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It has been shown that the muzzle velocity .and the piezometric efficiency both may be increased for a suitable
composite charge in comparison with, those of the single charge. The conditien stipulated is that the length of the
gun should be sufficiently lafge in comparison te the initial frée space behind the shot. The composite charge
considered here consists of two components such'that the pressure driving the shot remains absolutely constant
throughout the period when the second component burns. )

In a paper Ray! discussed the possibility of getting constant driving pressure in an orthodox gun all
through the period when the second component of the composite charge burns. He showed that in order 10
~ satisfy this condition the central ballistic parameter corresponding to the second component will be 2/¥ and

- the second component has the form factor equal to —1. The author with the above conditions made a com-
parative study of the composite charge and the single charge regarding their piezometric efficiency (PE) and
muzzle velocity (MV). The case of single charge has already been considered in Part I. Under the constant
pressure phase during the second stage of burning the piezometric efficiency has been calculated hoth analy-
tically and numerically. It has been shown that the piezometric efficiency and the muzzle velocity of the
composite charge cannot always be made greater than that of the single charge. But if the length of the gun
be sufficiently large in comparison to the initial free space behind the shot, then the PE and MV may be
increased in comparison with that of the single charge. Also both the quantities increase if M, be increased

i.e. if the ratio C;/C be decreased except perhaps for the progressive propellants.

FIRST STAGE OF BURNING

Assuming the values of y’s of the two charges to be equal and neglecting the covolume effect, the basie
equations in the first stage of burning as given by Kapur® are :
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Then equations are to be integrated with the initial conditions
w=v=p=2,=2,=0, fi=f=1

From (2) and (3) integrating with the initial conditions one gets
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At all burnt of the first component
A Dl . N * - ,
| vp) = e by puttmg fi=0 | | | ‘, (6)
Also the value of f, at burnt of the first component is
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when . s i > —= e, the ,chargeC’ ~bu1‘ns out first.
L By T
iv' SECOND STAGE OF BURNING -
Followmg K&pur“, the equatmns at thls stage axe S T e D R
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Thes* equa.tm*ls are to be mtﬁgra,ted under constamt pressurp pha,se i.e. p pgl The mma.l condltlQns i’

are.
w——wm,v—vm,u2~uzm,f2—f2m——1——“— ‘ (12)
, o
Also in the smond stage of burnmg
\ ’ ' AD o 1 : ) )

New Ray! obtamed the conchtmn that Second aomponent bums under constant pressute whn;h is. the -
pressure at burnt of the first component, The eondmon, he obtamed is , ‘

P v
9'2:———1 and Mz‘:—;,— . , » : (14)
- DETERMINATION OF MAXIMUM PRESSURE
From equatlon (1), (4), (5) and (14) one gets ' e

o 'ww c‘ﬁﬁk L ‘

where ;
| e O O
| o A=k,
By (2) we get the differential equation ~ " -
dx N N gy : e
a+1 = F,0, 8,01 +6) + b(_l_'; b ) : (15)
b :

"when 0, # J—gl ; integrating the equation (15) with the condition that # =0, v =0 one gets
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Now 2 =25 when v = vp

we have from (6)

[ Mt ’f‘“ o
wﬂxre,l[ 2(1+01)}(M1 20, __1] L \‘,(16)

Again when 8, = , equation (15) on mte ration Ieads to
1 q 24

Ml
— |
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Agam for 01 # —* M dxfferentlatmg both sudes of (15a) w1th respect to %, we have |
v F c, B | 148 (H—i ._%"1_;1:1_%
dw 4 Dy l vy

and from (2) one gets, \ - ’ _ ‘
2F,C; (1462 T\ — %{ﬁ; ' 2\ M12+?01 o
e R ()]
Hence from (16)
M, + 20,

p o 2F1C (1+9,)2' M1+2 (M,—~2ol) M1+2 ~ TH, =%, 19
Bl == Al’ _29] ’)(1+01) . 2(1*{—0]) _] . A« )

- for 0 = ’ —J—‘-Q[——- similarly we have the expressmn for PBI as
I F O (4o 2 ; ‘
\pBl SR 0 B 1A I + 1) e »1A+ 1+6 ) . (20)
- where o S . R / '
F O (L4602 (2 = \—1 oz : -
v= =T () e (147 @
; 2 . * i Ml ) . . a2 P .
Now to determine the maximum pressure for 6; # 5 We have noticed that Z2 < 0 when
M, #20,. '
Hence the pressure will be maximum at given by ,
‘ | @ M +206, \ 2 ’
§ 1-|-—" ( 1::91 ;) ) M,—‘-zo,;‘ - ) (22)

