
lations, the correction factors were taken by considering the Berstou 

S.P. Korolev, 'tKrylatye rakety dija poleta eloveka" (riingedrocköts 

for a manned flight). - "Tehnika vozdunogo f].ota", No.?, 1935 [21.
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number which increases the air resistance. 
These data are based on the modern information and experiments 

in the field of high speeds, in the USSR as well as in foreign countries. 
It should be mentioned that in the calculations, all the coeffi-

cients, the harmful areas and the cross-sections, were selected with 
slightly vague values in order to obtain the real data of the machine. 

As for the ordinary aircrafte, the take-off of the "RI" aircraft 

was estimated from the place of the start of the proper engine without 
the utilization of any means for increasing the lifting force during 
the take-off; the utilization of these auxiliary means will be expedient 
for decreasing the length and time of the take-off run. Similarly, if 
in the future (but not in the first machine) a truck with a booster 
rocket is used to facilitate the take-off, then an economy inthe fuel 

of up to 10 11;'Io and also a reduction in the weight of the chassis will be 
obtained. This measure improves the efficiency of . the machine and 

increases the flight duration. 
The weight of the aircraft is selected as small as possible, 

which is always expedient on starting a work in a newfield, from the 
point of view of the realization of a small machine. This is not always 
suitable from the point of view of getting the optimum data. There-
fore, the. variants of the "RP" aircraft were computed with flightweights 

amounting to 2150 and 2500 kg. with the •ame RD-1 engine. 
The flying properties of the "RI" aircraft were compared in 

both cases. The variant of the heavier machine, slightly boeing its 
flying properties during the climb, acquires a great possible flight 
duration for the same values of the maximum and cruising speeds and 
for a small take-off run. The weight balance is, in this case, less 
strained, and the arrangement is more rational and prospective. 1n 
the case of the second variant, inspite of the big weight, the obtained 
specific loads are besu, and the machine will acquire better flying 

and manoeuvring properties. 
The "RP" aircraft is an original construction, which is not 

duplicated as the "VI" aircraft of the engineer Bolhovitinov, since 
the former acquires considerably better tactical flying properties as 

the other known types of fighter aircrafts. 
As a result, although the calculated data and the schemes have 

a preliminary character, yet the obtained information permits to 
estimate, with a sufficient accuracy, the properties and the possibilities 

of the interceptor-aircraft equipped with a jet engine. 
Preference should be given to the second variant, which has a 

f1igt weight of 2500 kg., a span of 7.2 m and a wing surface area of 

l3 m.
The suggested "RP" interceptor-aircraft equipped with a jet 

engine of the type RD-1 is a representative of a new class of fighters 

of very high speed, flying at high altitudes.
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The "HP' 1 aircraft acquires exclusively high flying and tactical 
properties as well as a powerful armament, which permit, during it 
relatively long flight time to solve many tactical problems which are 
inaccessible in the case of the air-screw aircrafts. 

Moreover, the 'RP" aircraft can overtake and destroy any modern 
high speed aircraft flying at any possible altitude and falling within 
its zone of action. 

The small labour consuming character in the manufacture of the 
"HP" aircraft and the RD-1 engine and the simplicity of their construc-
tion, permit to adjust the production of the machine within a short 
period of time for its utilization in the current war.

-'



EXPLANATORY NOTE ON THE ROIIH DESIGN OF A 

SPECIAL MODIFICATION OF THE FIGHTER AIRCRAFT 

"LAVOKIN-5VI". EQUIPPED WITH AUXILIARY JET 

ENGINES OF THE TYPES RD-1 AND RD-3 

i944j 

1. Introduction 

The modern situation of the development of the liquid propellant 
jet engines permits thek utilization as effective means for increasing 
the horizontal and vertical flight speeds of the screw-motor airorafts, 
by imparting to the latter an additional jet thrust within a short 

period of time. 
As shown by the carried out investigations and the experimental 

'works, for the single motor fighters equipped with liquid propellant 
engines of the types RD-1 and RD-3 (The chief designer of the engines 
is the engineer V.P. Gluko), two., types of jet installation boosters 

can be named. 
1. An installation with a single-chamber RD-1 engine (P 

300 kg.) powered with an aerootor. The small,reserve of the jet fuel 
on the board of the aircraft allows the engine to perform for 3-4 

minutes.
2. Powerful jet installations equipped with a three-chamber engine 

of the type RD-3 (Pmax 900 kg) or with three RD-1 engines, The feeding 
of the engine is accomplished by means of an aeromotor (the same as in 
the previous type but with forced pump revolutions) or by means of an 

autonomously acting turbo-pump unit. 
On the installation of jet engines on the screw-motor fighter, 

according to the investigated scheme of the "VI", the following advan-

tages are expected. 
The characteristic feature of the fighter with an auxiliary 

single-chamber RD-1 engine is the possibility of the utilization of the 
RD-1 engine for separate short moments of flight or combat, which stakes 
advantage of the speed. In addition, an almost steady flight with a 
tactical lift to drag ratio is obtained by the given type of aircrafts. 

In distinction from the above mentioned. case, 'when the fighter 
is equipped with a powerful jet installation with a three chamber-RD-3 
engine (as an auxilary engine), the aircraft will acquire the lift to 

drag ratio of a quite new type of machine. 

* Translator's note - Lavockin is the name of the designer, and 
"VI" means 

a high altitude fighter.
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a) The increase in the maximum horizontal speed 
at an altitude of 4000-8000 m, km/hr. 

b) The reduction in the time of lift up to these 

altitudes (in average), % 

o) The increase in the absolute ceiling, m. 

d) The flight duration above the ceiling of the 
screw-motor at a height of H = 14000 m., mm.

With the With the 
R	 I., RD-3 

100-140 215-290 

45-50 :70-75 

4000 6500

15-20 

By its flight data, such aircraft with the RD-3 engine super-
sedes the beut screw-motor aircrafts and opens a new field of apossib1e 
tactical utilization. 

Lot us dwell on the possible overtake from a long distance and 
the attack of the enemy from a preferential position of any scréw-motor 
high-speed engine, and also on their interception at a considerable 

altitude.
The range of the altitudes in the vicinity of the screw-motor 

ceiling and much higher than it (14000-16000 m.) is the effective working 

fight altitude of such a fighter. 
The aircrafts which are equipped only with liquid propellant 

jet engines are, as a rule, characterized with a small flight duration. 
For the given case, the mounting of a benzene motor on the 

fighter ensures an independent performance and a sufficient fliht 

radius. Also, if necessary, it ensures the required time of flight, 

keeping the advantages given by the jet engine. 
A considerable amount of bet fuel is required for the RD-3 

engine as well as for any liquid propellant engine on its utilization 
at full power (even for a short time). The mounting of this engine on 
a single motor light fighter is associated with certain difficulties 
due to the absence of a sufficiently free space, the existence of a 
narrow range of flight a1igment and the necessity of.a considerable 

overloading of the machine. 

Practically, it is possible to consider that for a full valueof the 
utilization of the fighting properties of the aircraft equipped with a 

jet engine, an amount of fuel of about 25% of the flight weight of the 

machine is sufficient.



- 549 - 

The solution of this problem is possible by keeping the acid 
tanks in separate compartments, for example, in the nacelle under the 
wings, and by the corresponding division of the system of the tanks 
into groups according to the consumption of the liquid (which maiitains 
the alignment within the permissible limits). 

The normal flight-lifting properties and the manoeuvrability in 
the presence of a load and rating mass, can be achieved for the air-
craft by means of the short-term utilization of the RD-3 engine during 
the take-off, climbing and manoeuvring (for example, during the 3609 

(banked) turns). 
During the flight with the benzene motor only, the flight and 

manoeuvering properties of the aircraft are worsened in comparison with 
the data of such type of fighters. 

The sketch project of the fighter by the scheme of the "VI" 
presents the experiment of the development of a machine with a combined 

The main dimensions of the "La-5 VI" aircraft 

The unit Nomenclature The Magnitude 

The span, in.	
2

11.2 

The surface area, in 22 

The elonjation,	 n. 5.7 
The chord along the axis of the aircraft, in. 2.96 

The Wine The end-line chord, in. 1.0 

The average aerodynamic chord, in. 2.14 

The profile of the wing N0A 230 

The thickness of the wing at the root, % 16 

The thickness of the wing at the end., % 7 
The average thickness of the wing, % 13.7 

The span, in.	
2

1.59 
The aileron The surface area, in 1.32 

The The span,	 2
56 

shields The surface area, in 1.55
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The Unit Nomenclature The Magnitude 

The horizon- The span, me	
2 

tal tail The surface area, in 2.98 

The vertical The surface, area m 	 2
2.0 

tail The area of the rudder, in 0.82 

The length of the aircraft, m. 	 I
a.85 

T 	 maximum cross-section of the fuselage, 1.4 

Others The maximum cross-sectio	 of the fuselage 

with the lantern lamp, in	 . L78 
The maximum	 of the two wing 2cross-section 

nacelles, m 0.416 

The dimension of the track, m. J3.0 

The diameter of the three-blade screw, m 3.2 

The dimension from the end of the blade 
UP to the ground, in. 0.3 

The main woight data and the alignment 
of the "La-5 VI" aircraft 

1.	 The taken initial flight weight of the "La5" aircraft - 

(with the additional installation of two cQrnpressors 

of the type TK-3 on it), kg. 3200 

2. The (dry) weight of the jet installation, kg 300 

Including 
a) The jet engine of the type RD-3 (composed of three 

chambers and three RD-1 engines.	 In both cases; 

the fuel is supplied by a motor), kg. 105 

b) The pump unit, control and transmission, kg. 40 

c) The fuel tanks (for 1200 kilograms of rocket fuel),kg 120 

d.) Wiring (supply) system, bracing system, equipments 

and others, kg. 35 

3. The flight weight of the aircraft without the jet fuel, 

kg. 3500



4. The load with the jet fuel: 

I Or ilocileil lic Tm -11 P31 

BapIIIIIT RO.1IIIeC [no P TjOJ1erlIt4fl Dec
Oruoit,ei,iic pe- . 
awrIIHu,io TOLl-

H HOJIeTIIl)My UcY 
CaMo.qL'-ra 

rpyzimi aHTIIBUUI•o T0fl caMon&rra. ,c JIHIL.i HEWCY
car.Io.'(eTa, %

P=300	
f	

P==900 

I 620 4120 15 0,073 0,22 
it 820 4320 19 0,07 0,21 

In 1000 4500 22,2 0,067 0,20 
IV 1200 4700 25,5 0,03'L 0,19

5. The applied initial aliment of the "La-5" aircraft is equal 

to 23-21% A.A. C. (Average Aerodynamic Chord)  

6. The variation in the aiitirnent during the combustion of the jet. 

fuel (within the range of a climb angle of 200 and ,a dive angle' 

of 600) 
with the RD--1 engine 	 21-23.5% A.A.C. 

with the RD-3 engine	 23-25% A.A.C. 

engine installation, viz.: a screw-motor group and a powerful auxiliary 

liquid propellant jet engine. 
The work was accomplished on the bais of the "Lavockin-,5" fighter, 

although it should be mentioned that the installation according to. the 

scheme of the "V1 1' aircraft can be realized on analogous aircrafts of 

other types. 
In the project, the aircraft was called "VI" (a High Altitude 

Fighter) as a consequence of its flight properties at high altitudes 

and considerable ceilings. However, on the investigation of the flight 
tactical 'data of the "La-5 VI" aircraft at other altitudes, it-can 
be expected that the engine will find a sufficiently wide application 

	

as a fighter at medium and even lower altitudes. 	 - 
As a consequence of the novelty of the subject, the problems 

associated with the tactical application of the "La-5-VI II arc±'aft 

are particularly outlined in the work Jaktieskij analiz". 

"ktieskij analiz samoleta "La-5 VI" $ dopolnitel'nymi reaktivnymi 

d.vigateljami" (The tactical analysis of the "La-5 VI II aircraftwith 

auxiliary jet engines), S$C., 1944- 
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The flight data of the "La-5 VI" aircraft 

From the computations carried out for the installation of a 
sine-chamber RD-1 engine (P 300 kg) and a three-chamber RD-3 engine 

(P = 900 kg), and those given in figures 4 and 5 /2/ in the form of 
comparison graphs, it follows that 

a) The maximum horizontal speeds of the "La-5 VI" aircraft, 

during the flight with the benzene motor, are less by 60 km/hr. in 
comparison with those of the produced "La-5" aircraft. These low values 
are attributed to the excess loading of the aircraft with the et 

fuel and to the additional resistance of the nacelle. 
On switching on the jet engine (for P 300 kg., and P 900 kg.), 

the maximum horizontal speeds of the aircraft will acquire the following 

values : V	 584 and 684 km/hr. for the first and second case 
max 

respectively on the ground, and V max- 820 and 1000 km/hr. for , the first 

and second case respectively at an a,titude of H 14000 in. 

It is necessary to mention that the directional increase of the 
maximum horizontal speeds with the lift to high altitudes is a 1 oharac-

teristic feature of the aircraf is equipped with jet installations. 

b) The climbing time during the rise with the benzene motor is 

mainly increased duo to the overloading of the aircraft. However, on 
switching on the jet engine, the climb of the aircraft to an altitude 
of H 5000 in. will take place within 4.1 and 2.2 minutes, iira thrust 
of P = 300 and 900 kg. respectively. The rise to a ceiling of 
H 11000 in. on switching on the engine from the beginning at a thrust 

of P - 900 kg. will take place within 5 mm. 
c) The time and the radius of the 3600 (banked) turn are 

approximately increased by 50% during the flight without switching on 
the RD engine. On the utilization of the jet engine, the time and the 
radius will be approximately increased by 15% at a thrust of 3b0 kg, 

See the work "Prodvaritel'nyj aerodinamieskij raset vysothogo istre-

bitelja "La-5 VI" s reaktivnoj ustanovkoj S dvigatelem RD-l" (Preliminary 
aerodynamic calculations for the high-altitude "La-5 VI" fighter equipped 

with a jet engine installation of the type RD-1), part I, II and III, 

S.SC., 1944 73/. 
ick In the case of the installation of a jet engine on the aircraft, the 

aircraft ceiling will be determined by the jet fuel reserve and by the 

initial altitude at which the engine is switched on.
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and will remain within the limits of the produced aircraft at a thrust 

of 900 kg. 
Therefore, the flight data of the "La-5" aircraft equipped with 

a jet installation according to the scheme of the "VI" aircraft will be 

worse in the case of the flight with the benzene motor, and will con-
siderably exceed the flight data of the screw-motor fighters on switching 

on the jet engines. 
The maintenance of a considerable rate of climb at high altitudes 

and the possibility of steady flights above the screw-motor ceiling are 

the characteristic features of such type of aircrafts. 
The values of the maximum speeds (V ) and the times of climb 

max 
(t) for flight weights of G 4120-47 00 kg. at the given altitudes. 

—criim 
TUt

I	
__...kthC_ 

In

°ruax' 'rnaz.	
MhlI g. 

I) 507-505 - 
0u0 55.-5' 2,:4--2, 039---637 I .'— t ,h 

4004) 591- •590 4,6-5,7 688- . 63: 2,0-3,3 
GOOn 610,5-003 7,--,9 7 2---721 

QnI) 620-..607 10,0- •t3,0 7.1} 0,4 —41,7 
592--5U' 16,U---U,0 773--	 ; 

120100 - -. 70-- 785 13,0 
14000 - - 820-805 5, 
16000 - - - fri*11 000 410,1 
17U) -- - - (12,7 

The values of the maximum speeds and the times of climb ('t) for 

a flight weight of G = 4700 kg. at the given altitudes.	 / 

k 

d , t ) lF	 t, Mt jAlin

0 505 - 68 — 
2000 5'S 2,9 740 0,9 

4000 5S0 5,7 795 1,8 

6000 GUS 8,9 850 2,6 

8000 007 13,0 803 3,5 

10 000 564 20,0 930 4,4 

12000 — - 970 0,8 

11,000 .- - 1000 2,0 
1(; - — —c 11 000 .0	 3, S 
17 'JO - - - 4,4 

(Ct	 )



-554-

3. A short descrip tion of the scheme of the IIVIII 

aircraft 

The screw-motor fighter equipped with auxiliary jet engines 
according to the scheme of the It\rI, aircraft can be realized as a modi-
fication of any single moto fighter, on its fitting with a jet installa-
tion of a specialized type. 

The "Lavokin-5" aircraft equipped with a motor of the type 
r&-82F-NV having a three-blade propeller of variable pitch (z3MV-)4 and 

D 3e2 m), was taken as a basis for the project investigations and 
developments. On the other hand, for the high altitude variant, the 
aircraft was provided with an increased wing's surface (S = 22 m ).'and 
an additional installation of two TK-3 turbo-compressors. 	 1 

The aircraft is provided with four machine-guns of 12.7 mm calibre; 
only the back of the pilot's seat is armoured. 

The Lavokin-5" aircraft is a widely known machine, and for. 
the given modification with the jet installation, it was not subjected 
to considerable changes neither in the parts of the scheme nor in the 
parts of the construction. Therefore, the subsequent description o 
the "VI" aircraft will not interfere with the "La-5" aircraft, but it 
will be mainly concerned with the particular jet installation and the 
changes in the construction of the aircraft, stipulated by the mounting 

of the installation. 
The initial weight of the aircraft with full fuel reserve and 

lubricating material (400 kg), armoured with a war-head reserveand 
equipments, was considered equal to 3200 kg. (without the jet aggregates, 
fuel and sealed cabine). The additional (d.r weight of the jet 
installation was considered equal to 200 kg. 	 In the high altitude 

variant, the excess 100 kg. are related to the sealed cabin. Therefore, 
the initial flight weight of the aircraft, without the jet fuel, is 
taken equal to 3500 kg. 

