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- INFLUENCE OF COMPOSITE CHARGES ON MAXIMUM PRESSURE AND
MUZZLE VELOCITY

b
[

, By Shri N.8. Venkatesan, Defence Science Organmisation, Ministry of .Defence,e
New ‘Delhi, and Shri G.C. Patni, Maha.raja’s College J. alpur

\Introductlon '
The problem of the composlte charges has been dlsoussed in the ‘ Theory
‘of the Interior Ballistics of Guns >’ by Corner (1) andin the * Internal’ Ballis-
ties”— His Majesty’s Stationery Office Publication (2) by reducing the problem
to one of an equivalent single charge. In (2) only a -particular case of two,.
charges with different shapes and web sizes of the same propellent is considered.
An approxiniate solution is obtained by making use of a modified form factor.
" Corner (1) considers the more general problem of two eha,rges zdlfferent '
shapes, sizes, and composition. The problem is reduced to’ that of a smgle v,
equivalent cha,rge with adjusted parameters. "

In this paper we give a direct treatment of the general problem based
on the Hunt-Hinds system. We derive expressmns for the maximum’ pressure
and muzzle velocity and study the variation in these with the ratio ‘6f the °

_ elmrge weights for a given total charge. In order to obta.m closed expressions
we make the usual assumption regarding Co-voluine, viz., that the C6-volume
of the gases equals the specific volume for each propellant It is also assumed '
that y;=y, since y is practically the sa.me for most propel]ants ’

Basic Equations B : ~ B

The basic equatwns with a smgle charge have been denved m H.M.S
‘Publication [2] and in eur case they beoome . , ,

F10121+F2022 . ..'-c‘.a-kv.;;_c}...(l) .
R Y A (1 +7 )+ 2Al”’1 o .
where w, = 1406 w -+ —31-«}-73— : ""'.l'ﬁ",'..f:'~'(2)
dv e
3/{1 o =Ap @)
= (U—f) Q40f) o e (4A)
= (1—f) (+6, fz) T A N
Dlszl _ ﬁ1P | | R V70 (BA)
d S T
Dy dJ:z = "‘ﬂzP - o TR et

where C,, Fl, B Dy, 6., fy, 2, referto first charge

“and Gy, Fy, ,82, D,, 6;, fa» 3, Tefer to \econd charge -
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mn;lally When. the shot stax:ts FRaane , o

H”‘@ LA NS .
.96-0,0—~-0,f1 fzo,fé*.fzn zl =2y} Zz*zso . ,
Let .. co o : fo
el e o S e

;'“"(‘3) I_and (5A), on 1ntegra§imn and usmg mmal condmons wé get -

e U ( 7.4
(fio fx) S (. MI
Simllarly fx‘om (3) &nd (bB) we. get n '

& TP

e riess s (,'LB’)

= ‘,f??"fft’; S

) lﬁHence i I ’ ", . . . . ’
"m}"‘éf2'—ﬁ”fl ﬁfzo /3 fio s ;-. (8)
o 'From (4A) and-(TA) we’ get‘ PR e

nOPATRY ke

SR ’ B3wd . .l...(9A
7 = zzo"‘ L”(1*91+301f10)"‘ﬁ'1 Lg ot " (94) .

Slmlla.rly

El }§ lii BT .
‘ B’ wy "2 w0 9B;
Zy = Zep + ye v(1—~03+ zosz ’aé—gi 8, v ( )
e :f VR

Let us now define our new vxmable ?

P

(48} Using’ (9A) (QB (10)Mwmj-_ )

do
iy . ¥ ,ZlT::K(“:“”HM'”

- where
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¢, B
a-.~b=—~[F1 1P (10 426, fo) o
‘ Fo N ..(12B
=it 20 fzo)] =5
oL Filag+Flmy . 120)
. K wi ‘
3
, _y—1 T +.(12D)
K'="3

*Integrating(l‘%) and using the initial conditions, viz., ,
v =0, ¥= 1 we -get

[(a‘_v) (b+v)] a—l—b (ls)

)‘\From (11) anid (12) we have

w, Kle—p) b+ . . ... _.v..~....‘.,(;14‘)
P=x1 T ¥ . ~

These equatu‘ms are valid so long as both the propel]ants are burmng ’
. From (8) we see thavt 1f ) f

B R .
(1) B foo > B fm , then A cannot become 7ero before f1 Hence
.charg,o C,, must be burnt out e&rlwr )

«t‘rf

(2B fa< ﬁ" fm, then ﬁa ca.nnot be(;)me 7ero before f2 Henpe '
charge C, must be be bmenb out: earlier. , :

(3) B fm = g f10 , then both the charges wxll have to be burnt out

gimults, neously

~

Hence we see that two dlﬁ'erent cases anse, vzz “

(I) The two propéllants burn out at drfferent txmes
(II) Both the propellants burn out sxmultaneously

i) Leet us for, the sake of dﬂﬁmteness call thwt propeila“nt whuch W1ll burn
first as Cy.

