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InTRODUCTION

We know that the general form function for most of the propellants is of the
form Z = (1—f) (146f) where 0 is a measure of the change in area of the burning
surface as burning proceeds. Those shapes for which 6 is positive are called ‘de-
gressive’ and those for which 6 is negative are called ‘progressive’. Shapes for
which 6 = 0, e.g. tube, are called ‘neutral’. -Also the possible range of 6 is res-
tricted. It must lie within — 1 and 4 1. But this does not mean that cord (§ = 1)
is the most degressive shape possible. Shapes such as spheres decrease even more
‘rapidly. The true geometric form function for spheres is Z = (1 — f3) and in this
case the web size D is the diameter of the sphere. The general form function for
-degressive shapes is Z = (1—f) (14-6f+0f2). But the need for such a degressive
form rarely arises except with composite charges and also with chopped cord which
‘are sometimes used in small arms and infantry mortars.

In this paper the author has solved the interior ballistic equations of an ortho-
dox gun for composite charge, when they burn according to form functions for spheres
or cubes, using the ‘R. D. 38" method which is based upon the isothermal approxi-
mation, that is a mean temperature of the propellant gases is assumed throughout
the period of burning of the charges. This is a fair approximation, since the con-
tinuing conversion of thermal energy of the gas to kinetic energy of the shot is
largely compensated by the generation of energy by the reaction of more propellants.

2. Tue Basic EQuaTioNs

The equations of internal ballistics for a single charge have been derived by
Corner (1950) and in our case they become

d
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where W, is the effective shot weight taking into account the resistance to motion,
the recoil of the gun and the rotation of the shot.
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Zy = 1~f,3 .. e .. .. {(4a)
Z2 = 1—f23 .. .. o .. (46)
where Cy, Fy, 8y, Dy, f1, and Z; refer to the first charge and Cy, F'g, 82, Ds, f, and
Zy refer to the second charge.
3. SIMULTANEOUS AND NON-SIMULTANEOUS BURNING OF THE CHARGES
Dividing (1e) and (15) we get
d D.
W _BDs _ g (say)

df;  BeDy
Integrating and applying the conditions f; = fg =1 (initially) we get
(1=fy) = K(1=f5) .. .. .. .o (3)

Now two cases arise, Vviz.:
(I) Both the propellants burn out simultaneously.
(ITI) The two propellants burn out at different times.

Case I :—If the two charges burn out simultaneously then since at all-burnt position
f1 = fo = 0, we have from (5) the condition for simultaneous burning as K = 1, i.e.
B1Dg = BoDs.

Case IT :—If charge C; burns out first, then if suffix ‘5’ denotes this position, we
have from (5),

1
for = I_T{

But since fy, must be a positive fraction we have the condition for burning out of
the charge ) first as K > 1, i.e. 81Dy > B2D;.
If charge Cy burns out first then similarly as above we have the condition as

K <1 ie. ﬁlDZ < Ble.
For the sake of definiteness we will assume that charge C; burns out first.

4. SoLuTION OF THE EQUATION
Eliminating P from (la) and (2) and integrating we get
4D l(lgﬂl_)o .. .. .. (6)
B1 (W1+ _1_@___2 )
If we use equation (6) in equation (2) and eliminate P by using equation (3),

Fyls )
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Putting the values of Z; and Z, and making use of relation (5) equation (7) reduces to

dz _
x4l
- M, df,
FgO, 3 1)} { FyCy ( 3)} 2{ FyCy }
{“‘ F.0:K (3 g tr)i Mt o) P Ut For
a+bf 1 +¢f12
where
_ FoCy 3 1
o=1+Fok (3" gt KZ)
_ FoCo (o E)
b_1+F101K(3 z Y . @
FoCy
o=+ 55K
Integrating equation (8) and applying the conditions that x = 0 when f; =1, we
obtain
x4l 2M, -1 {\/(4‘1’6—52)(1'—.)’1)}
T 271 ¢ . .. (10
log ! Vi b2) an (2a-4b)+f1(2c+0) (10)

Therefore from equation (3), pressure P is given by

C1+C.
F10x<1—f13>+F 2C2 11y |(3 [( K§+K2) & (3 K) féz] (1+‘—5;§12)

Alx+1) ( 1+ 013-5702)
1
(11)

P =

where (x+i) is given by (10).
This completes the determination of z, ¥ and P as functions of f when both
the charges are burning.

