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1. INTRODUCTION

The theory of composite charge for linear rate of burning has been discussed by
various authors. Corner (1950), Hunt, Hinds and Clemmow (1951) dealt with the
problem of composite charge for linear rate of burning by reducing the problem to
a gingle equivalent charge with adjusted propellant parameters. Venkatesan and
Patni (1953) gave a direct treatment to the problem on the assumptions that (i) the
ratio of the two specific heats for the two propellants is equal, i.e. ¥, = ¥, = ¥, (ii)
the covolume of gases equals the specific volume of each propellant and (iii) a
linear rate of burning has been assumed. This was extended by the author
(S. P. Aggarwal) of this paper for different values of gammas, i.e. relaxing the first
assumption. Further, the author and A. K. Mehta (1955) gave a direct treatment
to the problem of composite charge of two tubular propellants for power law of
burning under the following assumptions :

(@) vy = ¥y = 7 for the two propellants,
(b) index of rate of burning of the two propellants is the same.

In the present paper the author has dealt with the problem under less restricted
conditions, i.e., the condition that the ratio of the two specific heats for the two
propellants is equal has been relaxed, and has assumed different values of
gammas for the two propellants, ¥, and ¥, respectively. The index of rate of burn-
ing of the two propellants has been assumed to be the same.

2. FunpameNTAL EQUATIONS

The fundamental equations of internal ballistics for composite charge taking
different values of ¥ have been deduced by the author and are as follows:—

(i) Energy equation is

(nlolzl nzozzz)
F101Z1+ F202Z2_ AP(l+.l') ’}’1—1 ‘}’2—1

— 1 2 ..
=l T 5—1 OByt manZy)  TEUIY M
which can be written as
_Apl+2)(mCiZ,+k neCoZy) 7 —1
F101Z1+k FngZz = (n101Z1+n202Z2) + ) w1 . (la)

where 7, and n; are the number of gram moles per gram of the two propellant gages,

and w; = 1-05W +3(Cy+Cs).

also k == ,
Ye=—1
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(ii) Dynamical equation is

dv
le=Ap .. .. .. R )
(iii) Form functions are given by
Z, = (1-f))1+8.f1) .. .. .. .. (3a)
Z2= (l—fz)(1+92f2) .. . .. . (3b)
(iv) Rate of burning equations are
d
Dldit1=—,31p°‘ . .. .. .. (4a)
dfs _ _p o
D2 dt = /32]7 .o ‘e . .. (4:[))

where Cy, Fy, By, D1, 01, f1, Z4, 71, 71 and 8, refer to the first charge and Oy, Fo,
Be, Dg, s, fa, Zo, ng, Vo and 3, refer to the second charge.

We make the following dimensionless transformations

z
£ = 1+~
1-a
_ ‘UADl (F]Cl)
M EFO8 \ Al
1-a
_ ’UADg (FzCz)
2= FpCyBy \ Al
Al
§1 - pFlol
L, = Al
2 pF202
220t
2. = _A2Ds (Flol)
= F101‘812’wl Al
2-20
_ 4%Dy? (Fgoz)
and My = FyOoBo®w; \ Al
and the equations (1) to (4) reduce to

EF,Co,,  , (mCiZ1+kneCoZs) | 1—1 » 5
Zt 7.0, Zr =4t ;01 ZanaCalls) + 20, ()
d
mdig‘=M,cl O ()|
&
an’?:Mggz O ;1)
Zl b (l_fl) (1+01f1) .. .. .. .. (7&)

Zy = (1—f2) (14-0sf5) Y ()
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n1%=—§1“ .. .. .. .. .. .. (8a)
andqz‘%;=—;2“ P 1)

3. SorvuTioN oF EQUATIONS

Dividing equations (6) by (8) we get

g}];l = —Mllll—“ . . . .o (9(1/)
d"]z 1-c 9b
Zl—f—2=_M2€2 .. .. .. .. (9b)
Equations (8) can be written as
« dé
= — —_— .. - .. .. {(10a
M cl dfl ( )
« d€ .
= —{ — .. .. . .. (10b)
Substituting the values of n; and 7, from (10) in equations (9) we get
d d -
7 (;‘;Jé) =M O 0 S 1))
d d -
7 (g;‘ Efﬁz) = M, " L.

