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Introduotion - 
. 1 . .  t . 7 .  

I 

The problem of the composite charges has been discussed in tlie " T h h o ~  
of the Interior Ballistics of Guns " by Corner (1) and in the " Internal. J BiIt;8- 
tics"- Hia Majesty's Stationery Office Publication (2) by reducing the problem 
to one of aa equivalent single charge. In (2) onlx a particular cssg of tvo, 
charges with different shapes and web sizes of the same propellent is considered. 
An approxiniate solution is obtained by making use of a modified f? p factor. 
Corner (1) considers the more general problem of two charges o I different 
shapes, sizes, and composition. The problem is reduced to that of a single . 
equivalent charge with adjusted parameters. - v t  , ,  

In this paper we give a direct treatment of the general prob1e;m baqed 
on the Hunt-Hinds system. We derive expressions for the maximumbpressure 
and muzzle velocity and study the variation in these with the ratio of the 
bharge weights for a given total charge. In order to obtain closed expressions 
we make the usual assumption regarding Co-volume, vie., that the C6-volume 
of the gases equals the specific volume for each propellant. It? is also assumed 
.that y,=y2 since y is practically the same for most propellants. 

Basic Equations c,:I~-. 

The basic equations with a single charge have been derived in H.M.S 
Publication [2] and in our case they become - . 

Cl c2 where wl = 1-06 w + 3 +3 
dv ............ 

w, &- = A P  (3) 
-6, 

Z 1  = (1-f i )  (l+elf,) , .......... (4A) 

4 2  = (1 -f2) (1 4-62 f2) 
5 1. - . . .  ?. ....... (4B) 

where C,,'R,, A, Dl, dl, fl; zl refer% to first:charge 

' end C8, B8, P8, D2, @?, f2, z2 refer to qecond charge. 
51. 
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,Jqit;ially when the shot st&& . ~a ? . .  . \ ;  
<.i::o& "*"+: . I 

I -1- 1 

5 '0;v = O ;  fl =fl@;.f;=,&; 2, =z,,; s9 = e m  / 

Let 
.ri,ll<kt '2;j. ; 

i 

1. 
1 .  

!L = pt 
Dl . < . . * . . * * .  B =,qU . 

- 3  r / r.*,QZ * 

&o& '*($), and &A)), on int~g~.strion and usingrinitid conditions wd 61 
., @it's;? ;. . . "2 .i * t < 3 b 4.'. "4 

i \  , ,  . - ,  A .......,..... ( 7 4  
t, : ,., ?-?- ?= - I  (fk,, -fi) - 

: s*%?* - 
: : , 1 .  * I - * 

,;. ,-t*:lSimilady ffim (S) ctn& (533) we pt 
- r.. ..(, 

L -, . . . . . - . . . .  :. . $7B) 
-1 

, <-;; 5 '  

, ,  
pence . , 

blf, -Vf, = P'f, - 4 ' t f ~ ~  ............ 
* %  &, (8) 

. F~OJII (4A) at& (7A) wc &t 
- "':, 

" <  .,..... .(9A) 

Similarly 
5 I f  Ji , i t  !: 

8" WI pa w1" . . , . (93) 
Z, = 2, + 7 v( i -e ,+ze ,&-  

. . ii 
, tkt us nbw define our sew v~xjable f! 

6 x ............ (1Q) : -, t = l + i  

rom (8) . ( 0 .  

av 
w1 v & = A p  . . , *  

x wl dv .. : . . . . . . . . .  (11) 
; f i g  6.6. rl "2 = p  

il.Gi Usins (9A), (9B),, (10) &#)ah plifying we get 
........ 

dv - K (-v) ( b 4 . u )  - t r ;  - \  - t v - -  (12) 
k c l 1 9 ,  A -  ap 

n 

where - . * 

Fl ' . P,C,p+q 
t 

= --- - el + ~ + y  7 ,  . $ $ , ,  I . . . . .  .: 
I 



Integrat&g (12) and using the initial conditions, viz., 
~ , $  

v =. 0, f = 1, we get 

........ f- - - '[( - u ( b *y ]k(:+b) (13) 
a - v  b F v  

; I .  
~ r &  (llj a d  (12) we have 

...... w1 K(.-Q) ( b - b w )  :; ... .(14) 
$I=- A 1 r 
These e q u a t i a ~  are valid so long as both the propellants are b;&ng. ' 

4 ,  

, From ,(a) we eke that if: .I 
1. , 

- \ .  
-a. Z 

f . i i A %  

( I )  Bl fee > ,11" f, , tben f,' cannot beconie zero before f,. Hence 
ohsge C,, mu& be buint out a l i e r .  

