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It has been  show^ that the muzzle velocity and the piezometric e$ciency both may be increased for a suitable 
composite dharge in comparison with those of the single charge. The condieien stipulated is thak the length of the 
gun should be sufficiently large in comp-Wiisonito the initial-&& space M i n d  the shot. The composite charge 
conaidered here consists of two components such that the pressure driving the shot remains absolutely constant 
throughout the period when the becond component burns. 

In  a paper Ray1 discussed the possibility of getting constant driving pressure in an orthodox gun all 
through the period when the second component of the composite charge burns. He showed that in order to 
satisfy this condition the central ballistic parameter cmresponding to the second component will be 2/Y and 
the second component has the form factor equal to -1. The author with the above conditions made a com- 
parative study of the composite charge and the single charge regarding their piezometric efficiency (PE) and 
muzzle velocity (MV). The cme of single charge has already been considered in Park I. Under the constant 
pressure phase duping the second stage of burning the piezometric efficiency has been calculated both analy- 
tically and numsrically. It has bees shown that the piezometric efficiency and the muzzle velocity of the 
composite charge cannot always be made greater than that of the single charge. But if the length of the gun 
be sufficiently large in cornparis& to the inltial free space behind'the shot, then the PE and MV may be 
increased in comparison with that of the single charge. Also both the quantities increase if MI be increased 
i.e. if the ratio Cl/C be decreased except perhaps for the progressive propellants. 

Assuming the values of y's of the two charges to be equal a d  neglecting the covolume effect, the basio 
equations in the first stage of burning as given by Kapur2 are 

dv dv 
wv- = a - = A p  dx dt 

1 - f ) l - f ,  ( i = 1 , 2 )  

Then equations are to be integrated with the initial conditions 

x = v = p = ~ l = z Z , = O ,  f 1 = f 2 = 1  

rrom (2) and (3) integrating with the initial conditions one gets 

At all burnt of the first component 

Also the value of f2  a t  burnt of the first component is 
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where D$f2 
" O  = ,dBl 

, when - Ds > - & i.e. the charge C1 burns out first. 
& rsl 

/ 

S E C O N D  S T A G E  O F  B U R N I N G  

Foilowing Kwpu@, the equations at this stage me I ,: ' ~ t .  

c, * -  c, 1 
F,C, + F , C ~ Z ~ = ~ [ & + A ~ - - -  61 - - ] + T o ( y - i ) ~ 2  62 (8). 

dv 
w v -  = A p  ax . (9) 

I 
I 

(10) , 

- 5 2  = (1  --A) (1  + $ . f 2 )  - (11) 

Thes3 equ~ltions are to  be intzgrated under ooastsnt pressure phase j. k. .p = %I . T& ihitiai,conditi~ns 
are 

1 
2 ' xB1, 2) = V B ~  2, = Z2~1 . f2 = , f2~1  = 1 - - 

a0 
(12) 

ALso i n  the sxond stage of burning 

\ 

v = v ~ l  f - 1 
(13) 

Now Ray1 obbined the condition that Second eomponent burm under con~tant pressure whieh is the 
pressure a t  burnt of the first wmponent, The condition, he obtained? is 

e2- = - 2 
1 and -&I, = - 

Y (14) 

D E T E R M I N A T I O N  O F  M A X I M U M  P R E S S U R E  

From equation (I), (4) ,  (5) and (14) ose gets 

, 
whre 

01 c, A I = I i , - - - - -  
s, 82 

By (2) we get %he differential equation 
' 

ax -- _.(aa, 

a + J  - a;c,slcl +e l ,  (15) 

\ 
A  Dl 

whm s1sc:-1 

, h t e g ~ a t h g  the equetion (15) with the condition that z = 0, o = 0 on: gets when 8, # - 2 

A 4  &?,-28, 
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NOW Z x&' whq V = V B ~  

we have from (6) 

2 (1 + 81) C 16) 

Ml Again when = - 
2 , equation (15) on integration leads to 

MI 
z ~ l  =![e (-)-I ] (17) 

Agai(gsin for el Z. a differeatiating both sides of (1Sa) with respect to S, we have 2 

-- 
d% - - 

. ' 

and from (2) one gets, 
MI + %el 

P =  A l  M1--28, 2" ] . (18) 

Hence from (16) - - -  A - 
481 

%i = 

for 8, = - similarly wethave the expression for %I as 2 
MI 

P B ~  = 
F l Q l ( 1  +el) e-  -- 

AZ (20) 
where e 

Fl c1 (1 + 
23 = A l H 1  (21). 

I Hl Now to determine the maximum pressure for 8, # - , we have noticed that - d 2 p  < 0 when 
d39 

M l # 2 @ , .  