But for 8, =0 (22) gives no finite va.lues of  and henge the maximum pressure will occur at bumt of
the first component \

- QFIUI 1
6=0= "4] M, 12 - ; 3)

From (18) and (22), the expression for the maximum pressure for 0, % 0 is gwen by

Hence Praz

[

40, M, + 20
- 2F, C, (1+01) [( M1+2_01 T M —26, M1+291 , M;-—%: ' (24
M,
Similarly for 8, = 5 the, expressmn for maxmmm pressure is found tobe - -
' F,C (1462 1 @)

Pmas = 3 47 0, &
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L Now we' consxder the second stage of burnmg to deduce s and zps , the pressure remammg constant

durmg thls stage From (13) by puttmg f2 =0 and the value of 031 ‘we have

LS cApy e
| et o “ 'UBZ'—" B}, ao,-', T ‘ e (26)
ER IR e w4 |
’ _Fr?m (9) and (19) (w”ekhave | % = sztj
_ which by (10) and p = Pp gives :"f :ﬂﬁ i
L - ’d?ac‘_;'ADz’
4R BfePm
N e S ds - ADg
and on integrating we have. Tz == BFarm I —ra)
: Agam mtegratmg with the oondltlon that - B, R
: : 1 : -
T =ap, fs f2B1 1, o i
’ “ %y RS o
we have ‘ S o U e
o A .02 | 11
T 2Ty [a—pr——s ]

" Putting the value of x5 and pm when 0, # 2 . S e

_w-B_z-_[{ 1+2 } M;——201 _1]+ ] A2D2 ‘, M '—"201 (1 —_L .
B AT | 15 C e (1+91,z& —=F)

M+ 26,

\

. r M, +2 '—M;—fwl_ M+2 1"“1141-«291 —1
o 1zaxe) 2(1+0) . (27)
and when .
o b, = ,,21 ’
M1 ‘ : M, :
Tp2 _ T46; M, ~Tr6 4 R
C=C T Iate) (“"“1). Rt
! k'DETERMIN‘ATION OF MUZZLE V'ELOCIT(Y
b After all burnt the gases expand a.dtaba,txcally and the correspondmg equations are
dv. :
wo g =A4p
sz—tl Y .
() )
Integrating equa.tlons (29) we have '
ot =2 iy [0 = +l‘“’ |
= vps? el—7) B1 (Zp2 - 0)7 B2 -+ ) | (30)

Now for 6, # ——2L if ¥, be the muzzle velocity and #y is the corresponding‘ quantity in non-dimensions
atform then by putting # =d (length gj the gu_;l)'in (30) =
58
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A3 D2 241 Bt . (. 1”+"d/z -1
e = o | =Sy de paaty {1~ (377 ) e
' 241 2 1 dfl ‘
md  ap =M fap- 2L j‘,l‘;’z P 0y {1—- =) (32)
M2 M,_‘zel . ADg ( 1 )
R o*-'{ (1+6) } ' o BFwmml 1= %g?
For 6, = Jz s we have,
M, M,
A3D13 2Al 1+ 6, M (O(o-—l) — 1+0‘ .
st = —El—z——wT ocoﬁ —;—(—i—_—:-;-,-)—pBl {,e -+ —Q(T_T_-g—l-)—-—e } :
[ : ( 1+d/l S\ : ‘
|1 A M(“o“"l) ‘ ) ] SR (33)
and , -
241 B2 w? 1Ldjl \ 1~y A
,722 = Mla[ocos.—. w(},-:—‘y) Allea pBlMo{l —( B Mo ) }] ’ (34:)
where .. .. A ',
M, M,
...} W M, (% —1) —TT
MO = -€ 1~+»01 + w 14 1
The mean pressureisgiven by . . . . .. .. . .. T
‘ - w8
, = 34q
Henge to determme Plezometnc eﬂiclency we are to consider three cases :
0“53 ]. 01 = _'2—1'
Piezometric efficiency ‘ e
l 6 2My,(14-0) _ _ M ( 14dfl \1=r11
et e - et -(BER) T e
Case 2. 91 0 e e e e e e s L e e e e e s
\ P1ezometnc eﬁiclency _ .
. / 2182w { 1-|-d/l ) }]
z______,_,__ Myd1—
l Ml (M1 —2 01) [“0 D 2 (1 ) pBl ! Mo
= g THT O M1"|"2 } ( 49;20 M1—|-2 }_ Mt’l’—20§ .. {36)
2(L+6) ' 2{0+6)
In the above expression we are to put 0, = 0
Oase 8. 01 .-’é ———1—' S e e e e e e e «,, —
Piezometric efficieney . . . T
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Now for composxtc charge there are three posSlblhf,l - - - T

