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High-speed combustion chambers with small ratios #js have
somewhat greater losses in connection with losses on thermal drag
[(1]. However, since at large o » these losses are small, it 1is
frequently expedient to use more compact, high-speed chambers [110].

The diameter of the cylindrical part of the combustion chamber
is determined by finding either the ratio tu/Dw which 1s taken as equal
to 1-1.5, or the value of specific weight flow - or -, (or, which 1is
the same thing, the quantity 'wi+'

The accepted values of relative specific welght flow are r,=I1--2
which corresponds to values of ' «—C In conclusion let us note
that sometimes the diameter of the comtustion chamber is determined
by the diameter of the injection assembly necessary for distribution
of the injectors.

Upon the appearance of high-frequency oscillations in the
combustion chamber it is sometimes possible to stabilize engine opera-
tion by changing the accepted ratio LJ/D., making it larger or smaller.

Fig;. 5.2. Engilnes
with cylindrical com-
bustion chambers: a)
ORM-65 (1936); b)
RD-107 (1954-1957);

e 1 — inner shell of

:#‘"" champer; 2 — casing:
e 3 — insert; 4 — oxi-
‘-;'f dizer supply connec-

7 — tion; 5 — oxidizer

% - injector; 6 — injec-

tor assembly; 7 — fuel
injector; 8 — glow
filament; 9 — igniter
composition; 10 — ig-
niter grain.
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Examples of LPRE with cylindrical combustion chambers include
the chambers ORM-65 of the engine, described in detail in [25], the
RD-107 and RD-119 (see section 6.8), and also the can-type chamber of

the RZ-2 eng;ne (Figs. 5.2 and 5.3).
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Fig. 5.3. Can-
type engine
chamber: 1 —
cardan suspension;
2 — 1liquid 02

supply; 3 — pres-
sure measurement
connection; 4 —
flange; 5 — injec-
tor assembly; 6 —
kerosene inlet
manifold; 7 — seal-
ing ring; 8 — squib;
9 — [ignition]

cable; 10 — com-
bustion chamber;

11 — ring for at-
tachment of lever

for thrust vector
control; 12 — crit-
ical section; 13 —
[reinforcing] bands;
14 — drein connec-
tion; 15 — honeycomb;
16 — injector assem-
bly cover; 17 —
starting fuel supply;
18 — flange; 19 —
fuel inlet; 20 —
tubes; 21 — power
ring in critical sec~-
tion; 22 — flange for
attachment of screen;
23 — nozzle exit sec-
tion; 24 — fuel mani-
fold; 25 — injector
assembly housing;

26 — oxygen feed;

27 — starting fuel
feed; 28 — fuel feed.
































































































































































specific thrust of the chambers of the engine, due to less effective
use bf components expendeéd on drive of the TNA. The fact is, that
temperature and pressure of the working substance in the nozzles is
considerably lower than in the combustion chamber. Accordingly, the
degree of utilization of working substance (1. e., specific thrust of
nozzles or steering nozzles) in obtaining of additional thrust AP

is much lower' than in the combustion chamber of a ZhRD.

Thus, although the nozzles give a certain additional thrust APrma,
flow rates in producing this thrust are disproportionately great.
Moreover, depending on feed pressure and perfection of the TNA, loss
of specific thrust composes 2-3% of the specific thrust of the engilne.

Fig. 6.7. ZhRD RD-119
"Cosmos." 1 — pitch
control nozzle; 2, 15 —
roll control nozzles;
3, 13 — yaw control noz-
zles; 4, 5, 11 — gas-
istributors with elec-
tric drives; 6 — chamber:
7 — cylinders for com-
pressed air; 8 — TNA;
9 — PGG; 10 — frame; 12 —
assembly ring of steering
system; 14 — detachable

plug.
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Under pressure of gas, pin 11 will be cut, the valve shifts forward
and is jJammed in valve seat 5, covering the cross section.

7
o)
'zzﬁaﬂﬁé
i

S = a) b)
Fig. 6.12. Cutoff valves: a) pneumatic valve; b)
pyrctechnic valve: 1 — pipe connection; 2 — piston;
3 — spring; 4 — body; 5 — valve cone; 6 — valve
cone gasket; 7 — valve; 8 — inlet pipe connection:
G, 10 - packing; 11 — pin; 12 - membrane; 13 — pipe
connection for cartridge.

