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It has been shown that composite charge having two distinet stages of
burning can be found such that in an orthodox gun the pressure driving the
shot remains constant during the second stage of burning, the constant
pressure being equal to that at the instant of burning out of the first.

INnTRODUCTION

Recently Ray (1964) has shown that moderated charge with two com-
ponents can be found so that in an orthodox gun the pressure driving the shot
remains absolutely constant throughout the period when the second com-
ponent of the moderated charge burns. In the present paper we have
obtained the same result with a composite charge in place of a moderated
charge, the composite charge having two distinet stages of burning. We have
indeed shown that, whatever be the charge burning out first, if the charge
burning out second has form factor equal to — 1 and the central ballistic para-
meter corresponding to this charge be 2/y, pressure in the gun will remain
absolutely constant during the second stage of burning, the constant pressure
being equal to that at the moment of burning out of the first. In practice
the form factor can be equal to — 1 only for tubes with a vanishingly thin per-
foration and with burning from inside.

NoTATIONS
Charges burning out first and second are called respectively the first and
second charge and parameters connected with them are respectively denoted
by suffixes 1 and 2. Further, suffixes B1 and B2 will be used to denote
values of variables at the instant of burning out of the first and second charge
respectively. The notations used will have the same meaning as in connec-
tion with the paper on composite charge by Kapur (1956).

FirsT STAGE OF BURNING

Since the values of ¥’s are nearly equal for service propellants, we will
take the ¥’s of the two charges to be equal. Also we will neglect the co-
volume effect and assume that the shot weight can be modified to have the

VOL. 30, A, No. 5.



RAY . CONSTANT DRIVING PRESSURE IN AN ORTHODOX GUN 645

same value in both the stages of burning. Then in the first stage of burning
the basic equations as given by Kapur (1957) are

¢, ¢©
FiC12i+FoCyzg = p[K0+Ax—- 3?1 — 8_:] + Jw(y—1)v2 .. (b
dv dv
g)va;=ulgi_ P .. .. . .. o (2)
d .
Dia'?:—ﬁip (Z=1,2) .o . .o . (3)
a=(1—f)1+6f) (=12 @

These equations are to be integrated with the initial conditions
xTr — v=p:21:z2:0’fl=f2=1'
Combining (2) and (3) we get
Biw dv _ Berw dv —

ADdf, ~ ADydfs = &
Integrating and using initial conditions we have
AD AD,
v_ﬁ—l —fl)_——Z (I=fs). o .. .. (B

Considering values at the end of the first stage of burning (f; = 0) we have
from (5)

AD
”31=le“ P )]
Dy/By 1
fn=l=php=l—ge
where
Dy/Bs
8
"= Dk ®)
. . . D, D,
Obviously (7) has a meaning if «, > 1, i.e. if —= > B
1

SECOND STAGE oF BURNING

Following Kapur (1957), the equations of this stage are

F101+F20222 = pI:K0+A$—- % — g] +L1L’(’y—1)’02 . . (9)
dv dv

=W = .. .. .. (10

wy = W Ap . .. (10)

ng——ﬁzp .. .. .. .. . .. (11)

zg = (1—f)(1+05fs). .. .. .. .o (12)
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These are to be integrated with initial conditions

1
B =Ty, 0= 0y, P = Ppy L2 = Zgpp o = fopy = 1 %
Let us assume that a solution is possible with
P=Py - .. .. -, .. (18)

and seek conditions that this solution may give x =x;, v =195 at fy =

1
fopy = 1— — and that (13) is consistent with the system of equations (9) to

%q
(12). From (10) and (11) we have
dv _  AD,
i7.= " B N ¢ )
which by (11) and (13) gives ‘
dx AD;
= - (15)

daf 3 ﬁz’w}’m .

