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ABSTRACT: This book discusses basic questions of the theory
of the flight of controlled and unguided rockets of different
assignment and the influence of their design and construction
on conditions of flight. We consider the following forces
and moments having an effect on the rocket in flight:
tractive force (thrust), force of weight, control forces and
moments, aerodynamic drag. The theoretical and experimental
determination of aerodynamic coefficients is described, as
well as the character of their change in the process of flight
depending upon altitude and meteorological factors. The
phenomena accompanying the flight at great heights and the
phenomenon of aerodynamic heating are discussed. The basic
positions of the theory of rocket flight are examined.
Fundamental information is given on the formulation of
equations of motion and the calculation of characteristics of
) trajectories of the flight of controlled and unguided rockets
of different assignment. The concept on the establishment of
optimum conditions of motion and the calculation of
trajectories according to data of radar observations are
discussed. Different methods of stabilizing rockets in flight
and factors affecting the deviation of the rocket from the
calculated trajectory are investigated. The causes of
dispersion during firing by the rockets and the methods of
decreasing the dispersion are explained. -The material of
the book, explanations, and formulas are illustrated by
examples, diagram, drawings, and graphs. Chapters II, IIT and
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Figure 3 shows typical diagram of an unguided rocket using solid fuel.
Subsequently we will not distinguish between terms "rocket" and "rocket missile,"”
since we consider the theory of the flight of these bodies, By the term "rocket"

we mean all forms of rockets; however, in those cases when the term "rocket missile"

in application to a specific sample is established, it is left without change.
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Fig. 1. Fig. 2

Fig. 1. Diagram of a rocket with liquid-fuel engine (pump feed of the fuel):
1) nose cone; &) fuel tank; 3) oxidizer tank; 4) turbopump assembly; 5)
gipellnes; os combustion chamber with nozzle; T) recombustion chamber;

8) fuel injector; 9) alcohol value; 10) fin; 11 gas rudders; 12) air
vanes,

Fig. 2. Diagram of an air combat rocket with a solld fuel englne:

1) booster; 2) sustalner; 3) control section ; 4) combat unit; 5) air
vanes; 6) homing device,
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Fig. 3. Diagram of an unguided rocket with a
solid-fuel engine:

1) combat unit; 2) engine chamber; 3) solid
fuel; 4) nozzle; 5) fin,
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beams of light, with the help of lens 2, pass through the working part of the wind
tunnel 3, converge at the focus 4§, and are presented on the screen 5. The knife
diaphragm 6 moves upwards or downwards by the micrometric screw 7 and before the
beginning of the experiment 1s set so that its point 1s at the focus 4 and the screen
nas a uniform small i1llumlinance, Let us assume that during the blowing of the model
1n the zone 8 of the working part of the wind tunnel a change in density of the air
flow will occur., The alr ceases to be an optically uniform medium and will

refract the llght beams in the direction of the place where the air density is
greater, If in the reglon of the zone 8 the local condensation of the flow occurs
the beams will be refracted, will pass higher than focus 4, and will be retained

by the diaphragm at point 9, 1.,e., they will not reach the screen, Hence 1t

pecomes clear why shock waves on the screen (or on the photography of 1t) are
obtalned in the form of dark bands, On the other hand, zones of rarefaction will
look lighter than the general back-
ground of the screen, since the light
beams refracted by them go lower than
the focus 4 and additionally illuminate
tre corresponding places on the screen,
Flgure 41gives the typical schlieren
photography of the flowing around of

a model of an unfinned rocket by
supersonic flow on which there 1s

Fig. 41, Schlieren photography of the
flowing around of a rocket model by distinctly visible the farm of shock
supersonic flow, waves and also the regilon of compression

rarefaction, and vortex trail behind the bottom of the model.

The Interference method 1s used for the experimental determination of the
fleld of alr density near the investigated model, By knowing the air density p
at some point of the flow it 1s possible with the help of theoretical dependences
obtalned earlier to calculate at this point the pressure, speed, or temperature of
the alr, For instance, pressure 1s determined by the known density from the
equation of the adiabatlc curve (3,30). The speed is determined fromthe Bernoulli
equation (3.29) according to known magnitudes p and p, and for the determination

of temperature the equation of state of gas 1s applied (3.18).











































GHRAPHIC NOT RFPRODUCIBLE
gulded rocket is the American ballistic rocket

"Atlas" (Fig. 48) which has a body in the form of

& so0lld revolution and 1s guided with the turn of

==
=

= =

englnes secured on a Cardan suspension and also

o by special (control) motors,

Unfinned ungulded rockets can be referred to

as turbojet missiles (Fig. 103).

