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Fig. 2. Jet aircraft and rockets

n

fly because their engines
mass.

repell

But just why are reaction engines predestined to become engines

of unprecedented speeds?

This is for a2 number of causes. One of them is the fact that
the family of reaction engines is especially extensive. There now
exist a great number of different types of reaction engines (many of
them will be discussed below) and ever newer types are appearing,
Each of these engines manifests its best properties under certzin
operating conditions, in particular, at defined speeds of flight.
Thus it is that reaction engines provide a whole spectrum of
possible speeds of motion, up to the very greatest. To every speed
or, more exactly, to every section of the total speed range,
corresponds some best type of reaction engine. However, it is

significant that the best properties of reaction engines zre manifeste

at very high speeds of flight.

The second cause is that many reaction engines do not need the

air surrounding us for their operation. Owing to this, they are
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Fig. 5. Axial compressor —
one of the most important
elements of the contemporary
turbojet engine: a)
guide-vane assembly; L)
rotor.

int f aerodynamics, This ensures high values of efficiency

and productivity of compressor,

iistinctions between compressor and several fans placed
after ¢ other do not end here. In order to utilize completely

apabilities of su

o

h combination of separate "fans" or, more
exactly, compressor rotors, between each two such rotors we place
imilar, fixed wheels. These rows of stationary blades "prepare”
airstream exiting from the revolving rotor of compressor for
ompression in the following rotor., If there were no such preparation,

ffectiveness of subsequent rotors would be very low.












Fig. 6. Combustion chamber of turbojet
engine: a) combustion chamber; b)
annular chamber, c¢) in the chamber
constantly rages a fire vortex, formed
during burning of fuel in swift airflow,

temperature of air flowing through engine, in order to increase its
exit velocity or, more exact, that of gases from it, thereby in
increasing thrust developed by engine. As thermodynamics teaches
us, exit velocity is changed, other things being equal, proportional
to the square root of temperature, This means that for a two-fold
increase of exit velocity absolute temperature of gases must be


















internal surfaces on gases, accelerating them, and forcing them to
exit the engine at greater speed. It is for this reason that it 1is
possible to calculate the value of thrust from exit velocity, or more

exactly, from momentum of gases emanting from engine.

AP NOT
RePRbiuiit

Fig. 8. The main parts of turbojet

engine — stations of "conveyer" of changes
of state of air (the "Avon" engine,
England): 1 — air intake station

(No. 1); 2 — conpressor (station No. 2);

3 — combustion chamber (station No. 3);

)

4 — turbine (station No., 4); 5 — jet
nozzle, expansion of air (gases), and

cceleration of stream (station No. 533
6 — regulators and accessories,

How do we answer the previous question? It is obvious that
forward-directed (i.e., as is thrust) forces from gas pressure appear
in those sections of gas-air duct of engine where pressure is
increased and acts on surface of engine so that it seems to pust!

em forward. Thus, for example, is the case in all sections of the

*t, which constitute an expanding channel, Conversely, if the

annel for flow of gases narrows, the force of pressure of gas flow
acts backward, i.e., decreases jet thrust., This figure shows how

obtained: 1if from all forces of gas pressure appearing inside
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Fig. 14, During flight
tests of an Il1-18 aircraft
one of its four turboprop
engines is stopped.

t thrust of the engine will drop sharply. Thrust will be
insignificantly small, As usual, a gain in one leads to a loss in
t other, but we accepted this consciously. In such an engine
thrust is created basically no longer by the jetstream, but by the

‘opeller,

Such an engine is therefore called turboprop (or TVD). The
turbine of this engine, which in all its main parts is no different
from turbojet, rotates the propeller in addition to the compressor,
Tn connection with this the turbine has a greater number of stages,
1sually 3-4 and in the front section of the engine 1s mounted a
special pinion gear, the so-called reduction gear, with the help of

hich rotation from the shaft of the engine is transmitted to the
propeller with a reduced number of turns, just as required. Engilne
aust gases emanate as before through the jet nozzle, but their
rust now is already very small and is ornly a small addition to th
thrust of the propeller,

At relatively small speeds of flight (however, quite recently
they seemed unattainable, when the only engine in aviation was piston)
the turboprop engine turns out to be more profitable than the
turbojet, It expends less fuel per kilogram of thrust and ensures
less total weight of engine and fuel during prolonged flight.









Fig. 15, Twin-shaft English turboprop
engine "Tyne" with & power of 6100 hp
(of these approximately 5600 hp are

due to the propeller and 500 hp are due
to the jetstream), Number of engine
revolutions is equal to 15,250 rpm:

a) diagram of engine; b) external
appearance; c) structural arrangement:
1l — air inlet; 2 — low-pressure
compressor; 3 — reduction gears, 4 —
high-speed shaft for driving propeller;
5 — high-pressure compressor; 6 —
combustion chamber; 7 — intermediate
shaft; 8 — high-pressure turbine; 9 —
low-pressure turbine, 10 — exhaust pipe.

