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. ABSTRACT

In this paper the problem of using composite hepta-:
tubular charges in' conventional guns for a linear.law of
burning has been discussed. A solution of the basic equations
of Internal Ballistics has been derived under certain condi-
tions, viz., the value of the ratio of specific heats, has been °
assumed to be the same for both the charges and the covolume
corrections have not been neglected.

Introduction

The problem of using composite charges in a gun has been discussed in the
theory of ‘The Interior Ballistics of Guns’ by Corner! and in the ‘“Internal
Ballistics®”” by reducing the problem to one of an equivalent single charge. In
latter only a particular case of two charges with different shapes and web sizes
of the same propellant has been considered and an approximate solution has
been given by making use of modified form factor.

Corner! has considered the more general problem of two charges of different
shapes, sizes, and compositions by reducing the problem to that of a single
equivalent charge with adjusted parameters. Patni and Venkatesan3 have
given a direct treatment of the general problem based on the Hunt-Hinds
system under the assumptions that the covolume correction is negligible 7.c.,
covolumes of the gases equal their specific volumes, for each propellant and
that the ratio of the two specific heats is the same for both the propellants.
Venkatesan® has discussed the problem by taking into account the covolume
correction and also by taking a cubic form function in the form

2= (1) (14-0f+6'f2.

In the present paper an attempt is made to treat the problém by taking a
- more general cubic form function in the form

2 = (1—y) (a—by—oy?).

- This form function holds good also in the case of the hepta-tubular powders
upto the rupture of the grains, <.e., during the first phase of the combustion of
the hepta-tubular powder as shown by Tavernier 5 8, We have further discussed
the solution of the equations of Internal Ballistics of composite hepta-tubular
powders beyond the rupture of the grains, during which stage the form function
is very complicated one.

12
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Principal Notations
" The following principal notations have been used here:—

% = The fictitious mass of the projectile; taking into consideration the'
different passive resistance as well the differences of pressure bet-

ween the base and the breech.
v = Velocity of the projectile. °
6 = Cross—sectxon of the a.rm takmg mto oonmdera.twn the nﬂ1ng
P Mean-p;'essure upder which the powd&r burns
n; = Ratio of the twwpemﬁc heats of the gases for the ith powder

; —1
Y == 2

-+ 7 = Fraction of the ith powder burnt a‘é any instant 7.
¥; = Fraction of the thickness (web size) of the powder grains rema.mmg
) at.time ¢,
n; = Covohime of the gases.
1 .

: 5= Specific volume of the gases.
1

f, = Force constant of the powder.
= Weight of the powder

: v; p?
"= t y
i = Vivacity -of the'powder.
D’y = Web-size. | . .
B’; = Linear velocity of the combustion of the powder under the unit
pressure.

. 80 = Surface of the ‘powder 1mt1ally exposed to the combustxon.
8; = Surface of the combustion at the instant P,

W,o = Imtla.l volume of the powder G

=

(p, (z.) = —5—-— = Functlon of the progress1v1ty of the powder.
io ,

= Shot-travel at the instant ‘¢.

C* = Internal volume of the gun upto theg base of ths pID]Bthle at the
instant ‘€', (i.e., equal to C'4-c2) : N

' = Internal volume at the instant when t = 0,
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Equation of Internal Ballistics)

The equations of Internal Balhstms using composnte charges can be wntten
agi—

(1) Resal’s Equation of Energy:——

pod— 2L %
2+ Lgg—n = [ ¢ 81 o
Lo,
0*”"‘%11"“"““ _—“’1("11 8)*”1““"2(")2
. S —_——L
L’ 3 82 ‘ o 81 82
orz, + Lzg—m T oo (1)
p(dﬁﬁL_J&)
= o1 82 o 7 .
= 7 @, L [y—Byz, —Byz] .. (14)
(2) Equation of Inertia:
- do .
prt—-=a.P . . . ..?(2)
or 3 d (uo?) = Pde* .. .. (24)
(8) Equation of combustion—
ds
—-E:“':A,'Ptp.'(z,-) .. oo . e (3)
The equations of combustion can also be taken in the form
d (3 ’ . )
D"._.L:.:__g‘- P, .o ‘e .o . N (]

dt

where the form function in the form (z, y), is glven by equations (9) and
(11) of Gupta for the two phases of combustion of a hepta-tubular powder, it
can easily be seen that,

a;——-b --0;‘

4i= 7, By . .- . .. (9
= —b—c)Bs . .. (54)
where ‘

S @ o

L ——"=7-17..‘:— oo .o . .. .. .. (6)
Vs p‘l” .

