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The obtained curve makes 1t possible to trace the effect of
the radiation heat exchange on the rate of gasification of the
s0lid component. At the fixed value of 9.0 the intensification

ti.» heat exchange by the radiation, accompanied by an lncrease

the rate of gasification, leads to the weakening of the con-
so.tive neat flux which reaches the charge's surfaces. Therefore,
+r. increase in the rate of gasification, with an increase in the
radiant heat flux, is retarded. Simultaneously relative role of
q, s and qp is sharply changed. Thus with qp and Q0> @8 follows
from the graph, the rate of gasificatiocn is A5% higher than the
value obtained with qpso, although the value of the initial heat
flux qu-quo was doubled.
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Figure 3.7

3.3. PROCESSES WHICH OCCUR IN A
SURFACE LAYER OF THE SOLID COM-
PONENT WITH BURNING

With the steady state of burning in the GRD the surface of
gasification of the go0lid component 1s moved deep into the material
at a constant linear rate u. In this case the temperature on the
surface of gasification 1s maintained constant equal to Ts'

The distributlion of temperature in the unit of the solid
compcnent before the front of gasification at u=const can be
obtained from the standard equation of thermal conductivity, which
for the moving coordinate system which is moved deep into the
material at the rate of u is converted to the following form:
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The fuel pair 1 characterizes the fuel compositions of a GRD
of direct design with a small content of the solid component.
‘1 this case virtually only the temperature effect 1is exhibited,
and the relative change in pressure does not exceed 25-28% of

s v=lue in pre-nozzle volume.

The fuel pair 3 characterizes the fuel compositions of a
5D of reverse design. In this case the temperature effect 1is
suppiemented by high flow-rate effect on the flow, in consequence
of which the pressure differentials in the examined range A:

increase to 42%.

The curves for the fuel pair 2, which characterizes the fuel
sompositicons of the GRD of direct design with a high value of
J, occupy an intermediate position on the graph.

With the simplest approach to the determining of the strength
of the chamber casing, the calculated pressure is determined as

follows:
Ppace= qpPr

where ¢p is the safety factor.

4.3, BASIC FORMS OF CHARGES FOR THE KRD
AND THEIR CHARACTERISTIC OF PROGRESSIVENESS

A charge of the solld somponent should have a form which
ensures the necessary change in the gas inflow during engine
cperation lr. order to obtain the law of the change 1in thrust
required by the assigned #iight conditions of the flight vehicle.

When selecting the form of the charge in the GRD, it 1is

necessary to keep in mind that the rate of gaslfication of the
majority of the solld-propellant components i{s small and comprises,
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The relative change in this complex with time when Fup-const is
expressed by the characteristic

r=12

. (4.19)
F

ﬁ=!'—;F s-fl-;
r n'. 5 "

-

-9 @na ¥, are values of parameters which correspond to
the beginning of burning.

The characteristlc I' is considered to be the effect of the
relative change witn time of both the surface of gasification and
the flow passage cross-sectional area, which affects by the specific
mass [ .ow rate the rate of gasification.

Consequently, in the GRD the characteristic of progressiveness,
together with the geometric parameters of the charge, includes
the exponent 8 which reflects the properties of the fuel and
reatures of the preccess of burning.

1t the value I increases acccrding to the operating time of
the englne, then this means that under conditions of constant
pressure or constant flow rate of the liguid component the relation-
ship ol the flow rates of components, which 1is realized in the
burning process, 's displaced (in the apsence of double admission)
« ., the side of an ineresse in the flow rate of the solid component.

In the examination of characteristics »f progressiveness
.f the charge, it lc advantageous to take Lhe value z-e/e1 as
the conditional time scale, where e is the thnickness of the layer
shich 1is subjected to gasification by this moment in time; €, -
arch thickness, l.e., the minimum dimersions of' the charge which
djctermines the tims of gasification of the basic mass of the solid

omponent.
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For this charge under the conditions of ccnstant pressure
with B=0.5 and I'=1, ratio ¢y i1s maintained constant; with g<0.5
in proportion to the height of the channel I' is increased, and
t = relative flow rate of the solid component is increased. With

8<0.%5 the value of T is decreased, and ¥ is decreased.