2 i L .  
. & I  . o + :, 6 %  

then f, oannot become zero before fa. Henvc 
out earlier. , + ..- . 

(3) 8. fa = 8" , ' then both the charges will have to be burnt out 
simultsaeously. 

- e ,' , ", 
Heme we aee thdt $46 different casekari~e, v@., 

1 ,  ;. ., 
( I )  The two propbllants burn out a t  different <,-i tiyes. h -, 

+ . , i  
(11) Both the prohellants burn out sirmultaneoq~iy. 

'1" r 2. 

-L 7 - -" '" - - '  

,&L:.) Let w "fw. the sake of d~fiui&ness wll th@t qatrope$Ia?h~ whiih wlll bum 
firet as C,. . , , a,; 

'' Case I .-.We have to %wider this in two P*rf s ' - ;: ,d, . ,Q 

(i) wh'm only C2 is burning. \ +( 3 . .  9 .  

(Sg whsn E* 'also "bnmt out. 
. . -b 

) I '  ;< 7 

I(;]* (1 )&tatsea 
. . . .  r--Pb(16) 
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Pro/oeeding as above we have . .  
. d v  ............ : z-t = 131 (a1 - fl) (b1$ V )  (16) 

- 
I 

Let the suffix (2 , l )  denote the pmitipn when the qharge 4 is just burnt 
out. 

A 
From (7 A) v,,, = --- fl0 ............ 

P.w1 (17) 

Then P ,,, is given by equation (13) with a=-v,;; 
I Hence 

.k~,fi 1 1 .  
bl -t V 2 t l  ? r = * 2 1 [ (  ( bl $- j h , ] & a ( a 1 : f b 2 )  y - . . ( 1 8 )  

' 2  , * ' I ! >  . . 
From ( 1 1 1  end (16) wo have in this caBe , . + V  

I. .......... ,. 
, I* . ' C19) 

' : I  , . 
I 

Equations (i8) and (19) give us the velocity and pressure a t  afiy point 
between the, position when C, is just burnt out and the position when Gs 
is also just burnt out (i-e; the " all-burnt ':, position). , $ ,  . 

I (ii). Eqn (1) now becomes , 

* v 

.... ,+ *piy,te ..."-(20) 

Proceeding in the same way,asin Gas$ I(i) we get * 

' 7  I. - .  . i . L ........... : '.XI.. (21) 

' 6 <  E 

. .-.... S t  'ex*' ~Y < -  3 ? 

.r-.?!'?. # k . @IA) 
, , 



; DBFWCXIX E $0- . 
\ " -  - - -  -. 

lnitial conditions for this case are! thst v=t+ when , & ~ f ~ ~ . h h e  sue? 
2 denoting the values at  " all-burnt ", . 

From (7B) 

and t2 is given by equation (18) with 0@=v2, -- 
Hence 

F-([L3.] --iF 
L -v2 ............. (23) 

From (11) and (21) in this case 

w1 K' [ L-v2 ] 
........... p = A l  --t: W 4 )  

Hence if v, and denote the values a t  the muzzle we have the muzzle 
velocity given by the relation 

11. ,9'fm=/3%,, i . e  when both the charges bnrn oat dd&neoualy. 
, - 

At " all -burnt " the velocity is given by 

.and &, is given by (13). 
1 ' [("Ia " ( a t 4  

- 
i.e.,, Fz- ?. ' ............ a-v, b+v2 ,. (26B) 

After all-burnt the equations are the same as in I (id) and , Eeinoe 
1 

'w, K'[t.v2] pF 

* = B  t ..... ;. ..... (25) 

[ ( )iiK' ] +v<(? f K '  and hence v z = L  1 - - .......... (29) 

where v2 & P2 are given by (26A) and (26B) respectively. 
Martimum Pressure 

The folIowing cases may arise. viz., that the maximum presswe occurs " .  when 

(a) both the charges are burning. 
(b)  C, is burnt out and C2 is burning. 