7 = FArY - . . . .. (7
" 1 ,
@ (")1»"“ o ) ' ‘ '

Bl= 6 @ e .. o» v .e (8)
¢ -t — 2
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_ 5 R
MmO
& 82 -
@y @, R
o — L =2 |
Y = b & . .. (10)
& Sz |
. ='EDfT e

Solutions of the Equations A
The-initial eonditions-for the -solution of the equatlons are

t=0, P =P, v=0, B
and ] . TR .. (12)

% = %o, Yi = Yo
Let us put
P = fo @, + 1y @, '
L .. . .. .. (18)
o B @ (
31 o2
== ——5_—— ‘ ‘.4- ) e ..' ‘ oc’ ... ‘
Vi@ = J o BT Ceay
Zio B ’ : :
e g
f.‘ = m‘ o .o .o ~ ee (X (15)
From (4) we get 4 ,
pl . .
—‘_Z.;/: ﬁs . .. (16)

which on integration gives -

Pro— 81 1=P2th—PB1%: = *
since y; =y, = 1, when combustion starts.
Also when shot starts y1 = Y10 804 Yo = Yoy - :
)Fs 31‘*32.’11"'31?/2“‘52?/10 51?/90 e -‘5'(17)

Ya=1— g, 1—w) . . . (174) ‘
From equations (3), (4) and (14) we get I

¥, (z.-)=,%(y.-a—-y.j) e e Ly
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Also from (2), (3) and (14), we have

. .

,’0=——H.V; (%) .e e . | .. . -(19)
so that from (18) and (19) we get o .

v o= pﬁ (Yo% ) .. .. . .. (204)

or ¥; = Yio — —p'—f—:—v .e . .. (20B)

From (19), we get
Vile) Vs ()

@

Al - Az LR ] L)
From (7), (19) and (15), we easily get
n=%Vi(s) .. .. ce e (22)

Now the Equation of Energy (1) can be: wntten with.the help of (13) and
6) as

P+ L
2+ Ifzzf‘f,lV% ="""(‘ji;“_) [y — B,z — By 2] .. (23)
whence
_ P [atIn—uP4 T
- P= 1+ L ?/““B1z1.“'3232[] (24)
where e %
Vi=Vi(z) e e e .. (244)

Since the pressure cannot be negative, also the quantmeg B, 2, a.nd B, z,
involving covolume corrections are small in comparison with ¥, so that the
denominator is positive, the equation (24) is valid only,

if u+ Ley—§Vii>o0
”: L
ie. if £ < _51__:*7'2__2_

for all values of 2, and 2, lying in the interval (0, 1)
In order that the complete combustion of the powders is achleved even in
infinitely long tube, we must have
Aty
£ < Ve 374 . '

.. 2+ Ley,
where §3r is the minimum value of —I—;-Ti in the ranges of z; and 2,

considered. N

. Substituting the values of vand P from equatlons (19) and (24) in the
Eguation of Inertia (2A) and with the help of (13) and (14), we get
dy . gl Vl 1 . )Y
dz i oo mtLle—%VE )T
iz_ £ B,z + By 2,
w'oa " ntlp—§V?

o ——

(25)
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The integrating factor

N

—_— ‘l‘g1 _E.l_ T 1 dz
. A zm 1/1’ * CP]. .: ZI + LZ2 ""“21 Vl‘.z -1
H=6 iee ve oo .o i nw : e (26)

2
R ::1 Vy dzy

'.6. l H’-—""— .
v wdoay, o atln—% TV,

D . )
=_-‘.';f .e e e .o *e ree (27)
. where
_ v, dz,
b=t fzm' ¢ ot Lzy—¥ Vi T - (2T4)
b3 o
& H=e M, . : .. (28)

It is clear that forzl—zm, D=0, H_-l and Y—l
Then the solutlon of (25) is

zl '
. Vi 81 2, + By 2, ‘
[Y H] ==t L T s

_I(say) AR e - . (29A) :
This is'a fundamental equation giving ¥ as a function of 2.
(¢) Now when a charge is burning before its rupture, the value of z;
(¢ = 1,2) can be expressed in terms of v with the help of (20B) as:—

2% = 2 + '*G—“?f'i b + @ — 241 (b; —o; ) — 86 Y]
l‘[ ” \2 : .
=+ 5(“:; 40 ) b —e + 36 Yol

— (-‘:—.pn )34:3 y e (30)
=T+ Tav+ Tiptd— Tigo® | N

=F; (), (say), e .- (3D
where v ’

To=12o . v .. .. o (31A)

T.-:——-— B b +ai =290 (b — o )—30. Y] .. (31B) (
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2 T R
Tig= (“%‘ B”; ) [b, —¢ + 3¢ ?/w] ,‘“C_'.._ .o (310)
T PV SR
3= ¢ e B . .. .. o .. (31D).