In Fig. 6.13 there 1s shown a pyrotechnic valve of a high pres-
sure gas feed, With the triggering of the cartridge set in pipe
connection 10, powder gases press on piston 7. The shoulder of rod
4, pressed between body 2 and inlet pipe connection 1, will be cut,
the rod shifts and is jammed in the body, opening the gas access in
cutlet pipe connection 3.

In the feed systems of a ZhRD there are also encountered dual

or triple valves, in which one pistcn opens two or three valves on
1ines of different components or on parallel lines of one component.
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returns the valve to its iInitial position. Usually such an electro-
magnetic valve with drainage is used as a flow valve of gas for control
of other valves by servopistons.

[ ?;5;;ig? ] Fig. 6.1L. Shut-
L5, ‘g off valve with

*4u 4 electromagnetic
o | e drive: 1 — inlet
”.! pipe connection:

2 — spring; 3 —
lower valve; 4 —
packing belt; 5 —
rod; 6 — outlet
pipe connection;

7 — upper valve;

8 — drainage; 9 —
electromagnet;

10 — armature;

11 — yoke of elec-
tromagnet; 12 — rod.

In single-time propulsion systems various kinds of membrane
devices are used as shut-off units. In this way, access of component
to the chamber of the engine is opened after breaking of the membrane.
Membranes are divided into free and forced breakthrough. Breaking

of a free breakthrough membrane occurs after achievement of a specified
pressure in the pipeline.

In Fig. 6.15a there is shown a free breakthrough membrane with
annular weakening of section in the form of an incision. Under high
pressures the membrane tears precisely along this incision, since here
there 1is the least membrane resistance. After breaking of the
membrane along the incision, i1ts lobe bends aside and opens a passage
for liquid. In Fig. 6.15b,there is shown such membrane with a
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Fig. 6.19. Check
valves (a); fill-
ing; (b) and dis-
charge; (c) plugs:
1 — outlet pipe
connection; 2 —
openings in the
thrust flange; 3 -
body; 4 — spring;
5 — valve disk;

6 — valve seat;
inlet pipe connec~
tion.
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Pipelines

For feeding components and for controlling valves of the feed
systems of pipelines of different dimensions and construction are

used.

Sections of pipelines for feeding components are selected based
on the permissible rate of component through the pipes. Usually the
rate of a liquid is on the order of 5-30 m/s. At high rates there
are considerable increases in hydraulic losses proportional to the
square of the velocity. At slow speeds losses decrease, but dimensions
of pipelines increase considerably. Therefore in pipelines for feed
of cocmponents to the TNA, where for prevention of cavitation it is
important to maintain pressure of components on inlet to pumps, lesser
velccities are used.

For feed of components frequently use is made of flexible hoses,
the application of which simplifies installation and also allows shift
of the unit to which pipelines adjoint. As flexible hoses there can
be used flexible-braided and metallic (stretch) hoses. The base of
the flexible-bréided hoses in most cases 1s rubber. For aggressive

components special bases are used (for example, teflon). Hoses
consist of elastic tube, strengthened by woven or metallic braiding.
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Depending upon operating pressure single, double, and even triple
braiding 1s used.

In Fig. 6.20 there is a metallic flexible hose with a corrugated
internal tube (bellows) enclosed in metallic braiding. Bellows and
braiding are made from stainless steel, and also from carbon steel,
bronze, nickel, and titanium alloy.

Fig. 6.20. Metallic
(bellows) hose with

brailding.
In Fig. 6.21 different methods are shown for coupling flexible-
braided and beilows hoses. In Fig. 6.22a hoses are coupled by means

of a clamp c¢lip 1 and nipple 2, the shank of which 1s cone-shaped.

