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The basic equations of internal ballistics of the German Supergun using multitubular propellants have
been set up. The equations have been expressed. in terms of dimensionless variables and an analytical solu-
tion has also been given assuming a linear rate of burning and neglecting the co-volume correction.

The Hochdruckpumpe (HDP), Supergun was
first invented by Coenders!, which was designed to
fire an arrow projectile across the channel at
London but which was never realized. Recently
multitubular propellants have become very popu-
lar. Germans use multitubular propellants very
much on account of their progressivity, It has been
found by Tavernier2 and others that the form func-
tion for the Heptatubular powders, multitubular,
modified multitubular and partially modified
multitubular powders is always cubic.

In this paper, the basic equations of a Supergun,
(or any multipowder-chambers gun) using multi-
tubular propellants have been set up. The equa-
tions have been reduced in terms of dimensionless
variables and an analytical solution has also
been given neglecting the  co-volume correction

(i.e. assuming b, = —81—) and using the linear law of
n ’ .

burning. The results obtained by Jain and Sodha3 .
are only particular cases of this treatment.

NOTATIONS -
. 2
F, The force constant of the propellant v The shot-velocity.
i th ber.
in the rit chambor R The frictional force acting on the

C, The charge 'weight in the r*4 chamber.

¥ The ratio of the specific heats at
constant pressure and at constant
volume of the propellant gases.

z, ' The fraction of the n'% charge burnt.

4 The mean pressure of the propellant
gases.

A The bore area.

v, The capacity of the ri* chamber.

8 The density of the propellant in the

rtk chamber.

‘ The shot-travel.

b, The co-volume of the propellant gases

in the rt® chamber.

13

1

Wa 1.04  +

projectile al any instant.

H The heat transferred per unit length
~ of shot travel.

D, The web-size of the propellant in

the n'® chamber.

Ja The fraction of the initial thickness
remaining at any instant ¢, for the .
first phase of combustion, while
for the second phase of combustion
defined as the ratio of the distance
receded (from the beginning of the
second phase up to the instant consi-
dered) to the initial thickness. '

Br The rate of burning coefficient of the
propellant in the nt® cha.mber.

an . The index of burning of the propel- |
- lant in the nth chamber.
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BASIC EQUATIONS ‘
The mtemal ballistics equa.tlons of a supergun after the nt® charge starts burmng are.

n—1- RC RC oy n—1 "1 ‘
' r n nzn Lp
DR = Ax+Z( %) 2 (%)
1 S K 1 ‘
‘ C,-‘—-(b‘ _‘_“)Cn Zn }—l—2 Ww-—]—fRdx—l—f H dx (1)‘
dn E EEEATE : e ]
Dy ————a{; =,—,8n‘pf o | -‘ | (2)
an — Z; —Ap—R ey
and o : ) : . SN k o
2= (1=/u) (a—bfu — cfu?) 4)

, where a, b and ¢ have values’ given by Tavernier!, lar propellants respectively.
Kapur & Jaint in case of Heptatubular, Modified g express the above equations in terms of
heptatubular and partially qulﬁed heptatubu-. gimensionless variables, we suppose

noo . n—1

th= > (0= ) = 2 (b= 5 )6
= (=)
- N
fzb = 1 + A
pAl,
Cn = Fn‘Cn‘ ,
. _vAD, . ( FoCn )1‘”“,, N : =
T FaCufa \- 4L , ’
EGh T4 o r s
v , A‘2 D2 F, Cu 2(\]“‘1,1 ) : ) :
- My = 'F,;CnﬁnzW” ( Al )
Rlb,
o= “F.Cx
Hl,
o= FC o el
and , . s R
. ’ y' n_—‘l F C e ' e % »
An = Z‘—F—c—“ SEOR I AN
o o1 . , ]
Usmg (5) in (1), (2) and (3), we get ' '
" ko= Lo (ba—Baz) + (9—D) [ o+ [ o dfn+fhndfn] e
. . . df;g : dn ‘ . ‘
i = = 7
Sl (7
and e o .
' i 'y ‘ ‘
™ Tg f: T Mn (La—pn) | , ®
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A N A LY T I C A L
An analytlcal solution ct’ (4), (6), ) and (8) can
e be obtained by assuming
()] A lmear law of bummg, ic. cf.,,, -ﬂ‘l =