The installation of three engines of the type RD-1 on the air-
craft is foreseen: the first one - is installed on the tail spinner 
(1st stage) and the other two are installed in the nacelle behind, the 
acid tanks (2nd stage). Alternatively, a three-chamber engine of the 

On the development of a new special aircraft with a screw-motor group 
and an auxiliary jet installation, slightly better results can be 
obtained, from the point of view of the weight, arrangement and inser-

tion of the aggregates. 

The practical weight of the first jet installation on the aircraft 
Pe-2RIJ No.15/185, computed for a jet fuel reserve of 900 kg., is equal 

to 169 kg., according to the weight data.
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type RD-3 could be installed. In both cases, a motor is used for the 
rotation of the pump unit. For feeding the engine, it is also possible 
to utilize an automously working turbo-pump unit by its insertion 
behind, the pilot's cabin (see fig. 9). The given case is less suitable 
(according to the weight, overall dimensions, additional necessity for 
air, water, oil, heating and others) in comparison with the forced. 
rotation of the motor driven pump for serving the three chambers. 

A maximum reserve of jet fuel is provided on the aircraft 
board for the maximum full satisfaction of the tactical requirements. 
This is determined by the real possibility of loading the machine, 
proceeding within the permissible limits from the maintenance of the 
take-off loading properties and the aircraft strength. 

It follows to mention that it is quite difficult to insert a 
big amount of fuel on single motor machines due to the absence of a 
free space. Moreover, serious complications arise due to the very" 
small permissible range of shifting the centre of gravity of the air-
craft by the mere fuel consumption at the different positions of the 
aircraft. 

The jet fuel is inserted in the "VI" aircraft as follows,"the 
acid is stored in tanks in the forms of suspended nacelle underthe 
wings from the external side of the chassis stands, and kerosene is 
stored in the tanks of the central part of the fuselage. 

The utilization of the suspended tanks, in the given case, 
permit to overcome successfully the difficulties associated with 
loading a big amount of jet fuel. The worsening of the flight groper-
ties due to the introduction of suspended tanks is small due to its 
small maximum cross-section and its firm fixation to the wing. 

4. A short description of the jet installation 

In the first stage, the jet installation consists of 

1. A single-chamber jet engine of the type RD-1 consisting of 
a combustion chamber, a pump unit and automatic controls. 

2. A special gear is mounted on the 1,1_82F_I sW motor with a trans-
mission shaft for the rotation of the pump unit. 

3. Acid and kerosene systems. 

4. Starting air systems. 

5. Electrical system. 
The combustion chamber is situated on the tail and is separated 

from the fuselage by means of a sealed partition. The .pump unit can 
be situated either over the front spar (the first type of the scheme 

-	
For more details see chapter 5 "The effect of suspension".
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of the jet installation is given in figures 10 and 11), or behind 
the pilot's cabin (the second Vpe of the scheme of the jet installa-
tion is given in figure 12). A certain simplification of the ful 
system is obtained in the last type. 

The kerosene (200 kg) is stored in two tanks: in the medium 
tank of the central plane and in the tank behind the pilot's cabin. 

The acid tanks are suspended in the form of nacelle under the 
wings of the aircraft and contain 1000 kg of the acid. 

For starting the engine and securing a reliable fuel supply 
from the tanks to the pump unit, four compressed air cylinders re 
situated on the spouts of the nacelle. 

The start and the control of the RD-1 engine are .accomplished 
by means of the gas sector. 

During the second stage, the single-chamber engine (P = 300 kg) 
is replaced by the three-chamber engine which has a thrust of 909 kg. 

The combstioi'i chambers are arranged as follows: one chamber is 
situated on the tail and the other two on the nacelle behind theacid 
tanks. The fuel is supplied, by the same pump unit whose productivity 
is increased on account of increasing the number of revolutions; for 
this purpose, an another transmission gear is provided. 

In the case of the installation of a three-chamber autonomous 
RD-3 engine on the SIVIH aircraft, its combustion chambers and th 

automatic controls will be arranged according to the same system? 
mentioned above, the application of the turbo-pump unit in the g1ver 
case is less profitable. 

In the case of the three-chamber engine, the acid and kerosene 
systems remain almost without any change, only high. pressure pipelines 
are added from the pump unit to the combustion chambers situatedon. 

the nacelle. 
The installation of the pump unit and the combustion chambers, 

as well as the packing of the fuel pipe-lines, are achieved in sealed. 
compartments. The scheme of sealing is shown in figures 10 and 12. 

5. The effect of suspension 

Loading the jet fuel in the nacelle permits to have on the 

aircraft board a considerable reserve of it. The increase of the drag 

Apparently, in the future, it will be possible to abandon the special 
cylinders and adopt the board cylinders which are charged during the 

flight up to 50 atm. from a compressor mounted on the motor. 

See ;tne work "Pred.varitel'nyj aerodinamieskij rasoet La-5 VI 

f.Preliminai-j aerodynamic calculation of the tlL,.5 VI" aircraft), Vol.12 

page 49 and 65 /43.

11
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of the aircraft is small due to the small maximum cross-section of 
the tanks and their good fixation to the wing. 

To explain the effect of the external suspension on the flight 
characteristics of the aircraft, a series of preliminary calcultions 
was carried out for the case of flights accomplished without switching 
on the RD-1 engine. The results are presented in figure 13 and lead 
to the following conclusions ; 

1. C	 is approximately increased by 10%, attaining a value
in

 of 0.022.
2. The maximum horizontal speeds at all the altitudes are 

approximately decreased by 3%, which in absolute units is equal to 
15-25 km/hr. 

3. The decrease in the vertical speeds depends on the al-titiide 
and is equal to 0.2%, 1. 5%, and 3-1% for the altitudes 2000, 6000 and 
9000 m. respectively. 

4. The increase in the climbing time is equal to 1%, 1.6% ard 
4.1% for the altitudes 6000, 9000 and 11000 m. respectively. 

Accordingly, it is clear that the variation of the flight data 
on account of the air resistance of the nacelle is small and can be 
admitted for aircrafts of similar assignment. 

The chraceristics of the S.M,G. (Screw-Motor Group) and. the 
J.E. (Jet Engine) 

The characteristic feature of the engine installation of the 
"VI" aircraft (S.M.G. + J.E.) is its ability to develop a considerable 
power at high altitudes. For the regimes of maximum speeds, the power 
of the jet onino increases with the increase of the f1ighta1titude 
but the total power (N L + N ILO decreases on account of the 
decrewe of the poor o!' Ihe so!ew-otor group. Thuu, it is necessary 
to mention that this decrease becomes amiler with the increase of the 
power of the jet intal1ation. The dependence of the power of the jet 
enineu, . M. G. and the total power, on the flight altitude is repre-
sented in figure 14. 

A trial has been made to investigate the problem on the per-
formance of the air-screws at high altitudes and great flight speeds. 

Calculations have been carried out for air-screws of the types 
ZSMV-14 and 4F-1 (the aerodynamic calculation of the "VI" aircraft was 
accomplished with this air-screw) by using the method and the materials 
outlined in the first volume; "Thkovod.tva d1jakoi8truktora" (A guide 

to the constructor),' BNT, "izd.", 1943. - 
By. th t.i1iz&tion of the calculated data, the gr4phs of the 

efficiency of the air-screws were drawn for the regimes of V 	 and 
- mar 

climb. From these graphs it is clear that the four-blade air-screw 
4F-1 acquires a higher efficiency at the high altitudes than those 

kSee the same reference, Vol.1, page 82, and Vol.11, page 79 125-173.
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Fig. 14 — The characteristics of the screw-motor group and the jet 
engine of the type RD-1 mounted on the "La-5 VP' aircraft (the 'motor 
is of the typo II-82F-NV-2TK-3; the air-screw is of the type 351V1V-14; 
D 3.2 m., and the engine is of the type RD-1). 
1- The a1tib..de characteristics of the RD-1 engine P — is the thrust 
of the RD-1 engine;	 — is the consumed fuel and. q. the consumed 
fuel per kilometer at v

2-

 
The disDosod power o 

a 
he engines for the V	 regime. 

3- The practical ceiling without switching on THe RD-1 engine. 

applied during the calculation of the flight characteristics of the 
"La-5 VI" aircraft. 

As a result, it could be stated that even in the case of the 
absence of a specially selected air-screw, it will be possible to 
utilize effectively the disposed power of the combined engine irstalla-
tion of the benzene motor and the jet engines during the high speed 
flights at high altitudes. 

7. The al i mentof the "VI" aircraft 

The alighxnent of the "La-5 VI" aircraft remains, for all the 

See the work: "Predvaritel'nyj aerod.inami eskij raset "La-5 VI" 
(Preliminary aerodynamic calculation of the "La-5 VI" aircraft),: vol.1, 

page 49, and the work: "Dopolnitel'nye raser centrovki "La-5 VI" 
(Additional calculations for the alignment of the "La.-5 VI" aircraft).
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flight regimes, within the permitted values characterizing the "La-5" 
aircraft. 

This is achieved by the corresponding loading of a jet fuel 
on the aircraft and the installation of a series of aggregates of 
aircraft equipments in advance (see fig. 15). 

As a result, the aircraft working on benzene and not on jet 
fuel acquires an alignment of 23.5% "A..C." and 25% "A.A.C." fox' the 
single-chamber and three-chamber engines respectively. 

In the case of installation of a turbo-pump unit behind the 
pilot's seat or the sealed cabin, the motor should be displaced ahead 
by 250 m., in order to keep the indicated alignment. 

The change of the aligaxnent during the combustion of the 
fuel was calculated for the following three cases: a) climbing with 
an angle	 +200; b) horizontal flight, 0 0 and c) diving with 
an angle 0 = -600. 

The maintenance of the alignment within the permissible range 
during the combustion of the jet fuel is achieved by the app1ied 
sequence of discharging the tanks. The scheme of the exhaust of the 
jet fuel is shown in figures 10-12.



WINGED ROCKETS 

A brief summary of the works conducted at the RSRI 

(Rocket Scientific Research Institute) within the 

period 1932-1938

/1944J 

The present article is a short survey of the works carried out 
on winged rockets within the period 1932-1938 at the RSRI. 

The works concerned with winged rockets were conducted for the 
following purposes 

a) the building of combat rockets for shooting at remote targets 
(large objects, areas, etc.) from the ground, 

b) shooting at moving targets, during a missile launch from an 
aircraft as well as from the ground. 

The use of wings in rockets permits to realize a controlled 
flight and to increase considerably the possible flight range. As an 
example, a comparison is given in . the following table between the flight 
ranges (expressed in km) of wingless and winged 85 mm rocket missiles, 
having a maximum speed of 250 km/sec, for variousangles of attack. 

Angles	
r 

Iin1essmissi1e	 0	 3,2	 4,5	 2,2: 

The same miss..le	 I 
but equipped with	 ,6	

L 
14,1	 17,9	 19,3 

wings.	 - 

These works were of a pure experimental nature and were directed 
along two channels, from the point of view of the used.fuel, namely: 
solid propellant rockets and liquid propellant rockets. 

Automatic controls, developed, by the own effortof the RSRI 
workers, were installed in the rockets for their stabilization and 

guidance during flight. 
The works on winged rockets were carried, out under the cuper-

vision of the engineer C.P. Korolev. The engineers in charge were: 
M.P. Drjazgov- in charge of solid propellant rocket; E.S. ketriikov - 

•	 C 

•

C
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for liquid propellant rockets; C.A. Pivovarov - for automatic control, 
and B.V. Rauenbah - for stability. 

Solid Propellant Winged Rockets — Object No.217 

The development of solid propellant winged rockets (object No.217) 
was carried out according to the order and tactical - technical require-
ments of "The Central Laboratory of Line Communications" (which was 
called later: "The Leninrad Branch of the State Institute of Tele-
mechanics and Communications"). These works were co—ordinated with 
the AI' (air hilitary Force) and the Communications Department of the 
Red Army. 

The rockets of the type 217 were assigned for shooting moving 
air targets from the ground. Therefore, the stabilization and pontrol 
of the rocket during flight as well as the setting of the fuses into 
action had to be realized by means of telemechanical instruments through 
a light beam produced from a search—light illuminating the target. 

As a whole, this work was of a pure experimental nature and 
proceeded as follows: the rockets were developed and tested for flight 
without the installation of the telemechanical instruments of the 
Rocket Scientific Research Institute, while the whole telemechanical 
part and the corresponding flight tests were accomplished by the 
Institute of Telemochonics. 

The rockets of the type 217 were constructed according to two 
alternative desi-is in order to solve the assiied task. 

4'. 

-

I ..;. #•..;• 

ILL. 
Fig. 211]. The rocket 217/I on its 1aunahingipad



The maximum pressure in the 
combustion chamber, atm. 120 
The maximum value of the 
reactive force, kg. 1850 
The initial weight of the 
rocket, kg. 120 
The weight of the construc-
tion without a propellant 
charge, telemechanical 
equipment and combat load, 
kg. 82.5 
The weight of the rocket 
with the telemechanical 
equipment and combat load, 
kg.	 . .102.5
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The first alternative design of the 217/I rocket. was a device 
of a normal aircraft's scheme. The body of the rocket acquired a 
cylindrical form with a streamline nasal part and slightly conical 
compartment in the tail. A cantilever wing had a lower position. The 
tail unit consisted of a stablizer, elevators, fins and a rudder. 

The chamber of the solid propellant rocket engines, of the type 
used in modern rocket missiles, was situated in the central part of 
the body. 

The nasal section was assigiied for the installation of the tele-
mechanical instruments, while the head part was assigned for the 
explosives. The launching of the rocket was envisaged with a special 
launching-pad, which permitted to make a rough aiming towards the 
target.

The main dimensions and weights of the rocket 217/I 

The span of the wings, m. 2.195 
The surfce area of the 
wings, in
	

0.82 
The span-chord ration 
(elongation)
	

5.88 
The length of the rocket 
(in mm)
	

2o27 
The type of the propellant 
PPPC, with 12.5% CO (collu-
lo2e) and a size of 75-10-92 
The maximum char&e of the 
engine, kg.	 17.5 
The performance time of 
the engine, sec.	 3-5

Computed flight data for a full charge 

Maximum speed for a vertical trajectory, rn/see. 	 260 
Maximum altitude for a vertical climb, m. 	 3000 
Maximum flight speed for a horizontal trajectory, rn/sec.	 280 
Maximum horizontal range (without the gliding part), m. 	 6800 
Maximum aerodynamic efficiency	 12 
Maximum range with the gliding part, (nr) 	 32000 

41-Tote: It was not intended to use the rocket of the type 217 for 
gliding, and the operating range was taken equal to 3-5 km according to 
the T.T.R. (Tactical-Technical Requirements). 
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The second alternative d i^si8p of the rocket 217/11 is princi-
pally ditinuished from the first one and from the ordinary aircraft 
schemes.

The idea concernine the scheme of a rocket which is aerodynami-
cally symmetrical relative to its longitudinal axis, appeared as a 
result of specific conditions and peculiarities concluded in the fact 
that the rocket, on persueing a movin, target, had to be very manoeuvr-
able and deviate quickly from the steady motion trajectory to any 
direction. 

The second alternative desii 2l7/IIti was a tailless foux'-wined 
rocket, with a small span-chord ratio and a symmetrical arrangement and 
profile of the win. The body, as well as the arrangement of the 
propellant engine, the compartments of the telemechanical equipment 
and the combat load., are similar to those of the first desii. The 
rudders were situated at the end of each wing and were connected by a 
special control system. 

I - - -.	 ••-	 .	 ..,c.• -.	 F	 4	 l 
...' - 1	 .	 •........ 

Fig. 4 - The rocket 217/I1 on its launchign-pad.. 

The main dimensions and weights of the rocket 217/I1 

The span of the wings, in.	
2 • 0. 785 

The surface area of the two wings (without the fuselage),m 	 0.785 
The span-chord. ratio 	 0.83
(The remaining data are the same as for the first design)
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Computed flight data for a full charge 

I4axinm speed for a vertical trajectory, rn/sec. 	 265 

Maximum altitude for a vertical climb, M.	 3270 
Maximum flight speed for a horizontal trajectory, in/see.	 300 
Maximum horizontal range (without the gliding part), m. 	 6835 
Maximum aerodynamic efficiency 	 5.8 

Maximum range with the gliding part, m. 	 19000 

The fliht tests of the rockets were carried, out at the Sofriri 
artillery ground. near Iloscow. The rockets were launched from a pad 
having the form of a tT&hed.ral welded support of 10 rn. length. The 
Pad was equipped with guidance bars on which the rocketmoved on' 
launching. The tests were carried out for various pad lifting angles 
(up to 300). Small models of propellant rcokets were made for carrying 
out every possible preliminary investigation and experiments, and to 
test the various schemes of wings and tail units. 

The tests of the small rocket models were carried out during the 
period 1935-193, parallel with the works on the rockets 217, which 
allowed to get vast experimental results with the least expenses. 

•	 '.. 
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Fig. 6 - The rocket models 

In total, a great number of launches were accomplished for the 
models, and some launches were carried out for the rockets of the tyke 
217 without stabilization and teleechanioa1 control instruments 
(during these flights, the rudders of the rockets were rigidly fixed). 