The clamp clip has on its end a screw thread of large pitch 4. Hose

3 is screwed in the clip up to a stop, beyond which there is screwed
into the clip nipple 2 which packs the connection, by pressing the
hose by conical shank to clip 2. In Fig. 6.21b packing of the hose

is ensured by rolling clip 1 into profile nipple 2. In Fig. 6.2ic
there is shown a hose coupling between conical surface of clip 1 and
nipple 2. In F'g. 6.21d a method for coupling a bellows hose 1is shown.
In the tubular shank with windows of pipe connection 7 is set the end
of the hose with preliminary soldered on section of coupling by
corrugation and braiding. After that inserted the set end of the hose
is soldered along the perimeter of the windows.

In Fig. 6.22 there are shown different types of couplings of
pipelines. With small diameters of pipelines wide use 1s made of
nipple couplings of pipelines with expansion (Fig. 6.22a). 1In Fig.
6.22b there is shown a nipple (spherical) connection with soldered or
welded nipples. Airtightness of connection 1s thus ensured by the
contact of the spherical surface of the nipple with the conical surface
of the pipe connection. Couplings by means of bellows (Fig. 6.224)
and flanged Jjoint (Fig. 6.22e) are used with large diameters
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starting is staged through preliminary stage or thrust; control by
thrust vector by means of a steering ZhRD 1. Thrust is regulated by
changing the flow rate of hydrogen peroxide to the TNA.

Fig. 6.29. ZhRD RD-107 "Vostok."

1l — steering ZhRD; 2 — node of
pumping and feed of oxidizer; 3 —
pipelines of oxidizer of steering
ZhRD; 4 — mock-up brackets; 5 —
basic chambers of the engine (4
pleces); 6 — power frame; 7 — PGG;
8 — body of heat exchanger on the
turbine; 9 — inlet duct of oxidizer
pump; 10 — inlet duct of fuel pump;
11 — transducer of pressure in the
chamber; 12 — main oxidizer valve;
13 — oxidizer pipelines; 14 — main
fuel valve; 15 — fuel pipelines.






rocket. Before beginning the starting, the rocket engines are
connected to priming fuel tanks (see Fig. 6.30) located on the ground
unit. After pushing the "start"” button the ground and on board
systems of automation goes into action ard starting of the propulsion

system 1is conducted in the following order.

Fig. 6.30. Feed system and view of ZhRD of the
RZ-2 rocket. 1 — pumps; 2 - drainage; 3 — tur-
bine; 4 — lubrication feed; 5 — check valve; 6 —
igniter: 7 — drainage; 8 — valve ZhGG; 9 — ZhGG;
10 — threttle (jet); 11 — check valve; 12 — high
pressure nitrogen from on-board system; 13 — dis-
tributor of rnitrogen feed; 14 — 1iquid oxygen
filling and check valves; 15 — feed valve of
starting fuel: 16 — kerosene filling ani check
valves; 17 — main oxygen valve; 18 — feed of ni-
trogen from ground system; 19 — igniter; 20 -
main kerosene valve; 21 — ground tanks of fuel
and oxidizer; 22 - chamber; 23 — wire contact.

From the ground system via tubes 18 nitrogen is supplied for
blowing starting tanks 21 and the tanks with lubrication for the
reducing valve. In the combustion chamber pyrotechnic igniter 19
ignites and after burnout the electrical contact in it by means of

electropneumatic connection the main oxygen valve 17 and flow valve
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Fig. 6.32. Assembly diagram of the propulsion system

of first stage of the carrier rocket "Saturn." a) gen-
eral outline of the rocket; b) assembly diagram of
first, booster stage of the rocket; 1 — central tank
with oxidizer; 2 — external tanks with oxidizer; 3 —
tanks for fuel; 4 — bottles with helium; 5 — mounting
lugs of the second stage; 6 — lower part of frame under
first and second stage; 7 — fuel filler neck; 8 — oxi-
dizer filler neck; 9 — pipelines for supplying oxidizer;
1C — oxidizer pump; il — turbine of TNA; 12 — fuel pump;
13 — exhaust of turbine of TNA; 14 — powder pressure
accumulator for starting the turbine of the TNA; 15 —
heat exchanger; 16 — tank with lubrication for TNA; 17 —
hydraulic drives for rotating combustion chambers; 18 —
rotating combustion chambers; 19 — internal fixed combus-
tion chambers; 20 — retrorockets of the return system.



