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It has been shown that suitable moderated charge with two compoqents can be found sqch that the -p&sslires in 
. both the &st and seoond chamber in an H/L gulr remain absolutely constant during the peri~d the second oompoqent 

hurns, the oonstant premures being equal to the prassures at  burnt of the first compolient: * - r - ' * . - ,  :--- -. '. \ -ix \ 

The internal ballistics of high-low pressure gun was discussed by K a p ~ r l  and Aggarppal2 for the general 
form function. In the present paper the author has discussed the problem of H/L gun with moderated c.harges 
having twa comp3nsnCJs and has demmstrated that if a m9derated charge of two components (of which first 
component is known and the second component is also known except for the size and shape) burns in an H/L ' 
gun, pressures in both the chambers can be kept constant during the period of burning "of the second compo- 
nent. Generally the solution determines two relations between the four characteristics of the second propel- 
lant component of which two may be known from the physical properties of the propellant so that the other 
two may be calculaCJed. Alqo the inkernal ballistics is calculated when the pressures are constant. 

. The b~llisticequabionsin than3a-@o5&rmal model, when the first component of the moderated charge 
is burning in an HI5 gun, are the following : 

The equations of state for the gases in the first and second bhamber are : 

and 

P ~ [ u ~ + A ~ - - Q ~ ~ ~  4- ( C 1 + C 2 ) N 7  ] = [ Q ~ I I - ( C I + G ) N ]  (2) 

where N is the fraotion of the total charge turned into ga4, 

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



P *, 
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and 

B d 
- [ ~ 4 h - - ( - ~ r + ~ 2 ) ~ - ) ~ 2 ] = ~ 2 ; - d ? - [ f i l h - ( ~ l + - ~ 2 ) ~ ]  at . 

The equation of motion of the shot is  give^ by 

dv 
W z = A P 2  (8) 

These equations are solved with initial condition. We suppose that thia solution gives PI= pm., PB 
P2m,. Tl=Tw, T 2 = T ~ i r  N=jNB1, v=vlB, and x=xB1 when 41=1 i.e. fl=O. For integrations of 
equations dumg the second stage of burning, we will require the above quantities at the instant when tlio 
first component burns out. Here also we note thab for solving the above equations suppose that C2 and & 
(or C2/S2) are known. 

BiUistk equstions when the second component burns. 

, The equations of state for thegases h the first and the second chamber are : 

(9) 

and 
4 

P2 [ U2 + Ax - (C1 + Ce 4 2 )  1) + (Cl + 0 2 )  N? ] = [ 4 4- C2 4 2  - (cl + C2) N RT2 (10) 

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

dN d 4 2  , # qpi- ' - 
( ~ i 4 -  @ 2 )  = 02- --- - L- 

* y m  * - . - .  
.: 111) 

Furbher we have the equation of burning as 

df2 
D27&- =-P2P1 9 

the form function as 

$2 = (1 -f2) (1 + 8 2 f i )  

and tha equajionq of energy for the first and second chamber as 

d @2 d -[(c ,  dt + c a ) ~ T 1 ]  = T O C 2 3 -  -" - at [ c L $ ~ - ( c , + . c ~ ) N ]  (14). 

and 

& [{ c, + c i ~ ~ - ( 4 + ~ 2 ) ~ ) 2 1 ] = r 2 ; &  [ C ~ + S - ( ~ + C P ) N ]  (15) 

The equation of motion is 

dv 
W = A P 2  (16) 

We are to obtain the solution of these equations with initial conditions s = zm, o = vB1, P, = 
Pa = P2B1, T I  = TIB1, T2 = T2& and N = NE, at f2 = 1. 

Here x , ,  vk, P ~ B I ,  P2*, 2 ' 1 ~ 1 ,  T2& a n d  Npl are the values -of J ,  v, Pl, 
when-the &st oomponent has lust burnt out. 
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Let us assume tht the solution8 of the above equations are possible when - 
P, =PI,, and Pz = Pzs1 (17) 

and seek conditions so that this solution may give x=xBL, V=VBl, N=NBI, Tl=TIBl and 3'2=T281 at 
Ju=l and the swem of (9) to (16) may remain consistent for the solutions PILPIBl and P2=PBBl with the 
( 1  7), (12) and (16), we have 

dv - =-- A -- D2 Pa 
W 8 2  P I E ~  

(18) 
df2 

ox 

A 2 P2s1 
W B z P , ,  

Which by (12) and (17) reduces to 

d2% - =  ADZ2 Pam .- 
rBe2~Pl~1 PlB1 

(19) 
afi" 

Integrating (18) with the condition v = vBl at J2 = 1, we have 

A D2 PZBI v = VBl + ---- - - w Bz Pl&l 
(1 - f 2 )  (20) 

Now we impose the conditions that (9) and - (10) with (17) gives 

9 = 2;'- 2 ; ,  T8=TzB1 md N = Nm a t  fi  = 1 

and further that (9) and (10) are consistent with (19). 

Now = zB1, T 2  = TZB1, N = NBZ will satisfy (lo), if 

Pm [ UZ + A XB;,, - + (cl + c2) NBl9 I = [ C1 - (c; + %)Nil I R T ~ B I  (21) 

ahioh is true b s m e  (21) is obtained from (2) by considering values when the first component 
T1 = Tim will satisfy (9), if 

(22) 

which is true b3oause (22) is obtained from (1) by considering values when the &st compent  burns out. 