Results of the calculations for B=0.4 and 0.8 are represented
in fisgure 4.4, As follows from these curves, the examined shape
of the charge prcvides a relatively small change 1n T' with €1<0.2
in the interval of the examined values B. For B=0.4 an increase
in T in the process of gasification of the charge does not exceed
117. Whern B=0.8 with El=o.2 the maximum reduction of T is 27%.

Figure 4.4. The change in
I depending on z for a

r ! ‘*4?::; g0y charge with an axial
1 e E 4.=01 cylindrical channel.
L:\T’it\q p=as

e Tl 7,= 015 } p=0p
i 12,02 P

‘715 —'—'-’-—.4%'“ T — ?,-0,! }
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A considerable shortcoming in this charge is the relatively

(7]

maell surface of gasification, which causes, in turn, the low
removal of thrust from the midsection of the engine.

4.3.2. Cylindrical Two-Channel Charge
(Pigures 4.5)

This shape of the charge 1s obtained with separation of the
axiazl cylindrical channel by the diametric cross connection with
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i{s necessary, on the one hand, to be guided by the consiaerations
of th= simplicity of design of the engine and the functioning of
the system of fTuel feed in this mode and, on the other hand, to

consider the loss from the reduction of = caused by the deviation

W from the optimum value and by the pressure drop in the engine.

Tot us convert the relation (4.31) into the form convenient

YN

f-r caiculations in the ballistic design of products with JFD.

Let us express the flow rate of the ligquld comporent thus:

N (4.,40)
ns

where QO is the starting mass of the product; TR reiative fuel
reserve; § - average value Y for the operating time of the engine,
which dstermines the relationship of the components in the alrborne

reserve of tfuel; n - number of combustion chambers in the package.

As was noted earlier, the linear rate of the gasification
of the majority of the solid components used at present in the
¥KFD was low. Therefore, for the disposition of the assigned guantity
of the sciid compeonent with a small arch thickness, which ensures
the assigred operating time, there appears the need for the use
5f a package design of the englne (see Tlpgure 1.16).

With such a layout of the engine 1nstallation 1t is necessary
that the ratio of the external diameter > the separate combustion
cham er o the gauge of the product would be equal to value D
corresponding to the dense packing of ihe chambers into the package
with the assigned n. The value of D is detcrmined from the ele-
mentsry gceometriec relatiounships and dopencs only on the number of
cham ers in the package n. Values of D for different n are given
in table 4.1.
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The {low rate of gases in the finite cross section cf the
charge at the initial moment of time will be determined as [fcllows:

Ge=AF, c(1—ea)q(he) peo. (4.42)

where p_n, = is the full pressure in the zas flow in this cross
cecticng #() ) = gas-dynamic functlon.

Since nG =G we ¢ € ess thus:
ince G 0%%s0° can expr GcO hu

[ J— T (4.43)
hon

where FO 1e the initial thrust of the englne; 110 - the specific
Impulse at the relationship of the flow rate of the components
Vo and the operating pressure in the englne Po°

Avter wpiting from formulas (4.42) and (4.43) the expression
for ‘he crcss-sectional area of the chamber, and after substituting
this expression into the formula for the mass of the charge (4.26),
we obtain

s e iPuk s, ' 4,4y
S AL 0 P 1% ( :

Tr the design of engines and fllght vehlcles of different
purnose, usualiy assigned as the starting parameters are initial
thrusi.=-to-welght ratlo "O'PO/QO and relative fuel reserve “u'”/qo'
Tr order to introduce them into equation (4. HW4), let us divide
soth it3 sides into the starting mass of the flight venicle Qo.