P
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Aerodynamic designs of finned rockets (second

=

class) can be divided into wingless and winged,
Designs of wingless finned rockets, just as unfinned,
are subdivided intoc unguided and guided. Examples

v a of ungulded finned wingless rockets are rockets

of close range of operation, which "guard mortar"

;;!SQ§H;‘_§:i:1Jt:: unfinned units shot during World War II, the American rocket
"Honest John" (Fig. 49), and others,
A controlled finned wingless rocket is the American rocket "Corporal” (Fig.

50), which in a powered-flight trajectory is gulded and stabilized with help of
& gas rudders, and for stability on the
g passive segment of the trajectory (in
§ free flight) it has a fixed fin
E‘ (stabilizer) in tail section due to
§ which 1s statically stable,
= Winged rockets as a rule, are
g guided (at least in a powered-flight
=

trajectory), since the wing creating
Fig. 49, Finned wingless unguided
rocket,

11ft serves for flight control. With
the classing of the rocket to a certain diagram it 1s sometimes difficult to
distingulsh the fin with a large surface from the wing with a small surface, For
instance, the Amerlcan air combat rocket "Genie" (Fig. 51) does not have a wing but
has a fin, and i1ts stabilizer 1s X-shaped and located in the tail section, This
rocket 1s gulded with the help of deflecting plates attached to the traliling

edges of the fin, Because of the absence of a wing such a rocket cannot sharply

change the form of trajectory, i.e., i1t possesses poor maneuverablility.

Externally the Swiss antitank rocket "Cobra-4" (Fig. 52) is similar to the
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"Genie" since it also has in the taill section X-shaped surfaces., However, they
are sufficlently great, create great 1ift, and provide good maneuverability at a
low speed of flight (~80 m/sec), and therefore the "Cobra-4" belongs to winged

rockets,

GRAPHIC NOT REPRODUCIBLE
Winged rockets have many forms of aerodynamic designs.

According to the presence and location of the controlling
rin with respect to the wing (besides vertical) diagrams
of aerodynamic designs of winged rockets are divided into
three subgroups: normal, "canard" and "tailless.,"

The normal diagram of aerodynamic design assumes
that the controlling fin (rudders) is located behind the
wing in the tall section of the rocket. According to such
diagram aircraft and many types of winged rockets, for
instance, the American winged ground-to-air rocket "Bomarc”

(Fig. 53), are usually constructed.

In the "canard" diagram the horizontal controlling

Fig. 50, Ballistic fin is ahead of the center of gravity of the rocket in its
finned wingless gulded
rocket, nose cone. The American winged missile "Navajo" (Fig. 54)

is constructed.,
The diagram of a "tallless" rocket does not have a horizontal controlling fin.
In particular, i1t 1s cbtalned with the use of a sweptback wing having a large
GRAPHIC NOT REPRODUCIBLE
$ sweepback angle, In this case the end
part of the wing 1s so close to the tail
part that the need for a horizontal

controlling fin disappears, An example

of the embodiment of such a diagram is

the American winged rocket (winged

missile) "Snark" (Fig. 55). Rockets

Fig, 51. Wingless gulded air combat
rocket,

constructed from the "tallless" diagram
can have an uncontrolling fin (including the horizontal) located both ahead and
behind the center of mass. The necessity of such a fin appears when there is
tendency to ilmprove the characteristic of the static stabllity and damping of the
rocket. For instance, the American winged rocket "Falcon” of the air-to-air type

(Fig. 5&) has motlionlees surfaces ahead of the wing, which being cross-like, decrease
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Fig, 54, Winged rocket (winged missile),
Y Ket, as a rule, has great length and to
frequently has developed fin,

ierodynami des f the rocket an be
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can also be finned wingless or

L X slve statlic stablllity of the rocket. Such surfaces are called destabilizers.,
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Fi i Fig. 53. Ground-to-air winged rocket,

rocket,

An Amerlcan rocket of the same class the "Sparrow-III" (Fig. 57), on the
ther I i1 -1lke motlionless fin behind the wing., This fin ensures the
tati bllity to the rocket and dampens it oscillation around the center of mass
It au B .
Avariant of the "tallless" diagram is the diagram of the "flying wing", The
i ! ket 1s almost completely inscribed in the outline of a wing.