-

S
(zu) The heat transferred up to any instant to be

(ll) bn ?—) Or Bn == 0

" ghot and the propellant gases, An"t' ( ’7" M"?”’O ) [(a—~ b— c) + (b +2c)
< fde = _2— W , : r o Mn S M% s )
L _ o méa fn d + v, (7—1) nn
or B
dm ,
fn "1:1 d g Pl -+ Ql ﬂn"-.Rl nnz—SI,"ln (15)
Ap, ie. . S : -
where t
L PL= Aabo— (a—ib—-'c) T 0
o "'lﬂ i "7n » 0
: Mu= M (1—0) S ~ 2 7,,,,0 ® —I—2c)
and = f~(“_ )—' M.
- ; : ‘ ")n ,0 B,
T N R (N
in equations (6), (7) and (8), we have . 2 R1= y—1 = (b+2)
~ SN o
I ¥ A Nns
ST o) and | '
and SR ¢ |
dm , . S Mrg L J
n = My (11
o d g b ( ) From (15) and (16) we have
‘From (10) and (11), we have ¢n
: d ) s f dé‘:" ' T d")n .
| af T —Mn‘ o 12). - R . P1+Q1nn Rl"]nz‘,—'—SI Nu®
Integratmg the equatlon(12) and usmg the condl- o
tions that e y
B/ = 77"'/10 Whﬁnfn = , nn
we have C ) ) e f ; . d Nn
‘ : 7’ 0 € = .e P1+QlﬂnfR1ﬂn2~SI 'l)y.“.
M- = ( f M ' (13) ; a7

pmportxonal to the kinetic energy of the -

SO

Equations (4)' and

LUTION

N7 n;o
My,

1@;’7_@

Mn

(

)

' Equatlons (9) (11) a.nd (14) glve

Ll

7]”"—"7”’ 0
My

b »-'-'«c) LB+

)2 ] q#) ’
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Maximum Pressure

From (11); we have |

L dm
;” - M. dén
P14+ Q1m—R1 2 — S1 o o
=. Q ! Mn f: ’ (18)
Equation (18) gives on dlﬂ‘erentiation SR
L d"]n' -~ —‘ €n d"]n
L 01— 2R1 74— 381 m?

4+ Pt 01 m— R —Sim®

O “(2R1 +1) 70— 351 a2
PO n— R1 722 — S1 743

=

din

dny,
velocity at the instant of maximum pressure is

fgiven by

For maximum pressure = 0.

The Vshet

35124 2 R + 1) ti— Q1 ‘;"0 (19)
or" s . "‘
QR4+ VORI FIEF 12Q1 S
= O
1
\ (20)

, Using (17), (18) and (20), the maximum pressure
can be evaluated. :

- At Rupture .
At the point of rupture of the graln, we have

fn = 0.
[Puttmg fo= Din (13), the shot Ve1001ty at the rup-

ture is given by -
s M 0

Mt = Ma (1+ M, ) (21
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- From® (18), the shot t1avel at the rupture of the
- grain is glven by :

RES

E -’f]nd"h}

P + O1 np — Ry my 2 — S1 13
« Mo
(22)

€ =& e

- 7,0

\

;where the 1etters with suffix r* depote condltlons~

at rupture. B

After All Burnt

“Puttmg z=1 m (9) and usmg (ll), we have '

£n "]/z d")n ’
- — . -
| ( + 4,) = M- T dE +( 1) 2Mn
or P ) -
k ~ =2 =D M dpa -
+{—1) & w )——;LM;_’ T (23)
B Integratxng (23) we. have ’
R : 'lln,fn
: ‘7]14. - 'y_" ]‘
| s - &
NI S S n, b*,én,b*
= - . [ fny . — §m b*y ]
y—1 : ‘
ofr ~ B
L = 2, y—1
N ;2Mnfn( : ?’) [ %M‘bf‘ N j{rf’y
o b
144 _ = N
&+ (_:i__f_) (gn')’ 1\ - gm b*'y 1») ]
N )

'where the letters w1th suffix b* deénote condrtlons
at all burnt.

Puttmg a=1, b~ — 8, and c= 0 in the above
treatment, we get all the results for a supergun using
powders with quadratic form function as obtained
by Jain.and Sodha,2
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