The maximum flight range of the models was about 2 km at a 
climbing altitude of 700 m., and that of the rockets of the type 217
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Fi. 7 - The rockets 217 ready for tests

•1 

was one km at a climbing altitude of 300-500 in. 
On 1anching the rockets of the first desi31 217/I they deviated 

from the initial direction (up to 100 meters for a distance of one km) 
and got into a smooth 360 10 turn ending to landing. 

The rockets of the second alternative design 217/I1 (a symmet-
rical four-winged scheme) were moving in the same plane of the launching" 
pad without a deviation in any direction. When the propellant charge 
in the engine was burnt out, the rocket continued the flight steadily 
by inertia, Such flight did not considerably differ from that taking 
place when the rocket engine was working on. It was noticed that at 
a distance of 1000 m. the reocket rotated slowly, doing almost a complete 
revolution around its longitudinal axis, and proceeded to fly steadily 
in the launching :lane. It should be specially noted that the symmet-
rical scheme of the rocket, with wings of a small span-chord ratio, 
acquired, undoubtedly, a greater stability, and in particular, a trajectory 
stability, in comparison with the other schemes. 

•	 .	 .... 

.4
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Winced Rockets Working on Liquid Fuels 

(The Objects O6 216,212 and 301) 

The first works on liquid propellant winged rockets started in 
1932 on the own initiative of some workers. 

From 1936 and orwards, the works were carried out according to 
the order and tactical-technical requirements of the Air Military Farces 
and the Communications Department of the Red. Army. 

Liquid propellant winged rockets of the types 06,216,212 were 
developed according to their application for launching from the ground 
to distant targets (large objects and areas). 

The presumed tactical scheme of the utilization of rockets was 
as follows 

A rocket with an engine of the type RD was launched from a special 
pad (railway track). To facilitate the process of lift up an add.itional 
boost by means of solid propellant rockets was used, which remained then 
on the ground.  After the lift up, the rocket need with a rate depending 
on the fuel reseive existing on rocket's board.. At the end of the per-
formance of the engine, the rocket continued to fly to the target by 
moans of gliding (or high speed diving). 

The rocket 301, whose development was initiated in 1937, was 
similar in its scheme to the other types of rockets, but of a somewhat 
different tactical nature. This rocket was designed for its launching 
from the airerafte towards moving air targets (mainly) as well as 
ground targets. 

The stabilization and control of the rockets flight were accom-
plished by auto-pilots of special design, developed by the own resources 
of the itocket Scientific Research Institute. 

Gyroscopic automatic controls were developed and tested for One, 
two and three degrees of stability. The auto-pilots were developed by 
taking into consideration the specific features of their operation in 
rockets. For example, the specific features of the objects launched 
from the ground (of the types 216 and 212) were: the considerabl over-
load during the start, the quick increase of speed and the angle ' of 

ascent during climbing, the continuation of flight by inertia up to the 
gliding speed, and theia gliding at the angle of maximum efficiency, etc. 

An exception was the object 301, for which an automatic cbntrol 
and a radio-control were suggested for guidance towards a target designed 
by professor onin, but this work was not finished and the automatic' 

control was not used. 
According to the technical specifications, the automatic control 

had to permit the transmission of the following orders by radio from the 

aircraft launching the rocket 301, in order to guide it towards the 
moving target: "right turn", "left-turn", "higher", "lower" and
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"explosion". Only one experiment was successfully carried out with 
the radio—control (in the autumn of 1936), for which a special receiver 
designed by S.R. I. T. of R.A. (the Scientific Research Institute of 
Telemechanics of the Red. Army) was installed in the rocket 216; urin CJ 

flight an order (explosion) was transmitted to the rocket from the 
ground, and as a result, the smoke pot was exploded. This experiment 
was quite satisfactory. 

The ordinary aircraft's scheme, with a cantilever wing of a thick 
profile and a fin assembly located in the tail, was used for all the 
liquid propellant rockets. The jet fuel was poured into pipe tanks, 
which were used at the same time as wing spars (the oxidizer). It 
was also poured into cylindrical sections and tanks of the fuselage 
(the fuel component). The rockets of the lypes 06 and 216, which were 
developed within the period 1934-1936, used a fuel mixture composed of 
liquid oxygen and alcohol. On the other hand, the last objects .212 and 
301 utilized a mixture of nitric acid and kerosene. The fuel was fed 
into the engine under the pressure of compressed air supplied from gas 
cylinders. The supply of the pneumatic system was similarly automatically 
realised by compressed air, and the electric current was fed from 
battaries kept on board. The rocket engine was situated in the tail 
of the fuelage, and the automatic control device and explosive load 
were situated in the nasal part. 

It should be noted that the work was, in general, of an experi-
mental nature. Therefore, the rockets were launched without an explosive 
material, and a special parachute head was fixed instead of the warhead. 
This head permitted the rocket to land by means of a parachute at a 
cerLin moment of flight. In some cases, this gave the possibility to 
preserve a valuable material for the reputed tests. It also permitted 
to get and preserve directly during flight the records of certain flight 

r 

Fig. la-. The scheme of the rocket 212. A side view. 

parameters of the rocket, the regulating data of the automatic control, 
etc. The latter possibility acquires an exceptional importance on 
working out the automatically controlled experimental objects for the 
first time.
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I
11 - The fuel system, engine and compressed 

cylinders of the rocket 216 (the external case is 
reimoved).
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Fig. 12 - The rocket 216 (the photo was taken during 

the full—scale wind tunnel test carried out at the 
central aero—hydrodynamic institute).

I
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Fig. 13 - The rocket 212 
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Fig. 14 - The rocket 301 
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Fig. 15 - The suspension of the rocket 301 under the 
wine of the aircraft TB-3. 
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The main dimensions and weights of the rocke-k 

06-216	 212 1	 301 

The span of the U1fl
2

3.0 3.0 2.2 
The surface area of the wings, in m 1.5 1.7 1.2 
The span-chord ratio 6 5.5 4.0 
The length of the rocket 2.3 3.0 3.2 
The flying weight , in kg. 80-100 165-230 185-250 
The maximum thrust of the rocket 
engine, in kg. 100 150 1'50 
The thrust of the starting. rockets, 
.n kg. 750 1850 
The performance time of the rocket 1 

engine at the maximum thrust, in sec. 20-60 20-.80 50 

Computed flight data 

Take-off speed, in rn/sec. 35 40 
Maximum speed during the climb at an 
angle of 60 0 , in rn/sec. 90 150 
Maximum speed for a horizontal

0 

flight in rn/eec. 200 280 280 
Maximum altitude of climb, in m. 1150 6500 
Maximum flight range (taking gliding 
into consideration), in m. 15000 80000 10000 (t a level 

• flight iith a 
rocket engine at. 
an dltitude of 
2000 rn.) 

Maximum aerodynamic efficiency 12.5 12.5 7.0

Z 
Depending on the rocket's fuel charge and load. 

For the minimum value of the initial flight weight and the corresponding 
jet fuel reserve. 

special pad was built in one of the artillary areas for 
launching the liquid propellant rockets. This pad was a narrow-guge 
railway line extended horizontally at a distance of about 150 rn. nd 
then descending slightly along a length of about 70 in. A sandy embank-
ment was conetnicted at the end of the railway line. 
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The rocket was set on a trolley and joined by a towing hook to 
a welded frame, on which the starting solid propellant chamber was 

fixed.
The sequence of 1aunchin was as follows : The liquid propellant 

engine installed in the rocket was started at first, while the trolley 
was kept stationary at the begnin of the railway line. The starting 
solid propellant chamber was then switched on and the trolley was 

rz; 
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Fit. 16 - The model of the rocket 301 launched from 
the ¶3-3 aircraft, for the preliminary tests with the 
solid propellant engine. 
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Fi. 17 - The launohin-pad of the liquid propellant rockets.



- 572 - 

• 1	 z • k)r 

i'&	
.• 

.- .. ' .y	 tmlI 

r 

"I 

Fi. 18 - The rocket 06 before the start. 
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Pig. 19 - The starting trolley for the boost of the 
liquid propellant rockets. 
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Fig. 20 — The starting device of the rocket 301 
used during working out the launcbs from the ground 

::.j.i•:• 
•-.'• 	 • _ • 1 .	 :&	

. f 	 !i... . •. 
.p	 . ..-	 .... 

•• i	 :	 '	 ,; - 
-	 i .:,.	 ..	

•*•	 .	 ' 

II 

a	 4 . Jr
	

_e4 - I 

:	 y 

Fig. 21 - The starting device (a side view).
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simultaneously released for its moving on the rails. After an approxi-
mate distance of 30-60 in. (depending on the load) the rocket left the 
trolley and started to climb; the trolley, reaching the end of the rail-
way, was knocked into the embankment. The described method of starting 
the liquid propellant rockets was examined many times by tens of launchs, 
with the measurement of all the main lift up characteristics The 
method was found to achieve reliably any lift up conditions of rockets. 

Within the period 1937-1938, various instruments such as: flight 
speed recorders, accelerographs for recorUng the acceleration during 
flight with the rocket engines, indicators of the angles of climb, etc., 
were developed in order to record all the necessary data during flight. 
However, they were not practically successfully utilized. 

Large scale preliminary tests were carried out on the rockets.: 
At first, the assembled parts were tested in the laboratories, and then 
the assembled rockets were tested on the stands for the measurement 
of all the necessary characteristics during the operation of the rocket, 
engine and the control device. 

The full scale wind-tunnel tests were carried out on the rocket 
models and the rockets themselves. In the proving ground, the rocket 
models were examined by firing from the launching-pad (with a solid 
propellant engine) or from an aircraft. 

After carrying out the whole cycle of preliminary tests th 
rockets were admitted to flight. 

In total, some tone of firing tests were carried out on the' 
liquid propellant rockets in 1936, 1937 and part of the year 19384 
The maximum achievable altitude of climb was about 1000 in and the. 
flight range was up to 2500-3000 in. In this case, it should be noted 
that the steady flight, in the plane of the start, was aóhieved only in 
some individual cases along a path length of not more than 1000 mand 
up to altitudes of 400-500 in. On the further increase of the flight' 
speed and the angle of climb, the auto-pilots were incapable of preser-
ving the stability of the rocket, and the later got into a loop, making 
steep 360 0 turns during climb, and finally falling down. Frequently,, 
such cases were observed just after the start at an altitude of 100-200 
in. Undoubtedly, in the presence of good, powerful and properly adjusted 
automatic control equipment, data very close to the computed flight 
range and altitude could be achieved. At the present time, it is: 

difficult to say any thing about the possible accuracy, since it was. 
impossible to carry out tests in this direction. 

Concerning the rocket part itself, it could be considered that 
it was operating satisfactorily, taking into consideration the state 
of the rocket technolor at that time.
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THE USE OF ROCKET-POWERED AIRCRAFTS FOR 

THE INVESTIGATION OF STRATOSPHERE 

[1934]

i 
1. The 80-called Newton's third law, the law of "equality of 

action and reaction", forms the basis of the rocket theory of motion. 
The rocket theory of motion, precisely formulated and mathematically 
proved by the Russian scientist Ciolkoveky, gives us the possibility to 
move without leaning on any thing [ij. 

The ordinary fireworks rocket is the most pronounced illustra-. 
tion of this theory of motion. The rocket flies because the gas die-
charged from it downwards, pushes the rocket upwards. 

The force moving the rocket, or as we call it the rocket thrust, 
is often (in the best case) taken numerically equal to the momentum per 
second, i. e., to the product of the mass of the exhausted gases: from 
the rocket and their velocity. A sufficient fuel reserve and. a proper 
considerable thrust are required for climbing to high altitudes. 
Sufficiently great values of thrust could be obtained if great masses. 
of gas are exhausted from the rocket at great velocities. 

The realization of these two features led to fuels of maximum 
possible calorific values instead of the use of pyrotechnic compositions 
of fireworks rockets, i.e., it led., in the first place, to liqui4 fuels. 
Therefore, the modern rocket is very different from the fireworks 
rocket, which served as a prototype for it. 

The fireworks rocket, having an efficiency of 1-2%, is a very 
imperfect construction. All engineering prospects were used to . make 
the rocket as perfect as possible, and the modern rocket is already a 
rather complicated. mechanism. This rocket contains the fuel necessary 
for the flight, the devices for its feeding into the engine, and the 
engine itself, which consists of mechanisms for the atomization, and. 
preparation of the fuel mixture, the combustion chamber and the. nozzle. 
The latter permits, as it is well-known, to achieve the maximum possible 
velocities of discharging the combustion products from the rocket. 

The entire unit, which is enclosed in a case and which is 
provided with stabilizers for a stable flight in the atmosphere, and 
with a parachute for the safd landing, is what we mean at present time 
by the word.. rocket (see fig. 1). It is quite probable that the rocket 
may be provided with wings for take-off purposes as well as for descent
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Fig. 1 — Comparative schemes of the fireworks 
rocket and the modern liquid, propellant rocket. 
1- Propellant composition, 2- Cartridge shell, 
3- Parachute, 4- Pressure accumu lator, 5- Liquid. 
oxygen, 6- Liquid fuel, 7- Combustion chamber, 
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From the very essence of the principle forming the baeis of 
the rocket's flight, it is clear that such a flying device does not 
require any support during its flight in the space. The rocket is 
a device capable of flight in vacuum. This question frequently- gave 
rise to doubts, and many resàarchers carried out appropriate experi-
ments. For example, the American professor Goddard carried out:a 
series of special experiments to check the performance of rockets in 
vacuum [3]. But, as a matter of fact, these experiments were quite 
imperfect, since no measures were taken to ensure the preservation of 
vacuum in the space in which the gases were discharged from the : rocket. 
These experiments gave a satisfactory result. At the present time, 
this question can be considered sufficiently clear after the theoretical 
works of a number of talented research workers. The rocket does not 
require an atmosphere for its flight. Moreover, the rocket engine 
will operate just the same or much better than in the atmosphere. The 
rocket will also fly much better due to the absence of air resistance. 

Therefore, the rocket is a flying device which is best fitted 
for high altitude flights. Unlike all the other devices which are, 
also capable of similar flights (for example, the etratostata and 
stratospheric aircrafta), the rocket has no theoretical limits of 
climb altitudes. Of course, each type of rockets has its own ceiling,
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but this coiling increases infinitely with the increase of the fuel 
reserve and its energy. 

Therefore, it is clear that the rocket is, at the present lime, 
the only proper device for reaching the highest layers of the earth's 
atmosphere, and consequently, it is one of the means of the investiga-
tion of the stratosphere. 

It is also clear that the rocket will be favourable in the 
region where the capabilities of the other devices fade away. There-
fore, at low altitudes (up to about 30 km) the rocket will not give 
the same effect as these devices. However, altitudes higher than 30 
km are also of great interest, at least from the point of view of the 
investigation of Cosmic rays. Here, the field of activity of the 
rockets begins 147. 

The rocket- is capable, beside itself, to lift a load of the 
required research instruments and apparatus... 

Before proceeding to the question of the utilization of rockets 
for the investigation of the stratosphere, we must dwell upon the up-to--
date achievements in this field. 

2. The experiments on liquid propellant rocketa.were initiated 
abroad at the end of the twenties. The first flight of such rockets was 
realized in 1931 in Germany is]. It should be said that one must be 
very cautious in respect to press reports about rocket achievements. 
We have a number of incorrect reports. For example, the news-items. 
about the achievements of the American professor Lajon, who claimed. 
that he has realized a lift of a rocket weighing 150 kg. to an altitude 
of 9500 m, which appeared to be a irrstification. The description of 
the flight of Goddard's great rocket is improbable and should be doubt-
fully accepted.	 . 

The rocket technology is cluttered up with plenty of various 
sorts of projects. The people concerned with the popularization of: 
the rocket flight are often unqualified., and their statements in the 
press give nothing but harm. The article about "the theory of rockets", 
published in the journal "V BOj za Tehniku", No.1, January 1933,isa 
good example of that. In this article, we read the following: 

"A powerful solid propellant rocket was designed in order-to' 
examine the resultant force. The rocket was fixed to a telegraph-post, 
and on firing, it dashed awy with a speed of 1000 km. per hour, taking 
the post with it.... etc. 

Serious experiments were carried out on solid propellant rockets 
in the U.S.A. by professor Goddard, and in Germany by the engineer 

* This article was written by N.K. Fed.orenkov.
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Tiling, who, as it is we11 known, lost his life as a result of 
explosion of his laboratory [6]. 

Tiling real jzed launching of rockets weighing 10 kg up to an 
altitude of 2000 in • The descent of these rockets was aocoinpliahedby 
gliding using detachable wings which were exposed on the achievement 
of the maximum altitude. 

Concerning liquid propellant rockets, which permit to achieve 
much higher altitudes, the work of Berlin rocket-drum should be noted.. 

[7]. Here, the works on rockets utilizing benzene (as a fuel component) 
and. oxygen (as an oxidizer) were successful. However, such workq could 
not be widely applied due to the lack of the necessary mean g . In ipite 
of this fact, hundreds of experiments and numerous rocket launch were 
carried out.	

0 

At the present time, in the foreign countries, all the works 
on rockets are conoeled., since as it is clear, the rockets are 4 of 
military importance. 

In any case, it should be presumed that works on rockets are 
carried out in all the countries and are proceeding rather auccesful1y. 
There is already an idea about the possibility of liftiüg a human being 
in a rocket to a low altitude. 

The work on liquid, propellant rockets comprises, firstly, the 
development of a stable operating engine and., secondly, the achievement 
of high efficiency. 

