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ABSTRACT

In this paper the effécts on maximum pressure and
muzzle velocity due to small changes in various quantities

s defining the loading conditions have been obtained

mathematically when using composite charge in guns.

Calculations have been done for a particular gun to illus-

trate these results.
Iatroduction

In a recent paper the author! has discussed the effects of variations in

loading conditions (s.e. the various conditions which hold after the gun has
been loaded but before it is fired) for a single charge. Mathematical expres-
sions were obtained for assessing the percentage changes in maximum pressure
and muzzle velocity due to unit percent change in various quantities defihing
the loading condition. It was shown how muzzle velocity is affected dué to
the changes in various quantities when maximum pressure is kept constant
by varying web size or rate of burning constant or both. In another paper
the author? further considered this problem and kept maximum pressure
constant by varying charge weight alone and compared the two results

" numerically. The effect of varations in loading conditions on internal ballis-

tics has also been discussed qualitatively in Military College of Service Publi-
cation G, M, 8 (1945)8, Therein, a particular gun has been considered and
a set of presure-space curves is given, showing the variations to be expected
when the loading conditions are varied one at a time, Corner3
has considered the problem of effects of changes in various quantities
but he has confined attention to only a particular gun. Thus. when
using different guns or different shapes of propellants in the same gun,
only the results obtained by the author in the above mentioned two
papers are to be used. Vickers-Armstrong Ltd. (H.M.8.0.)* have also given
a table for estimating changes in maximum pressure and muzzle velocity
due to one percent increase in the loading conditions separately. It may be
mentioned here that Kapur® studied this problem and made use of ballistic
similitude for the purpose of simplifying the tabulations for the various chan-
ges. ‘
Now in guns when maximum pressure has to be brought down to a cer-
tain limit and to obtain a desired muzzle velocity we make use of [composite

" gharge which consists of a mixture of two or more grains of the same or

different compositions, shapes and sizes. The author® has already solved

the equations of internal ballistics for composite charge using the isothermal

model of solution, Since composite charge is employed very often in guns,
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MUZZLE VELOCITY ETC, :

it is important to discuss the changes in maximum pressure and muzzle velo-
city due to small changes in the loading conditions. Though the problem can
be discussed qualitatively from the fundamental principles yet, as we are
more interested in the quantity of these changes, expressions have been
obtained for calculating the percentage changes in maximum pressure and
muzzle velocity when only one parameter is varied. For the sake of simpli-
city only the case where the two charges are in tubular form has been discussed
in detail and numerical calculations have been done for a particular gun.
A more general case where the two charges may be of any form has also been
dealt with elsewhere?.

- Suffix (Pmas )y is used to indicate that maximum pressure occurs during
the first stage of burning 7.e. when both the charges are burning and suffix
(Pmae )y to indicate that maximum pressure occurs during the second
stage of burning 4.e. when one of the charges has burnt out and only the other
i8 burning, It has further been assumed that if maximum pressure with
the standard conditions occurs in any one of the two stages then with the
changed conditions also it will occur in the same stage.

The following symbols and notations have been used :

€ = Charge weight i
= Web size ¢.e. the least thickness for complete combustion of the cha?ge
= Force constant
= Rate of burning Co-efficient

= Ratio of specific heats

Area of cross-section of the bore

i

= Equivalent length of the initial space in the chamber
= Weight of the projectile
W;= 1-06W - total charge weight/3
M = Non-dimensional quantity called the Central Ballistic Parameter .
p = Mean pressure of the propellant gases at time t
* V = Velocity of shot at time t
x .= Shot travel at time t
K = P, D,/ D,

Suffix 1 refers to the first charge, suffix 2 to the second charge; the posi-
tion of maximum pressure is represented by suffix (max.) and the all burnt
position by the suffix (B) while suffix (E) gives the conditions at the muzzle
of the gun. : ' -

Expressions for maximum pressure and muzzle velocity

The author® has already obtained the .conditions for charge C, to burn
out first as K- > 1, i, £y Dy > B, D, and for charge C, to burn out
fist a8 K < 1, te., Py Dy < Py D;. Assuming that charge C; burns out
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f = Fraction of D remaining at time t-
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first, the expression for maximum preésure can be obtained from the general
expressions given by the author® by taking the limit or by direct calculations
as ’
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Effect of variations m loading conditions .