*



Fig., 16, "Regenerative" turboprop engine, It
makes use of part of the usually lost thermal
energy of exhaust gases: a) schematic diagram

of engine, b) its structural arrangement

(engine T-78, the United States), 1 —

compressor (l4-stage, axial); 2 — combustion
chamber; ?» — turbine (4-stage); 4 — heat
exchanger-regenerator; 5 — reduction gear driving
the propeller; 6 — channel, through which cold
air flows from compressor into regenerator;

7 — the same channel for already heated air,
proceeding from the regenerator to the combustion
chamber; 85 — tube of heat exchanger.

After an explanation of the advantages of the turboprop engine
relatively slow speeds of flight, it should be clear that with an
increase of speed these advantages gradually vanish., Certainly,
juring supersonic flight a turboprop engine is very inferior to
turbojet., But how is it possible to present the gradual transition
from turboprop engine to turbojcl according to increase of speed?
What should be the most advantageous engine for these intermediate

speeds?

With an increase of flight speed the diameter of the propeller

ould inevitably decrease, since speed of airflow, flowing around



Fig. 17. From the turboprop engire to turboshaft —
one step., The turboprop engine T-64 (the United
States) with power of approximately 2600 hp (from
above) can be easily converted into a turboshaft
(below), It differs by the absence of a reduction
gear and therefore is somewhat lesser in weight
(400 kg instead of 490 kg) and slightly greater in
power (by approximately 80 hp).

the ends of the propeller blades, attains the spreed of sound, and
then exceeds it, This is connected with a sharp decrease of
efficiency of the propeller and a loss of its basic qualities, Suc!
a decrease of propeller effectiveness at supersonic flow around is
explained by the same reasons as for the increase of drag of ar
aircraft during approach to the "sound barrier" (this was spoken

of in Chapter I).



i@; Fig. 18, Diagrams of
- two-circuit turbojet

a) engine: a) bypass
s (twin-shaft construction):
. b) turbofan (with rear
.. location of fan).
b) “_
But if the diameter of the propeller decreases, then there is a }
decrease in the section of airstream rejected by it, as a result of i

which the velocity of rejection should increase, otherwise the
quantity of rejected air and power of the propeller will decrease,
An increase of velocity of rejection is generally connected with an
increase in the number of revolutions of the propeller, Thus the
turboprop engine makes the first step in the direction of turbojet.

Several more such steps and the propeller is transformed,
essentially, into a high-speed fan (simultaneously it becomes .
multivaned) very similar already to the wheels of the first stages
of an axial-flow compressor, Similarity increases yet until such a
propeller is hidden away usually in a special "tunnel," i.,e., it is
placed in a cylindrical housing (this increases the effectiveness
of the propeller), and this fan is even made to two-stage, i.e., with
two wheels., Well, what further? Obviously, further it is necessary
to go already to a compromise step — it turns out to be profitable
to decrease power of turbine which is running the fan so that part
of the energy of gases is used sgain in the jet nozzle, It is true,
exit velocity of gases will be at first relatively small, to increase
1t strongly is still unprofitable, But then the velocity of gases
emanating through jet nozzle should gradually increase and,
accordingly, will gradually decreace the quantity of air rejected
by the fan, This will lead to a gradual increase of average or
effective rate of rejection so that every increased value of flight
speed will have its own corresponding most advantageous value of this
average rate of rejection,

55
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Fig. 19. Two-circuit (bypass) English turbojet
engine "Spey" (twin-shaft construction, thrust
approximately 4500 kgf): a) diagram of engine;
b) its structural arrangement; c% external view:
1 — general air inlet; 2 — low-pressure compressor;
3 — high-pressure compressor; 4 — bypass channel
(2nd circuit); 5 — combustion chamber of
tubular-annular type; 6 — high-pressure turbine;
7 — low-pressure turbine; 8 — mixer; 9 — general
exhaust pipe; 10 — thrust reverser (this will be
spoken of in the follaowing chapter); 11 —
aggregates of the engine,

its turbine — in a rear location, In the latter case drive is
usually carried out from an independent turbine wheel, not connected
with basic turbine of engine which is running its compressor.
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Fig. 23. Diagram of a bypass turbojet engine with an after-
burner in both circuits (engine TF-106, developed in France):

1 — fan; 2 — low pressure compressor; 3 — high pressure
compressor; 4 — high pressure turbine; 5 — low pressure turbine;
6 — main afterburner; 7 — cooling "jacket"; 8 — combustion

chamber of engine; 9 — injection of fuel into airflow of fan
circuit; 10 — main gas-air duct ("conveyer") of engine; 11 —
fan circuit; 12 — injection of fuel into afterburner; 13 —
variable-area jet nozzle.

But does this really mean in front of the engine? Does it seem
that changes in the state of air begin before it enters the engine,
while it is still in the atmosphere? How is this?