The produced engine should be installed in the rocket. Rocket 
schemes may be very diverse, and a special pad is required for launching 
the rocket. The fuel, due to its peculiarity, should be poured into 
the rocket's tanks after its installation on the pad.(see fig. 2) [see 
fig. 37 9 P. -39 - ed.it.J. The rocket can then be launched.. 

It should be considered that the main problems related to the 
engine as well as those related to the rocket are solved.. Therefore, 
it may be appropriate to talk about the utilization of rockets for the 
investigation of the stratosphere. 

The characteristic features of the conditions, under which the 
meteorological and other instruments wi].l operate on their installation 
in the rocket and during its flight, should be firstly given. 

3. Fuels of high calorific values, such as benzene, kerosene 
and alcohol, are burnt in the rocket engine in an atmosphere of pure 
oxygen (or almost pure oxygen) if the nitric compounds of oxygen ..are 
used as oxidizers. Such a combustion reaction is characterized by its 
extremely high ignition temperature. The order of these temperatures 
is 3000-40000K. 

•	
According to the reports published in the periodicals, the maximum 

• altitude achieved by Tiling's rockets was 10000 in.
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Und.oubtsdly, the temperatures at the engine's surface are much 
lower.

Liquid oxygen is very frequently utilized, as an oxidizer; its 
boiling point is -1830C. Oxygen is stored in the rocket in special 
tank  whose surface temperature is, consequently, very low. 

Meteorological instruments, installed quite near the rocket 
engine, should be well protected from the effect of low as well as.. 
high temperatures in order to maintain the accuracy of their readings. 
The necessity for a thermal insulation is obvious, which can be made 
sufficiently reliable. 

4. The climb of the rocket is dependent on the magnitude of the 
flight accelerations and speeds. Accelerations in small rockets reach 
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Fig. 3 - The speed and altitude characteristics 
of a stratospheric rocket.
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values of 20-30 rn/sec2. It could be seen from the diagram (see fig03) 
that the acceleration decreases at first due to the increase of the air 
resistance with the speed; it reaches the minimum at a flight speed 
equal to the sonic speed and then slightly increases once more.: At the 
end of the performance of the engine, the acceleration changes .its 
sign, since the reactive force' disappears and the motion of the rocket 
is hindrea by the air resistance and the force of gravity. 

The speed of the rocket increases during the entire time of 
flight with the engine working on, and reaches a maximum of 376 rn/sec for 
the given example (see fig. 4). In general, the magnitude of the 
maximum speed of rockets is usually found to exist beyond the sonic 
speed.

Landing of the rocket is fulfilled by means of a parachute :at 
a speed of about 5 rn/sec. The parachute is projected by means of a 
special device at the moment of the rocket's overturn when the maximum 
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Fig. 4 — The speed and altitude characteristics of 
a stratospheric rocket. 

point of climbing is reached, and is opened during the descent by the 
action of the force of the air resistance. 	 V 

Therefore, the instruments should withstand all flight accele-
rations. 

It seems that no considerable difficulties are expected here,, 
since the rocket eteorograpb of I. Ke].'óer, withstanding accelerations 
of about 50 rn/sec during the tests, has apparantely appeared, aio long 
ago as 121. This instrument is lifted by the rocket up to an altitude 
of 700w.	 V 

The high speeds of flight do not permit to et accurate measure-
ments during the upward flight, since the reading of the instruments 
is always lagging behind the real conditions. The installation of the 
instruments inside a case and, consequently, the difficulties associated 
with their air-blasting, which is necessary for their correct reading, 
do not also permit the realization of accurate records, 

A correct vertical flight has been achieved at present time. 
Its stabili r is realized by tail stabilizers, wade according to the 
type used in aircraft construction. Their efficiency will be very 1 . ow 
during the climb at high altitude in a rarified. atmosphere. Moreover, 
probable oscillatory motion of the rocket during its flight, as a 
result of the effect of the different external forces, can lead to 
conditions at which the vertical flight will be transferred to acurvi-
linear flight. The inclined flight decreases the altitude of climb.

tiq 
See; I. Bartel's, "Vysije s].oi atrnosfery" (The higher atmospheri4 •• 

layers), 1932. Bartel's in turn refers to; Klzer J., "Wetter" 38, 153, 
1921 ; "Zeitechr Feininsch. u.nd PrUzis", Nr. 6, 1928.
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These conditions will necessitate the existence of automatic control 
in the rockets. The corresponding constructional design does not 
represent any insuperable difficulties. 

In general, winged rockets cannot fly steadily without automatic 
control. The climb of winged rockets is similar to that of an aircraft 
taking place under the influence of the engine's thrust. At the and of 
the performance of the motor, the rocket flies by inertia, and after 
the achievement of the maximum altitude it starts to glide. The solu-
tion of the problems of the flight of a winged rocket is very difficult, 
and it is a subsequent stage in the development of ordinary rockets, 
for which wings are needed for descent. It is also only a further 
stage for the accoxuodation of a human being in such a device and hia 
flight beyond the atmosphere. 

5. From the foregoing, a series of methods could be developed 
for the utilization of rockets in the investigation of the stratosphere. 
As it was noted before, during the climb, the corresponding measurements 
by means of the meteorographs cannot be carried out accurately with a 
sufficient reliability. Consequently, the measurements should be done 
during the parachute descent of the rocket from a high altitude, since 
the speed of the latter will be considerable. Nevertheless, the ,speed 
will be lower than that of climb. Of course. for such a rocket, speoial 
parachutes with lower descending speeds could be designed. 

The best air blasting of instruments is obtained when they are 
located outside the rocket. This can be readily realized during'the 
parachute descent. The parachute, which is ejected by a special device 

•	 at the highest point of climb, can also pull out the instruments. 
The rope, by which the parachute is fastened to the rocket, must 

•	 be made sufficiently long. The instruments should be one whole compact 
unit and must be separately fastened to the parachute so that the stress 
of the weight of the rocket at the moment of paraohute deployment during 
the downward flight could not force any part of the instrument to" 
operate. 

It is quite possible, if required, to adjust the moment of the 
ejection of the parachute so that it coincides with the start ofi the 
clock mechanism rotating the drums, on which the readings are recorded. 

The other method is distinguished from the previous one only by 
the fact that the instruments leave the rocket at the highest point of 
take-off, and they descend separately by their own parachute. 

Winged rockets descending by gliding will not require the outside 
projection of the instruments. They will cross the stratoapherealznoat 
horizontally, and it is only necessary to realize a good air circulation 
through the instruments. The acceleration during the approach of such 
a device to the Earth is not dangerous for the instruments.
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Therefore, it is quite probable that the measurement of pre-
ssure, temperature and humidity could be carried out with a sufficient 
accuracy by means of lifting the instruments by a rocket. The existing 
meteorographe for the sounding- .ba]joona could be applied here also; they 
are of a sufficiently small weight (about 200 gm). Only the effect of 
high accelerations upon them should be investigated, which is not duff i-
cult, judging by Kel'cer's meteorograph. 

It should be noted that since the records of the instruments 
should be carried out for their vertical motion with a sufficient speed, 
then the sensitivity of the instruments should be raised.. Besides, it 
is also necessary to develop new instruments which instantaneously 
record the ambient conditions, for the determination of the aesigned. 
characteristics. 

6. In conclusion, we will consider the prospects of modern rocket 
technology. 

We are mainly interested in the maximum attainable altitudes, 'and 
also in the conditions under which the instruments lifted to these 
altitudes will operate. 

It can be considered, without exaggeration, that an altitude of 
25-30 km. could be realized in the near future. Altitudes of 100 kilo-
metres and more can be achieved in the far future 1,817. 

However, we should not ignore the difficulties standing in the 
way to these achievements. Climbing to high altitudes needs a very big 
fuel reserve in the rocket, reaching up to 80% of the rocket's initial 
weight. Therefore, the weight of the construction should be vexysma11. 
Of course, the expenses of one climb to such an altitudg.will be 
considerable. 

The diagram given in figure 3 characterizes the flight of such 
a high-altitude rocket. 

All *hat has been said above about the flight of the rockt is 
valid. The acceleration during the take-off is equal to 9 n/sea o At 
sonic flight speeds, this quantity reaches a minimum of 4 rn/sec . After 
passing this point, the acceleration increases and t the end of the, 
engine's performance it will be equal to 50.4 rn/sec . The maximum 
speed is equal to 1340 rn/sec. 

The opening of the parachute used for the descent. of such a 
rocket will be delayed due to the absence of air at such an altitude, 
in spite of the fact that it will be ejected at the highest pointof 

The meteorograph constructed according to the system of prof. P.A. 
Molanov. See the work: "Kratkij Kure aórologii" (a short course of 
aerology), 1933.
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climb. Therefore, the rocket will appear at first in a state of tree 
falling. 

Here, we must note again the necessity of the development of 
instruments, allowing to carry out the measurements under these condi-
tions.

Later on, in the denser layers of the atmospheric, the motion of 
the rocket will be retarded by the resistance of the air, and. opening of 
the parachute. 

Undoubtedly, the lift of a human being to such an altitudeby 
• rocket is very interesting. 

At the present time, the given problem, as well as the lift of 
• human being by a rocket to a considerably lower altitude, should be 
considered an open question. However, it is possible tore%lize such 
a flight. The instruments and the various equipments and mechanisms 
were usually, as a rule, sent to spheres hardly accessible to human 
being, and the human being himself followed them immediately. 

The work in the direction of building powerful high-altitude 
rockets is closely related with the utilization of materials d.istin-
guished with sufficient strength and small weight. On the utilization 
of a very active fuel, the weight of the rocket could be reduced. 

A wide-spread idea is that the most active fuel is bydrogen 
burnt in ogen. The author has drawn the attention (without discussing 
their practical application) to the reaction of combined silion and 
boron with fluorine (9]1 which give even much better results. 

However, a much more active fuel is still required.. 
All these problems should be put forward ahead of the scientific 

institutes of the Academy of Science, for their solution as soon as 
possible. The question concerning the most profitable rocket, i.e., 
concerning a rocket which requires a minimum quantity of fuel for: its 
climb to a certain altitude, is very important and mathematically',- 
difficult tic]. This task should be also put ahead of the Academy. 

Thus, the rocket is, at the present time, a new powerful means 
in the technology of mastering the stratosphere. It permits to attain 
extremely high altitudes, and it has no rival in this respect. Its 
use for liftinC the recording instruments to the stratosphere is essential. 

In order to ensure this fact, a department of stratospheric 
rockets should be organized in the proper institute [ii]. The decisions 
taken in the present co*ference should form the basis of the plan of 
this department, and a good contact between it and the scientific. organs 
of the Academy of Science departments must be ensured.. 

* In this case, gaseous reaction products are produced, which is of - 
extreme importance.
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THE USE OF ROCKETS FOR THE INVESTIGATION 

OF THE STRATOSPHERE 

/1935/ 

The modern development of technology raises more and more new 
problems. One of these problems is the rocket. 

The rocket is a device which moves by the reactive force obtained 
as a result of ejection of a certain mass. The thermal energy of the 
fuel burnt in the rocket is converted to a kinetic energy of combustion 
products on the existence of a pressure drop between the chamber (in: 
which the combustion takes place) and the ambient space. The obtained 
reactive force is measured by the momentum of discharged combustion 
products per second.	 -. 

According to the kind of utilized fuel, we could distinguish beween 
two types of rockets, viz.: solid propellant rockets and liquid propellant 
rockets • The solid propellant rockets will be excluded later on from our review 
due to the impossibility of realization of gradual feeding of the .prppeflant 
into the chamber and due to their small thrust [1]. 

The combustion chamber together with the nozzle through which' 
the combustion products are exhausted, and its auxiliary equipment, 
is usually called the rocket engine. 

Thus, the rocket engine is an engine which can impart a thrust 
to any body on which it will be installed, and consequently, it can be 
used for moving any device. 

The Field of Application of the Rocket En gines and Rockets 

The rocket engine, as any other engine, should have a definite 
field of application, for which it is more favourable than all the other 
engines. There exists an extremely wrong opinion stipuating that the 
rocket engine can give enormous advantages almost in all engineeing 
spheres and that it should replace all the other less advantageous 
engines (2]. 

The appearance of liquid propellant rocket engines is a factor 
of progress in modern technology, but, in any case, it cannot reilace 
any of the existing types of engines. In the field of its utilization, 
the rocket will be less perfect and less suitable. 

The appearance of rocket engines provides new means of movement 
in the outer space. of our world and the universe, which is not attainable 
at the present time by airoraf is equipped with any other engine.
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The efficiency of the body, on which the rocket engine is 
installed., depends, to a large extent,' on the motion speed of this 

body. Moreover, with the increase of the motion speed the efficiency 
increases," and this increase will continue until the motion speed, 
becomes equal to the voThciiiy of discharge of the combustion products. 

Therefore, the rocket engine should, be applied under the condi-
tions when a. groat motion speed is expected.. 

The maximum speeds are obtained in aviation, and., consequently, 

the rocket engine should be used for night. 
The rocket is a flying device, and its engine is part of this 

device. The rocket is a new kind, of flying devices, which is at-the 
present time mastered by man. 

However, there are many examples of other uses of the rocket 
engine, which found their practical application mainly in Germany. 

The rocket engine had found its first application in Germny 
for the on-ground. transport. However, this was not because it was 
suitable hero and could replace the internal combustion engine, but 
because the desiiors required to test its motion and to attract .the: 
attention to the new problem by these tests. 

The firms subsidizina these experiments were advertising or 
their products, and, besides, they were hoping to find, a way out of 
the economic crisis through a new application of their undeinande. 
p.oducts. That was the situation with Opel's firm, which offered itB 
automobiles for the first experiments, and with Zander, the headof 
the fireworks factory, who hoped to find out a new use for his slow 
hot propellant. At last, Hijland.t, the head of the oxygen factory 
in Germany, was searching for a new field for the utilization of 
liquid oxygen, and., consequently, was counting on the further develop-
ment of his industry. All of these manufacturers hoped for a quick 

spread of the now poduots in the market, but as the problem of the 
rocket motion was found to be more difficult than they had presumed,. 

they gave up this work. However, the rocket technology was promising 
very great possibilities in an another field, namely, in artillery. 
Therefore, the military departments were interested to put this work 
under their supervision. 

The present author believes that the Soviet rocket engineering 
workers will abandon the wrong views on rocket engines, and as a :result 
of the deep study of the problem they will use the rocket engine, there 
where it will give us an advantage over the other engines, namelyi in 
stratospheric and outer space -transportation. 	 4 

Later on, we will consider the rockets only as flying d.evicee. 

The rocket can be used for flight in two ways; either it j.a 

launched vertically upwards up to a certain altitude, or it is provided 

with airofoila and is launched at a certain angle to thehorizontal
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plans. In the second case, the rocket will wove by gliding after; 
reaching the maximum altitude. The winged rocket cannot be defined 
as an aircraft provided with a rocket engine, since the former does' 
not acquire the characteristic features of the aircraft, and. in 
particular, the steady flight (during climbing the aircraft has also 
a practically steady flight). The flight of a rocket is always an un-
steady process, since it is accomplished with very high accelerations. 
Only during the descent, when the winged rocket turns into a glider, 
a similarity could be drawn between it and modern airorafta. 

On the other hand, if we im.ta].l the rocket engine in an air--; 
craft, an extremely low efficiency will be obtained. For example, the 
the maximum speed achieved by the aircraft is about 200 rn/sec.nd the 
efficiency at a speed of w  - 2000 rn/sec. will be equal to 0.2. 
at the frequently occurring speed (100 rn/eec) of modern aircraf the. 
efficiency will be equal to 0.1, while the efficiency of an ordil3axy 
screw-motor group is 0.7-0-S /3]. Therefore, the installation of is, 
rocket engine in an ordinary aircraft is not rational, in spite of 
the, enormous power developed by it.  

Comparing winged and wingless rockets, it is difficult at "the 
present time to state the preference of any of them. The wing1ea 
rocket is best fitted for climbing to high altitudes, but its dséoent 
is difficult, and must be carried out by a parachute [470 

For the same engine power, the winged rocket can achieve a lower 
altitude, but it is beet fitted for evolutions in the air and descent. 
In the near future, we will, most probably, design a rocket which will 
climb vertically upwards as a wingless rocket, and thendescend down-
wards by gliding on wings. Such rockets were constructed. in Germany 
by the engineer Tiling, who was killed. in 1933 as a result of explosion 
of his laboratory [7. It can be presumed that the rocket, in which' 
• human being will be lifted up in the future, will be almost ofsuçh 

atype.	 . 
Fuel and oxidizer (for example, liquid orgen) are usually 

stored in tanks in the rocket to feed the engine. But among the 
rocket engines there is the so-called air-rocket engine, in which the 
atmospheric air is used as an oxidizer. This engine can be fully 
used for the stratospheric aircraft. Highly intensive works are; 
carried out in Italy [6] along this direction. In the USSR, thetheory 
of such an engine was developed by professor Stekin whose suggestion 
about the direct and reverse cones t7 (which is a development of the 

See ) M.K. Tihonravov, - "Raketnaja tebnika't , M. (Moscow), 1935, 

P-73.
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idea of the late engineer Candor) should be considered very valuable. 
Thus, we have not only the theory of the air-rocket engine but also 
practical suggestions on the scheme of its construction [83. Unfortu-
nately, no attention was paid at all to this engine by the Soviet 
designers. The problem of this engine is as important as the high-
altitude motor for the stratospheric aircraft8 and gas turbine. The 
role of the air-rooket engine in the development of the stratospheric 
transport will be in the future much more considerable. 