Now in what follows, by using the above expressions, we will caloulate
the percentage changes in- maximum pressure and muzzle velocity due to
unit percent change in the following quantities separately, ‘

‘ (a) For Charge :—Charge weights (C,, C;); Web Sizes (D,, D;); Rate of .
‘ "Burning” Constants (B,, ;) and Force Constants (A, ).
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() For Gun :—Chamber Capacity K, and Shot-travel or length of
the bore zz . : : :

(¢) For Shot :—Shot weight w.
Now we proceed on to find the changes.

() Effect of Change in Charge Weights :—An increase in weight in any
one of the two charges means an increase in the total charge weight and thus
an increase in the total chemical energy available. Therefore maximum
pressure and muzzle velocity must increase. The following expressions give
“the percentage increase (or decrease) in maximum pressure and muzzle velo-
city due to unit percent increase (or decrease) in charge weights C, and C,
separately. A ’

(a) Due to a change in charge weight C :—

’8(@"_’[}@ h G -0 2
o(ogC) dlg, + 3w, + (8)

which” is obviously ‘positi.vé.
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(b) Due to chmge in charge weight C2
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Also the percentage change in muzzle velocity is

: C, ’
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(¢) Due to a change in the proportion of the charges :—

The percentage changes in maximum pressure and muzzle velocity due
to the change in the proportion of the charges when the total mass is kept
constant can be derived from (a) and (b) above. ' :

For the purpose of calculations we consider a typical gun for which
(G, = -941, C; = 1-031); (A, = 1810, ), = 1900); K = 1-05; A = 9-563,
K, = 161; zg = 77-905, W, = 27158 and (M, = 2:264, M, = 2°169).
From this data it is obvious that the maximum pressure occurs during the
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first stage of burning. Table 1 gives the percentage changes in maximum:
préssure and muzzle velocity due to unit percent change in charge weights.

TaBLE 1

Percentage changes in max, pressure and muzzle veloczty due to umit per cent
tnerease in charge weights

- Percentage change in | Percentage change
Unit percent increase in maximum pressure in muzzle velocity
Charge Weight C, .. +1-113 +-357
Charge Weight C, .. +1-218 485
Proportion of Weights .. +0-001 —-137

(42) Eﬁ’ect of Change tn Web Sizesi—For constant ‘charge welghts an
increase in web size for any one of the propellants means a decrease in total bur-
ning surface area for that propellant and this results in decrease of pressure
developed and thereby reducing the rate of burning of that propellant.
Therefore the ‘burnt’ position for that charge is shifted towards the muzzle.
This decrease in pressure also affects the generation of the gases from the
other propellant and the total effect being that the maximum pressure attained
is lowered and the all burnt position is also shifted towards the muzzle. The
percentage change in maximum pressure due to unit percent change in D,
is as follows : :

0 (log Pmaz )y 2 ' | ‘
g D)~ = __——1+_th2 . . .. (11)
0 (log Pmas )s M1{2+ MNGE [ M,
o (logDy) Ag Cp 2 NARY
(1+ o K(1+TOIK
+% - - . .. (lla)
But since ’
M, A Oy

M T N K2
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So that (11a) can be put in the form ‘ "

2 (lbg Pmas e M, 2 C, - M,
o (logDy) | 2 ( k A Oy )2 - - A2 Gy
, MOGEIY Ser) (1+ k)

(118)
We netice that, (11) and (113) being negat\i've quantities, so, as mentioned
before, maximum pressure falls (or riges) with an increase (or decrease) in D;.
Also since in the ballistic equations the rate of burning constant P,
£ L
appears with D; as —T)l— ,» 80 the changes due to P, and Dy are equal but

1 :
- opposite in sign. Again similarly the changes due to D, and B, must be
equal and opposite in sign and thus the change in maximum pressure is given

by
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Again we know that the area under pressure-space curve is a measwre of
the muzzle energy of the shot and since the total energy available is constant
and pressure-space curve for an increase in web in any one of the eharge is below
that of the standard conditions, so the two curves mtust cross atsome point, -




DEFENCE SOIENGE'JOURNAL ' B - §01 ’

Thus the area under the curve for larger size is less than that for the staardar&
conditions and so the muzzle velocity is reduced. = The percentage ehange in
muzzle velocity due to unit percent change in D or ﬁl is .