And although it is so at first glance it seems unexpected and
even, probably, paradoxical. It is here in the atmosphere, outside
the engine, in front of it, and, even more exactly, before the flying
aircraft important changes in the eir are starting to take place.
Incidentally, this reservation about the aircraft is extremely
significant — usually station No. 1 of the "econveyer," i.e., the
air inlet, constitutes part of the alrcraft itself, and not the
engine. Such an ovganic merging of the aircraft and its power-
plant is very characteristic mainly for jet aviation, in the past
it did not exist.

But if changes in the air, which started already in the atmosy i
occur prior to "station No. 1," then, obviously, in accordance wit!
sur nomenclature this should be another — "zero" — station of the
"econveyer." And although this post is invisible it nevertheless

actually exists and, moreover, sometimes plays, as we will learn
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Fig. 26. One of the thrust
reversers used abroad -
sound suppressors: a)
diagram of arrangement and
action of reverser (on the
left — normal thrust, on
the right — reversed); b)
reverser-muffler on an
aircraft.

Fig. 27. Diagram of the
arrangement of the super-
sonic twin-shaft turbojet
engine J-52 (the United
States) used on the "Hound
Dog" quided missile. Below
— diagram of the missile

and its appearance (missile
is suspended under the wing
of the aircraft): 1 —
moving central body; 2 —

low pressure compressor;

3 — engine accessories
(pumps and others): 4 — high
pressure compressor; 5 —
combustion chamber; 6 — high
pressure turbine; 7 — low
pressure turbine; 8 — vari-
able — area Jjet nozzle with
central body; 9 — controls
(elevators); 10 — turbojet
engine J-52; 11 — pylon

for suspension of missile on
aircraft; 12 — astronomical
guldance system.



Fig. 28. A supersonic turbojet engine should have a complex
automatic system for control of geometry (air inlet,
compressor, nozzle), fuel feeding, and other parameters.

On the figure are represented only certain necessary forms

of control: 1 — adjustment of air inlet (position of central
body and others); 2 — turning of compressor guide vanes;

3 — bypass of air from compressor; 4 — fuel feed in
combustion chamber; 5 — fuel feed in afterburner; 6 —
adjustment of jet nozzle.

This of course does not mean that such a nozzle is impossible
to make. It undoubtedly will be made; a number of such constructions
already exist since without such a nozzle it is impossible to have a
supersonic engine with optimum characteristics. Operational use of
such an engine is only a matter of time, inasmuch as it is possible
to think that in the speed range of flight from 2 to 4 times the speed
of sound a supersonic turbojet engine with afterburner and complex
adjustable geometry will be the best propulsion system for alrcraft,
both piloted and pilotless. In particular, in the United States such
an engine 1s already being used on the pilotless winged missile
"Hound Dog." It has been proposed for the English-French supersonic
civil aircraft the "Concord" and others.

Similar engines will find application both in civil and in
military aviation. But this will probably be the corona of successes
for the gas turbine in aviation. At sti1l1l higher speeds 1t has no
place — we will talk about this 1n the following chapter.
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o Deflectors are open

Air Fuel spray
inlet nozzl

Deflectors
are cloced

Combustion chamber

b)

Fig. 29. Pulsejet engine: a) diegram of the
engine; b) installation of the engine on the blade
of the rotor of the helicopter (United States).

They are installed directly on ends of blades of the rotor of
helicopters, eliminating the need in its mechanical drive. The thus
obtzined simplification and facilitation of the helicopter together
with great simplicity and unpretentiousness of pulsejet engines
explain the causes for which they find a certain application, in
spite of considerably lesser economy, i.e., greater fuel consumption
in comparison, for example, with gas turbine engines. It is true
that they do not have great prospects here.

The fact that the economy of a pulsejet engine is very low 1is
not unexpected and is easily explained by peculiarities of its working
process. In a pulsejet engine, Jjust as a compressorless engine,
the compression of air should be carried out by some other method,
and the impact pressure of the counterflow of air in this case is
insufficient. Such compression 1is carried out with the use of
pulsations of pressure in the engine, which operates not continuously,
as a steady-flow or gas turbine does, but periodically. But by
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Fig. 30. Subsonic ramjet engine: a) flight
test of the engine on an aircraft (Germany,
1944); b) diagram of this engine. 1 — dlameter
of inlet section, 397 mm; 2 — direction of
flight; 3 — diameter of combustion chamber,
999 mm; 4 — length of diffuser, 3421 mm; 5 -
distance from inlet section to the plane of
injection of fuel through injectors, 3454 mm;
6 - length of combustion chamber, 3996 mm;

7 — diameter of outlet section, 751 mm; 8 -
length of jet nozzle, 1209 mm; 9 - total
length of engine, 8626 mm; 10 — plane of the
location of fuel spray nozzles.