. (c) a.t, ,the position of " all-burnt ". - 
\ 
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5 Case (a]& From (14) we have- 
wl K(a-v)(b+v)\ . 

P= -g e 
At the position of maximum pressure dp=O. So differentiating, simplify- 

: ing and comparing with (12) we get 

(a-1) (b+4), K(a--91? (b+vl) 
a-b--2vl 91 

where the suffix 1 denotes the values a t  the position of maximum pressure. . . - 
K(a-b) .: v1 = - or vl=a or v,=-b. 
2K+l 

The values v,=a and vl= b are inadmissible. 

Hence 
K(a-b) v1 = ------- 
2K+1 

\ . . . . . . . . . . . .  1 3 0 ~ )  

From (13) - 
1 

~(afb) - 
e . . . . . . . . . . .  (30B) 

and 
- w, K(+4Jl )  (b+v1) - ,  

2'1-x ............ tl (30C) 
The conditions for the occurrence of the maximum pressure in this position 

are - - 
fll2 0 
f B l  r 0 

Hence from (7A) and (7B) t h e ~ e  reduce to 

. 
Case (b) :- * .  

-- 
Bfao?P"fio 

Equations (18) sod (19) g i ~ e  and p in this case. 

W l  Kl(al-4) (4-t@) p= -. ,--- - - ........... Al - (19) 

Differentiating (19), pntt,inp. dp=O, simplifying and comparing with 
(16) we get , . 

Kl(al-4) , - 0%" 
2Kzfl  ...,....'&.(31A 
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+hen 
- 

1 

=l(a,-t-bi) 

a1 --Vl ....... i . . . .  
and 

(31B) 
: 

w1 K,(a1--v,) (4+v1) 
P l = x  ............ tl 

'i (31Cj 

The conditions for the occurrence of the maximum pressure in this positinn. 
me 

f11=0 ;f*120 
Hence 
,- fm & Paul - ~ l ( % - 4 )  - " - -  .- - - % . . - - - - .  

A 2K1+1 . I 

P" wl Kl(al--hI 
f20 > 

2Kl.+ 1 
Bfab>B"flW 

But in view of the last condition, viz, j3' fio>B"Jio, 
f,, cannot be equal to zero. Hewe the conditions are 

S'fao>B"fio - 
b vi Kl (a i -h ) ]  

- f 1 0 = ~  2Kl+1 { 
.......... B" ~1 K i ( a i d 1 )  (31D) ' 

~O'T x l + l  J - 
Case (C) .  fao=r fW In this case the m-&ximum pressure can 

occur ( i )  when both the propellants are burning or ( i i )  a t  the position of 
" all-burnt ", 

( i )  has already been- dealt with in case (a). - - - 

(ii) Tbe conditions for this case are ' 

fll = 0 ; fa E O which reduce to 

B w1 m a - 6 )  
f10 = - --- A 2E+1 

\ /I" wl IF(-b) ....... 
fm = - -- 

A 2 K + 1  
(32)  

It is now our aim to find out how the muzzle velocity arid maximum 
pressure change when the total mass of the propellant is kept constant and 
the proportion of the charges is varied. Hence let us put 

c1 + c, = c ...........: ( 3 3 4  
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Caloulations have beewa-de 0.n atypical gun. Since the pllrpose of %he 
~alculations is only to ilPErstratath'R theory, *b'ca38 JWv8 been made 
si&ipJe, by some assumptions, l%nce\ the s h W s t p r t  pmssar(I N s  been 
taken tbtbe *m and the form f a h r s  el and' 0," haGe alsb b e a  put equal 
to zero. Further only one propellant characteristic has been varied:$ by 
5% at One time, the other things being assumed to be t h e m =  

s The changes in M.V. & Max. Pfessure are given below :- 

A - 
" 0.0 

0.2 

0 .4  

0 .5  

0.6 

0 .8  

1.0 
1 
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