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It has been shown' that some conditions regarding the lower limit to the volume ratio of the two chambers

- dependent on the propellant property and the leakage parameter may exist in order that the pressuré ratio is to
be less than the critical pressure ratio in an HfL gun during burning. Also for progressive propellants
constant pressure ratio may not exist for other than tubular propellant.

It is well known that during the motion of the shot inside the gun the pressure ratio w = p,/p,
is to be less than the critical pressure ratio w*, the value of which according to Corner! is 0-555. Recently
Ray? in his paper had shown the conditions for the pressure ratio to be less than the critical for a tubular
propellant (§=0). Here the author tries to discuss Ray’s problem with the form function in the standard
form

Z=(1—71) (1 +¢)

we have given condition to the effect that the pressure ratio may remain less than the critical during
the burning and this condition gives the lower limit to the volume ratio of the two chambers dependent
on the propellant property and that of the leakage parameter ¥.

w

We have also discussed the problem of the constant pressure ratio and it has been shown that the cons-
tant pressure ratio less than critical value may not be maintained for the propellant other than the tubular
propellant.

)

FUNDAMENTAL EQUATIONS DURING BURNING

- Assuming that the pressure ratio is less than the critical, the fundamental equations for iﬁhe internal
ballistics of H/L gun are

pl[Ul—Lu_Eﬁ—ch]=oNA o
P2 [ Up + dz—c(Z—N)n]l=c(Z—N) 2 ‘ )
D4 =—tn ®)
Z = (1—f) (1+¢f) . (4)
dN ) '
TS @ T o | - (5)
G = 4n . (6)
From (5) and (3) one gets
dN _ dE | o df
w-a Y.
where
_ _y8D L
"~ Bev/x ‘ )

is the dimensionless leakage parameter whose value is of the order of 0-5.

189



o Dz, Sox. 4, Vou. 22, Jou 1973

'l‘hen we have on mtegratwn w1th the initial colfdmons t=0,
o Z=0, f[f= 1 N=0

N = a-'!'(l—ﬂ R @®

From (1), (4) and (8) - we have e

- cA{(1-~f;41+ef)—~"'( Ly e
‘1' —€/5+¢‘/3(1—-f)(1+0f)—cmu—9’(1-—f)3

From(3)and(9)wehave y R ! ' R A?,{ ;:;f
a;g 4f SRS vf\{(1—~f)(1 +Qf) W(I—f)}
L (U ——-o/S)‘——c/S(l-—f)(l +0f)-——c1){(1——f)(1 —{—Qf)-—'i'(,l._z_f)}
’ - lkﬁ":*f ? z . ‘ - . ' X e
S (1——fH1 Qf)—(1+o)z+oﬂ2 |

)

The*aabov.ei:equa‘uqn beopmes cut e e Wl R
aZ ” &— 1+o—% = o e

w M PB—c(—18 A+ 0—F) | (n——I/S)o =%
1+{ U= } tg—gs © &

=

E

| Where . . ¢ e, , ‘ S et . . PR v‘ Lo . . 3 }4‘1‘ 7
“ - Bea 1‘+ 0¥
L ~cf§

o, | : e R »0(7;——-1/8)8 ‘» o

an‘d,‘ S 6= cle'/8'—0('7—~1/3)(1+0--‘1”)

UI-—C?S =5

Then we have B :
. 4z, » CE QZ“ ’ ‘ | )

| @ TR +Ga“+_’ﬁ‘z"= | )

From @, (G)end ® we bsve -
. it : dzw " Ac AQPZ . v ‘,'/g“' S | ) ) o

o 2 dtz _ Us + Aﬂ?—' ne¥Z :

A . 48 d[az 4z ] _ laawz .

or dt dZ | dZ @t U, + Az — nePZ
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Then the above differential equation bepames, ‘
j_[ Z— O dX] _ & 14+GZ4HZ )
E\TTR+IHE B | X—ZF ~ E—QF '

where
= ( w,c¥ \}
14 A
Tnitial condition for the above differential equation are
e Vb g dX
X=X=10, A( cA‘F.) , B —0 whenz

. Z i B

Since o : &% - & TD 2]
. we have from (11) k . _
| _wD_E—ez |
D E e TY G T HE l
and ‘ (14
_ CAVE {
R /ARy Py J

N ;oo — Z ’ __l";l 4 3

Hence - BTTRILE A( o~ ) '
P " Z(1 4+ GZ + HZ?) . ‘
or : = A 15
. " (.X—-Vlu) (u——guz) * . (;‘ )
where _ B— 4D (c)\?’wg)* ' S : © o (1Ba)
Now from (13) and (15) we have
d Z— Q2 aX »
' "_[ 1 +6% + HZ? ?z'z‘] - B (18) -

For simplicity of calculation we take 3 = 1/, then  from (10) Q is positive for 6 . positive,
c¥s ' : ‘ '

H=0ad G = ————/TWhiqh is positive.

