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ABSTRACT

In this paper the author has compared his previous results numerically with the results
given. in Vickers Armstrong Ltd. (H.M.S.0., 1951) for the percentage changes in maximum
pressure and muzzle velocity with unit per cent change in various loading conditions. The
changes in muzzle velocity, keeping the maximum pressure constant, by varying the charge
. weight alone, with changes in various other loading parameters are obtained and the results
compared with the changes obtained when maximum pressure is held constant by varying web
size or rate of burning constant or both. Also the percentage changes in maximum pressure
while keeping the muzzle velocity constant have been calculated. Again the effect of shot-
start pressure on changes jn maximum pressure and muzzle velocity due to unit per cent
changes in various loading conditions has been obtained. Further the behaviour of the
product ‘ pu’ has been discussed.

1. INTRODUCTION

In a recent paper (1956) the author found the effect of variations in loading
conditions on the internal ballistics of guns using the mathematical equations. The
percentage changes in maximum pressure and muzzle velocity due to one per cent
change in only one of the loading conditions were calculated. Also the percentage
changes in muzzle energy and muzzle velocity (keeping maximum pressure constant
by varying web gize or rate of burning or both) due to one per cent change in various
other loading conditions were obtained. Vickers Armstrong Ltd. (H.M.S.0., 1951)
have given a table for estimating changes in ballistics due to ome per cent
increase in various loading parameters. But if a reliable numerical value of the
effect is required then the difference must be calculated ab imitio in the particular
cage. In the present paper by taking a particular gun the author has compared his
previous results numerically with the results given in the Vickers Armstrong Ltd.
table. Also the percentage changes in muzzle velocity (keeping maximum pressure
the same by varying the charge weight alone, instead of web size or rate of burning
or both as in the previous paper) with one per cent change in various other loading
conditions have been calculated. Also the percentage changes in maximum pressure
while keeping the muzzle velocity the same have been obtained. Further the effect
of shot-start pressure on the percentage changes in maximum pressure and muzzle
velocity due to unit per cent changes in various loading conditions has been given.

The author in the paper mentioned above had also indicated how the maximum
value of the product ‘pressure X velocity’ can be found. In this paper the
behaviour of this product is fully discussed for single as well as composite charge.

2. TeE Basic EQuaTioNns

The four basic equations of internal ballistics are :

pv=Acz-’i;—1w(12u)=.. PR ¢ 1
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where v is the volume behind the projectile minus the charge volume. If v, is the
chamber volume then the free volume v, of chamber is

vy = v,—bc
where b is the average volume in cubic inches of one pound of propellant. Also
v = v+ 124z
where z is the travel in feet.

The percentage change in maximum pressure due to one per cent change in
rate of burning constant or web size as obtained by the author is

2672 y+20 00
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80 in general the following table gives the percentage change in maximum pressure
for different values of p c/pq and 0:

TasLE 1
S : : : 5
9
1-0 0-894 1-233 1-413 1-524 1-600
05 1-234 1-524 1-656 1-730 1-777
0 2-000 2-000 2-000 2-000 2-000
—0-2 2:679 2-288 2-184 2134 2-106
—05 3-503 2-932 2-534 2-364 2-288

Flgures 1 and 2 illustrate these results. It may be observed that Vickers
Armstrong Ltd. results for § = 1 and § = 0 aro 0-6 and 1-4 respectively.
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F1e. 1. Variation with p/p, of the percentage change in maximum pressure due to unit per
cent change in web size or rate of burning constant for different values of 6.

The author had also obtained the change in maximum pressure due to charge
weight. But the correct expression should be
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Fie. 2. Variation with 0 of the percentage change in maximum pressure djie to unit per cent
change in web size or rate of burning constant for different values of pc/pq.

Also the correct expression with shot weight is

2 2 P, 2 P,

01-)1 7+20£‘1 Py
8___(log Pusa) = (1.. i) 1+ i log P _ Pe (7)
d(log w) 3w ('y—l +9Z_’_g)2 )il+0& y=1 +0Z_’g

[4

Now from the expressions for the changes in maximum pressure with web size,
charge weight, force constant and shot weight, we observe that

(108 Prmex) be\"t 1 ¢ \ 9(108 pp,.,)
W"( t) +§(1 %)W - ®
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9(log p...,) _ 19(10g P0y) 9
dlogd) " 2 a(log B e " - O
a(log Prax) 1 ( c_) a(log Proay) 10
Sogw) ~ 2\'" 5w) ologp) 1o

Thus from Table I we can easily find the percentage changes in maximum pressure
due to unit per cent changes in ¢, A and w for different values of » /p, and 6.