| to data of foreign
agram will possible
rockets with an at

Thus far we have examined

charac
their aerodynamic
the consecutive
the stages. The multistage
the first stage

stablility

the first stage the

After

first stage, depending upon the assignment of the rocket, 1its

unfinned (ballistic rockets) or
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shifting the center of oscillation, The nearer the center 18 to the surface of
the wing the greater the time during which the spoiler will be advanced and the
wing lift will te changed greater, i.e,, the magnitude of the control force will
be larger. In thin wings the spoller is alterrately advanced first from one side
then from the other side of the wing. The advantage of spollers over rudders is
the smaller welght of the controls (including the drive). Therefore, the spoiler
control is used in antitank rockets where one of main requirements is a minimum
takeoff weight (for instance, antitank rockets "88-10" and "Cobra-4"),

A deflciency of the spoller control is that this group of controls not ensure
the rocket of sharpvmaneuvering.

The pivoting wing 1s a common wing with the posisibllity to turn wilth respect
to the body of the rocket around 1ts longitudinal axis or perpendicularly to the
longitudinal axils of the rocket., This turn of wing changes its angle of incldence
leading to a change in the control force, The advantage of such a control is the
good maneuverabllity of the rocket, since the control force is created cwing to
the turn of one wing. and the inertia 1s less and the turn can be made faster. The
rocket should be turned with the plvoting wing when it 1s required to carry out
a quick maneuver in the trajectory. For instance, the American rocket "Sparrow-III",
intended for the combat of alrcraft with air targets, has an X-shaped pivoting wing
(Pig. 57). ,

The deficlencles ot the pivoting wing are the large hinge moments necessary for
turning the comparatively heavy wing., However, the power of the drive is not very
great, the since angles of yotatlon are small and therefore the speed of turn may
also be small, Another deficlency is a certain increase in the drag of the rocket
due to gaps between the wing and the body, Furthermore, a shift in the center
of gravity wilth burnout leads frequently to the appearance of & negative angle of
incidence of the body and an increase Iin loads on the fin during a maneuver, which ~
increases the bending moment applied .o the body of the rocket.

Gas-dynamic controls can be applied with success in those cases when
aerodynamic controls become little effective in rarefied layers of the atmosphere
and also at low speeds of flight of the rocket (for instance, at its launch from
the Earth).

Several methods of the turn of the vector of tractive force exist, We have

already considered how the flight control of a rocket with the help of 2t vanes
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occurs; however, in ensuring the rocket of sufficiently high maneuverability such
sanes have two essentlal deficlenciest low stability, because of the fact that

they are in a high-temperature medium moving with great speed, and also considerable
drag. The first deficiency compels us to find speclally stable materlals for Jet
vanes, ctherwlse iney can burn up toward the end of operation of the engine, Then
the rocket will stop being controlled snd wlll descend from the calculated
trajentory., Because of the second deficlency part of the tractlve force 1s lost to
the surmounting of the drag of the Jet vares,

Tn ballistic rockets turning engines are widely applied, Thus, for instance,
rhe American vallistic unfinned rocket "Atlas" is controlled on a powered-flight
trajectory with the turn of a jet engine chamber. On this rociet there are
specilal controlling englnes ensuring lateral stability to the rocket and allowing
the rontrol of it on the initial section of free flight f¢r the correction of the
trajectory.

Attempts are known to control the rocket by means of a turn of the rozzle or
a speclal cap placed immediately behind the nozzle and embracing the stream of
gases, The control by redistribution of the tractive force in reverel nozzles 1s
possible. For instance, on the English
antitank rocket "Pye" there are &
number of nogzles of the sustainer

englne located about the clrcumference.

