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bn attempt bas been made to s ~ l v e  the internal ballistics of H/L pun with composite 
charge having two oomponents muring constant pressures in both t e chamber8 during 
the second stage of burningi.0. after the burning of the fir& component charge. 

The internal ba,llistics of high-low pressure gun was discussed by Kapurl, Aggarwal2 and Corner?#a for 
the general form function. Recently author5 had discussed the attainment of constant pressures in both 
the chambers in an H/L gun with moderated charges during the second stage of burning. In the present paper, 
the author tries to solve tehe internal ballistics of H/L gun with composite charges having two components, 
Pressures in both the first and second chamber in the H/L gun have been assmed to remain constant during 
the second stage of burning. The constant pressures being equal to the pressures at burnt during the &st 
stage. The internal ballistics during the first stage of burning are assumed to be known and those for the 
second stage of burning are determined. The conditions for the attainment of constant premures deter- 
mine two relations betwoen the four characteristics of the second propellant component of which two may bc 
known from the physical properties of the propellant so that the other two may be calculated. . 

F I R S T  S T A G E  OF B U R N I N G  

The ballistic equations in the non-isothermal model during the first stage of burning in an H/L gun are 
as follows: 

The equation of state for the gases in the first and second chamber are. 

and 

P ~ C U $ + A ~ - ( C ~ ~ ~ + C ~ ~ ~ ) ~ ~ + ( C ~ + C ~ ) N ~ I = [ C ~ ~ I + C ~ ~ ~ - ( C ~ - ~ C ~ ) N ] R T ~  (2) 

The equation of continuity (when o < o*) is 

Where Y = (3  and N is the fraction of the total charge turned into gas 

We take the law of burning and the form function as 

and q& = (1 -A) (1 + Bj&) (i =1, 2) (5) 

The equations of energy for the first and second chamber are 
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Tb eqtations of m~tion of the shot 

dv 
W * = B P ,  (8) 

. - 
These equations are wived with initial condb'thm 

p l ~ P p = T 1 = T a = N = * O = ~  when f , = f a = f i . e . t j l = $ a = ~  

We suppose tb& this solution gives 

P I =  Plsl, Pa = I; = T l ~ l ,  = TZB1, N = NB1, v = vm 8 ~ d  x = X B ~  

When f l  = 0 i.e. when the &&t mmponent iaoompletely burnt. 

prom (4) the value of fa at burnt of the first component is, 

DllS1 1 
f:BB1= 1 - --- = I - -  - DzlBa (20 

D2l rs, wbere, , a9=- 
, 

DilBi (9! 

SECOND B T A G E  O F -  B U R N I N G  

The quation of state for the gases in the first and second chambe; are 

'"a $8 - ( ~ 1 +  ~ 2 )  N ? ]= ( ~ 1 +  C ~ ) N  R ~1 P I [ u ~ - % + ~  (io) 

and 

P2 [us + AX- (C1+ 0 2  #a)  'I + ( 0 1  + Ca) [CI + C2 t j2  - ( 0 1  + Ca) N] RTi (11) 
 he equation of continuits (when o<r*) is 

' 

dN 
(C, + C,) 7 = Ca 

+sp1 9 2  - - 
dt dRP, (12) 

puther, we have the equation of burning 

dfa 
Da -&- = - B2 PI  ' (13) 

The form funotion * 

+a = (1 - - fa)  (1  + @,fa) (14) 

.ad the eqnstion of energ for the f2st and swond chamber 

Cl d%a d - dt [ ( c ~ + Q ~ ) ~ T I ] = T o c ~  7 - r T 1  g [ C ~ ~ - - I C I I C J N ]  (15) - 

a 
x [ ~ l + c a ~ - ( ~ l + ~ a ) ~ ) ~ a ] = * ~ l  : [ ~ z ~ ( c l + c a ) ~ ]  116) 

TJS equation of motion 
aw 

w -;ii. = AP2 (17) 

. us assume that the solutions of the above aquatione are possible with 
. , 

PI = PISl , P, = P,, (18) 
and swk oon&tion~ so tbat this solution may give 

% = xm 2) = eB1, N = N B 1 ,  Tl = T I @  
and 

Tst=Tm, & f s = f a a n  .J 

80 



now we impose the condition that (10) and (11) with (18)giv&, 

X = XBI,  T I  = T l ~ l t  T2 = TsBZ 
\ 

and N = NBl at f2 = faB1 and further (10) and (11) are consistent with (20). 

NOW x = XBI, T 2  = TgB1 N = fVRl and 46, = 4a1 will atisfy (13) if 

PW [ U2 + AXBI - ( 71 + Q2 h~i)  ? f (Ci + Qt) NBL I I = [ Qi + 0 2  $~BI-(C~+ Ca) NBI 1. B T ~ I  (22) 
which is true, for (22) is obtained from (2) by considering values when the fist  component bwns out. 