Also the author has shown that

d(log p,..r) be) ™!
olog vo) (1_ E) 4
and
a(log Prax)
d(log z,,) = (12)

Now hereafter for the purpose of computations we will consider the gun for which
¢ =-7708, W =16-5, A = 1810, 8 = -82 and v, /v, = 6-55. The following table gives
the values of the changes calculated and also the Vickers Armstrong’s values.

TasrLe II

0(10g Pr,y) | 0(log P,y | 0108 Prny) | 0108 Pryay) | 0108 Day) | 0108 Pray)
d(log D) o(log c) d(log A) dllog xm) d(log vc) d(log w)

Calculated .. —2-000 2-225 2:000 0 —1-225 1:000
V.A. e —1-400 1-600 to —_ 0 —1-000to 0-600
1-800 —1-16Q, | .

Again the percentage change in muzzle energy or muzzle velocity for one per cent
change in D or 8 as obtained by the author is

dlog B,)  d(og B,) _,0(logu,)  d(logu,)
d(log B) =  d(log D) ~ " 9(logB) 2(log D)
: 7—1
[ % 2 _0% 20% 146
_ 7 c q
6{1 r=lp.y-1 9P«+(y_1pc+0)210 r-1e. 1)
2 p, 2 P, 2 p, 2 p,
where
¢=£T’:-(y—1). O ¢ 71

Thus for given vg/v,, we can find the change in muzzle velocity for different values
of p [p, and 0.

4B
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Algo the correct expressions for changes in muzzle energy and muzzle velocity
due to charge weight and shot weight are

y—1 -—0&
oog Ba) _ | . 1+i) 2 p,
d(loge) ( 3w 0 )_/:_}_i_e&)(z_iq_)’—l)
2 »./\p, 2
o2 1 1
P, 1486 be AN vc—bo)'
+(_1+0g_q_)21°g1_y-1g 2 (1-5) () | oo
2 », 2 p,
while
r=1_,%

2 P, \p, 2
l
P, 1446 bc( bc)'l( vc—bc)—l
— 1+ (15a
(‘)’—-1+0Pq)2 g] '}'_IZLC[-{_W . 12 4z, )
2 P, 2 ?,
and
=1 _,%
d(log E,,) ( c) 2 P 1
Ao el — —
o(log w) 3w 7—1+01ﬁ2(&_7—1)
2 P, \P, 2
oPe
P, 146
+ . + (16)
(z;1+9&) 1 Y=12
2 P, 2 ?,
while
=1 _,%
a(logu,)__l_(l__f_) . 2 b, 1
dllogw) 2 3w y—1 +0_7_’g2(%_7—1)
2 Tp, \p, 2
P,
i 1460 {_;1.. (16a)
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Thus from the expressions for changes in muzzle energy with web size, charge
weight, force constant and shot weight we find that

d(log B,) . 1 ¢\ d(log B,) , ebe bc)‘l ( 'uc—-bc)_l
dlogc) 1+ 2 (1+3w) o(log B) +Tc (1— v, 1+12Az,,,
(17)

d(log E,) _ 1 o(log E,,)

d(log 1) 1+3 d(log B) (18)
d(log E,) 1 ¢\ d(log E,,)

olog w) 2 (1_ 31—0) d(log B) (19)

and

d(logz,) 1 ¢\ (1d(log E,)

e =3 (1= 50) |3 S -] 0

Thus if we know any one of the above changes the others can be easily
caleulated. Also the author has shown that

dllog £,) ,d(logu,) be v, —be
d(logv,) 2 alogv) . © 1- ;G 1+12Aa: 1)
and '
dlog&,) d(logu,) ve—be ) 7! <
dlog z,,) 2 alog z,) - {1“"12/1%} (22)

Table III gives the percentage changes in muzzle velocity with various loading
conditions and also the values given by the Vickers Armstrong table.

TasLe III
d(log u,) | 0(log u,,) | 8(log u,,) | d(log u,,) | d(log u,,) | d(log u,,)
dlog D) | 9(loge) | o(log ) |o(log z,) | 8(log ».) | d(log w)
Calculated —0-358 | +0-738 +0-679 +0-265 —0-324 —0-321
V.A. —0:300 | +0-600 to +0-200 —0-250 —0-400
+0-700

3. CmaneE v MuzziE ENERGY OR MuzziE VELOCITY DUE TO CHANGES IN
Loapivg CoNDITIONS KEEPING MAXIMUM PRESSURE CONSTANT

In the previous paper the author has discussed the change in muzzle velocity
due to the changes in loading conditions when the maximom pressure is kept the
same by varying the web or rate of burning or both. The correct expressions for
the change due to charge weight and shot weight are

