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It has been shown that suitable moderated charge with two components
can be found such that pressure driving the shot remains absolutely constant
throughout the period when the second component burns, the constant
pressure being equal to the pressure at the * burnt * of the first component.

Part I
1. INTRODUCTION

In a recent paper Kapur (1957) discussed the possibility of getting a high
‘ piezometric efficiency’ with moderated charge in an orthodox gun. He
showed that a nearly flat pressure-space curve for a part of shot travel can be
obtained with a cylindrical moderated charge of equal thickness.. In the
present paper it is established that in general it is always possible to find a
moderated charge which will ensure a constant pressure in the bore for a
large part of the shot travel. We think of a moderated charge of two
components of which the first is known and show that the second compo-
nent can be so chosen that the pressure in the gun remains absolutely constant
when this second component burns and this constant pressure is equal to the
pressure at ‘ burnt ’ of the first component. Generally the solution determines
two relations between the four characteristics of the second propellant
component of which two may be known from the physical properties of the
propellant so that the other two may be calculated and the second component
suitably chosen.

2. BarnisTio EQUATIONS WHEN THE FIRST COMPONENT BURNS

We adopt usual notations and suffixes 1 and 2 to denote parameters of
the first and second component respectively. The equation of energy is

1
FiCyzy=p {K0+Ax-— 573, -0y (br— g‘l) }+%(9’1"1)w1”2 @)

the modified shot-weight we suppose to be so chosen that it has the same
value during the two stages of burning.
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The equation of motion i

d
le?:Ap v . . . (2)
Equation of burning (assuming linear law of burning) is
d .
Dlil%l:-—ﬁlp Y 3
We take the form function as
21 =(1 _fl)(l +61f1) .o . “ e .. (4)

These equations are to be solved with initial conditions z = 0, t—Z—atf =v=0,p=p

(shot-start pressure) at f; = f, (or 2, = 2z,) where f,, z, are values of f; and 2,
at shot-start.

We make the following usual substitations

§=1+j 6
c, C
Al=Ko— 2 -3 .. . . N (i
0 82 81 ( )
_ ’UAD:[ -
TI—FIOIBI ce .. .. .. (7)
~ pAl
=97 . .. .. . o (8)
A2D? o
' Flolﬁfwl
1\ C
B, = b——)—l .. . .. .. (10)
! (1 3, 4l .
Equations (1) to (4) are transformed to usual forms such as
2
n=U-Bm)+in—Dg- - - - (1D
1
d
Mg:-:;% P ¢ 1)
d
=_’7Ef§ N  £:)
2y = (1—f) (146, f1) .. . . .. (14)

These are to be integrated with initial conditions ¢ =1, 1 = O
{=1Uoatfy=f (or 2, = 2zg = Lo/(1+B1lo).
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When 6,, M, I, B; and ¥, are known the solutions of these equations are
obtainable from the tables given in H.M.S.0. (1951). Here we note that
for solving these equations we are supposing-C, and 8, (or Cyf8,) as known,
for Al involves these quantities. For integrations of equations during the
second stage of burning we will require £5, Mg, {5 values of £ 7, { at the
instant when the first component burns out.

3. Barnistic EQUaTIONS WHEN THE SEcOND COMPONENT BURNS
The equation of energy, as given by Kapur (1958), is

C 1 ‘
=p {K0+Ax— 5‘—2 —Cozg (bz—g“) —01b1) X
9 2

0y FoOgze
'}’1—-1 72'—'1

( mCy |, myUszy )
Y1i—1  Yo—1 ]’+%w11;2
where m,; and m, are the numbers of gm moles per gram of the first and second
components respectively. Now the propellants generally used have their ¥’s
nearly equal. So it is permissible to assume that the two ¥’s are equal, with
this assumption the equation of energy reduces to

Cy
F101+F202Z2 = {K0+A.’E—8— —02Z2 (bz—"l) O 61}+ wl('}’l—l)vz .. (15)
Further we have the equation of motion
dv ,
wl—JE=Ap . .. - .. .. {(18)
the equation of burning
dfs .
Dy-4=2 T = —fyp .. .. .. .o (1M
and the form function
zg = (1=fo)(1+62f2) .. i . - (18)

We are to obtain a solution of these equations with initial conditions
%=X, V= Vg, P=Pp at fo=1. Here xp, vp, pp are the values of
x, v, p when the first component has just burnt out.

