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1. INTRODUCTION

Corner (1948, 1950) worked out a simple theory of the Internal Ballistics of the
high-low pressure gun for a tubular propellant (6 = 0). His theory was recently
extended to a propellant with its form-function in the standard form

z=(1=f) (1+6f)

by Aggarwal (1955). In both these papers, the expression for the maximum
pressure in the first chamber has not been explicitly obtained. For a tubular
propellant (Corner, 1950) the maximum pressure occurs at all-burnt, but for pro-
pellant of any general shape, this is not necessarily true. As a matter of fact, it is
shown here that for cord charge the maximum pressure in the first chamber must
necessarily occur before all-burnt, and that for moderate densities of loading, this
will occur when about three-fourths of the ballistic size of the propellant has been
burnt through. In such a case it is important to know how near the maximum
pressure is to the pressure at the all-burnt position.

Aggarwal (1955) has also discussed the Internal Ballistics for the second cham-
ber of the H/L gun and has obtained the fundamental differential equation for this
chamber. The further discussion is based on the solution of this differential
equation and he has given a series solution of this equation on the same lines on
which Corner gave the series solution for his equation for the particular case 6 = 0.
But unlike Corner’s variable, the dependent variable X and the constant » occurring
in the fundamental differential equation of Aggarwal are not dimensionless. As a
matter of fact both have the dimensions of a volume (L3). The convergence of the
series solution obtained by him for X cannot, therefore, be discussed. Also the
statement that v < 0-3 for a H/L gun, while valid for Corner’s dimensionless
constant », is meaningless for a constant of which the value depends on the units
used. Further, since our fundamental differential equation contains only dimen-
sionless variables, we are able to discuss the convergence of the series solution

more effectively.

2. MaxiMUM PRESSURE IN THE FIRST CHAMBER

Tn Corner’s notation, the fundamental equations are :

P [K— 9(18;"‘) —-ONb] =CNA .. .. ..o

p[Kot Ar—ClamNp] = Cle=NA .. .. .. (2
d
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af -
Da=—Fp (4)
dN _dz _ 4SP
@ dt gy (5)
z = ¢(f) (6)
Only our equation (6) differs from those of Corner and Aggarwal. Instead of
(6) Corner uses
z=1—f (Ta)
and Aggarwal uses
z = (1 —f)(1+6f) (7h)
From (4), (5) and (6)
dN dz af
@ ~at¥ (8)
where
_ Y8 D
oV B ®
18 the dimensionless leakage parameter.
Integrating (8), we get
N =21 —f) (10)
gince initially t =0, f=1. 2 =0, N =
Now from (1) and (6)
P=—p (Cr}iv . (11)
=5+ 5¢()—ONb
Differentiating and using (8), we get
C, 0z 21 4P c ., C af df]
|- G+ % —om| ) 2F = [-S4o0n)| w10 B
afC
~snTp-va-m .. a2
Using (10) and simplifying we get
i c . 2
K= 545 $(H) —bCI4(H) =¥ ~f)] k- S+8wa—y
c ¢ 5
+¥ [K—§+§¢(f)} (13)
initially when f =1, z = 0, N = 0, (13) gives
. 071 [dP Cl. .
(k=5 e | % = [x- 5w (4
Finally when f = 0,2 =1, N = 1-¥
1 (d c cy
[K —b0(1—%)]2 (_p) —¢ 0 | K- 3+ ]+K‘P (15)
AC\df/,_,
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Since zis a decreasing function of f, ¢'(f) is always negative. As initially the

de

The maximum pressure would occur at all-burnt 1f

pressure increases 1s negative.

is negative or zero at

df
all-burnt, i.e. if
¢ C
$'(0) [K—-§+T¥,]+K’P§0, .. .. .. (16a)
and would occur before all-burnt if
, oY
#'(0) Ix—-—+~~ +K¥>0 .. .. .. (16
For the propellant of which the form-function is given by
z=¢(f) = (1—F) (1+6f), .. .. .17
(14) and (15) give respectively
cl%1 dp) [ 0}
[K—B‘J :\.0(3}. = K_S [—-1—-0+%] .. .. (18)
and
1 (dp c K6 Cc¥
2. i
[K—bC(1~¥)] 50 (df) = (—140) (K + )+K’P .o (19
C . ar . . .. .
As K > 3 and ¥ is of the order of -5, o is initially negative, as we expect.
As for (162) and (16b) above, we find that maximum pressure will occur at all-
burnt if
(K—%) (1-¥
0 < ~—oFr—ei— (20)
c ¢

and will occur before all-burnt if

0 > G (21)
ie. if
¢
§>1 o (21a)
- c C ’

When ¢ is negative or zero, (20) is definitely satisfied. Thus for progressive-
burning and constant-burning surfaces, the mazvmum pressure in the first cham-
ber occurs at all-burnt.