9 (log Vi) _ 0 (log Vi) ()\1 0N 3 2{2»6'2)
-9 (log D) 0 (log By) - W, V2
’ : }\z Cg B
_,Ml(“ NGE) M, M,
'(1+ 7\202,~.' CBK - K
- Al 01 K 2 T) *
_ (M 0+ 20 M, )\2 02
] v K)
M, (0 Cy + Ny Cy '
— 1 1+;‘: CZ) . PO £

2
WaVa (1 T NG E
which is obviously negative.

Similarly the change in muzzle velocity due to umt percent change in ],',)2
or By is

a(log Vi) o o (log Vg) _ M2 6 (A €y + X z)
"o (log Dy) A AT Vg
Ml Aa 02 ) T h_' - . ‘
1 ————W % »
(+~ MCI ) K(1+ MGl wax)
01 1
2M,\ Gy Ay O T
+ g Oy log >\10 +M(2—~—)
ENA

e (14)
The table given below gwes the percentage cha,nges in maximum pressure and
muzzle velocity due to unit percent change in D; and D, for the particular
example considered.
TaBLE 2
Percentage ckanges inmazw, p¢essm~e and mizzle velocity due to unit per cent
tnecrease tn web size

Unit percent increase Percentage change in | Percentage changein
in : maximum pressure | muzzle velocity
Web size D, - — 954 - — 177
Web Size D, ' —1-045 — 272

(vi7) Eﬁect qf Chwnges wn Foree 6’onstants;;-—1;'{eze we have the percen-
tage change in ‘maximum pressure due to unit percent change in force
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constant \; as

a.(lqumu)l _ 2. .
-9 (log Ay) 20, I 0 )|
1+ AIOI‘K N
2 (log Pmas )2 _ 7\101
0 (log ) - 7‘ C 2
,(oy 1)' >\101+ (1+ }‘120 zK
M0 log _2Ca K M0
Az Cy A 1 A2 Cp
NG My
1 1 .
X (15a)
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On using the relation ( 12) this can be further mmpliﬁed as

0 (log pmas )g >‘1 0'1K Mz 7\1 01 « -
o (log) ( )
£ + A1 01
7\1 C’1
tog 2O + K (15b)
9 %0, 1

But as 11{ < DA it is obvious that this expressxon as well as (16) is positive

and thus showmg that there is an increase (or decrease) in maximum pressure
due to an increase (or . decrease) in \;. Also the percenta.ge change in
muzzle velocity due to ), is

d(logVe) NG o eg+1 (7\'101'1‘7\202)
amm‘“mm*g@+l, W, Vz?
| | i, C MO,
—-(1-!- M0 T 20 X
k N0 K -
AICI 1 ’

Az Cy K M, 0202
+ ] 2\22 082 |

@;L .
(}\202 k4 )( N C'g | ) ‘\ | (16)
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Aga,m the change in maximum pressure due to the force constant \, is given. by

0 (log Pmaz )y _ MC’léf . . oo (17)
2 (log ) : )
I+ 56K NG K
| . M0
3 (log pmaz )y ‘2)‘202 1 ) C K
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: ]‘I2
2, 0y (
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while the chanée in muzzle velocity is
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The persentage. chtmge& in maxinum pressure and muzzle velocmy :duerto -unit—
percent changes in force constants for the gun considered are glven in tabl° 3
TaBLe 3 .