_ c be\ "t | be 'uc---bc)"1
”(1"370)“(1"«2) E(lflex. +

0(ogu,)s, p
d(log c)
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L_Y=1P y—1 P, P, ]
9 2 p, 2  p ?,
+ 210g i 0, 7 _ q —
(;1_1.91:!) + ?'_—_14_9& 2 (Zﬁ - }L__l)
2 P, 2 P, \P, 2
-1
P 8 y+20% 0 }
X =+ 5 log < — (23)
P, (y—1+gz_’g) YHL P 7=l P
2 P, 2 P, 2 P,
and
d(logun)pp _ 1 c )
Blogw = 2 1— o). .. e (29)

Also the changes due to charge weight and chamber capacity in terms of change
due to force constant are given by

aaogEm)p,D_( _@)”1[@( vc—bc)-‘_ aaogE.»,D] 2
dlogc) 1 o v, 1+12Ax,, 1+ d(log A) +1(29)

a(logE,),,,D_( _ZE)"‘[ _ ( vc-—bc)“l_a(logE,,,)P, D]
dlogr) — \Uw) |\t e, a(log A) (26)

Now another simple and convenient way of keeping the maximum pressure con-
gtant can be by varying the charge weight only. In what follows the changes in
muzzle velocity due to one per cent change in other loading conditions have been
obtained and the results compared with those obtained when maximum pressure
is kept the same by varying web size or rate of burning. The problem is quite
important from the point of view of the design of the guns. In this case we shall
indicate the partial logarithmic derivatives with the subscript (p, ¢) to indicate
that maximum pressure is held constant by varying charge weight alone. The
following results are obtained :—

(a) Web size D or rate of burning constant 8 —
272 { -1 —be it
B(log ua)p,c _ _ O(log u,)p.  342D%* P, [1+ev_bc{l _ b_c} {1+ ve—be % ]

3(log D)  d(logf)  Apic(c+3w) p, . 124z,
A:D2 P, 342D2 ( _bc)ﬂ‘ A2D2 342Dz
= NBrw(c+3w) p,  ABe(c3m)\| " 5,) | WPwlo+3w) ~ ABPelo+3uw)

342D2% (_bc)‘l(l vc—bc)_l

- l)«ﬁzvc(c+3w) v, 124z,
Y“'l pq pc l
3 T Vp "y
] _ log 146 + P, b, '
(y-1+ _!) 1 Y=1P =1 P, 2(%_}/-—1),
2 P, 2 p, 2 P, . 2
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2
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: 7+20£“
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{c) Shot weight w —

d(log u,)p . _ c—3w ebc{ _Ec}'l{ vc——bc}'l] c—~3w _Qg)'l
2 dlog w) = c+43w 2+ v, 1 v, 1+12Aa:, T c+3w 1 v

342D AD®
AB%c(c+3w)  AB=w(c+3w)
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=1 PN L 2,
2 2, 2 P,
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+
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( +6—) mTa g, 2 +0:0;2 p, 2
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(¢) Shot travel z, —
o(log %,)p,c { vc—bc}"l
ooz =y — U 124x,

The table below gives the comparative values of the changes in muzzle velocity
when maximum pressure is kept the same by varying either (i) web size or rate of
burning coefficient or both, or (ii) charge weight alone. :

(L)

TaBLE IV
One per cent increase in Varying web size D Varying charge weight ¢

‘Web size D .. .. .. 40-310
Charge weight ¢ .. .. +0-341 ..

Force constant A .. .. +0-321 +0-012
Chamber capacity vc . —0-106 10084
Shot travel zm, .. - -+0-265 10-265
Shot weight w .. .. —0°492 —0-646

It may be mentioned here that the percentage change in muzzle velocity with
one per cent increase in shot weight at constant pressure (varying charge) as given
by Vickers Armstrong Ltd. is —0-6.

4. CHANGE 1IN MuzzLE VELOCITY WITH MAXIMUM PRESSURE

Previously the author had also shown that the percentage change in muzzle
velocity with unit per cent change in maximum pressure obtained by changing web
or burning rate is

v—1 _9& &
P

d(log E..)p - 2 y ; 4 0 log 146
9108 Pruax) 7_—_1'+9&2(&_7:_1) (?_—_1 +9&)” et 52
| 2 p, \2, 2 2 . 2 p,
" ypap’e -
x| P 4 o slog P _ d .. (32
Pq (‘,V;l _H_z)&) ?il +ozlq ?’_:14_0&1
2 " p 2 p 2 .

But if maximum pressure is varied by changing the charge weight, then

d(log u,). 342D  AD? te 342D2 _bey 1
dlogp,.) | AB%c(c+3w)  AB2w (c+3w) { AB2v.(c+3w) ( v,
v,~bec\ "1 6 146
X1+ e
( +12Az_) (7—1_‘_0274 2 gl y—1P,
T
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y=1 ._0?_‘1 2.