, With the help of (12), equations (111, (14), and (15) can be written as 

dN '3 $2 D2 $ 8 ,  
(C, + C2) ;i- = C2 - 

df2 +x- 4% (23) 
f 2  

a $2 d 
- r (Cl + C2) NTl I = 1; Q 2  dfi dfi 

- r T1 - d f i  [C2 $2 - (01 + C2) Nl (24) 

and 

a 
[ i  C1+C2$,-(C1+C2)'N)T2 ] = r T l -  dfz lcz$z- (%+C2)Nl  (25) 

25) by integration, we get 





The simultaneous satisfaction of (31) and (34) gives the condition that Pl = PI,, and P2 = ~ 2 ~ ;  

may be the solutions of (9) to (16). Equations (31) and (34) actuall.; give two equations connecting fou 
, pyameters a,, 82, Po and So defining the second propellant component, the properties and mass 
of, the fir& p.nopdL~nt component- h e i ~ g  assumed to be known. 60 involves 7 and 1/82 and Po 
i n v o l ~ e ~  Ca %hi& are supposed to be k n o w  asnoted earlier, in the integrat,ion of equations f ~ r  the 
first stage of burning. . . 

Hence we may look upon (31) and (34) as two equations for 82 and oc,. 

I@minating 8, from (31) and (34), we get a quadratic equation for a,. To complete our solution 
we should show that as given by (31) and (34), a, is positive and 82 satisfies - 1 < 1  for practical 
values of constants involved in (31) and (34). As the solution of the Ballistic equation in the non-isothermal 
model io nat known, we illustrate it coasidering the isothermal model to have some idea &out the results. 
From Kapurl and Tables given by Corner3, we take the values of the constants. 

With the constants, thus determined, we tabulate the value of a, and 82. The shape -a& size 
of the second companent charge as follows. Since the range of '12 is not known, we take its value 
considering that l'$ < 1. -.-- 

. - 
ing isothermal model, we get from CornerS . - " -  

! a ;  

b= C 1 [ 1 / ~ 1 - 7 ? ( 1 - - ~ ) 1  , N ,  = (1-y) u, - Cl/Sl - 
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b  ( 1  - Y )  
@ then .. 
ti 
' / 

, "  - -  
, . 
16. 
6 

. b (1 - Y )  
< * I", = 

> aF-  

,)I 
' PIS1 - 7 (1 - Y)I (1  + b)  

' 1  

and ( u, -c,/s, ) (1  + b) Y 
as1 = . - ' I  

Uz+A~B: , l - f l l f61Y/  1-Y/  ' - -  

with 

w 
and 

For given X,, 9 and b, zB is determined from the Table3 and t h ~ n ,  
SJ [ 1/Sl--7 (1  -PI l ( 1  + b )  * qBl= b ( 1 - Y )  (X,lv - 1) 

with .*. . 
- .  

It is knom that v € 0 . 3  and - 0 . 6  < b <1 0 . 6  and in H/L gon iL is expeoted thst v islegs 
than b. Given b, v and XJ, as, is determined. 

Y ( 1 - Y ) b  

%'or' given b, v and X,, &en irn is determined. 
- .  

TABLB 1 

V A L ~ S O P T ~ ~ , ~ ~ A W D ~ ~ F O R ~ =  1.25,I/J=0.5, Po= = A N D  b=O.?,v=O.l,Xo=O.l 

To1 ao or To1 ao oa 

0.3 1 a287 -0.2497 0.7 1 "-343 ---L&Bli 
0.4 "1.310 . -0.2795 0.8 . 1.354 -0.3400 

0.6 1.317 -4.3012 0.9 1 a370 -0.3698 

0 s . 8  1.330 -0 3283 

* _ TABL~ 2 
. - . 

VALUESOPT~~,~,  A X ~ O , F O R ~ =  1.25,1/J=0.5,/30= l ~ X ~ b = 0 . 4 , ~ = 0 . 2 , X ~ =  1.0 . . 

To1 a0 0, To1 a0 '2 

0.4 1.465 -0.1232 1.612 4 . 1 8 2 3  
> .  # 

0.7 
* * 

0.5 1.523 4 . 1 5 7 8  

0.6 1.678 -0.1636 
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Which is the velooity ratio. From the above examples with Tol = 0.8, we get 

v~ = 2.67aand 2.32 
VBL 

Alao from (19), (12) @nd (17), we get 

k __ a% -. _- B 2 P l ~ 1  = v A D 2  P 2 ~ 1  

d f 2  0 2  
.I + w 89 p y  (1 - f 2 )  , ' 

." Integrating this taking x .= xBL at  f 2  = 1 

B ~ ~ I B I  
( X  - = v ~ l ( 1  - f 2 )  + A D 2 P 9 l l  ' ( 1  - f2 )2  

D 2  2 " I92 p i s 1  

Let q E xa2 when the second component burns 6tit i.e. f 2  = 0. 

~herefdre 

Then from (30), we get 

3 ~ 2  - XE1 - ?I el 4 %I2 - 
@Bl PO A xm 2 I 

Let us introduce another dimensionless quantity 
D 

3 4 
b=., 

Hence the travel ratio -" - [ 
rb 

"0 'IS1 -I- "El 1 

Now differentiating (9) with respect to,f2 and using (17), (23) and (24) 