Case I :—If the two charges burn out simultaneously then all the above equations
are true for K = 1.
Values at all-burnt for this case .—1If suffix B denotes the position of all-burnt, then

AD,

V= .. . .. o (12)
Cy+C
B (W1+ 1t 2)
$B+l wM1F101
lo = — 13
S YV TR R (3
(1+ 01+02)
FC1+FeC, 2w,
and PB =

A(ws+]) (1+0,+02) R
. 3W,
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Solution after all-burnt in this case .—
Let

_ a1
Taptl

(15)

Since after all-burnt the expansion of the gases is adiabatie, the pressure at any travel
x> zgis

P = Pgr-% .. . . .. .. (16)
Also the equation of the motion of the shot is

Cr+ 02) dv

(W1+ 2 Jdt

=AP .. .. .. .. (17

Therefore the velocity is given by

V’-—V§=—————‘2é o ? Pix
(W1+ 1t 2)

B

— 2APB(ZB+Z) (l_rl_'y)

(W1+ Cl*“) (y—=1)

_(F1C1+-FCr)0

" (e 5429 "

where ¢=£—1-(1—r1—v) O 1)

F\0 My

01+02)

(20)
( Wi+

But V:=

Thus the velocity at any travel after all-burnt is given by
F\Cy(M14-P)+FoCoP

pe =
(W1+01+02)

@1)

Hence if suffix Z refers to the quantities at the muzzle, the muzzle velocity is
F101 (M1 +¢E)+F202¢E

(W1+O1+02)

2 I, (zetl 1"’]
P = y—1 [1—(903+l)

V=

E

(22)

where
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Case II :—In this case all the above equations from (1) to (11) will hold and so
~when the first charge is all-burnt we have

ADy

V= Ot (23)
31(W1+ 1f 2)
Tyl 2M, “1y A/ (4ac—52)
I = et A S A .. .o (24
%7 N Gae—t5) { (2a+b) } &
and
ro - d) 1459
P, = 1 .. .. (25)
A(wb+l) (1 +01+02)
3W,
After C; has burnt out the equations of motion are:

(1+01+02)
AP = FiC1+F3CoZ, 2w, 26)

w+1 (1 +01+02)

3W,

Dz.af-._—pzp e e .. en
Zo=(Q-f) .. .. .. . . . (@28
and (W1+01+02)d—f = AP .. .. .. (29

" Eliminating P from (27) and (29) and integrating we get
V= ————————-AD"‘“C"{{_Z)O (30)

ﬂz(W1+ ! 2)

Using equation (30) in equation (29) and eliminating P by making use of equation
(26), we have

F,C,y
FyCs +Z;

@+ @1

— M —f) T2 =

where

0y +02)
3w,

01+02)
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Putting the value of Z, in (31) we obtain
dz _ My(1—fy)dfy

=T (wp) )
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_ Fi0\
a (1+F202)

where

Thus

dx Y, (l—a) 1 (1—a) fota(24a) af
sl 2[ 302 (a—fz) 3a2(oc2+ocf2+f§)]

o, [Gm0 1 (-0 @febe) | (4a) L
) Mg[ W @f) 6 (gafatf) | 2 (re42) + (\/3“) ]df2

(33)
Integrating (33) and applying the conditions that =z = =
when for = 1~ % we get
’ 1 1 1\?
Y b P 2 - ——
@) _ 4 a1, {“ (1 k)} a=1 {“ +°‘(l K)+(1 K) }
@+l %] 3a2 € a—fz B2 OF a2+af2+f:
v (1= &)
al Jo=—-yi=— 7=
- \1/-%“2 tan—1 K 1 (34)
* 2«12+f2( (1-— R,)+oc)+ac( K)
where (xy+1) is given by (24)
and from (26) we have
01+02)
_F101+F202(1—f§) (1+ 2W, (35)

A(@+1) ( 01+Cz)
3w,
where (z41) is given by (34)
Thus we know x, V and P at any instant during the burning of charge Cs.