Further on, talking about the stratospheric rocket, we shall 
mean by the rocket engine the one which does not utilize atmospheric 
air, but in which an oxidizer is stored in special tanks for flight. 

Before proceeding to the evaluation of the rocket as a flying 
device for climbing to the stratosphere, we shall discuss briefly the 
characteristics of its engine. 

If the rocket engine is compared with the aircraft engine, the 
same characteristics will be almost obtained: the n coefficient of the 

e aircraft engine is approximately equal to 0.28 9 andits value is. almost 
the same as in the case of the rocket engine. 

The fuel consiunption of the aircraft engine per one horse'pow' er-
hour is approximately equal to 230 gm . For the rocket engine, the fuel 
consumption is equal to 1.32 kg/horse power-hour, according to the 
experimental data. But, in this case, it should be remembered that for 
the calculation of the fuel consumption of the rocket engine the 
consumption of the oxidizer as well as that of the fuel should be taken 
into consideration. If the same process is carried out for the aero-
engine, i.e., if we take into consideration the atmospheric air passing 
through the engine, which is essential for the combustion procesa, a 
fuel consumption of 3.7 kg/horse power-hour will be obtained, which is 
much more than that of the rocket engine [9]. This is quite clear, 
because a mass of inert nitrogen passes through the aircraft engine, 
while in the case of the rocket engine, pure oven is used an an 
oxidizing agent. 

The main difference between those two engines lies in the' fact 
that the aircraft engine takes the ogen required for the combustiOn 
process from the atmosphere, while the rocket engine takes its oiygen 
from the oxidizer tanks carried on its board., and therefore: 

a) in the lower atmospheric layers the rocket engine cannot 
compete neither with the -aircraft engine nor with any other heat, 
engine;

b) the aircraft engine loses its power on climbing to the higher 
rarefied atmospheric layers;	 I 

a) the rocket engine maintains its power with the altitude, 
and even it increases due to the increase of the pressure drop between 
the pressure existing inside the combustion chamber and the ambient. 
pressure. 

In conclus ion, in the higher atmospheric layers and in the outer
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i.e., the weight of the fuel is about 99% of the initial weight of the rocket. 

2. Flight to the Moon, landing on it and returning back to the F.arth.. 
In this case, it is encessary to accomplish an additional work during the 
descent and lift up from the Moon. For the same conditions, the initial weight of 
the rocket, according to Gornann's computations, is equal to 1250 tons [2] 

Since the rocket should be constructed from light metals, its partswill 
acquire a great similarity with those of aircrafts. Therefore, the comparison 
of its weight with the weights of existing aircrafts will be of great significance 
The biggest aircraft in the whole world (Dorn'e x) has a total weight of! 46 
tons, and the aircraft "Maksim Gor'kij" weighs 42 tons.	 - 

If the construction of an aircraft with a weight of even two times greater 
(i.e., about 95 tons) is considered possible at the present time, then this 
weight will be too far from the above derived weight of the rocket. Moeover, 
the rocket, on applying the ignition of the parts of its construction, as 
suggested by the author, ui]l be much more complicated than any aircraft 1 If we 
reject the idea of the utilization of the materials of construction as a fuel, 
then the weight of the rocket w:t.11 be increased several times. In this case, 
we should get rid of parts of the construction proportional to. the consumed fuel 
If this is not done, then the flight becomes theoretically impossible snce , a 
negative value for tn0 will be obtained. 

Practically, the inter planetary flight, under the conditions mentioned at 
the beginning of this chapter, should he considered impossible. For its 
realization, it is necessary to search for another more effective means 

We shall come now to the investigation of these possible means. 

Our Energetic Resources. 

What are our energetic resources at the present time? The combustion of 
hydrogen in oxygen in considered the most active reaction. Undoubtedly, in: 
rockets, only liquid hydrogen and oxygen can be obtained. Liquid oyger is 
already now technically assimilated and finds a wide application. Liquid hydrogen 
has not come yet from a laboratory stage but it is widely used in many laboratories. 
The reaction of hydrogen with oxygen gives 3195 calories of heat for one 
kilogram of consumed fuel, and the ideal discharge velocity obtained in this 
case is equal to 5170 rn/sec.. However, this is not the most active reaction, and 
if we go to fluorine we find that its compound with boron gives 3770 calories 
for one kilogram of consumed fuel. In this case, w o = 5610 rn/sec., 
and the problept is confined to the method by which liquid fluorine could be 
obtained in sufficient amounts. Liquid fluorine as investigated by Mussan and 
Djuar. Its boiling point is - 188°C, i.e., only 5 0 lower than that of oxygen. 
The draw back of the reaction of fluorine with boron is that boron is a solid 
substance and its supply into the combustion chamber will be slightly difficult. 
It is possible to utilize the hydrogen borides of the composition 1030, or' 
any other compound which exists in the liquid state at + 15 0C. The hydrogen 
impurity is not very unpleasant since its reaction with fluorine is equivalent 
to that with oxygen, by the amount of evolved heat per one kilogram of combustion 
products.

.j, C,.
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space, the situation is in favour of the rocket engine, with which no 
other heat engine can compete. 

The rocket engine has the advantage that it can operate in vacuum. 
Each engine will operate in vacuum if sufficient quantities of oxidizer 
and fuel are supplied. The advantage is that the rocket engine can 
move in vacuum, since it imparts here also a thrust to the rocket, whose 
magnitude can be cons taut. No other engine is capable of imparting 
a translatory motion to the body connected with it in vacuum, and all 
the more to resist the force of gravity. The theorem of mechanics, on 
the constancy of the centre of gravity of a system without the action 
of external forces, should be remembered in order to clarify the above 
given statement. Only by getting rid of a part of the mass and changing 
the momentum, could the remaining part of the body be set in motion. 

Hence, it follows that the higher is the climb of the rocket, 
the more will be the obtained advantages in comparison with the other 
means of lifting. 

The Evaluation of the Rocket as a Device 
for Climbing into the Stratosphere

At the present time, the following devices are available for 
climbing to the stratosphere : 

1. StratostaiB: which are balloons climbing up to 22 km. The 
maximum ceiling of the atratostat is ooneidered to be approximately 
equal to 30 km 110]. 

2. Stratospheric aircraftss which are airorafte achieving 
altitudes of 14 km. The maximum ceiling of the stratospheric airorafte 
is considered to be about approximately equal to 18 km /ill. If air.. 
rocket engines are used, slightly higher altitudes can be expected. 

3. Sounding balloons: which climb up to 43 km (in Italy) and 
30.5 kin (in the USSR). But these are still single individual cases 
of climb. Normally, the sounding balloons climb up to not more than 
20-25 km. 

First of all, the rocket can be used for the purposes of invel-
tigation of the stratosphere, up to an altitude of 30-40 kin, i.e., 
together with the other means of investigation. Here, the rocket should 
not and cannot replace the above mentioned means of investigation. On 
the contrary, it should be regarded as a supplementary means, disposed 
by the present author; it has the advantage of getting the results 
quickly. Secondly, for high altitudes the rocket is the main and. only 
(for the time being) means of investigation. The actinometric, acoustic 
and astronomical methods of investigation of these altitudes are 
supplementary to the rocket method. 

Digressing slightly aside, it should be said that by means of 
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the stratostats we shall not conquer the stratosphere, but we shall 
only investigate its The stratosphere will be conquered when scientists 
learn bow to use it for the purposes of higher altitude supersonic 
transport. In this respect, the controlled device, and in the first 
place the mechanical device, belong to the future. Therefore, the 
problem of stratospheric aircraft is the main item in the task of 
conquering the stratosphere, and, hence, a great attention must be 
paid to the air—rocket engine as a probable engine for high speed. 
transportation. The winged rocket also has a future in this respect 

Let us come back to the evaluation of the rocket as a device 

for lifting instruments to the stratosphere for its investigation. The 
position of this method among other means of investigation has been' 
determined, and it is of interest to dwell on the evaluation of the 
use of rockets for the purposes given by the first All—Union Conference 
on the Study of Stratosphere, convened by the Academy of Science , ow 

March 1934. 
The conference paid a sufficient attention to the problems of 

reactive motion. Your reports were specially dedicated to different 
aspects of rocket technology, and when the discussion was directed to 

the investigation of high atmospheric layers, the rocket attracted the 
attention of all the persons. For what purpose is the investigation 
of these atmospheric layers needed? The academician loffe explained 
this clearly in his address to the conference on the problem of cosmio 

rays. Science is interested in altitudes of about 100 km, mainly from 
the stand point of the study of cosmic radiation transmitted from the 
outer space and not reaching the Earth surface. But other problems: 
also require the utilization of rockets. The scheme of a special rocket 
meteorograph, allowing to carry out aerological investigations by 
means of rockets, was demonstrated in the conference. 

The role of rockets for the investigation of the stratosphere 
was clearly mentioned in the resolutions of the All—Union Conference 
on the study of stratosphere.	 In this respect, the following decision 

was adopted by the cosmic rays section 
"Inaddition to the installation of cosmic rays instruments in 

the stratoetats, investigations by means of sounding—balloons and by 
rockets should be ensured". Further on: "A number of valuable investi-
gations could be carried out at an altitude of about 20 km. But 
investigations at high altitudes are of a particular interest". 

The paper written by Lorenc on; "Baketnyj polet v stratosfere" (Rocket 

flight in the stratosphere) was published in Germany in 1928, in the 
year book of the WCIL [Wissenechaftliche Gesellschaft fr Luftfahrt].



The following was included, in the resoltuion of the technical 
section: "The conference considers that it is necessary to extend 
the principle basis of the development of the screw-motor group by 
studying, in addition to the internal combustion engine, the turbine 
and the rocket engine, etc." Further on: "The conference, pointing 
out the treat future existing ahead of the rocket engine, considers 
that it is necessary in the field of rocket technology 'to pay a special 
attention to master the techniques of lifting instruments to the strato-
sphere by means of rockets, as an intermediate stage towards the design 
of rockets for manned flights - - -7. The conference points out that 
according to the up to date state of technology the conquest- of altitudes 
higher than 30 km is znaily determined by the successful development 
of the reactive motion". 

Thus, the stratospheric rocket received the complete recognition 
of the conference on the study of the stratosphere. 

The Characteristic Weight of the Stratospheric Rocket 

It is well.-known from the -theory of rockets that the main para-
meter characterizing any rocket is the ratio of the mass or the weight 
of the fuel and oxidizer, contained in the rocket's tanks, to t1e 
initial mass or weight of the rocket itself. This ratio is determined 
by the first and main theorem of Ciolkovskij, forming the basis of the 
whole theory of propulsive motion. The ratio MM should acquire a 
quite definite value for the climb to a given atiude at a given dis-
charge velocity of the combustion products from the rocket's nozzle and 
at a given value of acceleration, with which it is required to fly. 
During flight in the atmosphere the enerr is spent not only to overcome 
the gravity, but also to overcome the air-resistance. The value of the 
air resistance depends upon the shape of the rocket as well as its 
absolute dimensions. 

The differential equation of the vertical motion of a rocket in 
the atmosphere will be

M4=P-gM —R, 

2 "Rezoljucii Vsesojuznoj konferencii p0 in.iceniju stratosfery" '(The 
reeol-tuions of the All-Union conference on the study of the stratosphere), 
Izd-vo AN SSSR, L. (Leningrad), 1934-



where P a the thrust, M - the mass at the considered moment, and.. 
R is the air resistance. 

But it is known that 

R = pCSv2,

the 

where G - the weight of the rocket and 
g - the acceleration due to gravity* 

In the subsequent calculations, the value of C will be taken 
equal to 0.1 for the range of speeds up to the sonic speed; for speeds 
higher than the sonic speed it will be determined from the curve of the 
eaistanoe of2the Kuardovekij'e artillery projectile. We will take 

2000 kg/rn . Since we will compare only similar rockets, and. these 
values are identical for geometrically similar rockets, then it wilbe 
considered that these values are constants. 	

2 
The value of the acceleration will be taken equal to 20 m/8eo. 

The choice of a small value of acceleration is expedient, because itis 
advantageous to fly through the atmosphere, as the calculations indicate, 
with small speeds, since, in this case, the work spent on overcorning 
the oroe of the air-resistance will be small. 

Finally, the discharge velocity of the combustion products can 
be taken equal to 2000 m/seo, according to the data available from 
testing the rocket engine [12]. In the case of using alcohol and oxygen 
as the fuel and oxidizer componeits (as suggested by the German professor 

•	 Obert), this speed will correspond to '722%, which is a quite realistio 
value at the present time. 

Using these initial values and assuming a constant field of gravity, 
the above written differential equation of the vertical motion of 
rockets was solved by numerical and analytical methods. 

The results of this solution are represented by the curves showing 
the relationship between the climb altitude of the rocket and the ratio 

shown in figure 1. These curves are given for different values 

YdIscharge  velocities. 

where ft	 the air density, which is a function of altitude, 
C - the resistance coefficient, 

- the maximum cross-sectional area, and 
v - the flight speed. 

Relating the air resistance to the unit of the rocket mass 
following equation will be obtained 

I,	 --
b

a. Cs	 -
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Fig. 1 - The dependence of the climb altitude on 
the ratio of the fuel mass to the initial weight 
of the rocket and on the variation of the velocity 
of the combustion products discharged, from the 
nozzle of the rocket. 
1- The altitude of oliib 2 The ratio Mf/M - 
3- Acceleration is 29 rn/sec ; 4- The transverse 
load 0/8 - 2000 k/m ; 5- The curve of the attained 
altitudes at the end of the performance of the engine. 

The altitude given here is the total altitude, i.e., by taking 

the inertial flight into consideration. It could be seen that the 
attainable altitude rises quickly with the increase of the ratio 11./N0. 
The lower curve gives the altitudes at which the ,operation of the 
rocket's engine is ended. 

However, during the solution of the problem of the construction 
of the stratospheric rocket we are interested not in the dimensionless 
ratio of the masses or weights but in the rocket's weight expressed in 
definite weight units. We are interested in the real weight of -the fuel, 
which we must store in the rocket. 

This problem could be solved in a general form. But we will be 
limited here with some particular solutions in order to give ananswer 
to the question of the possibility of building a stratospheric rocket by 
the upto date state of technology *	 - 

The initial weight of the rocket will be denoted by G and the 
total weight of the oxidizer and fuel by 0 

e1 
To determine the final 

value of the rocket's weight 0 the following equations could be used : 
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C0 = G j-
Fupiit. 

and	 --

Go 

i.e., we shall have two equations with three unknowns. 

	

The final weight of the rocket Gf4	 , i.e., the weight of the 
rocket at the end. of the performance of fie engine is composed of the 
individual weights of the rocket units. The consideration of the 
weights of these units show that they are functions of either G 	 or 

fuel 
G . Thus, since : 

0

o =J(G.,G), 
F è 

we can solve our system of equations and can,consequently,deterqiine the 
rocket's weight. 

The final weight Gof the rocket is composed of the-following 
weights: 1) the tanks of the fuel and oxidizer, 2) the engines, 
3) the pressure accumulators, 4) the parachute, 5) the instruments and 
6) the case of the rocket. 

It should be noted that the problem of feeding the fuel andJ 
oxidizer by a pump is technically unsolved up till now, and we can 
eeot to realize only those rockets in which these components are fed 
into the combustion chamber under the pressure developed in the ts-nka. 

The pressure accumulator is a cylinder of compressed airor 
nitrogen, existing under a pressure much higher than that required for 
feeding. This compressed gas forces the fuel and oxidizer into the 
combustion chamber. Undoubtedly, a rocket equipped with such amethod 
of feeding is the least advantageous, but, unfortunately, it is the 
only rocket we can use at the present time. 

The weight of the tanks of the fuel and. oxidizer is a fuñc tion 
of their volume. Carzring out the calculation for a mixture ofalcohol 
and oxygen, for the full combustion of the fuel, the specific weigljt of 
the mixture will be approximately equal to uni1. Therefore, the 
weight of the tanks in the given rocket will be a function of the weight 
of its content. The experience shows that this function is linear, and 
is precisely given by s 

Gta.nk	 0-13G fuel

Thus, the weight of the required fittings is included in the weight 
of the tank. The alloy "elektron" is taken as a material for the 
tanks, since it is the lightest one. The working pressure in the 
tanks is assumed to be equal to 20 atm.
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The weight of the engine is a function of the consumption rate 
of the fuel and oxidizer. Since powerful rocket engines are not yet 
built anywhere, it will be assumed that for the increase of the power, 
the number of the engines should be increased.. Then, the weight of the 
engine will be a linear function of the consumption rate of the fuel. 
It could be considered that 

where G is the ra? of fuel consumption. 
tisknown that

Wa, 

where w	 the velocity of the discharge of the combustion prodi4c{' 
from the rocket's nozzle, 

P	 the thrust, and 
g - the acceleration of gravity. 

For a rocket acceleration of 20 	 the thrust must be three" times 
greater (more precisely 3.04 times) 	 than the initial 'weight. There-



fore, we have

	

G	 a w0 

then:

	

C	
2Og.G) 

(1.	 w0a 

The weight of the pressure accumulators is a linear function 'Of 
the weight of the fuel and oxidizer; precisely it is equal to 

-	 Ga =0,17cciat 

where the coefficient 0.17 is determined experimentally. 

M.K. Tihonx'avov. - "Baketnaja Tehnika", 19351 page 8. 
it 

The acceleration imparted to the rocket should not be only 20 rn/ sec 2, 
since it must overcrne also the gravitational acceleration, which is 
equal to 9.81 rn/sec
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The weight of the parachute: since only the empty rocket lands 
on the ground, then the weight of the parachute will be a linear func-
tion of the final weight- of the rocket. For a rocket without a hu man-
being- we can permit higher speeds of descent and we can consider that: 

C rr-0 05 -. 