Fig. 6.33. Diagram of feed system and mock-
up of the N-1 engine of a "Saturn” rocket."
1l — turbine; 2 — exhaust duct; 3 — ZhGG; 4 -
gimbal thrust pad of the engine; 5 — main
fuel valve; 6 — chamber; 7 — main oxidizer
valve: 8 — starting PAD; 9 — fuel feed; 10 —
oxidizer feed; 11 — TNA;

On the outboard engines are set heat exchangers 15, in which
oxygen 1s heated which 1s utilized for pressurizing the tank oxidizer.
For pressurizing the tanks of fuel helium is used which is passed
from bottle 4. Propulsion system is started from one command which
is given immediately after termination of filling. To avoid a
one-sided load or strong blow during simultaneous switching on of
all eight chambers engine they are switched on in symmetric pairs at
intervals of 0.25-0.4 s.

Starting of an individual engine takes place in the following
order (Fig. 6.33 and 6.34). At the "Start" signal the charge of the
starting PAD (starter) 8 ignites, hot products of combustion of the
PAD reach the turbine wheel of the TNA and begin its spin-up. After
achieving the necessary outlet pressure from the TNA main oxygen
valve 7 1s opened, and there also begins supply of starting fuel to
the combustion chamber through a special belt of injectors which
will form an ignition flame with the liquid oxygen. After the start-
ing combustible the basic fuel — kerosene reaches the chamber. After
opening of main valves 5 and 7 by feed pressure, part of the fuel
from the basic main lines enters ZhGG 3 and further operation of the
TNA occurs from the ZhGG working on basic components. Fuel feed to
the ZhGG 1s regulated by two plate valves compressed by springs.
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# TNA operatas on &
1o gas gsnerator

Fig. 7.37. Characteristics of
TNA during starting by a starting
device. .

: P o o — -

The more powerful the. starting device, the smaller 1S Sy
and the greater its mass, which it 1s especlally necessary to
consider if the device 1is placed on a rocket. Thanks to high
reliabllity (%99.8%7), starters with PAD received wide propagation.
On Fig. 7.38 there is shown the PAD for engire H-1. In the PAD
are three propellent assenmbly of installatlors with closed circuilt,
during selection of the type of starting device and arrangement
of the TNA one should ~onsider that in the case of use of a starter
with PAD the combustion products of PAD, as a2 rule, have a negatlive
oxygen balance. Therefore, 1f the ZhGG 1s oxidizing, then to
avoid the danger of a sudden temporary rise of temperature durlin=z
burning of combustion products of ZhGG and solid fuel pases =
startingz turbine is more expedicnt. ;

2 J Pie. 7.38. Startinc
74 " PAD of F-1 encine:

X 1l = body; 2 — isniter;
2 — priner; 4 - pres-
s sure pickup; 5 -
¥ ; : B \ breakins menbranes;
J/ v % § — pronellant charges.
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Table 7.1

Components ) . Yo :m"
- ma e
|
Kerosene 0.8 o | 3w 1M
Liquid oxygen [ i
Kerosene 0.
) 6.8 5.57 2.51
Nitric acid 1.5
A hvdrorer
Liquid hydrogen 037 0.5 8.0 .61
Liquid oxygen 1.4
Liquiu ovygen _— 0.65 1.6 5.95
Liquid fluorine LAl

T7.40. Reduction gear TINA
-2 e

Diagrams of separate arrangement of the T!'A are presented
on Fig. 7.39C. Here each pump is c¢riven by 1its own turbine, which
permits operating the turbine at more favorable conditions and can
be expedient in hydrogen engines, when the difference in - of
oxidizer and fuel pumps 1s especiz2lly great. Furthermore, with
such an arrangement the problems of fuel feed to the TNA and
component feed control are solved rore easily. A deficilency of

the separate arrangement 1is the fact that two turbines are installed
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On Fig. 7.43 there is shown the TIA of PD-107 engine. TIHA
feeds fuel to the chamber, and also hydrogcen peroxide for the
gas generator and liquid nitrogen for pressurization of tanks.

g Jou l;‘#""'ilb'“w.““ ‘".' ‘ <

. -~ on il
p: ‘_',. Pl
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Fig. 7.43. Turbopump assenoly of trte RD-107 enzine.