Casel.—We have to considerthls in twoparﬁs ' ';'.‘:I;ZA?“\?'!?.);){;*,?“‘,{J'
(fp) wheﬁ only C, is burning. ’
(u') when @ is a}so bumt out.

K Eqn(nbmemes | S

RO T O BN y—1 . imEas)
,.;‘,L%bx_lv..ﬁ.,.a-..»,,i =P ( 14 i ) + -2Kf w, o2 ‘
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Proceedmg as above we. have

10 ) . .
M—Kl(aw—v) (b +to) s (16)

, : F,C,f%w, |
" whete K, = —%—ﬁ G+K (164)
| F Ceeieei...(16B
;fliL:"‘*.bl—' [ N 2}9 1—9 + 26, fzo)] - ( )
F,C+F,Cz o
a, by = o K, = ., centeeann (16C)

 Let the suﬂix (2,1) denote the posmon when the charge C‘ IS )ust burnt
out, _ ,

From (7 A) vg;l= "_'__ f10; ............ (17)

Then ¥ 5, is given by equatlon (13) Wlth = '02,1 7 |

Hence

5‘ Tt )

p— a'l _'02’1 b +_ vz:l

? ?2’1[( 4y — v 1 o K (“1 +b1) (13)
ST

From (11) and (16) wo have in thls case . ‘ e

i‘i:v;,sfs;;‘: w1 K (a1"'—'v)( 1+’b) . 1,, e
p= Al g — S

Equatlons (18) and (19) glve us the veloclty and pressure at any pomt

. between the, position when C, is just burnt out and the position when' Cyq

~is also just burnt out (i.e., the ¥ all—burnt.”. position). .

B S ()B Eqn (1) now becomes S e e
Flcl""FzCz ( ) e e ‘ . =

1 2 SR
ri{”(; + lwl’v g i %%ftlv'.."sA? :;\;&20)
Proceedmg in the same way as in case I(,) we get e ey
E”d ? [L—vz] . ‘ : i - i . ‘ ,:,(-_4,;‘},':-. (21\

- where ' Wi o e

.= Krw1 s @)
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[nitial conditions. for thls case are that =ty when ¥=£,,the suﬁ.'lxa
2 denoting the values at * all—burnt ”, : o e :

. From (7B)
= ;9 f » . O R P SRS 422)
and §, is given by equation (18) Wlth W=ty el '
Hence : o \ ‘
¢ TL—m™} L _ : T
o= L v:] 2 , L e Cereeeeian o (23)
From (11) and (21) in this case coe :
w K [L—?) E
P=5 £ ’ T L 64d4)

Hence if v3 and & denote the values at the muzzle we have the muzzle
velecity given by the relation - S

2K’ 2% - g o
2_L[l ( ) ]+2( ) | Cereenain(25)
II. B fzo*“ﬁ "f10 -6., when both the- charges burn out mmﬂfltaneously.
At “all —burnt > the' velocity is glven by
Vy== A ‘
o B w,

.and ¥, is given by (13).

A i R .
o= g wf2° S il (264),

i.e. gg_[(a_vz) (b+vz)]K(a+b) s \(26B)

vAfter all—burnt the equations are the same as in I (i) and Lence

1

I. 2,2 9K L

=R T ,bi] | STl (21)
.w1 K'[L"'”z] \ SRR

= e e (28)

'a,nd” ‘hence v = [1 _( ) ]_H)z ( ) .(29)

where v, & ¥ are glven by (26 A).and (26B) respectlvely
Maximum Pressure
The f ollowmg cases may anse viz., that the maxnnum pressure occurs when

(@) both the charges are burning.
(b). G, is burnt out and Cy is burmng |
(c) at. the posmon of “ gll—burnt’ oL



GES: m: MAXIMUM PBESSURE AND
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* MUZZLE VELOOITY
& Case: (a). From (14) we have-.
0y K(a—) (b4v)"
S AR

At the posmon of maximum pressure dp—O So dlﬁ'erentmtmg, simplify-
. ing and comparing with (12) we get -