For 0 =1, (21a) is definitely satisfied and thus for cord charges, the maximum
pressure in the first chamber must occur before all-burnt.

7B
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This result, it may be noted, is consistent with the corresponding result for the
orthodox gun, for there the cond1t10n for the maximum pressure to occur before
all-burnt is

1
v =170

(22)
Jfo
and this is certainly satisfied for 8 = 1.
When (21) is satisfied, the maximum pressure occurs when Tf vamshes ie.
from (13) and (17), when
7'y ¢ C
x(f) = 2E 220 [K— T+ w]
¢ C C .
+0[K—-8- gfp]—[ -g][l Y1=0 .. (23)
The signs of x( f) are given by
S —oC 0 ‘1 o
x(f)  Hec 4+ - 4

The root between 0 and 1 determines f,, the value of f at which pressure is
maximum. Then from (1)

CA(1—f,)(14-6f ) =P (1 ~f,)]

Pma.xA =
K=~ (0= Ja=raa+a)+omwa—,)

(24)

When (20) is satisfied, the maximum pressure is the pressure at all-burnt,
so that

P OA[1—¥]

R =)

For the particular case of a cord charge, becomes

(23)
% ¢ .0
—8—f~—-2f[ —3+3 ]-{-KEP._O

C

3

o
K-35

PEf2=2f(14+p¥)+(1+p)¥ = 0 .. - .o (27

Now ¥, for most practical cases, is of the order of -5.
Putting ¥ = ‘5 in (26)

pf2—2f(p+2)+(1+p) = 0

(p+2)£V3p+4
P

or if p=

80 that
=

(28)
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Now if the density of loading is not high, p is comparatively a small number
and since 0 < f < 1, we have to take the negative sign in (28), so that

1 9 27
fm = ;+61P 512 p I
For p small, f,, is of order }, for moderate densities of loading. Z'hus for a

cord charge, the maximum pressure occurs when about three-fourths of the ballistic size
has been burnt through.

It is obvious from (23) that as

cwiQ

C
S'P

K— <+
6 -~ -

(r=EJan

7 P 11)

Agam when (21) is satisfied, the ratio of maximum pressure to pressure at
all-burnt is given by

Puas _2a=%(~f,) K—bC[1-¥]

) 30
P -9 K_§+§z —bC[z,, —'P(l—f,)]

m!@

For 8 =1, ¥ = }, K = 800 cubic inches, C = 10 lbs., b = 25 cubic inches'ib.

% = 17-5 cub. inches/lb.

(30) gives approximately

Thus in this case, the maximum pressure is about 129, greater than the pres-
sure at all-burnt.

3. FuNDAMENTAL DIFFERENTIAL EQUATION FOR THE SECOND CHAMBER

From (1), (4), (6) and (8)

Dif_ NP1 an
TBdt ¢ )
-0 (b"' g) (f)+Ch¥P(1—f)
Let us take
S = A+ Bl—fy—E(I—f2 .. .. .. (32
This form-function reduces to Corner’s case when
4=0  B=1 E=0.. .. . .. {33)
and to Aggarwal’s case when
A=0, B=(1460), E=46 .. .. .. (34)
Also let
Z=1-—f .. .- .. . .. (35a)

8o that $(f) = A+BZ—EZ%, .. .. .. ..({(35b)
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then (31) gives

[K~ g —O(b— %) A] n [93' _o(b— —) (B Y’)] ?io(b— %) Ezzdz

AF[B—PIZ—EZ" (36)
_B
._I—)O’Adt
or
dZ _ P+Z—Qze 37
@ T F1YGZ—HZ? )
where .
BB
K- —O(b-s) A
4 X
P=m .s . . ’e . . (3bb)
E
Q=§~~q7 .. .o . v - .. {38¢)
) 1
%’U ~0 (b 5) (B—¥)
@ = c\ S 80
K~ 3 —C(b—g) A
C (b— %) B
H 5 ) . {38e)
K—35—C (b— 5) A
From 361
1 ¢ d BCA
[—0 (b— S)+a /+b+Z] 4z =" dt L (39
where
Eab=4 .. .o . .. .. (40a)
E@=b)=B—=¥ .. .. .. .. (40b)
C
E’(cb+ad)=K—§ .. . .. .. (40c)
~E (c—d) = %‘f . .. o .. (40d)
Integrating (39}, we get
_C(b— %)Z-—clog =2 L3 log b+z ngt. L@

(41) gives an explicit relation between f and ¢ valid throughout the period of
burning.
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From (2}, (3) and (10)

ACXPZ

= K,  Az—b09Z *° (42)

d2x
W=

We have now two alternative methods available :