parts: middle — cylindrical (this 1s the combustion chamber) and
two outer — conical (diffuser and nozzle). Of course, the englne
should possess other parts and systems, for example, for the fuel
feed into the combustion chamber, ignition of this fuel, stabilizati
of the flame, etc. But still its design simplicity as compared t
the turbojet engine is striking. Essentlally, this is a simple
segment of the pipe, one furnace for the burning of fuel but a
"flying one"; it is able not only to fly by itself but also to force
an aircraft on which it 1s installed to move. It 1s clear that
similar "flying furnace" proves to be very light. The only tr

is that such a furnace burns much fuel, and it 1s extraordlnar
uneconomic. But here the trouble is not in it but in the speed
flight. So long as the speed is low, there is little kinetlc ene- gy
of incident flow of the atmospheric air, and, consequently, there are
low pressures in the engine. It immediately becomes clear that the
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Fig. 31. Supersonic ramjet engine: a) diagram of the engine; b)
cross section of English supersonic ramjet engine "Thor"; c¢) outer
view of the engine "Thor" and its bench test: 1 - body of the engine
2 - central body; 3 — igniters; 4 — fuel spray nozzles; 5 — flame
holder; 6 — jet nozzle; 7 — bracing support of the engine.

KEY: (a) "Conveyor" of the change of the state of air; (b) Super-
sonic deceleration; (c) Subsonic deceleration (speed decreases,
pressure and temperature increase); (d) Combustion (temperature and
speed increases); (e) Subsonic expansion; (f) Supersonic expansion;
(g) Speed increases, pressure and temperature decrease; (h) Fuel feed;
(1) Normal shock; (j) Flame holder; (k) Oblique jump; (1) Fuel
injection; (m) Subsonic diffuser; (n) Combustion chamber; (o) Laval
nozzle; (p) Supersonic air inlet.
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Fig. 32. Ramjet engines with
supersonic (detonation)
combustion: a) engine with
combustion in supersonic flow
(the change in temperature of ﬂ
gase- in this engine as compared ‘
to the standard is shown); b) w
engine with combustion in a

standing detonation wave; c)

engine with external detonation
combustion in & standing wave

("burning wing").

KEY: (a) Oblique shocks; (b)
Temperature of air and gases;

(¢) Standard e:zine with sub-

sonic combustion (d) Engine

with supersonic combustion; (e)
"Conveyer"; (f) External

compression; (g) Internal

compression; (h) Combustion ;

(1) Expansion; (Jj) Fuel spray

nozzles; (k) Nozzle; (1)

Standing detonation wave; (m)
Stabilizer; (n) Head wave; (o)

Fuel spray nozzles; (p) Obligue

shock; (q) Flame front

(detonation wave); (r) Gases.

if the topic of discussion is about a turbojet engine with after-

burner, then this distinction is absent.

Incidentally, there is

great interest in connection with high temperature of gases in

atlempts to create the so-called aerodynamic jet nozzle.

1n this case the contrcl of geometry of the Jet, i.e., the

change in its section and profile, 1is carried out in the nozzle of

the fixed, constant geometry by means of putting air into the jet.

The air is suprlied in such places in such quantity and at such speed

so that its influence on the stream leads to its assigned change. It

is clear as to what advantage there 1is in such @ method, as it

eliminates the need for a complex system of mechanical control of

the nozzle, working in contact with gases of very high temperature.

such nozzles of the aerodynamic type possess a great future.
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Fig. 33. Supersonic ramjet engine on an aircraft: a) takeoff of
pilotless antialrcraft winged missile Bomarc with two ramjet and
one assisted takeoff rocket engine; b) aircraft Leduc 021 [spelling
not verified] with a ramjet engine on the carrier aircraft Langedoc
[spelling not verified]; c) aircraft Leduc 022 in flight.

In the future, according to the most widesp.'ead opinion of
scientists, the ramjet engine will receive wide application in
supersonic aircraft, both military and civilian. Alrcraft with such
engines (of course, in combination with engines of another type,
inasmuch as ramjets not able to provide independent takeoff) will fly
at speeds 3-6 times that of the speed of sound. In this speed range
not another engine can ccmpete with the ramjet with respect to
specific thrust (i.e., thrust per 1 kg of its weight) and specific
fuel consumption per 1 kgf of thrust. During flight with a speed
three times greater than the speed of sound, the ramjet engine with
a middle section of 1 m2 is in a state to develope a thrust of tens
of tons and effective power of hundreds of thousands of horsepower
at a record-breaking low weight and specific fuel consumption.
Ramjet engines can find application in astronauties, in particular,
on carrier rockets, and also for flight in atmospheres of other

planets, for example, Mars and Venus.
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fuel into the other. Such examples can be given arbitrarily.

In many cases the simple contact of liguids does not cause
burning; for example, if the same nitric acid were poured, into
a saucer with kerosene, then a “lame would not aprear. It is
enough, however, to ignite this mixture, as the combustion, once
started, will occcur very vigorously. What is surprising here, In
case of the usual combustion there 1is reqt

and a match is needed. Without it the

alcohol and other conventional propellants will not start.

But when one liquid burns into another, what burns into what?

al g

Which of these liquids is the fuel, the nitric acid or aniline?