(a—vy) (b+o)_ K(Hf) (boy)

. a——-b—-2'vl . 7)1 . R
{* where the suffix 1 denotes the values at the position of maximum 'Egéssuie. B
S0 = 2%_'_1) or v;=a or v;=—b; -
The values v,=a and ;= b are inadmissible,
. Hence / R
179K 41 R R {30A)
From (13) - ‘ S - ;
: sl_-.[ _2 Y (5 b]K.(a+b) BRI SR
N A == Ay : , ciere..i. .(30B)
and - : ‘ o ‘ - o ‘
p s Kla—t) (o) L
HTTA ¥, - s (30C)
The conditions for the occurrence of the maximum pressure in this ]g;osition
are - . R o .
fu>0
fa>0 -
Hence from (7A) and (7B) there reduce to
B w, K(a—b) '
oS i Bt b :
fu A ZE¥L | - e (30D)
L‘ f >B wl—IE(—'a:—bm) r v kaf~jn,----¢o-... :
SR W % R P
- Case (b) :— )
B fw>B"fro - ‘

Equations (18) an?l (19) gn‘e _and p in this case.

p= Wy Kl(“l""”) (b1 H’) B S ‘ -
Al ' ' e teees(19)

leferen’rlatmo (19), puttmg dp:-.-O mmphfymg and compa.rmg with
(16) we get , o
Kfe—b) .. ¢ SHA
2K, +1 T e e (31A

v;‘
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Then P 3
?aa (“1"‘"’2’1 b1+”2’1) 1(a1+b‘) e
“1_"1 b1+’”1 o )

Py= K,(a;—v,) (b1+”1) ) o
1 Al : ¥ S S e e e s see s (31(,)

The conditions for the occurrence of the mammum presaure in th1s posﬂ:lon -

.- are

K4 fn—O :f21>0 ] ,

Hence A ' S .
- s Bl Ky(ay—by) e
e A 2K, +1 : - AR

fzo 1(“1 1) ’ :
A 2K;~+1 o
4 fzo>ﬂ Jaor
But in view of the last condition, viz, ﬂ fzo> B f10!
fun cannot be equal to zero. Henre the conditions are .

B fuo>B" fro
) f _F w1 K1(“1—b1)1
Ky
w &0
> f Bt At W ¥
o 2K J
Case (C) B foo=8" [ In thls case’ the maximum pressure can

ocour (7) when both the propellants are burning or (m) at the position of
‘ all—burnt ’

- {4) has already been dealt “with in case (a). -
(¢7) The conditions for this case are
Ju = 0; foy, = 0 which reduce to

fio = B wy, K{a—b)

....4;...._..(3113) ’

A 2K+41
B w Ke—b) (32)
fo = "X K1

- It is now our aim to find out how the muzzle velocity and maximum
pressure change when the total mass of the propellant is kept constant and
the proportion of the charges is varied. Hence let us put

C4+C=0C :

‘ 7 T E (33A)
¢ ‘ \ - Cereieeei 3:
_C,_ — | o , (33B)

50 =20 whiaiee i hes (34A)
0, =C(1—2)
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Caloulations have been made on. atypical gun. Smce the purpose of the

talculations is only to illustrate: the theory, the: Geﬁcﬁla.ﬁem Hiave begn made

" simple, by some assumptions. Hence: the shoti—start. pressuré Has been

taken tb ‘be -zero and the form fastors 8, and 6. have also beea put equal

%o zero. Further only one propellant characteristic has been varied: by
5% 3t one. tlme, the other things being assumed to be themm

+ The changes in M.V. & Max. Pressure are given below -

F2~105F1’B”~—ﬁ' 6y =0, =0; py=0

'7\ Muzzle velocity ft/sec. Maximum Pressure tons/sq.in. o
© 00 - 18833 v S ’73'70 «
L 02 - 1872-1 B ' 7;231 R b :\4

04 v 1360-7 7-092

05 LA A | . 7023

0-6 - 132908 | e

0-8 1837-7 - . 6819

B=F f=106f;6,=06=0p=0

N Mizzle ve]oéity ft/sec.. ; " Maximum Pressure tomjéq;in.‘
0-0 13719 B : 7z376:.:
0-2 1363-2 R 1
0-4 13537 ’ s
05, " 1399 Ut
0.6 13452 .. B9 -
o8] - . 13852 I B 6-819:
T _ L ] . bess
l .

Weara tha.nkful to the Scientific Adviser for suggestmg“th‘rs'pmbm
and for:h&s:guidance in this work.
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