The weight of the instruments will be considered constant for 
all the rockets, and equal to 5 kg. 

The weight of the case, which includes the caps, frame, stabi-
lizers, pipes, etc., will be considered approximately equal to 	 . 

C 

Such a weight could be achieved, if the tanks themselves replace. 
the case of the rocket, which is quite possible. 

Summing up the obtained weights, we get 

G, OJ 3(,-+ 1 9̂-	 0,17( j-+ 0,05Cx-+ 0 1(U' waa 

rL 

or

G	 20g 

a 

but	
1LC 
	 . 

GT =r aG0 
and	 . 

G,K = C0 - aG0. 

Substituting these values of Gfuel and G 
•	

in equation (1) 
and. carrying out some transformations	 find. 

5 
Go	

0,95(l. a)-0,4a— 
20g 

j 

t In fact, the parachute utilized by human beings weighs. about 8 kg., 
and the average weight of a man is equal to 80 kg. Therefore, for 
parachutes having the same speed of descent as a huma n being, the 
following equation could be accepted 	 C, 0,1G f. 
The coefficient in front of the parameter C - is decreased by a final 
factor of two, assuming higher speeds of descent.

--S 
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If the denominator of the right part of this equation is equal 
to zero,then G will be infinitely high. This value of G will be 

	

obtained for a equal to :	 -	
° 

0,95- 20g 

a0 - 
-	 Wa. 

From here it is shown that, for the given weight ratios and 
for the taken velocity of the discharge of the combustion products 
from the rocket's nozzle, which is equal to 2000 m. ./sec, as well as 
for all the other above-mentioned conditions, a rocket of even an 
infinitely big weight cannot climb above a certain altitude which is 
determined by the value of a • For the given example, this altitude 
is only equal to (see fig. 1Y 53 km. at a - 0.63. 

If the rocket does not carry any instrument, i.e., if it does 
not have a weight independent of G0, then the value of a becomes equal 
to 0.63 for all rockets, whose weights are calculated by formula(2). 
In other worc.s, the following relationship will be valid for all the 
series of the present rockets  

GOud 

	

kfr	 F-r rr  

1 OU •CO	 15(	 : 
CL axer7Th 

Fig. 2 - The dependence of the climb altitude on the 
initial weight of the rocket. 
1-. The climb altitude, kin; 2- The weight of the 
rocket, kg. 

Without instruments, i.e. without a useful constant load, the 
rocket, for the given example, will achieve a maximum altitude of 53 
km-for any initial load if only the mentioned value of a is fulfilled.. 

Therefore, travelling freely according to the curve given in 
figure 1, as many investigators do, is not admitted. For attaining 'a 
certain altitude under the given conditions, we should have a limit 
which is set by the consideration of the design /13J.
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If the instruments are loaded on board, the rocket should 
acquire a quite definite weight in order to climb to the given 
altitude. Figure 2 shows the curve of the variation of the climb 
altitude of the rocket with its initial weight and with the discharge 
velocity. The given altitude cannot exceed 53 kin, for a discharge 
velocity of 2000 rn/sec. 

Since the above stated proportionality between weights cannot 
be fulfilled for small rockets, then the curves will be broken near 
the origin of the co—ordinates. 

For example, we see that the rocket should have an initial. 
weight of 200 kg. in order to achieve an altitude of 45 km. This means 
that a thrust of 600 kg. is required. It is quite possible to construct 
an engine for getting such a thrust (certain information exists indi-
cating that works are carried out in Germany for the development of 
an engine having a thrust of 750 kg). A further increase of the initial 
weight of the rocket is irrational, because, for example, a rocket of 
300 kg. weight would climb higher than the first one only by 3-4 km. 

Using the above stated equations, the weight specification of 
the individual elements of the given rocket for a - 0.61 (expressed in 
kg), will be given 

The weight of the tanks 16 
The weight of the engine 20' 
The weight of the pressure accumulator 21 
The weight of the parachute 4 
The weight of the instruments 5 
The weight of the case 12 

The total. weight 78 
The weight of alcohol and ojgen 122

The initial weight	 200 

Some weights in this table can evoke doubt, since they seem to 
be very small. However,, we must take into consideration that we .were 
directed towards the use of the alloy e1ektron" as a material for the 
rocket and, of course, towards the most thorough reduction of the weight 
of all elements during their design. The question of the weight raises 
much more requirements for the designer than in the case of aircraft 
building industry. 

In the case when the relative weight appears to be great, :the 
maximum altitude will be lower, but, in gener.l, the nature of the 
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obtained relationship will be kept unchanged. 

We should ask ourselves the following question: what should be. 
done in order to overcome the existing limit and to bring the maximum 
altitude of climb as high as possible. 

The following methods could be used for this purpose: increasing 
the veloci1 r of the discharge of the combustion products from the 
rocket's nozzle and decreasing the relative weight of the construction. 

Let us discuss these two methods separately. Figure 1 shoie, 
beside the curve of w w 2000 rn/eec, the curves of w 	 2500 rn/sec and 

300 rn/sec. The hrat value is more or less practicable for the; 
up to date state of rocket technology, while the second value is or 
the future. 

N
We see that with the increase of w a
	 . 
, the values of the ratio 

 - 
_1  required for climbing to certain altitudes become less and less. 
F8r the same general data given by the curve w 2000 rn/eec, theie 
exits also a maximum altitude of climb for the different values of 
discharge speeds. For w - 2500 rn/eec, the maximum altitude exists 
at a. - 0.647, is approxmately equal to 130 km. For w - 3000 rn/eec, 
we have a . 0.657 and H ihe 270 km, or more precisely, it is somewhat 
higher than the preceding case, since the change of the gravitational; 
force should be taken into consideration. 

The increase of the value of w leads to the increase of the 
coefficient	 of the given engine fr the given fuel, or to the-
utilization of a fuel of a higher calorific value, i.e., a more effec-
tive fuel. 

The increase of the coefficient 	 of an engine is associated 
with the necessity of the solution of some design problems, such as 
the improvement of the automnization of the fuel and, consequently, the 
perfection of the process of combustion and the selection of a rational 
form of combustion chamber, etc. Moreover, the increase of

a
 can be 

- 

a The values of the relative weights depend on the material and the 
designer's abilities. If, for example, the following weights are taken 
for a rocket, then a maximum altitude slightly higher than 20 km will 
be obtained: the weight of the tanks 0.2 G

fu 1' 
the weight of the 

pressure accumulator 0.3 G fuel ' the weight 	 the engine.0.13 G and that 
of the case 0.2 G	 . These weights will, most probably, appear to -



be lees problemati [for the designer], since it is only possible to 
get the weights indicated in the text, as it has been mentioned, by a 
very thorough design and the use of the best materials.



achieved by the increase of the pressure inside the combustion chamber, 
which is, generally speaking, undesirable, since it results in an 
increase in the weight of the rocket. The perfection of combustion 
is possible if the processes taking place in the combustion chamber 

are well known. The study of these processes is one of the obligatory 
problems, accompanying the solution of the general problem of the 
construction of an efficient engine. 

The desire to use more effective fuels raises the question of 
their discovery. We should examine hydrogen and metals of high calorific 
values as fuels, and ozone (as well as other substances) as oxidizing 
agents. Some of these components are sufficiently well studied, and 
the question is only confined in their wide-scale technical production; 
other substances are not sufficiently examined and their fu.rtherinves-
tigation is essential. 

The increase of YL is usually accompanied with the increase of 
temperature in the combustion chamber. Since it is still difficult: 
until now to deal with high temperatures (of about 3000 00 in modern 
rockets, then the further increase of temperature will raise the: 
problem of finding out and manufacturing of special refractories. 

It is clear from the list.d above weight specification of indi-
vidual rocket elements that we had taken the minimum weights, and, 
therefore, it is necessary to search for now methods for their further 
reduction. One of the possible 'methods existing at the present time: 
is the feeding of the fuel and oxidizer by the pressure of their' own 
vapours and not by means of compressed. gas. This can be easily realized 
if one or both of the components are liq ,uified. gases. Lctually,for 
this purpose, it is required to take an excess of liquified gases, but 

in return we should rely on the reduction of the weight of the pressure 
accumulator at least by a factor of two. This permits to increase the 
maximum climb altitude of the rocket up to 73 km at ii - 2000 rn/sec 
and a - 0.673. 0

Much better results should be eected if the process of feeding 
the fuel under pressure is replaced by pumps. This is one of the most 
important problems of rocket technology, which has not yet been solved 
or even studied.. This problem is difficult because it is necessary to 

have, beside the pump itself, an engine for its driving. Also, it is 
quite difficult to construct such a complicated unit from light weight 
materials. However, this problem can be simplified in modern engines 
of indirect reaction, since they have moving parts which can also drive 

the pumps. 
What could we gain from the solution of the pump problem? 
The weight of the pump is a function of the rate of the consumption 

of fuel and oxidizer. Let us take the weight of the pump until equal 
to 2 kg., for one horse power required to drive it. Then :
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-	 T 75i 

where N - the power required to drive the pump, 
p - the working pressure of the pump, 

- the specific weight of the liquid., 
G - the consumption rate of the fuel, and 

the efficiency of the pump. 

Taking 
117 - 0.7 (for a centrifugal pump). 

Then the weight of the pump unit will be equal to; 

\	
Ga2ivO,38.-. 

Neglecting the weight of the fuel and tanks for the pumpengine, 
due to their insignificance, the following expression could be approxi-
mately obtained in the present case 

rn - 0j,  
I 

Therefore, the pump doubles the weight of the engines, but, from 
the other side, we exclude the weight of the pressure accumulators.: 
Besides, the weight of the elektron tanks, which are free in this case 
from the internal pressure, can be considered equal to 

0,05C (upoTuu CO = 043C..). 

.Under these conditions, the following equations could be 
obtained, for Wa - 2000 rn/sec 

or	
0,05q9+ 	 G +Lq+ o1O5q+ o.tq1+ ° P
	

°	
I-  

Wa 

and then, we get :	 1
4 0,95(a0-1)_0,15a0__.=0, 

Wa 

from which a - 0.876 and a maximum altitude of more than 500 kth. is 
obtained under a constant gravitational field. For a variable avi-
tational field the maximum altitude will be considerably higher.



-	
GO=700.NCS a =0,51; maz' (1 5'A 

- 602 - 

Another problem of a constructional character is the problem 
of the multi—stage rocket. This rocket, which is composed of a number 
of individual rockets contained, in each other, gets rid, of the worked 

out parts during flight. 
Now we can talk about the multi—stage rocket as a unit composed 

of two or three individual rockets, which are put one in the other. 
Such a multi—stage rocket permits to exceed somewhat the above mentioned 

limits of climb. The problem of multi—stage rocket is one of the problems 
of the future and of the present time. 

Summing up all the above discussed points, it is seen that a 

rock t could be constructed at the present time for vertical flight 

to	 altitude of 50 km or even to 60-70 km if volatile liquids are. 
used. These data are, undoubtedly, the optimum values. They give the 
limits of the altitudes that can be practically achieved at the present 
time. On the other hand, in the future, these altitudes will appear 

to be quite small.	 . 
The increase of the discharge velocities and the utilization of 

pumps for the supply of fuel make it possible to reach the highest 

atmospheric layers, i.e., layers over 50-70 km. 

The Construction of the Rocket 

On the basis of the above given data a preliminary sketohfor; 
the construction of the present rocket could be developed. 

The modern liquid, propellant rocket is a rather complicated 

technical device. 
Figure 3 shows a sketch of the rocket whose weight specification 

was given above. This is a rocket weighing 200 kg., designed for climb 

to an altitude of 45 km. The engine is located in the -tail part of the 
rocket and will be discussed later on in more details. In addition, 
tanks for liquid oygen and alcohol, as well as a pressure accumulator, 
are installed in the rocket. The pressure accumulator consists of 
cylinders filled with compressed air or nitrogen. 	 . 

Fig. 3 A sketch of a stratospheric rocket.
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Nearby the cylinders, a pressure regulator is located, which 
distributes the required amounts of compressed gas from the cylinders 
to the -tanks. Accordingly, a proper pressure is maintained in th 
tanks, which causes the fuel and the oxidizer to flow through the pipes 
to the engine. The pipe is represented schematically in figure 3, 
It should be provided with atop cocks, relief valves,...etc., which should 
be located in the proper places. 	 -	 - 

The instruments are placed over the pressure accumulator and the 
parachute is located in the rocket's head, which could be automatically 
launched together with the instruments when the rocket reaches the 
maximum point of climb.

Fig. 4 - The dependence of the acceleration, the, 
flight speed and the vertical distance of climb 
of the strutospherio rocket on the flight time. 

The rocket is provided with a stabilizer in ordr to direct 
its flight in the atmosphere. It is also necessary tostipulate the: 
utilization of special devices in order to maintain the given direction 
of the rocket. 

What are the requirements that should be fulfilled by the instru-
ments so that they can be installed in the given rocket ? 

In addition to the perfect operation of these instruments, the 
other requirements are dictated by the conditions under which they 
should be installed in the rocket. 

The results of the aerodynamical calculations of the described 
rocket are given in figure 4. The calculations were carried out by .the 
integration of the differential equation of the rocket's motion, :using 
the method of things. 

We see that the maximum ceiling of the rocket is slightly greater 

than 45 kin (it is precisely equal to 47.5 kin). The curve of the .speede
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shows that the rocket achieves a speed of 900 rn/sec at the end of the 
engine's operation, i. e., at approximately 40 sec from the take-off. 
At this moment, the rocket will rise to an altitude of 16 km. After-.. 
wards, the speed will fall and becomes equal to zero at the maximum 
point of climb. Accordingly, it is seen that the recording instruments 
should have a quite small inertia so that they could be able to record 
the ambient conditions rapidly. Actually, it is possible to let the 
instruments operate under the conditions of descent, but, in this case, 
we should take into consideration that the rocket will descend at first 
as a free falling body, even if the parachute is projected at the; 
maximum point of climb, due to the high rarefaction of the air atthis 
altitude. 

The curve of the accelerations (see fig. 
41 

showsthat the. 
acceleration j is approximately equal to 45 rn/sec at the end of the 
engine performance. This value is 4-5 times greater than the accelera-
tion of gravity, and the instruments should withstand it. 

It is possible to fulfil these requirements, and also to 
construct a rocket according to the above given scheme. 

Let us proceed to the engine of such a rocket. This engine 
should have a thrust of 600 kg, which necessitates a fuel consumpiori 

of 3 kg. per second. 
It has already been pointed out that it is quite possible to 

realize the construction of such an engine. The scheme of the engine' 
performance is as follows. The fuel is atomized by a nozzle and is 
burnt after being mixed with the oxidizer. At the moment of the start 
of the engine, the mixture is ignited by an electric spark or any other 
method, and combustion, once is initiated takes place up to the end, of 
the engine performance. 

Owing to the extremely high temperatures developed during óom-
bus tion, the internal surface of the chamber should be made of refractory 
material. Besides, special measures should be taken into consideration 
to cool the chamber. 

The combustion products are discharged through the nozzle at 
supersonic velocity. This velocity was considered to be equal to2060 
rn/sec and more, in all the above carried out calculations. 

From the foregoing it follows that it is, undoubtedly, possible 
to realize the construction of a stratospheric rocket. 

A systematic research work on some problems related to the: deve-
lopment of the rocket's construction is essential. Scientifically well 
substantiated experiments should be the basis of all these research 

works.

t
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The Prospects of the Development of Rocket 
Technology 

The advantages of the increase of the discharge velocity and 
the solution of the pump problem have been previously mentioned.. The 
increase of the discharge velocity of the combustion products from the 
nozzle up to more than 3000 rn/sec is unlikely to be achieved in the near 
future as indicated by experience. This discharge velocity may be, 
probably, achieved if hydrogen is Used as a fuel. But, nevertheless, 
neither the increase of the efficiency nor the utilization of the pumps 
can solve the problem of lifting the rocket up to any desired. altitude. 
After all, we should consider the rocket flights in the stratosphere 
as paving the way to interplanetary space. 

The rocket is the only engine suitable for motion in vacuum, 
where it develops its maximum advantages, permitting to achieve excellent 
efficiencies. It is the only engine that could be applied under space 
conditions, and up to now it has practically no rivals. 

The investigation of the stratosphere is not the final target 
for the development of rocket technology. It is only a means for its 
improvement and to be technically capable of giving the human being 'the 
possibility of climbing at first to the high atmospheric layers and then 
to leave the atmosphere and find his way to other celestial bodies in the 
cosmic space. 

Though it is theoretically possible to suggest and substantiate 
the flight of a rocket to any point in the space,yet this does riot mean 
that it can be easily realized in practice. 

We have seen that the problems of the design and technical reali-
zation of the rocket do not indicate the possibility of interplanetary 
flight at the present time. But the methods of realization of such; 
a flight have to be outlined, and it is necessary to study them 
thoroughly. 

The work of Ju. Kond.ratjuk entitled: "Zavoevanie meplanetnih 
pros trans tv" (The conquest of interplanetary space), published in 
Novosibirsk in 1929, deserves a great attention. In this work, U. Kond-
ratjuk proved that if a part of the rocket construction is not detached 
or burnt during flight, then the rocket will not be able to fly beyond 
the limits of the earth's gravity. 