Let us assume that a solution of the above equations is possible with

P=2pg - .. .. .. .. 19

and seek conditions that this solution may give z = &g, v = v at fo = 1,
and that the system of equations (15) to (18) may remain consistent for the
solution p = pg,.
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Now from (16) and (17)
dv AD,

—_—= — . .. - .. (20
df 2 Baoy ~ (20)
or .
[ gz _ 4D,
dfsl dt dfy Bawy
or
d[ dx /32;2931] AD,
— - by (17 d (19
dfz[ dfz D, Bz [by (17) and (19)]
“or
2 AD?
e (1)
df2 132‘”11’31
Integrating (20) with the condition v = v, at f, = 1 we have
AD
V= ’IJ31+I3 —-f2 .o .o .o . (22)
Taking equations (22) and (19) into consideration (15) may be written as
C 1
F\C1+Folszy = p; {K0+Az-— 8_: —Ozzz(bz— 8_;) “Olbl}
AD, 2
+iw(Y1—1) [UBI‘I"E;_( "f")] . (23)

These equations (23) and (18) will give x as a function of f; during the second
stage of burning. Now we impose the conditions that (23) should give
x = Zg;, v = Vg at fy = 1 and further that (23) be consistent with (21).

Now z = zg;, fo = 1 and 2z, = 0 will satisfy (23) if

. C
F.C,=pm {K0+Ax31—- 8—: 1] }'l"%wl(?'l"l)”in

which is true, for © = xp;, v = vp, P = Pg1, f1 = 0, z; = 1 satisfy equation
(1), and this equation for these values of these variables is identical with the
above equation.

Now differentiating (23) and (18) with respect to f, we have

dz dz/dt 1\dz AD AD
Flold_f:=pBl§Ad—f2/dt—Oz(b2— 3—2)(7:} —-1) 2[ Bl+lg w2 1"‘f2)]
and g}; = (1—f)8s—(1+0 )

and these last two equations with (17) and (19) give

[F202+P3102(bz— 51—2)][(1—f2)92—(1 +012)]

AD, dx AD
_—Fz_zm ( 1) ﬂ 2[vBl+B _fZ]
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Now v = % = vp and f; = 1 will satisfy this equation if

1 AD L AD,
[F202+]73102 (bg"" ~)] (1+6,) = A__D?fﬁl_!_(yl_l) e V140905
82 132 ﬁz IBZ
or . .
ylA.nggl
146, = B N o2

1
F202+pB]_ . 02 (bz_ '8—2)

Now to satisfy the condifion that (21) and (23) should be consistent we differen-
tiate (23) twice with respect to f, and substitute (21) and thus get

42, A2D? A2D v, A2DE
[F202+_p31 02 (bz )] “2 ——2——g+(71'— ) = ) 2
df2 IB2w1 ﬂzwl ,B2wl
and since
2
@ 29, from (18)
df,
we can write the above equation as
¥,42D}

2
ﬁg wy

1 (25)
FyCo+pp.Cy (bz'— 8_2)

292= -

The simultaneous satisfaction of equations (24) and (25) gives the condition
that p = pp, may be a solution of equations (15) to (18). From (25) it is
evident that 8, should be negative, that is the second component of moderated
charge should have progressively increasing burning surface.
Now from tables, as given in H.M.S.0. (1951), we get g1, 151, {5 and
we write equations (24) and (25) in terms of these variables.
From (7) and (8), (24) can be written as
AD, F\C.B
: 2 4D, ™

140, = ; . (24a)
F202+ L’m .Cy (bz 5 )
2
Introducing the following dimensionless constants
Fely _
Fo=P e @)
DalBy _ e
DyjB

C
Bz:(bz_sl)—;; T ¢4
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equation (24a) may be written as

- Y1
146, = 3&1%172 (29)
similarly (25) may be written as
ylAﬂDg
2= - FC 1?§w1 1
FyCo+ ¥y 21 Cn( 8—2)
and this last equation, using (26), (27), (28) and (9), may be expressed as
V1Mo
20y = — Fﬁ—ﬁ (30)