The control system permits covering one

or several nozzles and thereby creating

lutural force the control force necessary in magnitude

and direction, This rocket does not
Plg, 62. Dilagram of the creation »f

& lateral force by means of ligquid have aerodynamlc controls,

injection into the supersonic part of

the nozzle: Recently conslderable attentlon
1) hole for the injection of the liquid;

o has been given abroad to the method

3

region of flow of the injected liquld;
ghock wave,

of control by the vector of tractive
force by menas of blowing (injection) liquid or gas into the nozzle of a jet

engine [48], The Tluid flow injected into the supersonic part of the nozzle through
the hole 1 (Fig. 62) interacts with the supersonic flow of gaseous products of
combust’on of the fuel and, deviating from the initial direction, flows into

region 2.
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‘ The reglon of inject liquid 2 1s a bareler rfor the supersonic flow in the nozzle,
brakes this flow, and creates the shock wave 3. After the shock the speed of gas
decreases, the pressure incresses, and the flow of gas turns., Witl. this the
pressure on the walls of the nozzle after the shock wave turns cut to be more than
1f there were no injection of the liquid. This leads to the appearamce of the
lateral force Yﬁmg the magnlitude of which 1s equal to tiw iuwm o all the forces
from the increase in pressure as compared to the case of the absence of injection
which have an effect on the wall of the nozzle after the shock wave,

By varying the gquantity of liquid injected into the nozzle per unit of time,
it 1s poseible to control the magnitude of the lateral and, consequently, control
force, The direction of the control force can be changed by injecting liquid
through different holes located along the circumference of the cross section of the
nozzle,

A certain decrease in the tractive force, owing to the irreversible losses
of mechanicel energy of the gas flow with the transition of it through the front
of the shock wave, is approximately compe.sated by the increase of thrust from
the expiration through the nozzle of the injected liquid.

Not enumerating other forms of gas-dynamic controls let us turn to the combined
type of controls the principle of the action of which has been known for a long time
and consists in the followlng. On trailing edge of wing or another fixed lifting
surface (fin) the nozuzle 1s made in the form of a turning slot through which
gas.s pass with great speed. By regulating the turn of the slot it 1s possible
to direct the stream of gases to a ¢ 'rtaln side of the lifting surface at a
different angle, The control force will consist of the normal component of tractive
force from the explration of gases through the slot and of an additional normal
component from forces of alr pressure on the lifting surface, which appeared from
the redistribution of pressure along the contour of the lifting surface with the
interaction of the air flow circumfluent this surface with the stream of geecc
passing through the slot, At present there are attempts to use a Jet spoiler,

A stream of gases in a Jet spoiler is guided through the slot in the wing upwards
or downwards and considerably changes the wing 1ift, This change can be increased
even more 1f one were to vary the exhaust velocity,

Deflciencles of combined controls are that they effectively operate only in

sufficiently dense layers of the atmosphere and with a certaln minimum of the spesdl
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s of flight, and turns of the slot-like nozzle
»

X

are also needed in the rellable source of

Yy gases and mechanism,

. Let us briefly examine the calculation

Flg. 63, Diagram of flight control of the magnitude of force appearing on the
of the rocket by the turn of an
engine, controls during their operation, It is
most simple to determine 1t in the case of the control of turning the whole engine.
From Fig, 6% one can see that Yn = Pisin b, where P1 is the tractive force and
the angle of rotation of the engine. The component of the tractive force along the
tangent to the trajectory will be changed little, since it is equal to P = P cos 6,
and b 1s comparatively small and cos b differs little from unity.

If Jet vans or alr vanes in the form of deflecting surfaces are used, then for

calculation the following formula are used:

Yy=CLiS,q="Vb (1)

Xy =(Cr+ C13%) S0, (+.2)
where Ypo = Cgpgpq; sp 1s the characteristic area of the vanes; q is the velocity
head incldent on the rocket of the alr Tlow (or flow of gases in the nozzle of
the engine for Jri vanes); Csp, CxO’ Ci are aerodynamic coefficlents determined by
calculation os according to experiments in wind tunnels. Formulas (4.1) and (4.2)
show now magnitudes Yp and Xx)depand on the angle of rotation & of the rudder
surface, If for Y[}this dependence 1s linear (Yp is proportional to B6), then that
for xp 1t 1e more complicated and approximately described by the parabola similar
to coefficient C  In Fig. 22, From formula (4.1) it 1s evident how according to
the ascent of the rocket above the surfave of the Earth Yp created by serodynamic
controls decreases, Really since q = Eﬁw- then 1t proves to be that q 1s directly
proportional to the air density p which quickly decreases with altitude,