2 », », P, + 342Dz _ p_g)-l
y—1, .2, (P, v—1 D, ABtelc+3w) ( v,
bW LAY Y o G ke

2 p 2, 2

-1
y+202¢
6 P, 0
+ 5 log - (33)
r=1 +0&) r+1 +0£” r=1 +g&
2 p./ 2 P, 2 P,

The percentage changes in muzzle velocity due to these two ways of changing
maximum pressure are 0-179 and 0-330 respectively.

5. CHANGE I MaxiMmuM PRESSURE WHEN MUzzLE VELOCITY IS KEPT CONSTANT

So far we have been considering the change in muzzle velocity with various
loading conditions when maximum pressure is kept constant by varying web size or
charge weight. Now we consider the case when muzzle velocity is kept the same by
varying web size or rate of burning or both and find the percentage changes in
maximum pressure with one per cent changes in various parameters. We obtain
the following results :

(@) Charge weight ¢ —

0108 Py, )ty b bc)_1 [l(c ) bc{ bc}_l{ v,~bc }'1
a(log o) =(1_E *le\se ! A I"Z 1+12Ax,,. ]

- P
Y4262

Pc+ 0 L + X 9

XV T, py\elo8—FTr7— —
Py (v=1, PN Cyy1 B, v=1, P,

——+0=7 0L e

L 2 pc 2 p.; 2 pc
= P, -1
2 T p D 0

x P, p, + 0 log 1+
r—1 0&2 &_‘)’—-l 7__1__'_0& ]_y___lzi‘
|2 T e T 2 2 : 2 7

' (34)
(b) Force constant \—
D
y+20—~
(108 Pruar )i, o _ ) +; ?, 0 log P, 0
d(log X) |2 (=1, P 7+1+ 2, 7"‘1_,.9&
( 2 + 2 2 P, 2 P,
Y=1_ P 2 -
2 P
% 0 g 140 3 q

lo; +
y—1 ,P\? y—19, y—1 P, (P, 7-—1
_+9_‘1) 1]— 21— 2Z° __+g__2(_____
( 2 p, 2 p, \p, 2

. (3B)
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(¢} Chamber capacity v,—
(108 Pppor it -1 -1, 9 —bcy!
(_i'M . be +({1—- be 14+
d(logv,) v, v, 124z,

D
Y4207
% p, 9 log + b, ]
P, (r-1 pq)2 v+1, P ¥=1 P,
i ( 7+, 2t T T,
[7—1 0P P, -1
- =0 e
" D, P, + g log 1+6
Z:_1+91_’22(&1_:_1. (}';1_}_02_’?) 1_}::11,)5
I 2 p, \p, 2 2 P, 2 2,
(36)
(d) Shot weight w—
D
v+4-26-
a(logpm,,x)u,,.,p_g( c) 2, 8 log p, 6
d(log w) € 3w/ | p, y__1+0&)2 y+1+01_’_q E+0&
2 P, 2 D, 2 P,
r—1_ o2 1z -
" ] log 146 2 P, ,
y—-1 D Y—1p, 7v-—1 D p y—1
—-+0—’*’) 1— . +0-7 2(—3 - ————)
( 2 2 2 p, 2 p, \P, 2
(37)
{e) Shot travel z,—
P
Y420
a(logpmu)umyb_{ v, —~bc }-1 P, 9 o + P,
a(log =,) 124z, P, (Y—1+02_’_q)2 g‘y+1+0&
2 2, 2 P,
] 0 146
= (Y—_1+0&)210g1 v—12.
2 2 . 2 D,
v=1_op 2|
+ ? P Pe N £:1:)}
r=1_ 4% 2(&_?__—1)
2 P, , 2

Similarly we can find the changes in maximum pressure due to various para-
meters when the muzzle velocity is kept constant by varying charge weight alone,
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6. EFrFrFEcT OF SHOT-START PRESSURE ON THE CHANGES IN MAXIMUM
PrESSURE AND MuzzLE VELoorry DUE To CHANGES IN LoapmNa CONDITIONS

So far in the discussion we have neglected the shot-start pressure. Now in
what follows we consider how shot-start pressure affects the percentage changes in
maximum pressure and muzzle velocity due to unit per cent changes in various
loading parameters separately. For the sake of convenience we will consider the
cage only for tubular (# = 0) charges. We know that the expression for maximum
pressure (when ¥ = 1-25yis

zo+0-72%
pm=;}—z——;n:—c .e ‘e . .o (39)
vy
where . ;‘
v i Zy [5"'@
(_Eix) = R )|
% z0+0-72ziﬂl -
D, +4
and —_— }
K=4\/1+&Z0. R 0 )
2p

q

Thus the percentage changes in maximum pressure due to unit per cent changes
in various parameters separately are :