7.5. Gas Generators

Classification and Pasic Pararteters

The baslc assicnment of the zas renerator is the chtaining
of working substance cf given temrerature and cuantity feor driving
the TIA. TFurthermore, gas fenerators can be used as rressure
accumulators for forced fuel feed (solid-rronellant [PAD] and
liquid-propellant [ZhAD] hot-gas generatcrs), for pressurizatior fanl,
and for driving auxiliary systems. Gas generators can work on
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liquid and solid fuel. Those of solid-fuel type (FAD) are usually
applied for starting the TIIA or as pressure accunulators for forced
fuel feed [9.6]. For drivinz the THA iiquid fuel gas generators.

According to the number of components utilized for production
of the working substance, we distinguish one-, two-, and three-

component c£as generators.

In the one-conconent gas Zenerator the workinc substance is
formed as a result of decomrosition of fuel. They are usually

called steam reneratcrs (PG3).

In two-component cas generators the working substance is
obtained as 2 result of combustion of fuel and oxidizer. In three-
component gas generators in order to lower temperature or for
improvement of values of PT of the worklng substance a third
component 1s used. Two- and three-component ra2s generators are

usually called liquid cas cenerators ZhGG (Fi-. 7.44). ~Conditions
4 o

of the application of the P3G or Zh3G are examined in section
6.2. The basic operating rarareters of the r£as generator are
value of PT and flow rate of

o
7
ct
[\
3
(¢}
(1]

temperature of working su

working substance g .

Fig. 7.44., Fxternrnal annearance
of a ZhGG working on EXOS +

+ kerosene (1237). 1 — starter
cartridge; 2 — chamber; 3 —
oxidizer injector; 4§ — water
injector; 5 — injector of fuel;
6 — chamber of additional
evaporation.
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As one of the examples of a systen with closed circuit and
reducing ZhGG, in Fig. 8.5 are shown a diagran ard mock-up of the
proposed RL-20P engine, working with a closed circuit of "gas + liquizg"”
type on oxygen + hydrogen fuel. Chanter pressure is 210 [atm(abs.)]
(20.6 Hﬁ/mz), thrust is 120 T (1.18 4N). Expected specific thrust
1s about 430 kg-s/kg (RL4300 N-s/kg). FHere ZhGG L 1s the precombusticn
chamber for the encine chamber. The ZhGG is fed g0, of e Wydrogea
ané 153 of the oxygen of the total zmount of each ceonponent to
the chamber. The remaining oxygern is fed throurh Injectors, placed
on radial flanges 2. The remaining 107 of the 1liquid hydrogen 1s

.

-

or external cooling of nozzle 1 and is then fed throuch

porcus wall 7 into the conbustion chamber. A near-wall layer for

2
2

internal cooling is formed he

s )

Fig. 8.5. Diagram and mock-up of the
RL-20P engine, working on 02 + Ez fuel

with closed circuit of "gas + ligquig"”
type: a) diagram of engine; b) mock-up;
1 — nozzle; 2 — flange with injectors of
liquid 02; 3 — THA for liquiz 02; Ly -
ZhGG; 5 — liquid H,; 6 — THA for 1liguid

H2; 7 — porous wall.
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Fig. 8.8. The RL-10 engine: a) assembly;
b) in systen.

Determination of Easic Parameters

The equation connecting the basic parameters of the combustion
chamber and TIJA 1s that for the balance of powers of turbine anAd

pump N,=p§, which in expanded forn is recorded:

i l. o - 1 =Gﬂ(’.°l.ﬂg""-l-ﬂz)_
e 3 R 1 ‘:-T-) o
: & 5
+%(’”~°‘_M) . (5.21)
¥0,M.0, ;

where Ggé— flow rate of hydrogen throuch the combustion chanter,

equal to that of H2 through the turbtine; GO2 — flow rate of oxygen;

.H and Yo, — densities of liquid hydrogen and oxygen; k = 1.l —
adliabatic index for hydrogen; x,-— dressure drop in turtine:

x—":‘-: ’:' .
Puc  Ptipy
515
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Fig. 9.4, Propulsion system
of the second stage of the
rocket "Able Star" with
pressurized feed.

