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MAIN LINES OF SCIENTIFIC AND TECHNICAL RESEARCH AT THE
JET PROPULSICN RESEARCH INSTTTUTE (RNII), 1933-1942%

Yevgeny S. Shchetinkov (ussR)™

Over a period of one generation rocket technology developed from elemental
expariments to a branch of industry that constitutes 2 rather large percentage in the
state budget of all technically advanced countries. At first look it would seem that
this rapid development of rocket technology started spontanecusly just after World War IT.
However, considering this problem more attentively, it is obvious that the rapid develop-
ment of rocketry in the USSR during the post-war years was due largely to pre-war activity;
in particular, to investigations conducted in the Jet Propulsion Research Institute
(RNII). For this reason the history of this institu . 1s of special interest.

The history of RNII commenced on October 31, 1933, when the decree organizing
the Jet Propulsion Research Institute was signed, creating in Moscow the first state-
owned rocket research facility. RNII resulted from merging two rocket organizations:
the Leningrad Gasodynamics Laboratory (GDL), and the Moscow Group for Study of Jet
Propulsion (GIRD). Solid-propellant rockets were developed in the GDL from the begirnning
of its reorganization in 1927. Shortly thereafter, work began on Jet-assisted take-off of
aireraft and liquid propellant engines (generally with nitric acid as the oxidizer).™
In GIRD, projects of liquid-propellant rockets (generally with oxygen as the oxidizer),
ram Jet engines, rockets with and without wings, and rocket planes, were designed amd
investigated.

As the leading specialists of GDL and GIRD began to work in this new organiza-
tion, these trends were continued in RNII. Thus, RNII was a collective of enthusiast-
specialists in rocketry who believed in the great future of rocket techmology, and, in

*Presented at the Third Histary Symposium of the International Academy of
Astronautics, Mar del Plata, Argentina, October 1969.

#Rocket engineer, affiliated with the Baranov Central Scientific Research
Institute of Aviation Engine Construction, 1949; Chair of Combustion and Heat Transfer
at the Moscow Physicgl-Technical Institute, 1960-.

**3e also, I. I. Kulagin, "Developments in Rocket Englneering Achleved by
the Gas Dynamics Laboratory in Leningrad,” and M. K. Tdkhonravov, "From the History of
Early Soviet Liquid-Propelled Rockets," in the Proceedings of the First amd Second
History Simposia of the International Academy of Astronautics, Smithsonian Annals of

Flight, No. 10, 1974—Ed.,
v
H,\ SLANK

ONA LY
PAGE m‘\'i‘“ 43




spite of a lack of funds, pursued intensive theoretical and practical studies. R.JII was
a real research and development organization that had at its disposal test facilities,
scientific laborataries, work-shops, a flight test station, and launch camplex. The
scientific and technical board of the Institute met regularly. Scientific conferences
were organized, and mmerous scientific papers published. Over a period of 10 years, in
ract, more than 120 papers were published in 19 editions and monographs. Many special
reports (on the order of some hurdreds) appeared, related to various concrete projects.

The projects coxpleted in RNII were of different types. The purpose of some of
them involved the practical application of rockets in the defense of the country. Many
other projects dealt with the possibility of manned space flight. Various subjects of
theoretical and applied sciences in rocketry were also studied (for example, proolems
of the gas dynamics, heat and mass transfer, etc.), The trands of RNII activity are
considered briefly below.

SOLID-PROPELLANT ROCKETS AND THEIR APPLICATION IN
ORDNANCE AND AVIATION

The fundamentals of chemical composition and production of homogeneous solid-
propellant charges were develnped in the GDL by V.A. Tikhomirov, B.S. Artemiev,

B.S. Petropavlovsky, G.E. Languemac, and others. The technology was improved in RNII,
ard Yu. A. Pobedonostsev, L.E. Shvarz and other scientists achleved significant success
in the d2sign of charges and chambers.

Much attention centered on the problem of practical ordnance applications of
solid-propellant rockets. A series of rocket missiles of 82 and 132 mm caliber were
developed for launching fram the ground or aireraft (Figure 1). The first successful use
of these missiles from aircraft occurred in 1939 during combat operations at
Khalkhim-Gol.*

To improve the aerodynamic characteristics of rocket missiles, engineers con-
structed the first Soviet supersonic wind tunnels in RNII under the direction of
Yu.A. Pobedonostsev and M.S. Kisenko. Amorg them, the ejection-type wind tunnel of 400 mm
diameter should be noted. Figure 2 shows a missile model in one of the first wind
tunnels constructed in 1934-35.