We analyse the problem for positive values of 8 only for which Q is ‘always positive. As for negative
values of 6, @ changes from n%a.ttve value o positive value and also for a partwular negative value of 9, Q
is not finite, the subsequent analysis is based on positive valueof §. Also v, is positive when 6 > 0.

Condition Jor o to be Less Than o*

\

- If w is less than critical dunqg_tlge;p@mpd of bummg then pll the relatjons in the preceding %ec‘v'wn -are
true. Then from (16) we have, ‘

‘d.[a.—sz,dX] Wb s

Z| T+ ZI|STF
Tntegrating twice sub]ect to the initisd vonditions we obtain, & ‘
w* ¢+@ |
X X,— -5{.5 2+ 22 %1050—05)] | (17)
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Again using suffix B to denote burnt values of vanables from (13)
_d_[Z—-—QZ‘-‘ ﬁ]_ 14 GE
2| 1+6GZ dZz| (X—vlz) (1—QZ)
Integrating the above inequality subject to initial conditions one gets

ax 1+62° 1 1
EC I Xy X%

Which on integration subject to initial conditions ‘yields

X > X + 5= e
From (17), conmdermg the burnt values we get

. w* o
L XB<X0"‘-E-[%+ Gg;Q log(l—-Q;‘]

which with (18) yields
/ .
Z

X>X,+ T

%— 9o+ & a0 ]

Bl @ Q

_Thus from (15) and (19)

w=258 1+ G2 < B

14 GZ

. 1 o
~ where d = ‘

w* [
Xo'—fi% +- o 108(1—‘@)
Sor ' w < o (%)

1+4GZ
(1—02) (X, +72)

where - _ w, (Z) =

‘now o, (Z) will be maximum at

G (1—QZ) (X, + d2) — (1 + GZ) { —Q (X, + d2) +d(1-Qz) }=0

X 0-08 ~° =08, 7

'

—

o | Z-—-—I:l:\/l-——{X°(G+Q)—-—1}‘

Taking the positive sign, the value of Z is Z,

. - TG X Y |
where Z,= 1+\/1 Q{v"(“@) ;}

~ The condition for maximum yields .
' d(1—G2%) <0
.and the corresponding greatest value being _
' o 146F,
(1—Q2Z) (X5 + dZ;)

e T
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B,
e ﬂ~%m@nw®
when . 0z <1

and . "‘f“d(lu-ez,)<o Sl )

v - L {
- w

(28) |

‘The pressure ratio w ‘will remain Ieas tgim.u critioal durmg bummg We wxli now Write the mequah&)ms

(23) m dlfferent fotm. For &m we take ‘the follomng d.lme:uswnlgas quantmeg

’«w

B‘r0m(14), (159,), (24) andA25) oo e e |
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ey e - .
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X, T 1H=F Ex+])

From (10), (14), (13a), (25) and (26) ¥ i

Also CogReiiad S

and. Do

Pom g0 y

wehave o Zogige

PR «w/* R
’ . . A 'm'\‘ . 3

iy,

(25)

(26)
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o0

(31)
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Or from (2‘0),' (31), (32) and (33)
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Ma? ) ] o - Q )j’
>@+9 T e
Again 2, =1 gives ~ |
: G (X,
1'—-@-<LT(G+Q)-—-1J¥<4
or by (20), (31), (32) and (33)
_ 4 |
K@ +1) 1+0—¥ [G _ G+@Q —1
(‘;li; ) {1 +0—‘I’)2_j&?*_ — {_Q_ Q’ log (1— Q} %
GG +Q K+ 1)
< (35)
. : : G—3Q 'y _
- Now d(1 —GZ) <0 gives
_ , 1—GZy > 0 and d<0
Now d <0 gives o -
| | : ! —v <0 .
o* G - ) -V <V y
x—5{q + e -0}
or .
Ma? 1+o v G+Q
,K>(a+1)(1+0 qr)a[l {Q log (1 — Q)l] (36)
and 1—GZ, >0 gives
| 4 _ 6+Q
X, Q 1+ G\2
g -(0)} o
. 1 :
* K(Ltzl) Q +0—~Y’)’_.m*,_1_i—_:_——_¥l.{—g— + 03;0 log (1—Q) }
* G +Q K(a + 1)
1+%{1 (1+G)} v (38)
Writing
) Ma? .
(a+l)(1+0 Y’)’
Moo* G+q
RS (e smo | log (1 — Q’}
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we have the result that the pressure ratio will be less than critical during burning if we have,