(@) Web size D and the rate of burning coefficient f—

olog p,o,)  0(l0g pyy)
d(log D) — d(log B)
b D 4

.94 e
T, 1Bp % 1 St T1 4(10K2+128)
= - ot | &8 4 t (K2=16)25K2—~256)
Zo+0'72;f TK+4

¢

(42)
The following table gives the values of the percentage changes for different

values of Z; and 2 .

q
TasrE V

Figures 3 and 4 llustrate these results

o Zol 000 002 004 006 0-08 010
ctq
1 2:000 1-837 1716 1-623 1545 1485
2 2:000 1716 1-545 1413 1:307 1-250
3 2:000 1623 1413 1261 1°143 1:046
4 2:000 1-545 1-307 11143 1107 0917
5 2:000 1485 1250 1-046 0917 0-810
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Fia. 3. Variation with pc/pq of the percentage change in maximum pressure due to unit per
cent change in web size or rate of burning constant for different values of Z,.

() Charge weight ¢ —

g6l gale g,
?

d(log p_,,,) ( bc)'1 ( c ) o v
o —rmax 11— = +[14-2= —
K2
d(log ¢) v 3w Z0+0'72%
B o
1 K—4, 4(10K2+128)
X1k log PR *(R*—16)(25K?— 256) (43)
K+4
(¢) Force constant A —
) b2
367 64 2% 4
Mogpy) ,  “p B )1 StE4 sgomsizg
dogd) — T p, K K% & T (E-16)25K*—2050)
0+0'72E;‘ _— —'K‘-_T_‘Z

(44)
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(d) Shell mass w—

3601 galeg,

o(log Pres) (1 ¢ ) P, P,
a(k U 3w T K2
(log w) I 207222
4
A1 SR apokeqa) i
B T 1 i 16)@2oK"—250) (45)
JEw
Now, from (42), (43), (44) and (45), we observed that
d(log p,...) be\ ! 1 ¢\ olog o)

Aoge) (l_‘;) +3 (1 3Tu) 3(log B) (46)

(1% Pase) _ 1 21% Pa) o
D I W T e e (4])
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and

a(log Poax) 1 ¢ ) a(log Prax)
d(log w) 2 ( (48)

~ 2\ 3w/ dlog B)
Thus from Table V we can easily find the percentage changes due to ¢, A and w

separately for different values of Z, and P .
7
(e) Chamber capacity v, —

0(log P,,,,) be\ !
ey =~ (175) w
(f) Shot travel z,, —
d(lo
008 Pnes) _ . (50)
d(log )
Again the changes in muzzle velocity are as follows :
(a) Web size D and rate of burning constant § —
| »,(1—%
e
a(log “,) a(log u,) 64 P, . I
alog D) ~ ~ o(ogp) | K¥ B _p.(1-2)
?, K44
4P 7, 4% 7,
13;(1_20) 17 1 7
, E—4 K(E—-4® E+4 KE+4?
- { + (51)
4K P, (1—2Zy) P, (1—Zy)
4= =0 1—-—
p, K—4 p, K+4

The following table and Fig. 5 gives the percentage change in muzzle velocity for
different values of Z,.

Tasre VI
Z, 0-00 0-02 0-04 0-06 0-08 0-10
9(log v,)
——2_Fl (358 -—0-279 —0-229 —0-196 —0-185 —0-143
d(log D)
(b) Charge weight ¢ —
P, D, (1—2Z,)
—=Z 14— —rm
d(log 0 K—4
2_(__5__.'1).:(1__0_).*.64‘ ]_+i) p, log p,
d(log ¢) 3w 3w K3 ] P, (1—2,)

», K+4
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A 4% g,
gyl L __ P 1 p, l
?, YE—4  KE—4® K+4 KEKT4)?
T4 P. (1—Z) _z_’f(l—zo)s
\ 1t K4 1= K+4
be be '1{ 'vp—bc}'l 52
+EE‘{1—Q,c I+ o, Y )
.4
N je~
g
Slo
OS>
Q|9 .3f
e N
ola
f
1]
N N
&
SRS
OS2t
Lle
s [N
R
N 1 4 1 1 1
o .02 .04 .06 .08 10
z° —'—,