When a conventional propellant burns in air, thi

wu
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=
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0
ct
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not appear, although, in fact, we have full right to say that the

air (more accurately, of course, oxygen from air) burns into the
gasoline, but not inversely. The role of both these substances
participating in combustion is equally important, neither one

of them can manage without the other. This is all the more true,
obviously, in case of combustion of one liquid into other; here both
substances participating in the combustion are not different even in
their aggregate state. Therefore, they both have the full right

be considered fuel. Thus, nitric acid and aniline for example, are
called rocket fuel, more precisely, components, i.e., component

parts of this fuel. The combination of both components constitutes
rocket fuel or a fuel combination.












Fig. 35. Thrust chamber of a liquid-
propellant rocket engine: a) schematic
diagram; b) construction of the chamber
of the English engine RZ-2. Thrust of
the engine is 62-68 t, it operates on
1liquid oxygen and kerosene, is installed
on the rocket "Blue Streak": 1 — Cardan
suspension of the chamber allowing its
turn for a change in direction of the
tractive force; 2 — supply of oxidizer
(1iquid oxygen); 3 — head of the engine
(injector plate); 4 — pipeline of the
supply of fuel (kerosene); 5 — pyrotechnic
igniter; 6§ — electrical conductor to the
igniter; 7 — combustion chamber;

8 — throat (minimum cross section);

9 — ribs providing the necessary strength
and rigidity of the chamber; 10 — jet
nozzle; 11 — walls of the chamber from
separate tubes through which the cooling
kerosene flows; 12 — feed of fuel (kerosene);
13 — feed of priming fuel (for ignition);
14 — grid for the rectification of flow
of liquid oxygen.
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Fig. 36. Certain methods of fuel
injection used in the combustion chamber
of a liquid-propellant rocket engine (a).
Head of the engine of rocket "Nike"
(United States) — (b): 1 — colliding

Jet of both components of fuel; 2 — collid-
ing Jjets of the same component of fuel;

3 — non-colliding streams (shower head);

4 — jets directed towards spraying plate;
5 — streams are mixed on the plate;

6 — streams form two cones, convergent and
divergent; 7 — conical "rosette" (engine
of the rocket "Fau-2" [V-2]) with a

supply of oxygen in the center and alcohol
on the periphery; 8 — supply of preliminarily
mixed components of fuel; 9 — coaxial
streams (one inside the other); 10 — hole
for apportioned mixture; 11 — hole for
fuel feed; 12 — hole for oxidizer feed;

13 — subassembly of the head; 14 - lateral
holes for oxidizer feed; 15 — bottom of
head (plate, top view).
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Fig. 41.
difficulties in the creation of a liguid-propellant rocket
engine. Above — cross section of thrust chamber of an
English engine with regenerative cooling (in the cross
section spiral channels for the passage of cooling
are shown). Remaining figures show a thrust cil
made from tubes through which the liquid coolar
flows: a) welding of tubes of rocket engine Titan

(view through the nozzle), b) schematic section of the
chamber, c¢) soldering of tubes of the rocket engine Thcr,
d) external view of this champer. 1 — supply of fuel;

2 — flow valve of fuel; 3 — head of the engine;

4 — injectors of fuel injection; 5 — tubes.

the fuel and oxidizer are stored on a rocket or aircraft in
separate tanks and should be fed from them in strictly definite
quartities into the thrust chamber, more accurately, to its

head. How is this supply carried out?

Various methods are possible here. The simplest 1is the so-called
pressure feed system. As name itself implies, it consists in the
fact that in the fuel tanks raised pressure is created, which
forces out fuel from the tank so that it is fed into the head of
the engine. Increased pressure can be created in the tanks, for

example, with the help of any compressed inert gas, let us assume,







of pumps with the turbine is called turbopump assembly (or TNA).
The majority of the well-known contemporary powerfi
propellant rocket engines has turbopump assemblies.
play so important a role in the operation of the whole
in general, are so complicated in construction that

mentioning encountered in popular science literatu

fact that the liquid-propellant rocket engine is ve
d=sign and, in particular, does not have one moving part, essentlally,

loses all meaning.

Fig. 43. Turbopump assembly for fuel feed into the combustion
chamber of a liquid-propellant rocket engine: a) diagram of
turbopump assembly operating on gases tapped from the
combustion chamber of the engine (United States); b) diag
of a turbopump assembly with a gas generator of the English
engine RZ-2; c) construction of a turbopump assembly

engine (cross section). 1 — turbopump unit; 2 — explosive
charge for starting; 3 — fuel flow valves and oxlidizer;