Also N = NBl, T 1  = TI, and = will sastify (10) if 

(23) 

which is trm, for (23) is obtained from (1) by considering vdues when the first component burns out. 

With the help of (13), equations (12), (16) and (16) can be written as, 

and d 

On integrating (€9, (7), (26) and (26), we get 

~ Q ~ + ~ ~ ~ - ( Q ~ + Q ~ ) N I T ~ + ( c ~ + c ~ ) N T ~ = T ~ ( Q ~  -I- % # a )  (27) 

Adding (10) and (11) to (18) and (27), we get 

p1,[u,- %+ - ~ - ( Q ~ + ~ ~ ) N ~ ~ ] + P ~ I [ U ~ + A X - ( ~ ~ + ~ Q ~ W ) ~ + ( Q I + C ~ ) ~ . ~ ,  2 = 

= R To (0, + 0 2  $2) 

I 
(28) 

On differentiating (28) md (&4) w&h r e e o t  bjA,  wi& the 'help of ( la ) ,  (18) a id  (24), we get 
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Now zr =: uBl , T I  = TIBl and f2 = fisl will satisfy (29) if 

Introducing the following dimensionless constants 

c2 - = Po , D2'P2 = .o' y = 
*SD1 

01 Dl/& PlCl RTO 

vBl/ADl p ~ l  l'1.1 - Ti$ (31) 
"IB1 = C1 PI RT, ' PIBl 

= wB1, -- 
To 

80 I 
we have I 

To satisfy that (24) and (28) should be consistent, we differentiate (28) twice W.r.t. fa aith ths & 
of the equations (14), (23) and (20), we get 

A' Daa P2gla 7dzW - e~ c 2 [ ~  + (q - -  $) P~~~ ] = ~ p .  p1am + 2p2 .,/jj-rl s12 (pibl - pm) d/. apl (831 

&@in frbm (23) and (24), we bsve 
, 

8ince T I  = TiB1, N = NBI and fa = fm will satisfy (33) and (34), we set 

-I 

L 

We introdke the oentral ballistic p~a3neter M = 
# B I Z  

Pla , C, RTo 

From (31), the equation (36) cap be writteq in the p ~ ~ - d i n J e ~ o w 1  f o q  ha ; 



2az wit2 - ? 6, (1  + a@) = Nl -r YO y'% ( 1  - @ ~ l >  

+ 2 ( l + P o )  ~ ~ N B )  

Po d y  '" " - " I  * 
(36) 

The simultaneous satisf~tion of (32) arid (36) $ives the condition that P1 = PiBl and P2 = PaBl may be the 
solution of (10) to (17). 

The equations(32) and (36) connect-f?ur parametersao, Pol O2 a ~ d  S, defining the second propellant com- 
ponenk. 

m e  and mass of the first component have been assumed to be known. So involves 7 and 
1I8, and /3@ involves 0, which are supposed to be known in the irrtegration of eqmhiin for the h t  stage 
of l3lmkg4 
Thw (32) and (36) give the size and shape of the second propellant component provided ag is positive and 
d2 satisfies - 1 < B2 < 1 for pct ical  values of constants involved. 

1 
Jf 9 = - w 0 then, yo = So = 0 , tile (32) and (36) reduce to 

, 82 
a0 1 - d2 + 20, f 2 ~ 1  = - A 17~1 a m  

and 

- 28, = M1 ao2 wg12 

I Po 
A2 D22 

Let N2 = - -  - 
P22 (72 RTO 

%2 be, the central ballistic perameter corresponding 
B o  

for the second component charge. 

Then 

M2 e2 = - -7j- ws12 

nus w i e  tbe practical range of values of M2 and o g l ,  6, is negative and greater than (-1) and 
also q, m8y be positive. 

Now from (21) 

A D2 P2Bl 
QBZ = VBI 4- y - -- f* 

P 2  P l ~ l  
: (37) 

, 

Then 

whi& is the velooity ratio and its value is less than the velocity ratio for the moderated charges. 

Prom (20), (13) and (18), we get 

. ap1, - A o2 P2, 
* - a f s  D2 

--a'&+--- - - ( f aE l  - f a )  a Pl~1 . (38) 

On integrating (38) taIdng x = xi l  at f, = f2R1 

p,~l P 2 ~ l  
( X  - ' ~ 1 )  = b l  ( f 2 ~ 1 -  f 2 )  + 2wg2 PIB1 Cfi~l - f a )  (39) 

D2 
33 