Control fcrces created by spollers, turning nozzles, caps, and so forth and

also comblned controls are determined mainly by experimental means becasuse of the

complexity and Insufficlent study of phenomena weccompanying thelr operation,

§ 3. Aerocdynamic Interference

Aerodynamic interference is called the mutual influence of bodies near one
another in the flow of air on the flowing around of them by this flow. PFor

instance, the flowing around by the air flow of a winged rocket consisting of a
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body and wing differs from the flowing around of the same bodies of the rocket and
its wing but isolated from each other, The forms of streamlines of shock waves and
the vortex trail will e different, and this will change the distribution of forces
of pressure and forces of friction along streamlined surfaces. Aerodynamic inter-
ference leads to the fact that the sum of aerodynamic coefficients calculated
separately for the body and wing of the rocket will not appear equal to the
respective aerodynamic coefficient of the rocket on the whole having the same body
and wing, Therefore, it is especially important to know the laws of aerodynamlc
interference, By knowing the laws 1t 1s possible not only to determine the
aerodynamic coefficents of the rockets, but also by fulfilling the aerodynamic design
of the rocket we can use reasonably the results of the interference in their
interests, However, the phenomenon of aerodynamic interference is so complicated
that up to the present time there have been no sufficlently simple and reliable
theoretical solutions to this problem; and therefore by creating a rocket in
calculations it is necessary to use either qualitative conclusions of the theory
or emplrical formulas,

Subsonic and supersonic air flows behave differently, and therefore let us
examine the phenomenon of aerodynamic Interference separately in conditions of the
rocket fllght first with subsonic and then and supersonic speeds,

The wing and body of the rocket at the place of their connection form a
complicated surface remainding one of a dihedral angle (Fig. 64), As a rule this

angle increases, and therefore

Places of appearance
of diffuser pockets

the speed of the subsonic

flow decreases and the pressure

increases, PFurthermore, the

flow of alr inside this angle

undergoes a simultaneous

Flg. 64, Diagram of a winged finned rnckets deceleration from both walls
a) rarefaction above and compression of air under
the wing is transmitted to the body lncreasing its (wing and body). All this

1ift; b) body of the rocket increases the angle
of lncldence of the wing by angle Aa = a - at,
and the wing slopes the flow at angle e.

leads to the deceleration of
the flow and a sharp increase
of the thickness of the boundary layer. The so-called diffuser pocket 1s formed,
Inside the diffuser pocket even at small angles of incidence there occurs a breakdown

of the boundary layer accompanied by a strong eddy formation, We already know that
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pressure above the wing are transmitted to the body of the rocket (Fig., 6ha) and
alsc Increase its 1ift. However, at subsonic speeds of the flight of rockets this

Increase in 1ift of the rocket almost is completely compensated by the decrease

in 1ift due to the separation of the boundary flow in the region of the connection

of the wing and body. Therefore, in the first approximation we consider the 1ift

of the rocket equal to the sum of the 11fts of the wing and body. :
Now let us consider the phenomenon of aerodynamic interference of the wing »
and body of the rocket during the flight of it at supersonic spreds, At the ‘
connection place of the wing and body the expansion of supergonic flow Increases its
speed and decreases the pressure. Thig permits in most cases avolding tle
separation of the boundary layer and, connected with this, the increase in drag
and alsc decrease 1n 1ift of the rocket. If one were to consider that perturbations
at supersonic speeds of the flight spread inside the cones with anglé b (Fig, 66),
then 1t becomes clear that it is possible in the
first approximaticn to disregard the change in the
drag ¢l the rocket owing to the change of induced
1 : drag of the wing with the connection of it with the
: | l ! body.
' The increas: of the 1lift of the rocket from
the mutual influence of the wing and body at
supersonic speeds of the flight is considerable,
» b and the coefficlent of the 1ift of the rocket can
Fig. 65, PFigure 11lustrating belapproximately calculated from empirical formulas.
the application of the rule
of "area": The aerodynamic interference of the body and
11 géuiiifgﬁg :gligcg?t; 0) wing of the rocket change the magnitude of the
‘ revolution, pltching moment applied to the ~ocket and,
consequently, the position of the center of pressure, The change of the moment .
from aerodynamic interference in the first approximation does not depend on the speed
of the flight of the rocket (on M) and 1s determined from empirical formulas, ¥