Numerous studies were also carried out to improve rocket missile accuracy,
which still left much to be desired. Significant progress was achieved in this fleld, and

*See vurt A. Pobedonostsev, "On the History of the Development of Solid-
Propellant Rockets in the Soviet Union," in this Volume—Ed.
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rockets of different tyves were soon put 'into service by the Red Army. However, the
accuracy of rocket missiles remained considerably inferior to that of conventional artil-
lery; it was the most vulnerable point of this type of weapon. Naturally, a suggestion
arose: use rocket missiles for blanketing fire. To meet that need, the section of

I. I. Gvay (RNII) began to develop multibarrel rocket units. Thus, the femous "Katyusha,"
used extensively during World War II, appeared (Figure 3).

One inportant aspect of the practical application of solid-propellant englnes
involved the Jet-assisted talke-off of aircraft--a concept which had been tested earlier
in GDL under the direction of V.I. Dudakov. In RNII the jet-assisted take-off of the
bamber TB-1 was fully developed (Flgure 4), reducing the takeoff distance 20-to-25 percent.
V.I. Dudaloov's section also developed Jet catapults.

The studies of solid-propellant rockets conducted by RNII placed the USSR ahead
of other great powers in this field. The war demonstrated that the quality of German
swlid-propellant rockets was considerably inferior, in spite of the efforts in rocketry of
some prominent CGerman scientists.

LIQUID-PROPELIANT ROCKFTS

Another important trend in RNII activity was the development of efficient
lquid-propellant rocket engines. These studies involved nitric acid engines (V.P. Glushko),
and oxygen engines (M.K. Tikhonravov, L.S. Dushkin and others). Very lerge, systematic
studies were undertaken to improve the performance and reliability of nitric acid engines
and to improve design methods. Among other engines, the ORM~65 (170 kg thrust), and the
ORM-52 (300 kg thrust) (Figure 5) should be noted. In spite of numerous difficulties
and fallures (detonation exploslons at engine start, for example) the performance of these
engines were brought up to the design values. Nitric acid englines were developed further
in 1938-41. In this period the RDA-1-150 (150 kg thrust) and D1A-1100 (1100 kh thrust)
engines were menufactured. The high level of development achieved with this type of
engine 1s substantiated by the fact that they were installed and cperated practically in
all of the prototype vehicles developed at RNII in the last pre-war vears (the rocket
plane RP-318, ballistic rockets 521 and 604, the rocket fighter BI-1, and others).

Numerous important results were also obtained in the field of oxygen rockets.
In particular, it is of interest to note that the development of the modified engine
OR-2 (100 kg thrust), which had been startea by F.A. Tsander. Although work terminated
in 1934, this engine was installed in the winged rocket 216. The development of the
engine series 12K (300 kg thrust, Figure 6) was initilated in 1934 by the specialists
led by L.S. Dushiin. Engines of this type were installed in the rocket "Aviavnto."
Figure 7 shows the engine 205 (100 kg thrust), developed in 1936~1937. Although develop-
ment of oxygen engines stopped in the last pre-war years--and during the war--it resumed
again after the war when the success of oxygen rockets was of world-wide significance.
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BALLISTIC LIQUID-PROPELLANT ROCKETS

Work on ballistic rockets, or "long range rockets” {as they then w e mown) in
HNIT, was of an exploratory rature. Besides the oxygen rocket 09, whish had been first
launched by GIRD, the flight tests of the rockets 07 and 10, the rocket "Aviawmeo" with
the engine 12k (Figure 8), and others, were realized in the RNi. by M.X. Tikhonravov and
his colleagues. 1In 1939-40 ballistic rockets 521 axd 604 using the combined soild-




propellant and nitric-acid engine’ (about 100 kg thrust) were developed and tested by

RNIT (Flgmure 9). Barges of 10-20 km were obtained In these tests, It should be noted

that ot only single rockets were tested, bul B-18 rockets were tested in sepies.

Infortunately, these promising Investigations ceasel at the bepinning of the war because

the furds roeded Lo Improve the accuracy ard rellabiiity of this type of rocket were
ailable,

*{}mim of solid fuel were introduced Into the combustion chamber of the nitric-
acli englre: upon lgnition of the grains, a short bub strovg thrust impuddse ocourred,  The
grains feving burned out, the nitele-scid and kerosine were introduced automtlceally into
the combustion chumber and thy engline began bo work as a llquld-propeilant one.




WINGED LIQUID- AND SOLID-PROPELLANT ROCKETS

Over the period of 1933-39, RNIT also developed winged liguid- and solid-
prepellant rockets. The main purpese here was to investigate the flight dynamics of
wirged Jjet vehicles with a large thrust/weight ratio, arnd the practical application of
these rockets in air defense and ordnance systems {computations showed that for a short
flight range the initial welight of a winged rocket was iower than that of the ballistie
one; .