(29) and (30) actually give two equations connecting four parameters
oy, Bos 02, By defining the second propellant component, the properties and
mass of the first propellant component being assumed to be known. B,
mvolves Cy, by, 8, of which Cy and 8, or (;/8, were, as noted earlier, supposed
to be known in the integration of equations for the first stage of burning.
When b, is given, B, may be taken to be known for a given gun. Again
B, involves F, and C, and with suitable choice of propellant one may suppose
that B, is also known. Hence we may look upon (29) and (30) as two equations
for #, and x,. To complete our solution we should show that, as given by
(29) and (30), &y is positive, and 6, satisfies —1 < 8, < 1 for practical values of
constants involved in (29) and (30). Firstly eliminating 8, from (29) and
(30), one has

’YIMla(z) _ 2[1_ ‘)’1&07)31 ]
Bo+{p,. B Bo+s, . By

which gives the following quadratic equation for a,
71M1°‘(2,+2717731°‘0"2(Bo+531 .By) =0

Taking the root with positive sign before the radical one has

— B 1By 2(50+§Bl By) )
+J( ) 71M1 .. .. (3D)

which shows that «, is always positive.
From (29)

Y11B,%¢
fg = —-1-— —1 .. . e . .. (32
ﬁ0+;Bl B" ( )
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(31) and (32) give explicit expression for «, and 8,. Since 6, is negative,
(82) shows that 6, will satisfy —1 < 6, < 1. To illustrate it we take two con-
crete cases below:

First example—Let M, = 1, {; = 0-2, y; = 1-25, §; = 0, B, = 0-25, we
get from tables.in H.M.S.0. (1951) {3, = 0-605, 1,/ M, = 08, £5, = 1772 and
then taking g, == 1, By = 0-25 we get from (31) and (32)

og =077
8, = —0-33
Second example—Let M;=2,{,=01,%,=125,60,=0, B, =0,
We get from tables mentioned {z = 0-177, np s, = 0-900, &5, = 4-505
and then taking By = 1 and B, = 0-25
we get up = 0-384, 6, = —0-037,
Thus subject to equations (31) and (32) the pressure driving the shot in the
barrel remains constant while the second component of the moderated charge
burns.

4, TRAVEL AND VELOCITY DURING THE BURNING OF THE
SecoND COMPONENT

It will be of interest to know how far the shot travels when the second
component, burns.
From (22), (17) and (19) we have

_ 9z Bapsy _ AD, |
&, Dy = ttpg, (/)

Integrating this taking = x5, at f, = 1

AD
P (r—ap,) = vmn(1 =fa) + g2 (L—fu)"

Let © = zg, when the second component burns out, i.e. f = 0. Therefore

SR ST

B2 T Byps, = 2B2w,

or

LBy — R, = .D2 [U + AD2 ]

EZ) Bepsy wp LY 2Byw)

Dy/p F 048,15, ADz}
i, [ 4D, tage| by (). (1) and (8)]

I

1 Ang/,sg} .
R [a°nBl+—‘—"2Flolwl [by (27)]
2

1 ‘Ml% . 1o
= ooy (et | [y (@D and 9))
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Therefore,
travel during the second stage of burning
travel during the first stage of burning

1 Mol
= CBI(EBI_]-) X [“o"]B1+—;~g] . .o s, e . (33)

In the particular examples given earlier this
travel ratio = 1-93 in the first example
and = 1-35 in the second example. °

travel ratio =

VB2 _
¥p1

We can show from (22) that 14aq 5—1 and this velocity ratio is 1-963
B1

and 1-427 in the two examples respectively.

Parr I1

In Part I we established that it is in general possible to get a moderated
charge of two components which will maintain a constant pressure in an
orthodox gun during the entire period when the second component of the
moderated charge burns. In Part I we assumed a linear law for the burning
of the propellant, In this part the same result is established assuming any
index for a power law of burning.

We do not work out the result in detail but note below only the changes
introduced into the analysis in Part I consequent to the change in the law of
burning from a linear law to a pressure-index law.