Values at all-burnt in this case:—

Vo= ——20t — (36)
B (W1+ 1+ 2)
1 1\?
TpHl) a—1 1 oa~—1 « +tx( )+(1— ")
V3 (1)
1+“ tan 1 (37)
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(1 +01+02)
and = TG F0s )\ | 2V, (38)
Alzp+1) ( 01+02)
3W,
where (xp+1) is given by equation (37).
Solution after all-burnt in this case :—
Let
x4l
7= Zgt i (39)

Since after all-burnt the expansion of the gas is adiabatic, the pressure at any travel
x > xp is given by
P=Py? .. .. . .o (40)

Also the equation of the motion of the shot is

Oy +Cs)
(W1+ 1t 2)ET—AP L a

Therefore the velocity is given by

24 @

PR—VE =
(W1+0102)Jde
zp

- (F1Cy 4 FoC)P . . .. .. (42)
(W1+01+02)

where

But from (36)
FoCo M,

(W1+01+02)

Thus the velocity at any travel after all-burnt is given by
F0:194+FoCo(My+-P) .. .. .. (43)

( W1+01+02)

and the muzzle velocity is given by
F\C@ A FoCo(Mg4®) - o - ()

Ci+C
(o552

V? =

B

V2=

2

where
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5. MAXIMUM PRESSURE

Maximum pressure may occur when:

(@) both the charges are burning,

(b) C; has burnt out but C; is burning, and
(¢) at the position of all-burnt.

Case (z):—When both the charges are burning, the pressure is given by

(l+ 01+02)
p = 1O =f18)+ FoCs (1—£5°) 2W, (45)
Alx+1) (l+ C1+02)

If pressure is to be maximum dP =0. So differentiating (45) and simplifying
with the help of equation (7), we get the equation giving the value of f; at maximum
pressure as

P.C P
3,2 (F,01+ 2 “’)+f1{1rmlM1+6 20 (1_1_{)}__

3F,C 1\?
_gFlc'lMl— L 2(1_3) }:0

Now in order that this equation has a real root we must have F,C1.M 1>§FI_2{£73

2
(1— IL{) and thus its positive root is

. ‘ i
J e DI (B §F101M1+6F202(1_l)}

f] n = LS
FyC
(F 101t 2)
(46)
So from equation (45) we have the maximum pressure as
Fy0 m Fim 0140
Flol(l —fi)+=5a —fl.,,){?;( )+ 023 ( )+’~§ ( +~——;;,;1 2)
.. (47
Afxn+1) (1_*_0_13'%%) (47)
1
where from equation (10)
P24 -1 4/ (4ac—b2) (1 —f,)
o8 (%) = iz o0 |Sati oot )
Case (b) :—When charge C; has burnt out but C, is burning
0140y
FyCy+4F30s(1— (1+" )
p = 110t 70 12 20 ce e (49)

Aw+) ( 01+02)
14- L1 ~2
3w,
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If pressure is to be maximum, dP =0. 8o differentiating (49) and simplifying
with the help of equation (31), we get the equation giving the value of f, at maximum
pressure as

3fotMofo— My = 0.

Its positive root is given by

B VM2 12My— M,

So from equation (49) we have the maximum pressure
01+02)
PO+ FaC(1—f3,) (1+ oW, -
3W,

where from equation (34)

a1 j“'(l_}{)z

2 __1_) 1\?
.__a—_llo {(“ +°‘(] K N I—E ]
R

Zul)
Og(xb+z)‘M2 32 l°gt a—fan J

ot | VE(1-2)

tan

Ve l2a2+f2m(2(1—11{)+a)+a(1—%)v

(52)

Case (¢) :—This case has already been discussed.
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ABSTRACT

Tn this communication the author has solved the problem of internal ballistics of compo-
gite charges when they burn according to the geometric form functions for spheres, using the
‘R.D. 33’ method which is based upon the usual isothermal model. It is assumed that
y1 = yp = ¥ (say) since y is practically the same for most propellants. Also the linear rates of
burning have been assumed.
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