Pe'rcentage changes 0 Max, pressure and muzzle- veloqzty due to unit per cent .
changes in force constants

Unit percent inerease in Percentage changein | Percentage change i
: maximum pressure muzzle velocity
Force constant ), _ - -+ 954 +-318
- Force constant A, +1-045 +-432 ‘

() Effect of clmng,e n chamber capacity —The laxger the chamber for
given charges and projectile, the lesser will be the pressure and velocity.
It has been shown elsewhere (1958)7 by the-author that the percentage reduction
in maximum pressue and muzzle veloeity in this case is independent of the
shapes of the propellats in use and are given by

a(logpm;,)__ [ - 1 1 )]
p g K, ) — — 1— - b o .. (19) |
(In wha.’aever stage the maximum pressure
may occur)
and
. ! — 1
d(logVg) MO +N0) K, I
2(ogK,) ~— AlW, Vg2 il+ xg - (20)

For the particular.gun chosen these values are —1-307 a,nd —+ 390 respectively,

(v) Effect of change in short-traval :—An increase in shot travel results
only in a slight increase in muzzle velocity. Maximum pressure and all burnt
position are unaffected (except that their relative position from the muzzle are
increased). But it is not useful to increase the barrel length beyond a certain
limit and it has been shown in ‘an earlier paper-(1956) that even by doubling.
it the increase in muzzle veloeity is only about 11 percent. Thus in this case

the changes are given by

0 (log Pmaz ) -

5 Tlog oo - (1)

and

o(logVe) _ (» 0+>\2 ) -1
S g an) = . 2 (+ wE) .. .o (22)
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For the examplé considered the percentage change in‘muzzle Velocity is +., 204,

(vi) Effect of change tn shot-weight :—-The effect of an increase in shot weight
is that the maximum pressure attained -is increased and is given by

- 2.(0g pas )y _( 0t 0 o
a(lOgW) L= 1“" ~a TIr 3W1 ) . ee .o. e (23)
2 (Iog Praw)s _ (1_ 0, + G ) NG
0 (log W) 3w, /. M, (7\1 Oy 4 As O )
A Oy
- M, Ag Oy M, N Oy
+ 1+ A Oy + MGy + r g Oy
MO K 20 1,
A Oy 1
+
A K M, . ,
><.‘ log. % O, N 1 -— % .e e ,(23a)‘
A Cp Mz

Now since w1th the heavier prOJectﬂe pressure is higher so the pressure space
curves for the standard and heavier projectiles must cross over at some point,
The area under the curve for the heavy shot is greater than that for the light
shot and thus muzzle energy (3W, Vz?) is a little greater. On balance,
however, the muzzle velocity is considerably reduced. The percentage
reduction in muzzle veloclty due to unit percent, mcrease in shot welght is

P

2 (log V) -(- 01+02)"_' M0 00 00000
2 (log W) 3 W, Wy Vs? LAZE
- L :
(1 2Z2EL M, M0,
: ,Og e+l 14 RS ~‘7\z,02: %
o | MO K
e Cs : S
log ):0: — M, (1—-~—) @
7\20ﬂ i .

For the gun under consideration the percentage changes in ma.xlmmn pressure
and muzzle velocity due to Qne percent increase m shot welght are + 976 and
~—~269 respectwely .
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- For the sake of ready reference we put all the changes due to. various
quantities in table 4, , : : :

Tamim 4

: Peroektage changes in mazx, pressoure and muzzle velocity due to various
o changes (see tables 1, 2 and 3)

Percentage increase in | Percentage change in Percenfa.ge Change in
Maxintum Pressure Muzzle Velocity
Charge weight C, | + s | + 857
Charge weight ¢, - v +1-218 - ) +--485
Proportion of chargé + -001 . —137
weights : ' .
Web size D, N — 954 —-177
Web size D, —los | gy
Force constant A, o 95t +-318
Parce constant iz , 41 5 +-432
('Jha.mber'capacity Ko —1:307 - —-390
Shottravel 25 o 294
Shot weight W + 916 —269
co,nclusion’

Finally it may be mentioned here that all those problems investigated in
the earlier papers for a single charge regarding the changes in muzzle velocity
. while keeping maximum pressure constant have also been discussed by the

author elsewhere for the case of composite charge. The variation of pV which
is proportional to the rate of change of kinetic enrgy has been studied for the
" case of composite change consisting of # charges and condtions have been
obtained for its maximum value to aceur in or at the end of any stage of
burning.. The equation of pressure-time curve has also been obtained for this
general case of composite charge, R _
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