Fra. 5. Percentage change in muzzle velocity due to one per cent inerease in web size or rate
of burning constant for different values of Z,.
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(¢) Force constant A —

p, D, (1—2zp)
— 2 l+_—
d(log u,) p, " P, k—4
2= 2 — 1—64¢ 3 Io
o(log A) k 1 P, (1—2)
?, k44
D
4=z, 4" 20
g Ry R S
_P, k—4 kk—4)2 k+4 k+4
VA + (83)
1+1_i‘ (1—29) _ P (1—2)
», k—4 p k¥4
(@) Shot weight w—
a( %20 1+%£}c—:?‘)
o Olog ) _ (1—1) —1—6de | “2_Jog—2 "
“o(log w) 3w k3 1_ P, (1—2p)
», k44
4&20 4&30
(1___20) 1 _ p, 1 _ 7
_P, k—4  k(k—4)2 k44  k(k+4)2 (54)
4k 14 Pell=20) 1P (1—2p)
p, k—4 p k+4
(e) Shot travel x,, —
a(log u,) v,~—be }‘1 55
a(logx)_e{l-i_m: .. . . ( )

7. THE PrRODUCT OF PRESSURE AND VELOCITY

It is obvious that the product pu must increase up to the position of maxi-
mum pressure and it is only after this position that it can decrease. The product
pu a8 a function of f, the fraction of web remaining is

_____1__ r=1_ %
y—1 +0p R

_ P T =12, ( y—uic)]
=15 wpq(1+9) (1—pe [1-——--2 ——+f + 5= 7,

Differentiating (56) with respect to f, we have
1 1

—— +o N +6§;
q

x [ +3L_1?;__f(39+§7_:1§)].

'I q
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We notice that pu can be maximum when

3y— ¢
YT1§+0-2
= 4 N (1))

makes d2(pu)/df? negative.
But fpu must be a positive fraction, that is

3y=127,

e he—2>0. .. .. .. ..

T+ (58)
Now

2 —
dz(pu)] P [v ¢ [ y—102, ( y—1pﬁ)” 3y—1p]
TR = [ (f) 1= Py (g Y1 P | [, 3V 1R
[dﬂ L T I2 wpq( ) 2 5, P \"t )| 304 5,
Thus (56) will be maximum t £, given by (57), if 30+ 22="12 >0,
q
But from (58)
3y—17,
30+_2—5 > 2(149)

q
> 0 (in view of the restrictions on 6).

Hence pu is maximum during the burning period only if

—1P
312— ~> (2—0)
p
q
otherwise the maximum value occurs at or after burnt. Thus from (56) the maxi-
mum value of pu is

y+1, P Sy—1 .. P
=l 5t
2 — r—1 oz_"_l_ y—1 0P1
P, \/,,o Y+1 P50 =13y—12, A
W) max = == —(1+oa[0+—— : —° 139 )
(PU)max 3 wp, ) 2 q b,
(59)
Now after the burning period the product pu as a function of expansion ratio is
r—1 Py
= s
— T Y1, _r=1l
P 2x¢ Y—IP,] LAme N R 1 p (U)-v
pu=_%t [ 27 |]le=- "= 2 P, y=1 P
I w('y—-l)[ oy ¢ (14+6) 5 Hpc v
y=1 o2 ry=1 74
2 P; y—1 Pg
X 1-y Ty p, A
1~.(”—) { SrBL el ) ‘| ..
Vg, 2 pq ¢
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Differentiating and putting d(pu)/d(v/vy) = 0, we have

1

1 y-1,,Pq

5 Y—1P =
(3) _[sr=1f, _r=12\]" == ® *.
o) phmax | 2V 2 p, — T

1+6
Thus
1
- _')' 1 pq
P, 2Xc (3)'-1 7-1 2oL
(P)max = 15 A/ w3y —1) \ 2y_) (1+6) P
y—1 Py
2 _95:
-1 .
g l_y_lpc)('y—-l) (%—H%—) O (1)
2

Again in the case of composite charge the product pu can be maximum :

(i) during the first stage of burning,

(ii) during the burning of second charge only, and
(iii) after all-burnt position.

When both the charges are burning, we have

P1e
DPyq

_ A0 —1 P
2 g + 1¢1 1+7

_ P \/ 20y pe [ Agte ] el 2 p
=12 A wpy (I1-=f1) (1+01)+/\101k (1+4-85) 1q

Azcz 1
[ e (-3)}

Agogfly | y+1 Py,
s
Aqcob, —1P
9 22y |, y—1 Pyc
- 7“‘"1 P1¢+f {0 +A20202+‘)'—1 ?2}] 1+A1c1k2 =+ F) plq . (62)
2 2, LTk 2 Py,

where the suffix 1 refers to the first charge and suffix 2 to the second charge and
k= BID_Z/BZDI-

d
Differentiating (62) with respect to f; and putting % = 0, we have

3y—1D Agcg {302 }
Cidmi B WO - B L SR AN,
P PRRACERP WS i )
1P =12y g,  Bacids
2 plq 1 l\lﬁlkz