4 — fuel supply (kerosene) from tank; 5 — supply of oxidlzer
(1iquid oxygen) from tank; 6 — fuel pump; 7 — oxidizer
8 — turbine of the drive of pumps; 9 — exit of exhaust
10 — gas generatcr; 11 — inlet valve of fuel into gas ge:
12 — fuel supply from starting tank; 13 — feed adjuster of
oxidizer; 14 — supply of oxidizer from starting tank; 15 — main
fuel valve into engine; 16 — fuel lines; 17 — check valves (ti
prevent the entering of priming fuel into the combustion
18 — main flow valve of the oxidizer; 19 — head of thrust chamber;
20 — thrust chamber.
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Superpowerful liquid-pr
powerful engines of t
for carrier rocket "”turr-’
he first stage of the rocket 7
1 thrust of 680 t). Behind — mc
relops a thrust of 680 t (it is assumed
led on the first stage of the carrier
tic firings of F-1 engine (maximum
t for 13 s). This engine weighs 6¢

~

c) assembly of carrier rocket

}.J
O

2895 mm, length 3360 mm, power of tr“"”rukc
ht of 1135 kg is equal to 60,000 hp, fuel

Saturn-1

consu




i1s practically unlimited in duration and distance, Such an eternal
flight was accomplished, for example, by the Soviet space rocket
"Mechta" (or the first "Lunnik"), which for the first time in the
world on 2 January 1959 exceeded the so-called escape velocity
equal to 11.2 km/s and necessary for any body to break forever the

chain of terrestrizl gravitation.

However, the satellite spaceship "Vostok-5" with pilot-astronaut
Valeriy Fedorovich Bykovskiy on board accomplished during 14-19 June
of 1963 the record-breaking flight of 3,326,000 km and duration of
more than 119 hours after engines of the carrier rocket operated for
the calculated time during the launch of the rocket. This is what
ballistic flight means! Is it not true that it opens up absolutely
fantastic possibilities of high-speed service for any distances on

earth?

Fig. 47. 1In the family of ligquid-propellant
rocket engines there are also these "babies":
a) two engines with a thrust of 135 kgf each
1ift a person into air; b) engine on the blade
tip of a rotor of a2 jet helicop:ier; c) pulsejet
engine of the system of orientation of an
artificial satellite (its weight is 0.5 kg

and thrust from 0.2 to 4.5 kgf).

We considered exactly this when we talked above about the
paradoxical possibility connected with the application of the liquid-
rropellant rocket engine in aviation. 1In fact, the engine, which is
able to operate in much less time than any other known aircraft




Fig. 48. Aerospace rccket aircraft: a)
takeoff of carrier rocket with the aircraft
"Dyna Soar" (project of the United States);
b) separation of this alrcraft from the
carrier (figure); c) calculated trajectory
of the flight; d) training rocket aerospace
aircraft N-205 (project of the United States).
1 -- takeoff of carrier rocket; 2 — orbital
fiight; 3 — suborbital flight — reverse re-
entry into the atmospheres (figures on th
curve show time in minutes); H — altitude

of flight; L — flying range.

engine, is able, at the same time, to provide the most distant and
simultaneously, most high-speed flight! An especially effective
result can be obtained with the organic combination of miraculous

properties of the rocket engine and aircraft wing. The winged
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Recently certain attention abroad has been attracted by
sectionalized engines having the form of a frustum of a cone expanded
to nozzle, The internal channel of fuel charge of such engines has
tie same conical form, What is the sense in this? It is connected
with one of the peculiarities of burning of fuel in an engine, When
burning starts, then along the internal channel of the charge to
nozzle there rushes with considerable speed the flow of incandescent
gases — products of combustion, It is not surprising that such flow
erodes the burning surface of the charge similarly to the way hot
winds of the desert corrode the soil and cause its erosion, This
is why such combustion is also called erosion combustion. But as a
result the fuel charge burns nonuniformly and engine thrust 1is
changed so that it cannot be calculated beforehand., In the conical
engine speed of gases in internal channel turns out to be much
smaller, which essentially lowers troubles connected with erosion
burning. ’

_—

Fig. 53. Powerful solid-fuel rocket

engines can be prepared by two methods:

a) assembly of sectionalized engine at
starting position: 1in background -
transport of section; b) equipment of
rockets in starting position., 1 -
installation for continuous preparation

of fuel (mixing); 2 - second stage of
rocket; 3 — first stage of rocket (booster),
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Fig. 60. Turboramjet "hybrid." The French fighter "Griffon" II
with a turboramjet engine: a) view of the jet nozzle f the r
b) view of the air diagram of t! 3 raft; d) te
the "coleoptere" wi t engine in France; e) d ng of t
"coleoptere" with turbo: engine; f) diagr f rbofan-
ramjet" engine. 1 — fan; 2 — compressor; 3 ntour;
combustion chamber; 5 — high-pressure turbine; 6 — low-pressurt
turbine; 7 — engine housing; 8 — cockpit; 9 air inlet; 1 -
engine; 11 — annular wing; 12 — fuel inject 5 of the ramjet






















Fig. 62. Turborocket "hybrid" engine: a) diagram of the engine;
b) external appearance of one of these experimental engines (UsAa).

nich is obtained this way, is usually called a rocketramjet. It is

ssible to assume that it will find application in the future;

.xperimental models of such an engine are being investigated abroad.