Everything said above on the aerodynamic interference of the body and wing
can be related to the interference of the body and fin, However, with the presence
on the rocket, besldes the wing, of still another fin, this forces us to consider
changes in the streamline flow of the rocket which are formed owing to the downwash

caused ahead by the disposed wing and fin.
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" the zone of the flow perturbed by the wing of the rocket, The chief characterigtic

Let us consider thec interference of the body of the rocket and £in which is in

of this case of interference ls the flowing around of the fin by the flow perturbed

by the wing of the rocket, In the first approximation in the calculation we
conslder only the change of the angle of incldence of the fin owing to the
downwash by the wing. The angle of incidence of the fin (Fig. 64b), is
determined after the following formula:

Bon =1 & — 8,
where & 1s the angle of incidence of the rocket; © is the mean value of the downwash
angle behind the wing.

As 1t was ncted above, because of the complexity of the phenomenon of
aerodynamic interference, it is considered in calculations only approximately. It
is especially complicated to consider it in the region of the transtransonic
speed of flight when the system of local shock waves appears and ls reconstructed
prior to the shaplng of the front and rear shocks when the local shock waves interact
with the boundary layer, Therefore, in the practice of the construction of rockets
the area rule is used, which permits reducing to a minimum the harmful phenomena of

interference,

The area rule is based on the position well-checked by experiments about the

fact that the drag of the rocket (Fig. 65a) 1is approximately equal to the drag
of the solid of revolution having the same distribution of areas of the cross section
along 1ts axls as for the actual rocket (Fig, 65b).
Therefore, by connecting the body of the rocket with the wing and fin it %
follows thus to distribute the area of the cross section along the axis of the
rocket asoccurs for the solid of revolution of most advantageous form or close to
such, The area rule is useful not only in the transonic speed range of" flight, but
alsc for supersonic speeds; however, it is necessary to fulfill the crogs section
not at a right angle but at an angle a = arc sin % to the axis of the rociket,
Consequently, 1t 1s obtained that for each speed of supersonic flight the angle of
the cross sectlon will be 1ts own, and therefore the form of the rocket providing
the least drag 1s also its own. Rocket designers must deslgn the rocket form so
that it possesses the least drag at such speeds of flight during which the rocket
must fly the greater part of the time. If one were to apply the ares rule, the

body of the rocket at connection places of the wing and fin becomes thinner (see
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dotted lines in (Fig, 65a), which considerably decreases the magnitude of the drag

of the rocket,

In selecting the aerodynamic diagram of a rocket one should consider the
rolling moments appearing in flight from different conditions, the sum of which is
called the moment of oblique airflow, The cause of the appearance of the moment
of oblique airflow is asymmetry of the flowing around of the rocket by sir, for
instance, during the carrying out of a maneuver in a horizontal plane with the angle
of incidence. The asymmetry of the streamline flow 1s caused by the following
factors:

1 = difference of the actual angles of sweepback of consoles of the wing;

2 — influence of downwash after the wing on the fin;

3 = blackout of one console of the wing by the body of the rocket;

b — different places of the separation of flow fiom consoles of the wing, which
are obtalned because of different conditions of thelr streamline flow;

5 = different influence of wing tips on the streamline flow of the surface of
the wing (end effect of the wing);

6 — different mutusl influence of the wing and body of the rocket at places
of the.r connection (root effect),

Fig, 66, Diagram of a rocket for the
illustration of causes of the appear-
ance of the moment of oblique airflow,
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Figure 6 shows by respective numbers regions of manifestation of the agymmetry
of the flowing around of a winged rocket and denotes by arrows the direction of the
separate components of the moment of oblique ailrflow, There will be the same
direction for the moments both with cruciform wings and the fins, but under the
condition that the angle of incidence of the rocket 1s greater than the angle of
slip. Designers of a rccket are thus obliged to design bank controls, for Instance,
ailerons, so that the magnitude of the rolling momeut I1s created by them is larger

than the moment of oblique airflow and the rocket after & maneuver can return

" quickly enough to its initlal positilon.

§ 4, Ideas on the Most Advantagsous Form and the Evaluation
of Diegrems of RoOCKets Of DIfferent Asslgnment

In process of the aerodynamic designing of a rocket it 15 almost always

necessary by all accessible means to strive to decrease the drag coefficlent, This
makes it possible to obtaln an assigned speed of the rocket with & smaller propellant
weight, l.e,, this will decrease its launching welght; or with the assigned welght
of the rocket this will increase its speed (and, consequently, the flying range);
or with the assigned speed and launching weight this will increase the part necessary
for a payload (warhead, contalner of instruments, etc).