5B
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67
and thus
8
(P Pu J o, [(1+01) (1 +02)]
q
Agcala 7 +1 P1c
91+’\1° et Py
Agcafy  y—1P1c
% [0 +A20202+7+1 Zic] 01+A101k2 + 2 Py
Aicik 2 p,
BAgcafy | 3¥—1 Py
8t N T2 P
- Agceby  ¥—1 P1g
N [30 4 3hacefy 371 &] "t ’°2+'2_E (63)
e T2 p,

The above is true only so long as

zl‘+01_1+ Ao {02 (% —1)-—1}
1¢ >
plc Prc | 99 +2A20202
p PV Xick2
3y—1P, Aocg {ggg _ }
3)’ l.plp 3)20202 )
o ik g oAbz
2 P1q+ 1+ Aier k2
It (64)
plc Azcz { )_ }
p St O—1+E8 16 1) -1
plg 2A20202
p +201+ Alc k2
-1, 3
BB gy 2 130 o1y
T2 Pi, Arc k >0
3r—1 plc 3A26202
2 p +301+ A clkz
then the (p¥)mar may ocour during the burning of the second charge. In that case
(1) 22
1+ Pgq
Agc -1P
FAY S W Dt lc)
pu=p(—fo)(l+afy) “*F ’( T,
(1—b)’32—‘
1+ i

X(1—bfs) ba+b) (*1°1+1_7_;l:1°) .. (65)
14
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where

2 -
pch Yo A]G] y—1 pZG]
=2 [_2 |Ma T 7%
# = 12N wp,, [Azcz+ 2 p,
plo/plq
Agcglly | ¥—1P1¢

+A202 {1+0 ( 1)}_7—1& 1+A101k2+‘2_]9_1q
z k 2 p,

(1404722 “2°2 L (1+6:)

(a+ 1)P2¢/P24

A101+ 1 y—l pZG)

U fil i
x[1+a(1—llc)] a(a )("2°2 2 Py

(1 —b)ch/qu

[ Hetd) (”1°1+1— - ”’”)
<12 (1] -

Dy, —1P,
a=b = Gp—1+(r—1) % A;;+1—Y2—pi
29

Y—_ lpgc /\101 1_7—'12_)_23

Y ot .
V72 pyf Ages 2 Py,

Differentiating (65) and putting d(pu)/df, = 0, we get the equation giving the value
of (fo)puy,,, a8

7 (302+3y 1220) 2f2(202_1+3y 11_12)+(_§1_c_1 _2+02+3y 1pzc) 0

2q pzq ’\202 pzq
’ (66)
Now in order that it may have a real positive root we must have
3y—1 pzc /\161
[ 3 + 0p—2— Agls >0

and the root is given by

_1+3____y 15 —J(1+02)2+A101 (302+3'y lf)zc
27

\—/

s = 3717

30,4+
2 Ps,

and thus from (65) we know (p%)max.
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The above i8 true only if
02—1+‘Y§2—c
1—-> 5 u
20,+y =
2 s,
3y—12, ¢ 3y—1D,,
202 —1+—5— o _\/(1+02)2+,\;c; (392+ ) 27-2‘)
> “ 4 >0
39,4371 P
2 Py,

8. SOME APPROXIMATE EXPANSIONS

The author has shown that the position of all-burnt and pressure at all-burnt
are given by

1_7’___—1?.” Z;——l-i—(i&'
Vy 2 p Pe
= —1 .. .e .. (68)
UM 146
and
vil, %
2 P,
‘y—].pc Pc - -1 p
P, = c[l-—————] 146) "2, g9 69
b p 2 pq ( ) 3 -+ P ( )

[4

These two quantities can be approximated as

Y—12

P (:1:79)
8(5.}.0&)8

69
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and
r—1p,
1 2 p,
- _ —1pa\2
y—-1 p vZl B =2
w0, |, _7le 2 p,
Py = p(1+9) Pee 1= =

v—1p,\3 Y—1p,\4
( 2 P.,) ( 2 Pq)
Yy—1  p, Yy—1 »p,
o(T+5) (%)

[ c

e e oL (6%)

Also we know that the muzzle energy is given by

r-1
_T“ ?,
y—1 P,
X vo\Y"1(  Y=1p,y 3t
=1 )2 o= Y —_— c
w= 1020 = 2 | (v,,,) {1 . pq}
‘ y—1
—1
VT”%'
x (14+6) ¢ (70)
and this can be approximated as
y—1
=1 7, Y=l _ P\ 2
B, = 1—(1+0)_2-+0;‘ 1472 R 5‘+21 %0
T y—1 2 y—-1 p Ve
— 41
2 P,
y—1
12 41/P,\2 =107 &(_2—_0%)
g O=DRAL PN Pe 4P “ Jog 20 +log? 2} + ...
2 2\ p y—1 p,\2 y—=1 » Ve Vm
e (——+0—?) et
2 P, 2 ;
.. (70a)