In one of the patents issued in the United States there was

>roposed a "hybrid" rocketramjet engine, which can work either as a

~ket, or as a ramjet. Such a reorganization is carried out with

help of a sliding flap, regulating the admission of air into the

"

o

ustion chamber of the engine. If the air enters the chamber,
h

hey

engine works like a ramjet engine, if not, then like a

ct
D)

cket engine. Not excluded is the application of such a variant

f the very same "hybrid."

The latter example of "symbiosis" in the world of jet engines,

which will be discussed here, pertains to only some rocket engines

and has a somewhat different character than those, which have already

yeen covered. We know that all rocket engines are divided into two

branches depending upon what kind fuel they use, liquid or solid.

th these types of rocket engines have their own merits and
n

jeficiencies. It is possible here to use the method of "symbiosis,

ievelop some unprecedented hybrid?

191
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2 Fig. 63. This 1s how the
"rocketramjet" hybrid can
look: a) diagram of the
s engine; b) patent (United
\@ ‘_/ States) for an engine,
1 ._J working both as a rocket,

a) J and as a ramjet; c) external
appearance of the engine;

1 — central body; 2 —
engine housing; 3 — fuel
injectors; 4 — payload;

5 — regulators; 6 — fuel
supply; 7 — oxidizer

supply; 8 — pumps; 9 -

gas discharge.

Such a possibility exists: 1t is connected with the simultaneous
use and liquid, and solid rocket propellant in one engine, which
makes it possible to select the best fuel combinations. Especially
efficient is the application of liquid oxidizer and solid fuel,
especially, the spontaneously inflammable combination. Such a rocket
engine with mixed fuel is more simply obtained that the ordinary
liquid-propellant engine, provides higher specific thrust than
ordinary solid propellant, and, at the same time, its thrust 1is
easily regulated (by varying the supply of liquid oxidizer into the
chamber with the solid fuel), and it is possible just a simply to
completely shut off the engine and to turn it back on again. The
preservation of this "hybrid" engine in a state of constant readiness
for action has also been simplified. All this makes explicable the
persistent attempts of designers to create such an engine and to
put it into operation.
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oxides of nitrogen are used (for example, tetro

also proposed by K. Tsiolkovskiy.

tetroxide) and their solutions in nitric a

the ones that have received the greatest

are hydrocarbon petroleum fuels — kerosene and

also proposed by K. E. Tsiolkovskliy. Alcohol,

hydrazine and

values of the exhaust velocity of gases using t

combustibles, for example, fuels, consisting of

kerosene, are approximately 2700-3000 m/s. As

values are significantly greater than in case o
200

certain other substances are being

peroxide and certail
xide, or nitrogen
regarding fuels,
ation at present
others, which were
aniline, ammonia,
used. The maximu
ese oxidizers and
liquld oxygen and
can be e
f solid fuels. But
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Incidentally the dissociative energy of atmospheric gases can
be not only not useful, but even harmful. There are designs for a

ystem for flight in the upper layers of the atmosphere,

found on the aircraft for fuel. The air coming into the hypersonic
e engine will enter a condensation system, where it
d. The liquid oxygen will be separated from the
nitrogen and either accumulated in the tanks for subsequent transfer
the tanks cf a spaceship taking off from earth, or used in the
liguid-fuel rocket hydrogen-oxygen engine. The heat liberated
of atomic atmospheric gases, will in this

iluring the recombinat

ion
der liquefaction, i.e., cause damage.

sl o &2 .
e, bviously, hir

) r condensation (liquefaction)
the boundar; the atmosphere (the United States):

of a liquid- cket engine, in which 1liquid
) rns with liqu heric oxygen; b) the transfer
w-altitude orbit te of atmospheric liquid oxygen,
) ted in its tanks of the prolonged operation
i densation devi : anks of a spaceship. 1 -
pe n 1ir intake; 2 >ondensation system; 3 — liquid hydrogen;
amp 3 — preliminar — condenser (liquifier); 7 -
parator; 0 - liquid ni liquid air enriched with oxygen;

But 1if the atomic gases of the atmosphere are difficult to use

because they are sparse there, then is it impossible to create
h gases artificially? After all if this is possible, then it

simply remains to fill the tanks of the rocket with such liquified
mic gas so that then in the combustion chamber of the engine the
g

reaction of the recombination of atoms into molecules would occur
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Supply of Body of engine
C) hydroger (retarder-reflector)

Fig. 75. Diagrams of atomic rocket engines: a) engine with
solid active zone of atomic reactor (graphite-uranium); b)

engine with liquid active zone of atomic reactor or so-called
fluidized bed (melted carbide of uranium is held on the walls

of the container as a result of its rotation under the influence

of centrifuger force); c¢) engine with vortex gas-cooled
reactor (in the engine there 1s created a gaseous active zone —
a stabilized gas vortex of uranium and hydrogen). 1 — supply
of fuel; 2 — nozzle; 3 — active zone of reactor; 4 — circu-
lating fuel; 5 — control rods; 6 — rotating liquid.

considerably higher than in a "Rover" type reactor. And although
a1l of them are still very far from realization, it is doubtful
shether we will err if we express confidence that in the future
such engines will be created and will find wide application.