Fig. 9.5. Uviagram of the propulsion system of the rocket
"paple Star": 1 — vent valve of fuel tank; 2 — vent tube;

3 — closing pneumatic valve; 4 — filter; 5 — line for
servicing the tank of the oxidizer; 6 — check valve;

7 — electropneumatic valve; 8 — line for servicing the fuel
tank; 9 — fuel flowmeter: 10 — electropneumatic valve for
controlling the main fuel valve; 11 — device for measuring
pressure in the chamber; 12 — flexible fuel line; 13 — main
fuel valve; 14 — flexible oxidlzer line; 15 — main oxidizer
velve:; 16 — flowmeter of the oxidizer; 17 — flow-rate

orifice cf the oxidizer; 18 — uncooled orifice; 19 — indica-
tor of the opening of the main oxidizer valve; 20 — check
valve; 21 — pressure accumulator for opening of the valve 15;
22 — electropneumatic valve for controlling valve 15;

2% — cylinder with helium; 24 — reduction valve; 25 — servic-
ing valve; 26 — line for servicing cylinders with helium;

27 — vent tube of helium; 28 — vent tube of oxidizer tank;

29 — vent valve; 30 — differential pressure relay in fuel

and oxidizer tanks; 31 — closing pneumatic valve; 32 — sensor
of the quantity of oxidizer in the tank; 33 — rilter;

3) — valves; 35 — oxidizer tank; 36 — fuel tank; 37 — collector.
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FPropulsion System for the Correction
of Speed of a Spaceship

Figure 9.0 shows circuits and external view of a propulsion

system fur the correction of the speed of the spaceship "Pioneer-vI."

Fig. 9.6, BSystem for the correction of sSpeed

of the spaceship: a) circuit of the propulsion
system; b) circuit cf one of the chambers;

¢) external view of the propulsion system;

1 — chamber with a nozzle directed along the
flight; 2 — tank with nitrogen tetroxide;

3, 4 — pyrothechnic valves: 5 — reduction

valve; © — pressure accumulator with nitrogen;

7 — tank with hydrazine; 8 — chamber with a nozzle
directed opposite the flight; 9 — injectors of the
nitrogen tetroxide feed; 10 — catalyst; 11 — nickel
grids; 12 — injectors of the hydrazine feed;

13 — compressed gas.
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Prcperties of the reduction valve to a considerable degree are
determined by what direction the valve of the reduction valve is
opened. According to this criterion the reduction valves are
divided into reduction valves of direct and reverse stroke.

In & reduction valve of direct movement (Fig. 9.9a) the valve
is opened in the direction of the force appearing owing to the
action of the gas of high pressure (along the ges flow).

3 Fig. 9.9. Diagram of reduc-

tion valves of direct and
reverse movement: &) reduc-

= 2 tion valve of direct stroke;
J b) reduction valve of reverse
=g = stroke; 1 — closing spring;
‘ ‘23'3 \ 2 — valve; 3 — pusher; 4 —
] = . membrane; 5 — disk; 6 — msin
spring.
S =<1

a)

In the reduction valve of reverse stroke (Fig. 9.9b) the valve
is opened opposite the force appearing due to the action of the
pressure of high-pressure gas (opposite the flow of the gas).

With respect to the sensing device the reduction valves can

be divided into bellows (Fig. 9.10a), membrane (Fig. 9.10b, ¢ and d),
plunger or piston (see Fig. 9.13a and b).