During the first stage of burning we have got to integrate the equations
(1), (2), (4) and the new equation of burning, namely

Dl‘%l= 3 N -7
with the same initial conditions.

Making the substitutions (5), (6), (8), (10) and further the following two
new substitutions in place of (7) and (9), namely

_ vADy FIC’I)I"“
17_1"101131 (——-—Al . .. . .. (35)
and
Azpf PO \2
M1='—'-——~2—'~ *'Zl—) . . .. (36)
- P08\

we transform equations (1), (2), (4) to equations (11), (12) and (14) respectively
and the equation of burning (34) to

n%=—4a1 O €. 1))

Equations (11), (12), (14) and (37) are to be integrated with initial conditions
E=1, 1=0, { =1, 2 =2zy={/Q1+Bly) at fi=/f,. The solution of
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these equations are obtainable from tables published by Jain (1960). For
integrations of equations during the second stage of burning we shall require
€1, M1, 1. During the second stage of burning we have to solve equations
(15), (16), (18) and the new equation of burning, namely

Dzdfz—--—ﬁzpflz e e 38

under the initial conditions # = xp;, v = vp;, p = pp; at f, = 1. For the
system of equations (15), (16), (18) and (38) we assume a solution for which
P = pp; and seek conditions that this solution may give x = 25, v = vy,
at f; = 1 and further the system of equations may remain consistent. Pro-
ceeding as in Part I we will be led to two equations like (24) and (25). These
equations are

AD, 1
Y15 5, 0311051
148, = : (39)
FoCo+pp: . Cz(bz— 5—2)
2
A A2D; 20,

B o1 2 Pp

20y = — £ (40)

1
FoCo+18:1Ce (bz— g;)

Since from tables published by Jain (1960) we get ¢z, 75, {p, it will be
convenient to write (39) and (40) in terms of these quantities as below.
Making use of (35) and (8), (39) may be written as

AD, F, J1/31( ) e (Flol)l_aan L%
178" TAD, \F,0, Al 178

146, =
FP,C 1
Folo+ —== 1 1 02(52—5‘2) B
which with .
o, ~
(‘%%)1 B 7T )
and (26), (27) and (28) may be expressed in the form
1- oo
7
146, = Yinm(rools, ™) (42)

Bo+15,.B:
Similarly (40), with the help of (26), (27), (28), (41), (35) and (36) we write as
AZD: (F]C])Z—Zaz c2 20s
ﬁ:wx Al

202 = F 0
F202+ Lt 02( )€B1
or
"M 1("‘010§ BIM)Z

43
Bo+is, . B2 (43)

20, = —
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(42) and (43) actually give two equations connecting four parameters g, 6,, B,
and -roozo{g” [roaolgaz occur together in (42) and (43)]. As in Part I, we
take B, and By to be known and use (42) and (43) to determine

Toxyly " and 6.

From (42) and (43) eliminating 6; and writing

Toxoly, "% = &, N 23
we get
‘YlMloc,g _ 9 {1_ ’}’17]310:(; ]
Bo+CBl-Bz Bo+CBl-Ba
or
Vil 1o24 2V 1, 00— 2(Bo+ L,  Be) = 0
which gives ‘
o = ’731+A/(’731)2 2(3‘;—135‘?1 B o w)

Since «;, has to be positive we must take the positive sign before the

radical. Hence we can determine a suitable oc(; = Ty . {;“2 from (42) and

(43) and further the unknown 8, from either (42) or (43). To complete our
solution we must mention that 8, satisfies —1 < 8, < 1 as in Part I. We give
below a concrete case.

Let M, =2 { =01y, =125 a; = 0-8, B, = 0.

From the tables, Jain (1960), we find &g, = 2-4111, 7, = 14294, and
L5, = 0-36178.

Then taking 8, = 1, B, = 0-25, we calculate a(', = 0-4613, and 6, = —0-2441.

Further we calculate yx, = 0-5107, taking &, == 0-9. As in Part I we can
easily show that in the present case

the travel ratio = (46)

|
X
cgf(fBl"l)
and

velocity ratio = <22 e 1+a;£1.
. vBy nB;

In the particular example considered above the travel ratio and velocity ratio
are found to be 1-708 and 1-646 respectively.
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