Expressions (68a), (69a) and (70a) are true to a sufficient degree of accuracy and
can be applied to a number of weapons.
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APPENDIX I

In Appendix IT of the earlier paper, the author had also given the travel-
time relation for tubular charge (8 = 0) and ¥ = 1-25, as

1 wY, : dx
{= — ZJJJm . .. .. (71
1

x=(£)-% O )

where

Vo
But actually the upper limit of integration should be 2% instead of z. Also

since the integral diverges at the lower limit, so the origin of time was taken to
be at the all-burnt position, i.e. the lower limit of integration is x;s‘ Thus evaluat-

ing the integral we get the modified expression for travel-time relation for the
period of burning of the charge as

P, 6t} 1 [ 56 50) 1( 48 43) 1( a0 _ 40)
\/wvot ( xB)+7 (x Zy +6 -z +5 x Zy
1 1 1 5 8—1
e (o) o)l
: 5
Also the pressure travel relation during the burning period is

p=8pa%l—2). .. .. .. .. (14

Thus (73) and (74) give pressure-time relation so long as the charge is burning.
Also during the adiabatic expansion the equation giving travel-time relation is

(73)

dz’ 8c t
= 2’50 1 —wx' .. .. .
7 4'00/\/10 (1 wx) (75)
where
, (v)‘*
r =1—
Yo
and w = (1— -1-&)
8pq

Integrating (75) and applying the initial conditions (the values at the all-burnt),
we get,

A 8Ac 7wx 35 35 Y
= = |18 OY 022842 Wil (1
— 1 [ + +24wa: +16wa: ](l wx )

%
’ 5 ? 35 L l’
| | g2y 200 35w® 28 | o 4](1 z 4)

35w410g {x'2+»\/a?i:E}{a:'g—\/:#——;} .. 8
5 ] vl

+
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and the pressure during the adiabatic expansion is
p=uwpx's .. .. . .. .. (77

and not as given in the original paper.

Thus (76) and (77) determine the pressure-time relation after the position of all-
burnt.

ArpENDIX 11

Earlier we discussed, both for single as well as composite charge, the behaviour
of the produect of pressure and velocity and obtained the position and value where it

RELATION BETWEEN RATE OF CHANGE OF
KINETIC ENERGY WITH THE FRACTION OF WEB

REMAINING FOR DIFFERENT VALUE OF bc’bq .

(OC RATE OF CHANGE OF K.E.) —»
avd
p—
n
N

b' ’
-
L]
(7]

Y ( FRACTION OF WEB REMAINING) —>
Fia. 6.
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is maximum. It may be mentioned here that since Ap is the force acting on the
projectile and u is its velocity, so the product pu is proportional to the rate of change
of kinetic energy of the shot as it is moving down the bore of the gun. If in equation
(56) we put

plp, =7
and -
12 _WL u=u
VoD,
then
41 p,
1 Tty
.)’_—_14.01_)!

-1 D,
- P, 2 . Y-1 P, Y—1 p, T-f-ol
w =2 (140 1— 2[1—-———+ (0+—- 2 (18
Py =G (1+96) 1= 5 7, f 5, (78)
Also we have seen that if (pu),,  is to occur during adiabatic expansion, then

1

v 3r—1 y—1p\l7-1v,
0, -
0/ puay 2y 2 p, v

But
v v
B
Yo/ pumax Y0
Therefore
1
[37—1 (1 y—1 pc)]ﬁ .
— 1= == >
2y 2 P,
. P, 2
1.e. — < .. 79
P, < 3y—1 (79)

Hel}ce Whereyer (58) is not satisfied but (79) is satisfied, pu is maximum during adia-
batic expansion. If both are not satisfied then it is maximum at all-burnt position.
The following table and Fig. 6 give the values of p'u’ (when 6 = 0) for different

values of Le

Pq
P,/P,
\ 1 2 3 4 5
S
08 0-0318 00504 0-0535 00619 00600
06 0-1008 0-1239 01112 00859 0-0601
04 0-1784 0-1668 0-1089 0'0581 0-0262
02 0-2479 01718 00775 0-0258 0-0062
00 0-3007 01502 00437 0-0078 0°0007
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Now we observe that when % = 1, both (58) and (79) are not satisfied and so
7
in this case (pu),,. . is reached at all-burnt position. The table below gives the posi-

tion and (p'w’),_,, for different values of P

Py
p,Jp, 1 P 3 4 5
(F)PUmax 0°000 0-273 0'515 0636 0°709
(P'%") max 0°3007 0-1738 0-1159 0°0869 0°0695
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