{1) From (41), we can tabulate ¢ as a function of Z. This table can be inter-
preted as giving Z as a tabulated function of £. From (42), we can then integrate
for z and v as functions of ¢, subject to initial conditions t =0,v =0,z =0 .. (43)

(ii) From (37) and (42), we can eliminate ¢ to get a differential equation
between x and Z. Thus from (42)

w. 3% 4 g@@]_ ACNPZ
Yt dZ |dZ @t ) ~ Ky +Az—bC¥PZ
or
W “2[P+Z—QZ2]£Z_ P+Z—QZ2] _ AOXPZ 43
VT F 627 HZ2 | 32 | TFGZ+HZE| = Kyr Az—Co%Z (43)
Now let
_ B\ ‘
X_(K0+Ax)A(CW) R - 7))
then we get
d [ P+Z—Qz? gg]_ Z 14GZ+HZ2 45
Z\1¥GZ+HZIZ| = X2 P+Z—qzz > - 49
where
b (Wloav‘ ¥
= ) (46)

It is easily verified that X, Z, P, @, G, H, v are all dimensionless. The
initial conditions for the integration of (45) are

ZiX W\t
7Z_=0,X=XO=K0§-(075%)2,Z=0. ce L. (4]

For a tubular charge, using (33), (35) and (38)
80 1=

T Ao = Oa Q =0
D K——g
(48)
P (1= 1) u-v)
G = yH=0,2=12
k-9
3
and (45) becomes
d z dX\ 146Gz
;l—z(l+G27d—z—) T X—vz e (49)

This is the same as Corner’s equation and it is easily verified that p, v are the
same constants as his and G denotes the constant denoted by him by B.
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For a charge with form-function z = (1—f) (14+6f),

]
P = 0, Q == m (50&)
c 1\
(g - Ob) (140)+Cb¥ 6 (b-— 5)
G = , H=—* 1 . .. (500)
C C
K- K-
and {45) becomes
d [ z—Qz: d_)gJ _ 14GZ+HZ? 1
7 [1+GZ+HZZ 7| = X—2)(1—-07) e D)

This is similar to, but not exactly the same, as the equation (21} of Aggarwal.
His dependent variable is defined as

X:—— K0+A)( ) .o e .. (52)
C
X_pox_ 7% -
so that X= 1+0_¥, .. .. .. (83)
Similarly he defines ¥ by
5= Obﬁ Povowy, L L L6y
C
K— <
5 CBA 3 -
?O that ; = b?m . (50)
Aggarwal defines
oy = K—g, Ao == 0+1—¥I
1 1
Jdg = C (g —b) (1 +0)+Cbgj, oy = C (S —b), . . (56)
s0 that '
X v _n -
X =V oy (57)
Also =0 g% g g™ (58)
%o 1 £S5

1 3G 1 v 11 3Q
RN RERIRE

+z3[6§([ QG+ 5 04 S HG

1 5 5
+ 6X,2 [g v+ §VG]
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1 13 13
- 2 —
+ 18x, [2” 3¢~ G]
1 v 5 1
_Z~X—(,3+:§EEE} + o0+ .. .. (89)

Now as pointed out by Corner, for moderate densities of loading, his v (we call
it here ) is less than -3 for H/L guns.

But l_—, T e
v

Thus our v< -9 (60}
Now
¢ —-Cb) (1+6)+Co¥
¢6_ 8
B g—Cb+Cb‘P
y 1
C@(b—- '5)
=]— o
5 — Cb+CObY
For 8 = 1, it gives
G b
5= 2— 5
5 —0b.
or %m—-fi.. .. e - .. (61)

As B generally varies from —0-5 to 405, @ is expected to vary from —-25
to + 25.
G is sufficiently small.

_ [/}
i

For a tubular propellant @ = 0 and for cord, it is approximately 3. Thus @
varies from 0 to %.

Again Q (62)

H_—__-_....» ~ - .. . .. (63)

Since C (b— %) is small as compared with K — %’, H would be small.

Thus we find that », G, @, H are all small, though v is here much larger than its
value for a tubular propellant. Thus the convergence of the series (59) will be
slow except for large X,,.
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For X, greater than 5 or 6, series (59) can be used with confidence. For
smaller values of X;, numerical integration in powers of G, v, @, H as done by
Corner for a tubular propellant is desirable.

The other series obtained by Aggarwal for p, v, pg, v can be easily adapted to
our dimensionless variables and their convergence can be similarly discussed.

The series solution for the more general equation (45) can also be obtained
easily.

SUMMARY

In the present paper, we have obtained explicit expressions for maximum pressure in the
first chamber of a H/L gun and in particular we have proved that for a cord charge, the
maximum pressure must occur before all-burnt. We have also put the fundamental different-
ial equation for the second chamber in dimensionless variables and discussed its convergence.
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