Professor V.P. Vetinkin gave a general formula representing 
the effect of detaching a part of the construction during flight on 
the ratio of the initial and final weights of the rocket. Kond.ratjuk 
calls these parts the proportional passive weight of the construction, 
since they do not participate in imparting a motion to the rocket; they 
are passive, and, their dropping should be, in the ideal case, propor- 
tional to the fuel consumption.
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This idea of Kond.ratjuk is very important, since it extends 
the limits of climb, which have been previously determined, by the 
author.

ôander goes farther in his suggestions. He suggests the utili-
zation of those parts of the construction, which should be dropped, as 
a source of energy for the rocket, by making them from easily combustible 
metals and using them as a fuel. The proportional passive weight of 
KoncJ.ratjuk becomes already active. 

This suggestion makes distant rocket flights more probable, 
but, in addition, it considerably complicates the general technical 
solution of the problem. 

Finally, let us return once more to the aircraft engine. We 
have already seen the great advantage gained by the aircraft over the 
rocket during flight in the denser (lower) layers of the atmosphere, 
This consists in the fact that the aircraft is loaded only with fuel, 
taking the ogen required for the process of combustion from the 
surrounding medium in which the flight takes place. It is possible to 
find, something similar for a rocket flying in the interplanetary 
lt evacuated s space? We should give an affirmative answer to this ques-
tion, since we find in this space, firstly, the so-called radiazt 
energy of the sun, and then the inystereous (at the present time) energy - 
of the cosmic rays. The latter is the main source of energy inthe 
outer space, which exceeds in its power the total amount of all:the: 
other forms of radiant energy. 

Thus, starting with the investigation of the stratosphere by: 
means of rockets, and in particular the investigation of its higher 
layers, which are interesting with respect to the study of the nature 
of cosmic radiation, the rocket can find one of the future sources of 
energy for its distant flight to the interplanetary space. 

Conclusions 

The statiAsof rocket technology abroad is very interesting. The 
press gives us a very poor information on the works carried out in this 
direction. It is difficult to state how far the rocket technology has 
gone beyond the limits of the first experiments that had been carried 
out in some countries. The reason for the difficulty encountered in 
Getting this information is the great significance of the military 
application of the rocket. In the next war it will be impossible to 
neglect the rocket as a new kind of weapon. 

The brief information that appears in the press do not allow 
to get a definite idea about the state of rocket technology in this or 
that country. But we can come to the conclusion that a great attention 
is paid to the rocket, and if we do not know the results of the utili-
zation of rockets for military purposes, we can state with confidence
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that the stratospheric rocket is the urgent task of the present, and 
that intensive works are carried out in this direction in many parts 
of the world. This proves once more that this problem is a matter of 
atmost interest. 

In the present work it has been shown that it is possible, at 
the present time, to build, a stratospheric rocket for flights to an 
altitude of 45-60 km. The most urgent problems confronting us along 
the way of finding out a solution for the immediate tasks of the-deve-
lopment of rocket technology have been also shohn. These are; the 
problems of fuel, material, and the increase of efficiency, as well: as 
the problems of the pump and multi-stage rocket. 

The design of Soviet liquid propellant rockets for the stdy' of 
the stratosphere is the present task of SCiufltjsts. 

For this purpose, a series of scientifio-theoretical and eiperi-
mental research works should be carried out. The rocket is one of the 
most important means for the investigation of the stratosphere, ard.1 the 
only suitable mean for studying, in particular, the higher layers of the 
stratosphere. 

The development of rocket technology in the USSR should correspond 
to the rapid development of the other fields of technology in this 
country. 

The USSR is a country that is building socialism, a country of 
modern technology, which should be and will be ahead in' the "development 
of rocket technology.
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STABILITY OF THE VERTICAL FLIGHT OF A ROCCEP 

[1935] 

In this paper we will discuss, in the first approximation, a 
number of questions related to the stability of a finned rocket in' 
the atmosphere [1]. It is assumed that this motion takes place along 
a vertical plane, and that the rocket flies straightforwardly without 
rotation.

Fig.]. 

If we assume that the rocket is inclined at an angle ..c 
fig. 1) by an external moment. The aerodynamic forces, arising as a 
result of deflection, can give stabilizing moments (i.e.-moments dec-
reasing the value of -C 

0 ) as well as destabilizing moments (i.e. moments 
increasing the value of 	 ). 

The arising aerodynamic forces, together with the weight and 
the forces of resistance and reaction, will change the position of the 
rocket in space. 

Consider that the rotatory motion of the rocket could be deter-
mined by the following equation of meohanica 

/	 - 

where I is the rocket's moment of inertia.
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§ 1. The Rotatory Motion of the Rocket After the 
Disappearance of the External Moment 

We shall consider here the case when the influence of the external 
moment disappears after the inclination of the rocket at an anglecc 
Such a moment may appear, for example, as a result of a short-term wind. 
blow.

The rocket, after deflection, continues to move by inertia for 
a very small period of time in the same direction (see fig. 1). 

Considering the rotatory motion of the rocket only, we can 
as it was noted above, that we shall have only the momenta of the aero-
dynamic forces, appearing due to inclination. The weight and the 
reactive forces, passing through the centre of gravity, will not give 
any moment. 

We shall neglect the effect of the gas stream passing through 
the rocket nozzle, and this item will be discussed in more details: 
later on. In other words, we shall consider the flight of the rocket I 
without the performance of its motor, i.e., the flight by inertia. 

It will be assumed that the rocket stabilizers aresot an an 
angle of zero to its axis, and the relationship between the angle of 
deflection C and time t could be found from the above given equation.". 

The total value of 2 M will be composed of the following moments: 
1) the moment of the rocket stabilizers and its body, whichwill 

be considered as the sum of two separate moments, viz: the stabilizer 
moment and the body moment, 

2) the additional moment, appearing due to the surface velooitr 
IV; of the fins. 

The first moment is equal to 

C1pSu2L0, 

where L is a certain linear quantit r , to which the moment was attributed 
when the coefficient C was calculated, and S is the area of the stabi-
lizers (of two stabilizers if their total is four). 

If the rocket is deflected in a plane different from that per-
penclicular to the twostabilizera, the value of C will be different. 
This can be taken into consideration by a proper flast and will not 
affect our further conclusions. 

Since (see fig. 2) 

C =atop  -= _ ac!L, 

then	

ThI'21'O
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is a negative moment, since it acts against the forces of inertia. 
Let us determine the second. moment Pt:d 
the angular velocity of the tail is 

dt 
and the surface speed will be w 	

d .<. 
L	 , 

where L is the distance from the centre of lie pressure of the rudders 
to the rocket's centre of gravity, which will be considered approximately 
constant.	 I 

When the angle of attack of the stabilizers is calculated in 
this case, we should proceed from the value of its change due to the 
existence of a surface velocity (see fig. 3). 

di 
t	 dct 

The coefficient of the lifting force will be 

da 
- 

Since the body causes braking at the vibrations as well as the 
stabilizers, we can take into consideration the effect of the former 
(which is very small) by a alight increase of the value of 	 in :the 
calculations.	 - 

Then, we have

	

da tic	 ac	 dot 

	

aa	 act 

(It should not be forgotten that L 	 is an angular parameter); 

Fig. 2	 Fig. 3
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This moment is also negative. We shall denote 

fÔC 

	

•	 !!!- pSvL = 

I 0C 

Cm	 ___ 
where	 and	 are Constants, since they are the tangents of 
the angles of the slopes of the lines C and C relative tooc in the 
diagrams. Knowing 

M,
and M2, we can write 

I --  

or

	

71	 dt 

This is a second order linear differential equation with ôons-
tant coefficients and without a free term. Its characteristic equation 

k2+n+h_O 

and hence
h. 

1. If we assume that the roots of this equation are real, 'then 
we got 

where

a=_+; b=_h 

As it is well—known, the integral of this differential equation 
is

= 

We shall determine the constants at 

a = a- -0 	
0
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and hence

00 - C1 + C2. 

We shall consider that the derivative is eoal to fu. 0, also 
at t - 0. In general, this is wrong, since after the disappearance of 
the influence of the external moment the value of the angular velocity 
imparted, by it to the rocket remains different from zerg. This situation 
can be always taken into consideration. Assuming that 	 = 0, the 

dt 
character of the discussed phenomenon, simplifying the calculatiois, 
will not be disturbed. dc 

Therefore, assuming that 	 - 0, we find. 

C2(a+b) 

C' -

	 ao(a -j-b)	 (b—a) 

	

0	 2b	 OCO	 2b	 - 

Then, knowing that a is always negative we shall get : 

=	
(a+b) e()t 

	

2b	 2b 

where
n 

a 
Let
	

I a < I hi.  
n	 n2 

This means that 

The latter is possible only on the condition that 

IC
Lm. 

and this, in its turn, is possible if the value of	 is negative, 

which indicates the presence of a destabilizing momen'E, i.e., the 
resultant of the aerodynamic forces passes in this case, ahead of the 
centre of gravity. 

The curve a f
1
 (t)[2] is given in fire 4. We see that 

increases with time. The flight is, consequently, unsteady. 

Let lal	 Ibi . This means that $ 

—4 h.
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The latter is possible at h - 0 9 which, in its turn, is possible 
only at	 0, 1s e., if there are no aerodynamic moments. 

The centre of pressure coincides in this case with the centre 
of gravity. 

It is clear here that ,C	 ., i.e., the initial deflection 
remains constant (the curve b in fig. 4). The rocket will be turned by 
an angle c and will change its trajectory. 

Let ?a,l > J b), then, we have 

or 

"C	 I f917 \2	
L 

dc	 /j	 I ' L 

but since b is real, then 
This means that

The curve a f (t) for this case is given in figure 4. Wesee, 
that or— decreases wih time, but this does not indicate " a steady fliEht, 
since our assumption that the rocket maintains the direction of flight 
after its deflection by inertia at an angle 	 is valid only for a: 
very small initial momentum. Therefore, the presented (see curve a in 
figure 4) asymptotic decrease of "< to zero will not give the rocket the 
possibility of returning to its initial position, and the rocket wi1 
turn with a certain angle. 

2. Let is consider the solution of our differential equation on 
condition that the roots of the characteristic equation are equal to : 

k= k2 a. 

This is possible when b - 0 2 is es 	 - he 

Fig.,4'	 -.
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The general integral will then, as it is well—known, have. 'ave the 
value of :

= e' (C, + C20. 

AttO and oCC we find that C at t=O and

	

	 .O 
dt we find that C 2 = —a uC anI then the solution wi1 be 

Knowing that a is negative, we can write 

= 0e°' (j + at) =/2(t). 

The curve d.t 2 (t) is given in figure 4. We see a picture"resemb— 
ling to the previous case. 

3. Let us finally proceed to the case when the roots of the' 
characteristic equations are complex, i.e., - 
This is possible when nL h, i.e., when 

	

5Cm	 (UC2 

-	 5 / - L 

The solution of our differential equation is, in this case, as 
it is well—known, equal to

e' (C1 cos bi -f C0 sin bi). 

At t 0 and c(C we find that C .c, and..at t u Qand: th(.	 o	 1	 o 
a 0 we find, that 

dt

-. 

and then 

But, since the quantir a is negative, we can write 

a = ;e' Cos bt j-siatt). 

This is the formula of the variation of the angle of deflection 
with time. It shows that the change will be an oscillatory damped 
change. The curve of damping will be 	 • The graph
of these curves is given in figure 5. 

•J, c .	 -•'
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Fig. 5 

The rocket can be practically considered stable, i.e., there 
are damped oscillations. It is obvious,that the existence of damped 
oscillations does not depend on the flight speed . For a better 
stability, it is essential that the oscillations will occur with aa 
amplitude as small as possible. This can be achieved if the uant,ity: 

Ial=+= pSvL2 

is made as great as possible. 

It is obvious that the value of the amplitude is proportional 
to the speed. At high speeds, the amplitudes of the oscillations are; 
decreased (in comparison with the lenth of the trajectoiy crossed 
daring a single period), and consequently, the rocket can be considered 
more stable.

2. The Rotatory Motion of the Rocket with a 
Constant External Moment 

Let US assume that the external moment deflecting the rocket by 
an angle	 (see fig. 1), acts during the entire time of the rocket's 
flight or for a rather long time, in order to participate .in the rotatory 
motion, occurring on the appearance of the aerodynamic moments. 

Such a moment may appear, for example, as a result of the 
eccentric application of the reactive force of the rocket engine, and 
also due to other reasons. 

Let us denote this moment by M3. The differential equation will 
then have the form 

t  
If it i	 i s considered that the centre of pressure s not shifted with 

.j, c4 

the change of the speed..



- 616 - 

where

NM3 

The solution of the homogeneous differential equation (without 
the last term) will be

=eat (C; Cos bt+Cbt 

According to the rules of solution of the differential equations 
with the last term, taking into consideration that C 1 and C2 are func7 
tions of t; we find, that 

= Neat 
(Cocos bt C4 sin bt± e-at)(() 

where C and C4 are constants determined from the initial conditions." 
At t - 0 and. C - 0, we get 

from which, we have 

2. At t - 0 and	 02 differentiating the function	 - dt 
we find that :	 1 

N 
aj	 3-I-I) + V (C4 1' 	 0. 

1a1cing certain simplifications we get 

from which C4 

We shall rewrite the differential equation, substituting the 
values of the constants, doing algebraic transformations and considering 
that the value of a is always negative. This gives 

--	 :-U, (COS 1), 
+-_sinbt) + 

The obtained. relationship -c - f(t), dropping the free term, 
indicates that we have ordinary damped oscillations. The existence of 
the free term indicates that the axis of the oscillations is shifted 

.j, c
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parallel to the t axis by the constant value 2N 2 (see fig. 6). 

a+b 
This is a certain angular value, for which the rocket ill- be 

turned when all the moments are counterbalanced. But since	 01 
then the moment M is also eclual to zero, and it follows that 	 - M3. 

cc

Fig. 6 

The rocket will not be able to return to its previous position 
and will go into a loop. Therefore, on the presence of a constant 
moment it is impossible to maintain the vertical direction of the 
rocket's flight by any fixed stabilizers. In this case, stabilization 
by.automatic rudders is essential. 

Hence, it follows that the vertical climb of the rocket is 
completely impossible on the presence of a constant wind, since ;the 
rocket will turn to the windward direction.  

3. The Effect of the Moment of the Turning Force 
of Inertia on the Stability 

Let us investigate the rotation of the rocket around its centre 
of gravity during the performance of the motor, i.e., during the. dia-
charge of the combustion products from the nozzle. In order to Simplify 
the preliminary discussion it will be assumed that we have instead of 
the nozzle a cylindrical probe, in which the discharge velocity is 
constant. 

The discharge velocity will be denoted by w. 	 - 
For such a motion, a turning acceleration will appear, whichcan 

be expressed according to Koriolise's theorem by the following formula 

1:	 2usiii,.	
0 

where w is the angular speed of rotation, i.e. : 

(Ia 

u is the velocity of the relative motion, i.e., the velocity of the 
gases relative to the rocket: u - w, and Q is the angle between the 
velocity of the relative motion and the axis of rotation. 

.j, c	 -•
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In the present case,this angle is equal to 90 0 and, consequently, 
sin - l. 

Thus, we have

k dcg -
	 W. 

As it is well-known the turning acceleration is directed towards 
the rotation. The turning force of inertia will then be. equal to:; 

dr win, 

where in is the mass of the gas moving through the probe. 
If G is the rate of flow of this mass and ]. is the length of the 

probe, then we get

CI in - 
i.e.,	 . 

Cl	 dcg	 C	 dcz 

g 	 dt	 g	 dt 

This force is directed in the opposite direction of the acçel-
ration k and does not depend on the velocity w. 

The moment of this force, taking as an arm the distance from 
the centre of the probe to the rocket's centre of gravity, will be 
(the moment is denoted by

PJlk. 

This moment can acquire either a negative or a positive value 
depending on the location of the centre of application of the force 
(in front or behind the rocket's centre of gravity). 

For the adopted direction of rotation (see fig. 1 and 7), if 
the force P

k
 is applied behind the rocket's centre of gravity (see 

fig. 7), the moment will be negative, since it acts against the inertial 
forces, which impart a rotatory motion to the rocket's tail. 

If the German type of rockets "Repulsor" are considered [3] 
(see fig. 8), it will be observed that the included moment of the force 

will be positive, i.e., it supports the rotation. 
Substituting the moment +
	

in the differential equation of 
the rotating motion, we get  

.j,c...	 -.'
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'C P 
= • l-- 1, 

we can write  

Therefore, if n is substituted all round by the quantity nj, 
during the solution of the similar equation given inl, the 8Olutiofl 
of this equation will be obtained..

ov-

:Itl 

Fig- 7	 Fig.8 

Consequently, we'll have damped oscillations at 

or	 - 

and hence, in comparison with the formula 

obtained in1, as a necessary condition for the existence of damped 
oscillations, it will be noticed that the stability is better in the 
case of the negative value of Bç. (i.e., when p is positive). In respect 
to stability, the flight with the motor working on is easier than without 
it.	 - 

.i, CI, -
	 --
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The amplitude of the oscillations will be smaller since 

Iii 

I a	
the case when the moment is positive (i.e., when p is 

negative) the stability will be quite high. The amplitude of the 
oscillations will be greater, since 

li-p 

Thus, in order to increase the stability, the motor should be 
situated behind the rocket's centre of gravity, if there are no parti-
cular important reasons to locate it in front of it. 

If we have instead of the probe a Lavál's nozzle, the discharge 
velocity w through the nozzle will be a variable quantity. But since 
the force P does not depend on this velocity, then the taken conclu-
sions remain unchanged on condition that dG is constant along the 
nozzle.