Hence the pressure will be maximum a t  x: given by 

. fm 
But for 8, = 0 (22) gives no finite values of x and hence the maximum pressure will occur at b- of 
the first component. 

Hence 2 c 1 
P ~ Z  l e l = o  -- ,, A l  M 1 + 2  - (23) 

Prom (18) and (22), the expression for the maximum pressure for 8, # 0 is given by 

2E;CI ( l -"r81)~ 
Pmx = A1 M , - - Z ~ ~  

J 4 3  Similarly for 8, = - the, expression for maximum pressure is found tQ be - - 
2 

E;Ql ( l+,@l)z 1 
P w  == - 81 6 

- (=I 
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Ml 
f ntting the value of 331 and $%I when 8, # - 2 
'. 2x1 

.& Da2 Ml - 28; 

2 (1 + 8,) 

2 (1 + 81) (27) 

a t d  when 
Ml 8, =T D 

i l  . - 
$I32 - 1+@,  + 

1 = e  2 (1 + 81) . - ' ' (28j 

5 
D E T E R M I N A T I O N -  O F  M-VZZLE V E L O C I T Y  

After all burnt the gases expand adiabatically and the corresponding equations are 

Ml Now for 8, # - if Vl be the mmde vejocity and 9, is the corresponding quantity in non-dtmemionA 2 

&"Sorm then by putting rn = d (length ~$2 the gttn) in ($0) == 
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PI= = 
AS D,a - 1 +all 

- * P I 2  oa 
'12 pBl M; (1  - ( ) } (;I) [a 'd-  o (1 - y )  A2 Dla 

and 1 + a12 2A""1a"a p ~ ~ ~ : { l - (  Mi )I-']] 
(32) 

where A  D,S ' ~ P B ~ P B I ~  

Ml Bor 81 = - , we have, 2 

and 

where -. 

The mean pressure is given by 

Heme to determine Piezometrio efficiency we are to consider three cases : 
MI Case 1. el = - 2 - - -- 

Piezometrio efficiency 

CGSS 2 .el = o - - -  . . , . . - . - -. . . .- . . 
t - . . .- - - .. -- - -  . - - - . - -  - - - . _ _ _  - 

Piezognetrlc efficiency 

In the above expression we are to put 8, = 8. - 

Piezometrio .efficie99y_ 



Now for oomposite sharp  there are three possibi1itim:- -- - 

%l - .- 
0) 7 > - 1 .. i.e, . she$ leaves the guri before all burnt of the first component such that constant 

- - - - -  - 
pressure phase has not yet bee& reached. We aie not concernedwiththis stage as we are to consider the cases 
under eonstant pressure phase with the second component. - -  - 

"Bl %E 
(ii) < 1 and -- > 1 i.e. 'the shbt leaves the gun a3er all -burnt of the first component. d - - 

In this stage no analytical expression for PE is Possible and as such dvring this stage PE is to be calculated 
numerically. - - - - 

- - - 

(iii) % < l and 2 < 1 i.e. the shot leaves the gun aft& all b m t  of the aeobnd component. a d - - 

 he expressions (35), (36) and (37) give the P$ during this s-tage-of burning. However in a recent paper 
Bhatt~hargya8 discussed the calculation of ~ b * d  PE in an orthodox gun with single charge. 

7 - 

N U M E R I C A L  C A L C U L A T I O N S  - - -  
The numerical aalcu&tim is b&ed oath; principle as discused in author's prev&uBPapp. . 

-- - - - 
Single oharge - .  - - Composite charge 
-7- - --L?-Lm----,  . - - * \ 

PE CI/C DIV PE C I / ~  MV PE 

----- (%I -- - (X) -- 
1 493 0.8114 65 - -I.* 0.7629 85 1.132 0.4219 

70 1.635 0.6805 90 1*068 0.3738 
75 1.592 0.5913 95 1.012 0.3649 
80 -1.326 0.6012 98 1.005 0.3216 

Single oharge - %  Compo-ajte sharp  - - -----I----- - .  --- 
MV PE -CI/C MV PE - 0 /C MV PE 

(%) (4,) 

Single 0 h 8 ~  Composite oharge 
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Single Charge &m&site charge 

Single ohwge Compite oharge - 
MV PE 0 0 IW PE W PE (4) , 
1.330 0.7622 66 3.012 0.7626 90 1.626 0.3629 

80 2.013 0.6236 95 1.469 0.3126 
88 1.721 0.4293 

Single Bhprge Composite oharge ,. 
MV PE 0110 MY PE 0110 MV PE 

(%I (%I 
1-709 0.4920 70 3.623 0.6129 90 2.312 0.3886 

80 3.126 0.4569 96 2.216 0.3726 
85 2.662 0.4229 

Single ohwge 

W PE 

Composite ohssge 

Single Charge 
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