In 1533-36 the rocket ©° (80 kg initial weight), powered by the liquid oxygen
engine 02 (OR-2) and equipped w': > autopilc: 5PS-2, was developed under the guidance of
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the author of this paper. A drawlng of this rocket is presented in Fleure 10, Tre
gyroscope auboplilot OPS-2 developed in RNITL by S.A. Plvovaroy controlled the elevator
ard ailerons. Por the Plrst time in the USSH, Initial scceleration of the rocket 216 at
launch was provided by a solid-oropellant rocket catspult. A drawing of the catapult
launching truck appears in Fisure 11. Five 216 rockets were tested, but their trajectories
ard ranges were far from the design values because of the Jow reliability of the
subsystems.

Speciaiists pald considerably more attention to the reliability of the suhss-
guent winged rocket 212, developed by S.P. Horolev. 'The model of this rocket is shown
on the launchirg truck in FMeure 12, The nitric acld engire ORM-65 was installed in this




rocket, which was equipped with the autopilot GPS-3 to control the elevator, rudder, and
ailerons (Figure 13). MNumerous bench tests to adjust the systems of the rocket 212 were
carried out. Unfortunately, only two rockets were prepared for launching in 1839. It
could not be expected, of course, that the rocket's perforrance would be brought up to
design values by launching such a small "series" of rockets.

rockets with solid-propellant engines were developed in 1035-32 wxer the guidance of
M.P. Dryazgov. Winged rockets of different aercdynamic confimrations were tested

(Figure 14). Better stability characteristics were obtained Tor the fr —uwinged rocket
217/11 with a low aspect ratio. In 1937-38 RNII conducted necotiations with ial]

experimental design bureau for the radio-controlled aui.,ilo. - and hoainge

were supposed to be installed in these rockets. 1In 1638 the theory of controlled winged

rocket flight developed by ¥.P. Dryazgov appeared.
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BOCKET PLANES

Studies relsted to rocket-powered alreraft were [irst concelved in GIRD. There,
F.A. Tsander and 5.P. Korolev developed the rocket glider BP-1: however, 1t was not pos-
sible to pealize this project then, BRNIT renewed more detalled studies of these atreraft.
S.P, Korolev and the author of this paper carried out theoretical investipations in 1936
that showed the rocket-propelled alreraft AP-218, powsred with a cluster of three
OPM-52 englnes, had a new quality conpared to the usual propeller-driven alveraft, noamely,
& very swift rate of climb, After the Korolev report had been beard at a session of the
RNII sclentific and technical board, officials decided to Implement the {light of the
man-carrying rocket glider SK-9, named RP-318 (rocket plane 318, Figure 15) as the first
phase of the rocket flighter program. The OPM-65 engine was at first chosen for this
glider. HNumerous detailed pround tests of power plant were performed, including tests of
2lectrical ard control systems, fuel system, ete. On the basis of the experience obtalined,
the new engine RDA 1-150 was manufastured. In October 28, 1040 the first flight in the
USSR of a manned rocket plane with this liquid-propellant engine was realized by pilot
Fedorov, Figue 16 shows the experimental characteristics of this engine installed on
Rp-318,




Development of the procket Dlighter Bl-1, constructed by V.F., Bolkhovitinov
(Flgure 17}, continued developments in this progranm. The DIA-1100 engire (1100 kg thrust),
also developed in RNLT, was dnstalled in this alverelt. Balwhlvandzy plloted the first
flight of the BI-1 on May 15, 1942, However, ar atterpt to irerease the {llght speed
vesulted In Ris desth, Acong the factors which may have besn responsible for thls
catastrophe was the poor wowledge of the alr compreassibllity offect on alreralt control-
lability; In particular, the dareerous shilt of the center of pressure rearvard was not

yet locwrn,

CONCLUSION

Trds review of the bavle trerds of BT getdvity and the 113t of works carried
out in 193542 is Tar froe complete. In particular, the studies of ram et ard pulse jet




engines, ligquid- ard solid-propeliant gas gererators, aubtamatic control systems for jet
vehlcles, ete., have not been considered. What were the maln results of this RNII
activity in the pericd of 1933427 Evident success was achleved in the field of rocket
missiles ("Katyusha"), and Jet-assisted take-off of aircraft, as the design parameters
were reali.od; these systems played an important role during World War II. Though other
projects were not completed, valuable sclentific and techrological results were obtained
in the process of the research and development. A grest reserve of knowledge for future
studlies was provided, experience gained in the field of production technology, and deslign
ard test techniques related to various jet vehlcles and engines perfected.

But perhaps the most valuable result of RNII pre-war activity was the training
of sclentific and technologlcal cadres that later brought the unprecedented progress in
Soviet rocket technolopy after the war. We mean specifically the mechanics and test
englneers, designers arnd mathematiclans, scilentists ard project managers.