(1) ~— > 1 e, shot leaves the gun before all burnt of the ﬁrst component such that constant

pressure phase has not yet been reached. We ate not concerned with this stage as we are to consmler the cases
" under eonstant pressure phase with the second component e -

(u) < la d 5 > 1 ie; the shot loaves the gun a‘fter all burnt of the first component

In this stage no analytical expressxon for PE is possible and as such during this stage PE is to be caleulated
numencally t -

(m) <1 and T <1lie. the shot leaves the gun after all burnt of the secOnd component

The expressions (35), (36) and (37) give the PE during this stage of burmng chever in a recent paper
Bhattacharyya?® discussed the calculation of MV-and PEin an orthodox gun with single charge :

NUMERICAL CALOULATIONS ,
The numerical calculation i is based on the principle as Ehscussed in author’s prevmus ‘paper. -
‘(i) For 1/d =05, 0._0, M=1

Single charge ~ . e T dt)‘tllpoﬁte charge
uV PE cjo MV PE o,j0 My PE
: (%) _ SR :
1-008 0-8114 65 --1-694  0-7629 8 11132 0-4219
: 70 - 1635 0-6805 90 1-068  0-3738
7% 1:502  0-5913 95 1-012  0-3649
80 ~ 1325 05012 28 1:005 0-3218

@)PFor U/d =03, §=0 M=1

Single charge e e ' Compomte charge” , C
PE T “0,/0 MV ~ PE e MV PE
My (%) | ('9 -
T30~ 0.7656 50 2.759 08771 85. - 2135 0-8089
60 2-M2  0-8551 90 1-963  0-7999
. 0. -- 2521 0-8421 - 95 1956 0-7625

75 - 24467 0-8379

(i) For }fd =02, 6=0, M=1

Single charge ' , Composite charge

‘: PE 0,0 MV PE o0 MV PE
W | % ' %
1-562 06632 R 40 3235 - 08985 . 80 2.713 0-8711
: 50 3130  0-8952 85 2-543 0.8679
.60 - 3050 0-8%01 % 2+480 0-8611
70 2012 0-8875 95 2-430 0-8592
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(v) For Y2 =01, 6=0, M=1

Composite éBarg’d :

Single Charge
My PE ojc MV PE 0,0 My  PE
(%) - (%)
1-833 0-3207 30 5-010  0:8939 0 3720 07929
40 4.925 . 0-8775 . T 3-525 07667
50 4-852  0-8425 o 20 3.282  0:6948
60 4:012  0-8135 95 3-151 0-6782
(V) Por UYd =05 6=1 M=1
Single charge Comporite ocharge
MV PE 0,j0 MV PR 040 MV PE
~ (%) (%)
1+330 07522 65 3.012  0-7625 20 1-625  0-3629
80 2:013  0-5236 95 1-459  0-3125
88 1721 0-4293
(vi)For li=02 6=1 M=1
Single charge Compogite charge
MV PE 0,0 MV PE 0,0 MV PE
(%) (%)
1:709 0:4920 70 3.523 0-5129 90 2-312 03886
80 3:125  0-4559 95 2:216  0-3725
85 2:562  0-4229 /
(vii) For !d =01, 0=1  M=1
Single charge Gompdsite charge
MV PE 0,0 MV - PE oyo MY PE
(%) (%)
1-944 04525 75 3-859  0-6016 90 3-450 05225
80 3.520  0-5662 2 3:392  0-5038
85 3:422  0-5449
(viii) For l/d = 01, =05 M=1
Single Charge Composite charge
MY PE a,c uv PE 0,0 MV PE
L ; - (%) (%)
1787 0-8400 80 3.526  0-3609 90 2-927  0-4865
85  3.223  0-4200 95 2:734  0-5490
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