In this czs2 we will cbtaln

R i
T A 00 T i

Let us introduce the following notaticns:

TR [T
o ! 0r o
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solution is represented as follows:
1) =rter calculating preliminarily

L,—& 3900 Polra -
r=*% &m

ana after detcrmining, by the taken value of n, the vaiue nD”
corresponding to it (see Table 4.1), according to formula (4.49)
we determine €y

aceording to formula (4.41), by substituting into it
obtained value €gs We find DH.C;

¢ find the length of the charge L:

L=L, ‘_Es_;

4) wo Cing the mzsses of the separate elements of the com-
bustion chamber;

) we ind the total mass of the solid component W ENw 4 and

2 Ldaeh ) S
the ne mass ol

the liquld component:

g

o) witn respect tc the mass of the liquld component, we

define the rmass of the fuel tank, syst=em of fuel feed and

7' we define starting mass of the flight vehicle Q

9 as the

sdin ol tne nasses of 1ts vasic elements;

¢, wWe cnec¥ waetner or not the obtaining of values W HO
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A increase, providing the necessary increase in the rate of
gasification of solid component.

et us designate the ratio of the flow rate of the liquid

compo.oent fed into the channel of the charge to the total flow
putve of this component by symbcl ¢:
Gu.r
= o

Tt is obvious that when B>0.5 the coefficient ¢ in the process
0 ' “e engine operation should increase, reaching a value close
t5 unity at the end of the operation. For the simplicity of the

caiculations let us take ¢H=1. From condition ud=const it follows

=hnat

al

P

(1 —e*—08 il (4.51)

since for the end of the operation with €=0, G =G_.

Hence we obtain

A

e=(—:

For the -eginning of the operation (c=eo)

08
ot

%=(1—

The flow rate of the gases in the finite cross section of
the cni~ze at the initial noment of time will be determined as

ICLIOWS

auaiﬁ._,(z..‘.),b‘)p’ (4.42a)
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P (l-@h-.ug]'x(?,q,), (4.56)
X.C ; .o "l-sz

t) With B<0.5 for the observance of equality (4.50) it is
reguired that, with an increase in the diameter of the channel
~f the charge, the Tlow rate of the liquid component in the channel
decrease, i.e., coefficient ¢ should decrease from unity in the
peginning of the operation up to its minimum value ¢K at the
=nd. From condition ud=const it follows that:

-

(l—'d'-“" n.ry -

since with E=€, Gm.r=Gm5 with €=0, Gm_ =G o sl hence

§--05

a=(1-2)

The flow rate of the gases in the finite cross section of
the charge at the initial moment cof time will be equal to

c‘..a ot.+ G,._fﬂ Gg,
i.e., the same as that in case I.

Consequently, reiations (4.427, (4.4Y4) and (4.49) for case I
prove tc be suitable alsc for the calculaticn of this variant.
In thls case length Lf and coefficient A should be definec in the
came way as in cass T.

The working formula for determining tne diameter of the
chamber I o is Cerived from relai’cn (4.29), substituted into

which 1s the vilue u equal to

: Gusa | Gl
u =u, (..& =y -2 () —¢, 58,
Fee ) R :

K.C





















o, 1 1 a oRT, . 1, ) T« ORT..
B I=TTK 2 Ri, oa ' *¢ 2 R, ola
C’." ——— —l— —‘1-..'. —__oRr. .

s.C 2 R = or'

By linearizing eguation (5.3) and taking equaticn (5.6) into

account, we cbtain the equation of the gas formation cf a unit of

solid component in the small relative deviations:

Q.23 4 20usn o T
a 130, -+ agariG, - ag)ip, 4+ b5iin, + bgie, +

4-0LaL 1 b)3d + T, =0, (5.9)

where the cocefficlients

agr=—1; afpr=1—f (5 R} afy=725 /(2 K);

byt = £ G R): b= — 221G R

Here 1 G B=0+3R) 1 (5 )" (5.10)

note tnat eacily obtained from egquatlions (5.8) and
the engine chamver of sclid fuel kncwn in

let us
(5.9) are egquations of
77 [PATT - solld-propellant rocket enginel].

the theory of the RDT
Lfter assuming 7=0, a=0, g=0, and after introducing values of the

coelficients, we find

2p— 0, 4 tF 4 by — L L ORTx o7 g,
P, * 2 APT;?C 2 R?'. o, GT, 0;
(5.11)

vip,—G, -0, -0, 34 AL 42t 24T, 0.
U5 dl‘,
5.2.2. Equation of the Main Fuel
Line

The pressure differential in the main line is determined in
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