7

a =

b) ¢)

Fig. 9.10. Different diagrams of reduction valves of
reverse stroke: 1 — cavity of high pressure; 2 — valve;
3 — valve seat; 4 — regulating screw; 5 — main spring;

6 — rod; 7 — spring; 8 — throttling section; 9 — cavity
of low pressure; 10 — bellows; 11 — membrane; 12 -- hole
(channel); 13 — cavity of low pressure above the valve;
14 — gas cavity of pneumatic drive.
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Arrangement and Operation of Reduction Valves

cross sections of different

®

Figure 9.,10-9.,13% shows diagrams and

types of reduction valves.

of' reverse stroke, When thie reduction valve
5 (Fig. 9.40a and b, 9.

the cavity of high

Reduction valve

4

is in a free

[

does not operate, spring
state. The gas ot high pressure enters into
I" the pressure of the

pressure 1; the force of sas and the force

of the action of spri-s 7 press valve 2 to seat 3, not allowing
passage of the gas through the valve, With the compression of the

main spring 5 — the reduction valve, by the regulating screw
which through rod © is transmitted to valve 2.

appears a force

ZIN—* a-#
5 (15 eonditonally
turned 45°)

iz. 9.11. Reduction valves of reverse stroke
i

The spring is passed down prior to the moment, until the force
of" pressure of it will tecome greater than the total force of spring
7, the pressure of the gas in the cavity of high pressure, pressing
valve 2 to seat 3, and the pressure of gas in the cavity of low

N

working surface Fy (bellows or membrane). Here valve

pressure on the
the throttlinge section 3, the

is opened, the gas passes through




pressure of it drops, and the gas enters into the cavity of low
pressure 9, whence through the outlet opening it is the direction
to the point of destination., The greater the tightening of spring
5, the greater is opened the valve of the reduction valve, the less
the gas is throttled, i.e., the greater will be its pressure after
the reduction valve.

In the reduction valve shown on Fig. 9.10c and 9.12, the cavity
of low pressure 9 by channel 12 in rod 6 is connected with cavity
13, separated from the cavity of high pressure by membrane 11, Thus,
forces of pressure of the gas on valve 2 are balanced, i.e., valve
2 of the given reduction valve is completely or partially unloaded
from forces of pressure of the gas (completely with the equality of
the area of surfaces of membrane 11 and area of surfaces of membrane
11 and area of the valve 2).

” Fig. 9.12. Reduction valve
(see Fig. 9.10 tor designations).
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N
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The reduction valve not only decreases the gas pressure down
to the necessary valve, but also is a reguiator maintaining the
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Fig. 9.24. Propulsion system of first stage of "Dismant" rocket:
1 — liquid-fuel rocket engine; 2 — gimbal thrust pad of liquid-fuel
rocket engine; 3 — hydraulic drive for control of rocket pitch and

roving; 4 — fuel pipeline; 5 — telescopic connector; 6 — pipe
connection for servicing; 7 — oxidizer pipeline; 8 — fuel tank;
9 — bottom of oxidizer tank; 10 — oxidizer tank; 11 — PAD for fuel

feed; 12 — charge of solid fuel PAD; 13 — pipeline to oxidizer
tank; 14 — hole for entrance of gases into oxidizer tank;
15 — steering for roll control.

As it is known, powder does not burn in a mass but in parallel
layers from the surface. In order to obtain uniform burning of a
powder cartridge in time, and consequently also constant liberation
of powder gases necessary for uniform displacing of fuel from tanks,
it is necessary to have a constant combustion surface. For this
so-called restricted burning grains are used, part of the surface
of which is covered by a composition which does not allow burning.
Therefore, burning of a restricted grain can occur only on the open
surface.

















































as a consequence of which such installations are sometimes called
ampules., ILaunch is carried out by an electric spark which ignites

the ignition charge from which PAD grain is ignited.

1 2 4 § 7
Vi / o) L
i 7 '
| Oxidizer / Fuel |
b
B | =
e

NE——

Fig. 9.31, Diagram of liquid-fuel rocket
engine with prelininary fueling (ampule
liquid-fuel rocket engine): 1 — igniter;

— diaphragm; 3 — oxidizer; 4 — PAD;
— chamber head; 6 — fuel; 7 — combustion

chamber,

Besides the examined case of use of liquid-fuel rocket engines
with preliminary fueling for missiles, it is possible to use them
also for guided antiaircraft rockets, expendable aircraft boosters

and the engines of spaceships [149].
Hybrid Rocket Engines

T'heoretically the following fuel combinations are possible in GRD:
— liquid fuel + solid oxidizer;
— liquid oxidizer + solid fuel;

’

— solid fuel with a deficiency of fuel + part of the combustible
in liquid form;
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