L 5N + B Z1+yK ' (39)
X+ B, 1+ 8 : B (40)
2
K >a [ (= + l)ﬁaj 0¥V 4, ] : (41)
g ‘
E+ 5 <1+moK . " (42)
. and 1 + G2 (43)

(1—QZ) (Xo + dZo)

These conditions give lower limit to the valueratio of the two chambers of an H/L gun when M, « and
¥ areknown. It may be noted that the conditions suffer from the following defect. There may be cases of
suberitical pressure ratio in which neither of the conditions (39) to (43) holds. Some numerical results
have been tabulated for different valuesof §. For « = 1, ¥ = 0'5, 8 = 1 we see that for M=1,
2, 3, 4 the lower limits of K are respectwely() 4125, 0-3920, 0-3570, 0- 3210 and with these lower limits
and corresponding values of M, « and ¥ we ca.lcula.ted the value of w as Z - 0 and the values are '
0-492, 0- 516, 0-532 and 0-552. -

‘Fora= 1 ¥ =0-5, =0 5 and for M=1, 2,3 4, thelowerlumts of K are 0-6250, 0-5120, 0-4450 and
0-4700 and the corresponding values of « are 0-416, 0489, 0-555 and 0-532. .

For a=1, ¥=06 and 6=0'1 and for M=1,2,3,4, the lower limits of K are 0-751, 1-273,
1-142 and the values of w are 0-555, 0-489, 0-547. :

These results indicate that there is at least one stage dunng burning when the pressure ratio is not
much less than the critical.

Case of Constant Pressure Ratio

-

If possible let the pressure ratio w be constant at a value less than or equal to the critical during burning.
Hence we have :

14+ G:' + Hz®
where wy is the constant pressure ratio. This value will be the initial value of w
. / B
we _X;
B (14+GZ 3y HE
Xy (X—nZ)(1—Q2) 1
. - 2 .
Hemce , ' X=vZ+X, 1462+ HE _ (45)

1—QZ
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Again )

j__(- E—QF gz_:)zﬂ 1

dZ\ 1+ GZ +HZ* dZ B X, ,

Integrating with the initial conditions =~ -. -~ " _ '

' o Lo Z= 0,  Z = 0

we have _ T R R
- . PRNPTRAP : ‘ . e Lo L P N U JYUUIRY SR
. 1H . 6Q+H . @4EQH, o

N ,XD[EG B —gr Bt T el @|  w
In order that (45) and (46) may be identical ’ : L

W1 — 02+ Xo (1 + €2+ HE) =Xo(1 —02)— - (1—@2)
. L RN 0. o B
[ H 'Z“—F GQ +H;Z +‘ Q@+ 6GQ +H 10g(1_‘_Qz)]'.

2Q “ Q? e
"The conditions are -
' ; H=0
UG .+-Q)‘ =0
SR Xy e L o

Now H=0 gives @=0 as we take in this case n # 1/8 and the case of constant pressure ratio for
9 = 0 has already discussed by Ray in his paper.’ Again if we take 6 # 0 and’ 7'= 1 |8 then; the '
second condition gives G 4+ @ = 0 which gives 0 must be negative as G is always' positive .
“for n '= 1/8. Then in this case the last two conditions are identical i.e. Q"= —G /X, Hence for
non-zero positive values of 8, the constant pressure ratio may not be maintained throughout the “burn- !
© ing. o , : : S,
Again G +Q =0 gives
1+6—¥%  «
" and v1X0=—-G—gives ' . e S B

Q

PPN

Mo2

. But these relations gives absurd results for hegative values of 8. Hence the above relations will :xiot - - -
hold good. Hence for progressive propellants constant pressure ratio may not exist. The constant
pressure ratio only for tubular propellant was discussed by Ray. ,

EedD) 4o wp=— 2 (+0-¥)
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