However, help given to jet engineering by atomic energy is by
far not limited to creation of the atomic jet and rocket engines
jescribed above. There is one more important region of jet

engineering, one more large group of rocket engines, sharply needing

help from the atom., These engines are so unusual, soO unlike those
existing at present, and in general, they are all well-known to us,
and, at the same time, they are so promising and so important for
all future jet engineering that the whole next chapter deserves to
be dedicated to them.

241





























































o4

gl

1l spacecra
s the airborne at




Fig. 832. Atomic radioisotope
"patteries": a) diagram of the
arrangement of an atomic element
which utilizes beta decay; b)
exterior view of element; c)
radioisotope electric generator
"Snap 1-A." In it 277 thermoele-
ments convert the heat of radio-
active decay of cerium-144 into
current with a voltage of 28 V
and power of 125 W. Weight of
the generator is approximately
80 kg and it can work for more
than a year. 1 — beta-emitter;
? — clearance; 3 — battery; 4 —
body; 5 — thermocouple; 6 —
radiation heat reflector; 7 —
space for mercury screen; 8 —
rod of cerium-144; 9 — cooling
coil; 10 — insulation; 11 — heat
screen,
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of effluent gases; it is directly proportional to the square root
of this temperature. This means that for increasing the exhaust
velocity it is sufficient to warm up the gas more strongly, to
increase its temperature. With the help of chemical fuels this is
impossible to achieve., 1Is this within the power of electricity?

Yes, it is within the power. Everyone has probably seen the
dazzling fires of electric welding. In the brightly luminescent
column of electrical high-voltage discharge, which has received
the name of electrical arc, the temperature of the gases reaches
SOOOOC and even higher, Not one chemical reaction is capable of
producing such a temperature. Meanwhile, the temperature of the
arc can still be increased easily. For this it is sufficient,
for example, to compress it, encasing it in a water or gaseous
shell. If this shell is subjected to rapid rotation, i.e., a
swift vortex is created around the arc, then not only will the arc
be compressed and its temperature strongly increased, but there
will be an increase in the so-called stability of the arc, it will
be stabilized (without such stabilization the arc frequently
starts to fluctuate and even dies out). Temperature of gases in
csuch a stabilized arc can reach 10-15 thousand degrees.
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Fig. 83. Electrothermal (arc) rocket engine: a)
structural diagram of engine with stabilized arc; b)
schematic diagram of engine; c) laboratory installatign
of a "plasmatron" with a stream temperature of 10,000
(Avco Firm, United States); d) drawing of space vehicle
with electrothermal (arc) engine from the Avco Firm,
The working substance is hydrogen and the electric
power station is atomic with a turbogenerator on
mercury vapors. 1 — supply of working substance; 2 —
exit of jet stream; 3 — cooling agent; 4 — electrode;

5 — nozzle-electrode; 6 — working substance; 7 — pump;
8 — power supply; 9 — electrodes; 10 — arc; 11 —
traction chamber,

of such electrodeless heating are, in particular, variocus kinds of
units for high-frequency induction heating — metallurgical furnaces
for melting of different metals, furnaces for casehardening of metals,
medical units (many have received it, and after all this is also
ultrahigh-frequency heating), contemporary high-frequency "miracle
kitchens," and many others. The same method of high-frequency
electrical heating is also being tried out in electrothermal

engines. Other methods of high-temperature heating of working
substance in these engines are possible.



Incidentally, the use of solar energy makes 1t possible to
create a space rocket engine in which the heating up of working
substances to a high temperature will be carried out directly by
concentrated solar rays, without preliminary conversion of solar
energy into electrical, This of course will not be an electro-
thermal, but a unique heliothermal engine. It is easy to see that
it is especially profitable in this case to use liquid hydrogen as
the working sub: :ance of the engine, Abroad a number of plans for

such a solar-hydrogen engine have been proposed.

Fig. 84, Space vehicle "Heliodyne"
with heliothermal rocket engine,
working on liquid hydrogen (a
cylindrical tank holds ©00 kg of
hydrogen). Heating of hydrogen

is carried out by three mirror
concentrators of solar rays.

Abroad a number of designs of experimental electrothermal
engines have already been developed. These are mainly arc rocket
engines, some of which have already been subjected to multihour
laboratory tests. As was already said above, these engines,
just as all other electrorocket engines, develop very little Jet
thrust. It is true that the thrust of an arc engine is slightly
more than for all the others, but nevertheless it also is usually
less than 1 kilogram (force). Inasmuch as the development of an
arc engine leans on the vast experience of electric welding tech-
nology, and also on the not so great, but then very valuable
experience of application of different plasma-arc torches —

plasmatrons lasmajets, and so forth as laboratory and technological
& ’ ’
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