4. CoNSTANT BURNING SURFACE wITH THE COVOLUME COEFFICIENT NEGLECTED

The energy equation can be written as

Zy+RZy = ¢ (";iflzzl;_k; ZOO:ZZ:) + 721 1;;11 7 (12)
where R = klflzglz
For constant burning surface we have
0, =
and ' 6, =0
Therefore form factors reduce to
Zy = (1—fy) . . .- .. {13a)
Zy = (1—f3) . .. .. .. (13b)
Differentiating these equations (13) we get
dZ, = —dfy .. .. .. .. (14a)

ng= ‘-"dfz . . ) .- (14:b)
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So that equations (11) become
d (o dé\ 1-a
. (cl ) =t

2 (e &) =i

dZy \*2 dZ;
To find the relation between Z; and Z,, we get on dividing (4e) by (4b}
dfy _ DBy _ 1

dfe ~ BeD1 T (s25)
Substituting the values of df; and df ; from equations (14) we get

iz, 1
aZ, T
or dZZ = Tle
Integrating this and applying initial conditions we get
Zy=TZy .
With the help of equation (19) energy equation (12) becomes
_ n101+Tk71202) 71—'1 2
Z{(1+R) = {,¢, ( 1 Cat TraCs 207, Ul
Differentiaiing both sides of this equation we get
Yi—1
dZy (1+R) = @, (df:£+ 5,4 + 1}11 71 dmy,
h Q' _ mC14TknyCy
where 17 G4+ TnsCe
With the help of equation (6a) the above equation reduces to
Y1—1
QdzZy =G [d;l g+ Iy, ds] ., where @ = (1+B)
or QdZy = @ [dly €471 d£]
= -1
where Y= n-lté
&1

This further becomes as

Qo dZ, = 51-7 d(Elfy), where (g = QQI

345

. (15a)

. (15b)

(16)

(17)

(18)

(19)

(20)

@

This is the energy equation in the final form and which is of the same form
as deduced in the previous paper (Aggarwal and Mehta).

F202)
(1 +kF10l (n1C1+ TnyCy)

Here Qs = (n1Cy+TknoCy)
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nlOl + Tkngog
O TrgCy (1101 +T'neC)

(m1C1+TkngCs)

[‘)’1—— 1+
and Y=

Now we have to proceed in the same way as in the previous paper with
modified values of @ and ¥, as @, and Y. Making the substitutions,

= —X)m and 4 = (!—)” 22
¢ (QZ Lé =31 (22)
where we have to choose proper values of m and n, we get
ry(x\"
={-— — .. .. . . .. (23
= (ir) (7 )
X (1- ‘)7)m
and dZ;=n (Q ) LYr-1 M -ndy L. .. .. (23a)
2
s . . 1 2n
Substituting these values in (15a) and taking n = , m=—_—
3—2a Y—n
we obtain
X (7—1)n(dx) ; g L )
14n

Further making the substitution, ¥ = Z ,the above equation reduces to

)

147 dZ2 = (A 4n)7¥—n) \dZ

This is exactly the same equation as deduced earlier. Hence the problem of
composite charge for diﬂ'eren’o gammas can now be tackled very simply without
introducing any difficulty

We can solve equatlon (25) by umerlcal methods such as Runge Kutta.

Now we consider two cases.

2X7 42X 2n(¥y—1) (dX) dX

Case I. TFinite shot-start pressure.

(1445 202) (my O+ TmoC)
For this case, Xo = @y == F, 0y
e (mCr+ThnsCs)
( )Jul 1/n.
Zy=———"—"
°=Tmw

and the velocity is given as

PO -4V -1)

.y [ (1+k 2 2) (n101+Tn202)] [ 7 ]mw) [nM]m-n) ixX 2

n= (n,Cl+TIcn202) 7 e az -

dX . s
So that =7 13 zero initially.
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Case II. Zero shot-start pressure.
For this case Xq = ¢y and Z; = 0.