The centre of application of the force P lies in the middle 
(along the length) of the nozzle due to the coninuity of the gas 
flow through the nozzle.

.j, c
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STABILITY OF THE VERTICAL FLIGHT OF A ROCKET 
(SECOND ARTICLE) 

[1933] 

1. The Notion of a Rocket in the Presence of a 
Lateral Wind. 

We shall investigate the vertical motion of a rocket in the atmosphere 
during the flight by Inertia and in the presence of a constant lateral wind. 

The velocity of the wind will be designated by 1J 0 and that of the air " 
stream relative to the stabilizers of the rocket by U. 

Thus: (see fig. 1):

U = Yii+. 

This leads to the case discussed by the author in 1 of the previous 
article*, if it is assumed that the rocket flies with a speed U not along the 
direction of the vector V but along the direction of the Vector U, and its 
axis is inclined by an angle or- from the direction of the vector U as a result 
of the influence of an external instantaneous moment. 

Then, for the given case, all the conclusions taken in the previous article 
are valid. It Is necessary only to change the velocity V by the velocity U in 
all the equations oftof the author's first article. 

Based on the conclusions of the same article we consider that 
the rocket will necessarily turn from the vertical flight to an - 
inclined flight and, besides, against the wind. In other words, in 
the presence of a lateral wind, the rocket will turn up to the wind. 

Interesting will he the case when we have substantial roots fr 
the characteristic equation: 

Ii 

T1 ±	 = a-f--b 

and	 lal = 1b	 (see1 of the indicated previous article). 

In this case, the resultant of the aerodynamic forces passes 
Fig. 1.	 through the centre of gravity of the rocket which. turns with an 

angle oc,, and does not return to the previous position, i.e. in the 
given case, the rocket maintains the vertical position and will be only carried 
aside by the lateral wind. However, this case is possible only at a certain - 
definite, value of wind velocity U 09 or on turning at a quite definite anglea(. 
This takes place because the position of the centre of the aerodynamic forces 
acting on a certain body, depends on the incident angle of this body. 

* "Reaktivnoe dv±2}ienie" (The jet motion), "sb. (collection) No. 1, VNK 
Souza Osoaviahiina SSSR, ONTI, 1935, p. 53 [1]. 

ILO
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2. The Installation of an Additional Stabilizer Along 
the Direction of the Gas Stream of the Engine. 

In this case, the rocket, in addition to the ordinary stabilizers, is 
provided with a stabilizer mounted in the direction of the gases discharged 
from the engine. 

The installatioh of a rudder in the gas stream of the rocket engine was 
suggested by K.E.Tiolkovskij in order to get the possibility of directing 
the rocket in the evaluatEd:a pace. Here, a partial case will be investigated 
when these rudders are firmly fixed, i.e., transformed to stabilizers. This 
can be done In order to increase the stability of the trajectory in the case 
of the absence of automatic control intended for vertical climbs. The instal-
lation of such a stabilizer could be of interest for us in connection with 
the conclusions taken in the previous paragraph, i.e., In the presence of a 
lateral wind, since the latter will not already exert an effect on the stabilizers 
inserted in the gas stream of the engine. 

The stabilizer situated in the gas stream exerts, during the performance.. 
of the engine, an effect which will be explained later. During the flighthy 
inertia, the rocket fitted with such a stabilizer will not differ from the 
normal case. 

A flux with a velocity U will act on the stbIlizers situated outside the 'gas 
stream, thu:-	 -	 .. 

U 
=	 + 

On turning the system in the direction shorn by the arrow in figure 2, the 
mass of the gas leaving the engine before the turn will apparently maintain the• 
previous direction and, therefore, the stabilizer situated In the gas stream will 
exist under the effect of the gases flowing along the previous direction. The 
velocity of this flow will be equal to: 

U'W, 

where ti = the velocity of the gas stream during its discharge from the nozzle. 

The stabilizer situated in the gas stre.am.11st the forces dIrected 
opposite to the forces acting on the ordinary stabilizers. All the phenomena 
will, of course, take place as described above,only at a sufficient distance 
between the nozzle of the engine and the stabilizers installed in the gas stream. 

The moments recovered from the stabilizer situated in the gas stream 
be equal to:

•	 f3C	 .,. 
_111=

 

oFwL' 
•	 L)1	 •	 ut
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Fig 2. 
Key	 1) Stabilizers. 

Denoting:—

623 

where F = the area of the stabilizer; L' = "the arm of the moment", i.e., 
the distance from the stabilizer to the centre of gravity; L = a certain 
linear dimension to which the moment is related during the determination of 
Cm in the aerodynamic laboratory; and 0C = the incidence angle of the 
stabilizer. 

-. 
rpUkWlW crnpyLi

—	 \ 
•_-	 \gj_ 

.	 .;ijya-	 L) ccc'

Fig. 3. 
Key: 1) The conventional initial. DOS, 

I 

iti6n 
of the axis of the rocket, 2) The boundaries 
of the gas stream, 3) The actual initial 
position of the axis of the rocket. 

ac 
-- ---. pFwL, = 

loG	 . 
TtPF1L' L ' = q, 

where I = the moment of inertia of the rocket, we get: 

mx, 

I di' = q-1-. 

In addition, during the operation of the engine, moments from the coriolis 
force of inertia will arise. However, for simplification, it will be considered 
that the engine is situated in the centre of gravity of the rocket and, conséquen-
tly, this moment will be equal to zero.

II 
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T	 pSu2L0 = 

T	 pSiiL2 = 

where all the values belong to the stabilizers situated outside the gas stream 
of the rocket engine, then S = the area of these stabilizers*. The differential 
equation of the rotatory motion of the rocket will In this case be expressed by:- 

J+4+hc_q4fj_ma'=0. 

We shall explain the relationship between the angles a( and =C (see 
fig. 3).	 ---

where C = the stream angle. 

Since the angular speeds are identical during the rotatory notion for all 
the points of the rocket, then we have: 

da'	 d2 - 

dt	 dt 

and the differential equation will acquire the forms: 

dcz	 dz 

or

The solution of this equation was given by the author In 	 2 of the 
previous article, but with different designations. 	 , 

Applying the new designations, 'the following solution will be obtained: 

= _&, e(C1 cos bt + C2 sin bt) + 

where C1 and C, = constants, which are determined from the initial conditions, 
and

* See the above mentioned article in the collection of works No. 1 [2]
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In the lit equation, the presence of a term independent of the parameter 
t, shows that the axis of oscillation is shifted parallel to the axis of t 
at a constant value of	 This value is considered as a certain angle 

at which the rocket is turned when all the moments are equalized. 

For stability, it is necessary that: 
'flcLo

a 01 

However, the achievement of this is practicallympossible, since for the appea-
rance of a compensating moment from the stabilizers situated in the ga.s stream 
It is necessary that the rocket is turned at a certain angle. 

Therefore, the stability will be always equal to: 

ma 

a"+ b2 <O• 

Consequently, some increase will he acquired by the stability, i.e., the 
trajectory of the rocket will be steeper but not strictly vertical. (see flg.4). 

:N\S\\ \ 

\ 

c

Let us investigate the possible value of. the 
angle:	 ____ 

Since the angular speed will be equal to. zero 
on compensating all the moments, i.e. doCl dt 	 0, 
then M2 = O and l=O.Consequently, M1 = M, i.e.; 

cpSa2L0 =	 lpFu2L'. 
act 

where S = the area of the stabilizers situated: outside 
the gas stream. If the shapes of all the stabilizers 
are the same, then we get: acèc.. 

Tot	 o2' 

Fig. 4 
Key: 1) The trajectory In the 
presence of stabilizers in 
gas stream; 2) The trajectory 
without stabilziers in the 
gas stream.

On the basis of the equation 0C ac,- 
'' r - ---- - L 

3z 

(where L the arm of the moment), the values of 

L0 and LI can be substituted by the corresponding 
arms L and L'. Taking also into consideratioti 
that	 — CC 0	

, we shall have 

S - 0L = (ccc — ) I"w2L'. 

It is clear that the angle cC included in this equation will be equal to the 
angle cC" at which equilibrium takes place, since in this case we shall hae; 

S . u2L = (cx() — ) Fw2L'. 

•J,C'. -	 -• 
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From which we get:

StiL + FwL' 

or

.SL I IL 

For F or L' equal to infinity, o<. 

flight.
i.e., we get a steady vertical 

Similarly, for S or L equal to zero, we get 

However, in this case, it should be realized that the absence of stabilizers 
outside the gas stream of the engine (S = 0) does not mean the absence ofexernal 
moments, since they can arise from the body and other parts of the rocket. 

But since the decrease of the external moments is useful, then It will be 
possible to manage without external stabilizers. At the end of the performance 
of the engine, the stabilizer, standing earlierly in the stream, can perform the 
role of the external one. 

From athe point of view of the taken conclusions, the rockets of Obert and 
the rocket group of the U.S.A. scientists (Firs, Karver and Shasner),aqiirèa 
great interest. In the rocekts of Obert, the engine is situated at the head of 
the rocket and the combustion products are discharged through a ring nozzle. 
Therefore, the body of the rocket will he surrounded with a

'
 - shroud of gaàes 

discharged with a great velocity, and the stabilizers will b situated in. this 
stream. in this connection, the Anerican rocket is similar to Obert's rocket 
but it does not have any stabilizer; the role of the stabilizers is accomplished 
by the body itself. Therefore, this rocket reminds us with the French solid 
propellant rockets developed in the last hundred years, which had instead of the 
impelled stabilizers a long steel rod fixed in the middle of the ring nozzle., 

.i,C	 -•

LI
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METPODS FOR THE UTILIZATION 33Fr RADIANT FNERGY 

FOR SPACE FLIGHTS 

[19361 

At the present time, there is no doubt that the future Interplanetary flight 
cannot be achieved by any means other than rockets. 

Recently, a whole series of serious theoretical investigations have been 
carried out by the soviet scientists: K.E.stiolkovskij and F.A. Cander, andby 
the foreign scientists: Obert, Gonan and others. Such scientists enlightened 
the problem of the possibility of interplanetary travel and gave practical solu-
tions for it. However, the present situation of rocket technology forces to 
relate the accomplishment of this flight not to the far hut, 'anyhow, to tyke, 
future. 

At the present time, the oolution of this problem lies in the way of 
constructing the so-called liquid propellant rocket engine, which is nothing but 
a combustion chamber (furnace) In which the combustion of high calorif Ic, value 
fuels is carried out. The combustion chamber is fitted with a nozzle through 
which the formed combustion products are discharged to the outside with a very 
high speed. Therefore, from this point of view, thermal engineering (in the full 
sense of this ward) will apparently, lead us finally to the interplanetay flight. 

However, this relatively narrow point of view should not remain prevailing 
For the flight of any body up to a certain height, or even for pulling it into 
the orbit of the Moon and beyond it, it is necessary to spend, for each case,a 
quite definite mechanical work. It is quite clear that the mechanical wrk can 
be obtained not only from the thermal energy but also from the electrical, light 
and other forms  of energy. 

In the literature devoted to interplanetary flights [see the summary of the 
series of works of professor N. Rynin on: " Nezhplanetnye Soobshchenija" (Inter-
planetary space communications) [].]), a sufficient amount of projects can be found 
on the utilization of all these forms of energy for the accomplishment of the 
flight. Not foregettitig, of course, the atomic energy. The prospects of inter- 
planetary flight, from the thermal engineering point of view, is so disappointing 
that some research-workers, as for example, Esno-Pl'tri and the academician A.N. 
Krylov*, predicted definitely that the flight to the Moon is possible only by 
the utilization of inter-atomic energy**. 	 - 

The proper method of the solution of interplanetary flights should,.: 
undoubtedly, lie along the way of utilization of the maximum achievements 
presented by modern technology. The flight beyond the limit of the earth 
aLmospbere i: such a big step towards the conquest of nature by mean that it 
could take place only by the conserted efforts of scientists of modern technology. 

*	 Arhiv istorii nauki I tehniki" (The archives of the history of ' science 
and technology), "T". (Vol). II, "Akademii Nauk tm1 , page 296, 1934. 

** Esno-Pel'trL, in his last work, was optimistic and changed slightly his 
idea (See: L'Astronautique, Paris, 1930). On die other hand, Professor, Verigo, 
discussing the scientific net results of the flight of the stratostat "SSSR-l-
bis" considers that: "only the utilization of the internal energy will stake it 
possible to realize the rocket flight" (see "Na straze", 26 January, 1936).
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The aim of the present article is to investigate the problem of inter-
planetary flights from the point of view of their real possibilities according 
to the modern state of technology and science, and to find out the most 
rational way, from the author's point of view, r the accomplishment of such 
flight.

The Interplanetary Rocket and the Recent Ideas 
of Authors. 

First of all, ].et us dwell on the technical achievement of interplanetary 
flight under those subs tantiations which let the scientists of this field 
prc)cee1 for its accomplishment as earlier as possible. 

These preconditions consist mainly in the following: the rocket ignites a 
certain amount of fuel in its combustion chamber and discharges the combustion 
products through a nozzle with a certa

i
n velocity. The combustion reaction takes 

place between two chemical agents, one of which Is the fuel and the other is 
the oxidizing agent. The fuel as well as the oxidizing agent are stored ii special' 
tanks In the rocket, in amounts sufficient for the accomplishment of a q'

.
 ertain inter-

planetary flight. In the construction of the rocket, besides the tanks and. the engine, 
a cabine equipped for the crew is also included. The problems of inter-' ' planetary 
flight are exclusively studied in details in the work of the German engieer V. Gomtnan 
["Dostizimost' nebesnykh tel" (The achievement of Sky bodies)]*. 

Due to the fact that the amount of the whole mass of the discharged 
substance requires huge (by weight) tanks, Gniann made an assumption which Is 
very essential for the computation of the initial weight of the rocket. He 
assumed that the exhausted substance should be similar to the propellant, in 
the sense that it can be pressed, and accordingly, it can acquire a sufficient 
strength to exert a force from the proper weight. The rate of the combution 
reaction of this hypothetical substance is small and is equal. to that which 
provides the combustion of the necessary mass for discharge at theven moment. 

Undoubtedly, this assumption is technically unfeasible. At higher discharge 
velocities, this substance cannot be considered, by any means, a propellant. 
Whatever this substance may be it cannot be discharged differently, as, for 'example 
a special device (a chamber):In which it hurns,td a nozzle. Otherwise,: it is 
impossible to obtain the necessary discharge velocity. The engine is not 
Included in Gomann's scheme. In addition, the substance, whet so over It- looks 
like, will always acquire an envelope, whichis discarded In Goan's scheme. 

In order to reduce the harmful weights of the tanks and other parts of the 
rocket, the engineer Cander. F.A. suggested the utilization of the materials of 
these devices as an auxiliary fuel**. If this material is aluminium, ele.tron 

* W. Hohmann, Erreichbarkeit der Himmeiskorper, 1925, The translation-of 
this work Js included in the book of N. Rynin "Teorija Kocm1eskogo pole'ta" 
(The theor, of sece flight) (1932). 

** See: F.A.'Tander, 'Problem a poleta pri pomosci reaktivnyh apparatov" 
(The problem of flight by means of jet devices).-------- Avia avto:tzciat, 1932.
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or any other light netal, then their combustion will be accompanied with the 
evolution of heat, which Is sometimes greater than that of the combustion-of 
the best wide'spread fuels. 

If the Idea of the enginuerlsander is adopted,which is techniqually quite 
feasible, then Gomanns rocket can be considered as an aggregate which comprises 
a liquid fuel, tanks, a combustion chamber with the necessary devices and so on. 
However, all Innumerable materials are ignited proportional to the burnt fuel 
giving a certain amount of thermal energy which is also used for the accomplishment 
of the flight. Therefore, the computations of Gomann will be technically valid 
since they will be independent of the technically unfeasible fuel, which has 
been taken into consideration by the author. 

Let us turn to the computations of the engineer Gomann and see his two 
problems:	 S	 -. 

1. Flight at infinity: The problem is raised as foUows: what shouldbe 
the initial weight of the rocket so that it can be freely dispatched from the 
Earth, or in other words, to be completely freed from the force of gravity and 
to return back again to the Earth. The return to the Earth can take place without 
exhausting the internal energy of the rocket due to braking of the rocket on 
the earth atmosphere. The latter problem was studied In details by the 'engineer 
Gómann, who found that it is technically quite substantiated, and consequently, 
achiev-tble. The method of returning back to the Earth will be applied in all 
the subsequent discussions.* 

Taking the initial acceleration equal to 30 m./sec 2 , which Is quite;safe. 
for human beings, the discharge velocity of thembustIon products can be taken 
equal to 3000 P./sec. This velocity could be practically realised by the combus-
tion of hydrogen in oxygen. The flight Is considered to proceed at a constant 
acceleration. The weight of the cabine, together with two passengers and the 
necessary equipment, is taken by Coinann equal to 2.6 tons. 

The resistance of the air, during the dse under these conditions, Is taken 
equal to:-

r —=9.), 
MI 

where m1 = the mass of the rocket dispatched from the earth gravity, which, 
for the given case, is equal to 2.6 ton, and in 0 = theitia1 weight of the 
rocket. 

The initial weight of the rocket will be: 

G0 = 95 . 26 = 247,2 ton 

The weight of the fuel reserve (fuel plus oxidizing agent) will be:; 

247,2-2,6= 244,6 tan-

The readers Interested in the arguments are referred to the work 'f th 
etgineer 9imann (Hohmann, "Erreichbarkeit .der Rlniffleiskoper", 1925).
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