It 1is practically difficult to make the outer form of a roéket so that it will
have the least drag, since 1t is necessary to devliate ffom the most feavorable
form caused by the necessity to dispose the engine assembly, instruments, and armament
and also by operating conditions, and others, The finite limitatlons on the romm
of the rocket are superimposed by the methods of its manufacture,

How can we decrease the drag coefficlent Cx? In general it is determined by y
equation (3.8). |

For a decrease in C, and Cy the contour of the rocket should have a ratimﬁp&
form. At subsonic speeds of vhe flight this form 1s teardrop-shaped. At superspnic
speeds for a decrease in the wavo drag one should use the pointed form of the body
of a rocket and also profiles of the wing and fin, The greater the sharpening the
less the angle of shock and the less the losses in 1t, Losses are especially grest
on sections of normal shock waves which appear before the blunted parts of the r?@h%@
and before the different flanges, and therefore we try to decrease them, In thw‘
reglon of supersonic (and especially transonic) speeds Gx makes up the main parh
of C, and to the decrease of magnitude C, the main attentlon of creators of a Mﬁdkdt

is given.
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For ballistic long-range rockets in most cases
it suffices to have Vo < 7900 m/sec which corresponds
to e < 0. By selecting the corresponding conditions
of the launch the required distance can be obtained
(Fig. 72). Other characteristics of elliptic
trajectory are obtained simply also from the given
formulas, Assigning values of vectorial angles
a1 Pys Doy e D by the formula (5.59) we determine

values r,, r,, Tss vess v corresponding to them,

The largest value r and the angle ¥ corresponding

max
Fig., 85, Trajectories of to it are also determined from the formula {5.59):
space vechicles calculated
from equations of conic Trax??1f one were to take ¢ = ¥, and ¥ if one were

tions: 1 - trajectory

rocket; to substitute ¢, = and r = r,, then
r orbit ffa
-—.. ’ =._L' (’.53)
?-——-arccos ’ (5.64)

range measured along the arc of the circle with a radius of r, 18

Py T'he distance alcong the surface of the Earth
v

1 Y t wil t oL rmined by the formula (:‘“r’ )

v=Voi{7d, (5.65)
"
Y iy for 12l to r : the tangent
' sctor r equal to ré
b r ) and expanding r value, we ca

i mor P pl ted, f ¢} cond e 3 r
i Y nnot resent i 4y forn
(r9)
dt
?f’:C (
* 111 letermined from the initia
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§ 4, Conditions of Stable Flight of Turbojet
Missiles

I+ is known that a fast-rotating body, for instance, a gyroscope, resists the
influence of external forces. If one were to push a gyroscope lightly it will not
overturn, but its axis will try to occupy its former (before the push) position
and will begin oscillating.

With the motion of a fast-rotating missile the aerodynamic overturning moment
tends to overturn it. But the missile, as a gyroscope, in resisting moves stably
and does not overturn. Of course, the angular velocity of the rotation of such a

-
mi

gsile should bte calculated in the appropriate way.
Rocket missiles revolve due to the escape of gas from the slant-positioned
nozzles (Fig. 103). The tractive force P forming with the operation of each nozzle

JRAFPHIC NOT REPRODUCIBLE / can be expanded into two

'-
I

components: PO acts along the
longitudinal axis of the missile;
%{ acts perpendicular to it and
directed along the tangent to

the circumference passing through
the centers of outlets of the
nozzles., The sum of the
component forces effective

along the axis of the missile

will transmit a forward

. r t an h um of ali
10%. Diagram of the expansion into vector notion to it sud the sum of all

nents of the tractive force of a slant-

positioned nozzle of a turbojet missile, P forces will revolve the missile

around 1ts longitudinal axis.
ro formulate the equation describing the oscillation of the longitudinal
axis of the missile in accordance with the accepted hasic assumption we will
consider the forward motion of the center of mass of the missile does not affect
the character of oscillation near the center of mass, The trajectory of motion of
the center of mass will be considered as rectilinear with a constant angle of
inclination tangent to the horizon, 1i.e., 8 = const. We will not consider the

change in position of the center of mass in flight and moments of inertia.
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