Integrating (14) with the initial condition v = vy, at fo=fop1 = 1— 1 we have
%y

% —131-]—:‘—4—-1—)-2—( -—mlo—fz). .. . . (].6)

2W

We rewrite (9) with the help of (13) and (16) in the form

¢, C ADy (. 1 z
F101+F202Z2=p31[K0+Ax— —’ 2]+A’U)('}/—1)|: —(l-—”* —fz):l .
8; 9 Baw %
(17)

The equations (17) and (12) will give x as a function of f, when 0 < f; <
fop1. We now impose the condition that (17) should give & = zy;, v = vy,

at fo=fop =1- 4 and further that (17) be consistent with (15). z = xp,,
%o

fo = fop; = 1— 1 and z; = 2,5, will satisfy (17) if
%o
Al 4 Gl 02
F1C01+FoCo2ep1 = ps1 | Ko+ Axp — 5,75, +hwly—1)vp,
which is true, for x = x5, v = vy, P = Pu, 1= 0, 21 = 1, 29 = 29y, satisfy
(1) and this equation (1) for these values of these variables is identical with
the above equation. Differentiating (17) and (12) with respect to f, and then
using (11) and (13) we have
AD, dx AD2[ AD2< 1 )]
FyCo(f,—1—20 = e 1 vp1tm—l—— — .
2Us(02 2J2) B, & —(r=1 B 1"V Bw 2 Je
v= %—f = v, and fo = fop =1— 1 will satisfy this equation if
%o

YAD
Fo.C, ( 1—- 92-}-202) —B;ZWH .
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Or, with (6)

20,_,) _ YA2D\D, as)

P(14+00-30) = T

To satisfy the condition that (15) and (17) should be consistent, we differen-
tiate (17) twice with respect to f, and substitute (15) and thus obtain

d%, 74 2[);

ar Baw
and since
2, [dfs = —26,
we get
26 ————-YA2D§ M 19)
0y = — — = —Y M, . ‘e o |
F2Czﬁ;w
where
AzD?
2 = 5. (20)
ongﬂiu’

M, is the central ballistic parameter corresponding to the second charge. We
rewrite (18) as

26, YM,
148,— . a .. .. .. (18a)
- From (18a) and (19) we have
fy = —1 PR 3 §)
2
M2=——. .. . .. .o (22)
Y

Thus if corresponding to the second charge form factor be —1 and the central
ballistic parameter be 2/v the pressure will remain constant in the second
stage of burning, the constant pressure being equal to the pressure at the end
of the first stage of burning.

Verocrty AND TRAVEL AT f; = 0 AND THE VALUE OF pp;

Putting » = vz, and fo = 0 in (16) we get

AD, 1
tpy = V15— (1— —*),

Bz %o
which with (6) and (8) gives

B g ee e e e .. (28)
U1
Noting that v, = (4D,)/(B.weg), from (16) with (11) and (13) one has
da ADE
& e 22 (=),
df2 ﬂiu‘pBl 2
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and this equation when integrated with the conditions ® = 2, at fy = fop, =

l-ala,nd X = xpy at fz = 0 gives
0

2z = _ﬂz_ l_l (24)
B2 2,82wa1 =) .. .. ..
Putting
C, Cp
K, g;_g—Al .. .. .. .. (25)

and considering the instant when the first charge burns out, from (1) we
obtain, in view of (4), (21) and (7),

F202 1 2 s1a
F\O14+—5F = pg, - Alw+)+3(y—1)
0 1
Putting
AD, 26
1 FIOIIBfw ( )
the above equation with (8), (20) and (22) can be written as
Pmﬁlw(xm'i‘l)
i —_—. 2
+ AD? *7)
With the help of (27) and (8) we obtain from (24)
T ot -1
B =14 L. .. .. .. (28)
@ +1 —%—+1
My

So if x5, is known, (27) and (28) will respectively give p; and zz. We
proceed to find 2. Following the usual method of integration of the system
of equations (1) to (4) we obtain in view of (20), (21) and (22) the following
differential equation:

gz _ D

x+l F,C,8:(146,) 01\

S e (o

This differential equation has a singularity when 6, = —1. Thus assuming
6, # —1 and integrating subject to initial conditions x = 0, v = 0 and then
putting z = zp,, v = v, = (4D,)/(B,w) we have

:cBl+l T - 'Ml
] 14 ——r— 150, when 68; % -5 (29)
and
Ty +1

— M, _M,
i exp[1+0] Whenol——2-

6B
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(29) and (27) together and (29) and (28) together will respectively determine
pp, and zgs.
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