The initial value of 3 Z Ql (;101 + TknsCy)
: (1+k 2 )(n101+Tn202)

Series solution for equation (25) for zero shot-start pressure is

Z _ (—mF+nZ® L 10— 43m) +F=1)(T—5n)}2
Q: 2(34n)(¥—n) Q2 3(5+n)(¥ —n) Q“

X =@+ + @7

5. CONDITIONS FOR SIMULTANEOUS AND NON-SIMULTANEOUS BURNING OF
THE TwWo CHARGES

From (19) condition for simultaneous burning is 77 = 1 and for nen-simultaneous
burning 7' << 1 or > 1 according as charge C'; burns out first or charge C'; burns out
first.

Simultaneous burning of the two charges.
All the above equations from (1) to (27) are true for 7= 1. In this case

maximum pressure is given by

Ym.
n . F(v v
e = [chf fwl] (14 7) Zmax (H‘k pj(j) ("1C’+T"262)} X7 (28)
max. 43D n(7—n) Oy + ThnoC) e

where Xmax, Zmax, is the solution of

aX X y—nX
dZ " vmZ~ 2% Z
which is obtained by differentiating equation (23a).

The shot-travel at all-burnt is
13 -1
-1 .. .. .. .. (29
[f @ (@)

The velocity as obtained in the previous paper is given by

( F.ZC?) et Tomal” m(F=1)
POy | 4%D] ] Fy0,) Ot T V().
T TA4D, F?Cfﬁfwl (mC1+ThnoC)

where

9 Z T1i4m [ g JH-mdX
Viz) = ism—(y-ﬁ[ﬂ] [1 +n] dz

Muzzle velocity is given by

_ "7] 3 (14+n)Z, " 1-3
Ly—-1 1—1-—' {m} & .. .. .. 3
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Non-simultaneous burning of the two charges.

For the sake of definiteness suppose charge Cy burns out first, the condition for
which is T < 1,
For this case, i.e. when charge Cy is burnt out, the equations (1) to (4) reduce to

; 0y n202Z2)
F,04 + FoCoZy Ap(i+2) (71—1 + Ye—1

= 2 ..o (32
Yi—1 " Ye—1 (n1Cy+n9CZy) +iww (82)
d
wl?zltj:Ap S £ )
Zy = (1—fq) .. . .. . .. .. (34)
df2 (o4
= — . .. . .. .. .. (35
D2 dt ﬁEP ( )
These become with usual transformations ag
mCy
7y, 3 113 ( T +n202Z2) N 72_1172 6)
kFCy 78T CrtngCoZy) 2, "
dnse .
n2?{f_—M2;2 .. .. . AN . .. (37)
Zo=(1—f) .. .. .. .. .. .. (38)
d
772({672:—;20‘ .- .. .. . .. . (39)
Energy equation can be written as
FCy Y Yo—1 2
T, +Z, =k {6+ m"?z
Ml +n:022Z, ]
where k' is the mean value of PR between the points where ('} is burnt

out and the all-burni{ position. Differentiating both sides of this equation and
using (37) we get

Y, —1+k'
dZy =¥ [d;25+ A ;ldf]

1

or Fdzz=§1‘7'd(§2£7') . .. ce .. (40)
—14-%
where y'=71—k~,-——-

Making the substitutions

¢ =(X)" and 429’=(E)
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we get the usual equation

2XZ d2X _ 2n/(y'—1) (dX)2 dX _
147’ dZ2 ~ (14+n)(y —n') \dZ +X g7 =1 SRR
, 2n' , 1
where m' = T and n’ = 33,
also Y= “—,’!—_7*-71-,
' (y'—n')

Now we have to solve this equation (41) numerically, as done before, with
the initial conditions obtained at the point where C; is burnt out.
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SUMMARY

This paper is an extension of the previous paper, ‘On Ballistics of Composite Charges for
Power Law of Burning’, written by the author and A. K. Mehta. In this the author deals with
the problem of internal ballistics for composite charges for power law of burning by considering
different values of gammas, ¥; and ¥;, for the two propellants respectively.
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