(i4) Also after the rupture of thi¢ grains, We have With the help of (20B),

g 1 ‘ A Y
ey (l“se‘“‘" ) = o o Bl

80 that

' m; — 3
8e0 v = [1‘— —Wj:—_{_““i‘ {?/io-—”"%' P i }] T . (32)

Now after the rupture of the grains of the powder, since z; isa function of w;,
% can be expressed in terms of v with tho help of (32), so that we can write

z; = F} (v), say . . . . e (33)

Thus the equations (29) and (24) give ¥ (defining shbt-tra,vel) and pressure
P in terms of the velocity v as 2y, z,, Vy, ¢, and H all can be expressed ulti-
mately in terms of v. -

From (17) we see that

(1) If 8,” > B,", then ,” y; — B," ¥, is positive, so that 7, cannot be-
come zero before y,. Hence the second charge should have the
rupture first. ‘

-

(2) If £," < B," then B," y; — By" ¥, is negative, so that y, cannot be-
come zero before ;. Hence the first charge should have the rupture
first. ; .

(3) If B," = P,’, then B, y; — P," ¥, is zero, so that y, is always equal

“to y,. Hence the two charges have simultaneous ruptures and also
the simultaneous all-burnt positions. '

Let us call for the sake of convenience that charge (propellant) which will have
its rupture first as @,. Then the following different cases may arise:—

Case A—When the charges have their ruptures at different times and do
not burn out simultaneously. This is to be dealt with in six parts:—
(¢) Both the charges are burning before their respective ruptures.

(¢%) The second charge is burning after its ruptuie and the first charge
- is burning before its rupture. :
(¢%) Both the charges are burning after their respective ruptures.

(#v) The second charge has been burnt out while the first charge is
still burning before its rupture. :

(v) The second charge has been burnt out while the first charge is still
burning after its rupture. ' A

(v%) Both the charges have been completely burnt out. -
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Case B—When the charges have then' ruptures at the same time and
burn out simultaneously. This is to be dealt with in three parts:——

(¢) When the charges are burning before their ruptures. .
(#) When the charges are burning after their ruptures.
(¢#43) When the charges have been burnt out.
The above cases are now dealt with in somewhat details:— -
~Case A(s)—In this case we get from (31) and (19),
5+ Loy —§ Vy® = Fy (v) + LF, (v) — ( 1“')"’2

=R, + R + Rp? — Ry® .. . (34)-
where
Ro=z10-l—M20 . . oo . . ..(34A)

R, = "‘:.“ [51” {b1 + ‘11;"2?/10 (bl*cz) i 3¢ ?/210}
+ LBy’ {bz + g —2ygy (by—C;) — 30, 3/220}] .. (343)
2 e . '
B, = ‘%‘f [31”2{1’1 — 6+ 36 Yy }..+ L g, {bz — 6+ 36 ?/20}
S " 3 Alz] . ... (340)
pe ' o |
'R8 = -78— [01 pl”a -+ L Gy ﬁz”s] Coee . e . (34]))

Let further :
2+ Loy —§ V2= Ro + By v+ Ry — Ry o®
= (B, —v) (K;+v) (Kz—Ev) .. (3b)

where
K,K,K,=R, .. v .. (36A)
 E,EK,—K,K,—KE, K, =R, .. . .. .. (35B)
KEK,—KK,—K;=R, .. ‘e . .. (880)
) = —R; .. e .. (35D)
Also from (31), we have h
Blz1+Bzzz=B1F1('U)+BaF2(”) .
= No + N,v+ Nyv* — Ny o¥say .. (36)
where . o .‘
No = By 29+ By 239 . o . .. .. (36A)

R N Ry

tmp{ b mmt— st [] - e
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LTI T

Ns =45 [Bl p." { by o+ &lym} B

{b—02+ 3azyzo}] v (36C)

8 . B
N, = -f-:g- [B1 6y Ba" 4 By 63 B ] N : 1+ (36D)
*. the equation (29) becomes with the help of (35), (36), (14) and (19) E
v(No +N10+N202 Nav“)
[YH] _.——Mlj H =0 (s 0 (G — K dv .. o)
where N
- ‘ v B
D vy .
l°g”=__v‘{\"‘"'le &= &+ o) o

= (A”‘) .. RIS

' Ml Kl Ml..K )
,i.e; H= [(Kl"""v) (K2 +K1) (Ks—'KKl) (Kz + ’U) (K1 + Kz) (K3 + KKz)

_ N M, K, ) I
(Ky— Kv) KE1—Ko) (KK, +K3>] I
MK, g 5 MK, i
[K (By+ Ky (By—EEKy) g (Ey+ Ky) (Ey + KKy)
! 2

' - M, K, ‘
K, (KK, — K;) (KK, + K;) N '-‘  o o (39)

Initially when shot starts, ¥ = 1, H = 1.
“& Equation (37) becomes o -
M, K, ) MK,

M, K, , - M,E,
By ) EE—E) BB+ B) g T K, (&~ KE)
v M, K, : 2 M, K,

(Kl + Kz) (Eq + KKz) K, (KK, — K;) (KK, + K;)

L -

=—Mf11 e '..'7 ..’. .:_ ,.v’ .o (4:0)
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whers ‘ |
e T MK, »
= *f"(N ¥ NI”+N2”“-N ) f(K )(Kzf‘Ki) (’Ks——KK;)V -
K —1 -
(K, + v) (&, + Kz) (K3 + KKz) .1 ;
, MIK . 3
(K, — K ) (KK, — K;) (KK, + K;) ] R (40A)
Also from (24) R L T . ¢ A
- L K, —v) (K, + v) (K;— Kv)
;,_.P“ 1+ L Y — (No +W, v+ Nyov2— Na%\s) .. (41

These equations’ (40} and (41) give ¥ (deﬁnmg the ‘shot travel z) and Pin
terms of v (and therefore in terms of y; and y,) and are valid only before the
rupture of the grains of both the charges.

‘Similar expressions may be obtained in other cases.

Case B—When B, — B, i.e. when the charges attain their ruptures
smultaneously and burn out at the same time.

- (s) This case has already been dealt with in case A(@)

(7) When the charges are burning after their simultaneous ruptufe‘s.‘
Let the instant of simultaneous ruptures, be denoted by the suffix 77,
Then from (20B),

B Vpr = 0 =%20 ""igz—" Vpr *

Yo —

Y
.. ‘the values of Y,r and. P, -are given | from 40) and’ (41) a8~
M, K, v M, K

Yy (Ky — 00) (K, + K,) (Ka"‘KK1) (K, + ) (K, + Ky) (K3+ KK,)

TR T e e o )

MK, : MK,
(K —Kov,) (EK,—Ky) (KK2+ Ky —K, (Kz +'K,) (K;— KK,)
: MK, M, K o
K, (K, + Ky) (K;+ KK)) K, (KK, — 3) (KKz + Ks)
=—M 1, .. ST L 4

where I,, is obtained from (48A) by ta,kmg the upper limit v = o5,



22 INTERNAL BALLISTIOS OF oomost_m.nmrm-:ijm POWDERS
~and
P, — P, (Ky = vp) (Ks + vn) (K3 — K v, )
g

.. (44)

].+L Y,,-—-(N0+va"+N302"—-Nsvan)
In this case from (24) and (29) the values of ¥ and P, shall be given by
) v ,
_ Ho[B, Fi* (v)+ By Fy* (v)]dv
[rr] =-m FF (o) F LI (0)— My vy 8 ()
Vpy Oy
with ‘
‘ Vyr
_— : odv
loyH._---le Fy(v) +LF, (v)— M, v,
v ' i
v ‘
— f Fy* (v) + L Fy* (v) — M, v, v o (454)
Vyye
and

Pc, Fl*(v)“l‘LFz*(v)‘—'Mlvlvz 46)
I+ L L Y—B v —B,Fr -
Case B (iii)—When both the charges are completely burnt out.

Let the instant when both the charges are just burnt out simultaneously be
denoted by suffix BB. ‘

Here.
1 =
Y min ysms'n ¢

Then from (20B), we have

== —__L —_— ’ — [/ 4 ’ _ B
Y X [y“‘ ylmin] X [y"“' : yz.,.'.-,.] - 6D
the value of Y5 and Pgp are given from (45) and (46) as:—

P—

UBB - .
VBB : H-”[B1F1*(’”)+32F2*(”)]d”
LY. 2 :L" =—M, J  F*(v) 4 LF* (v) — M, v, v? e (48)
v” . _ .
with log H given by (454)

and

P, Fi* (v ) + L Fp* (vpp ) — M, v, v? ‘
P —_ 0 [ 1 2 BB Vi BB]
P T NFIL yss — B B (0 ) — By T (g )|+ 49

Therefore in this case after all-burnt position the values of ¥ and P shall
be given as:— .

' 1
(Y—By—By) (1+ L— M, » )% |
| 1
=(YB'B _-Bl - Bﬁ) (1+L—'M1 V1 vaBB )2‘”‘ ‘ * (50)
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o 2, ’ : ,
or [Y—B—B] [l+L—Mr]l=e¢" .. (BOA)
where . :

29, i
% = Ypp —By—By] [+ L—Mywoss | .. (50B)
and o .
= Pg«_ 1+ L——Mlv”ﬁ
P= 1% Y__Bl__Bz.] . .. ()

Also from equation (87), the value of v shall be given by

20y
3 B ] — 2
,,z=’ﬂi‘7/1[t“+fi>m_<¥m BBy (b tm)|
(Y —B,—By)

In this case also, the muzzle Velocity v can be derived by putting Y=y,
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