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ABSTRACT

This is reworking of the problem discussed in Paper I on the basis of a non-isothermal
model.

INTRODUCTION

In Paper I under this title (Ray 1962) we have counsidered the case of
isothermal burning in the gun chamber. In the present paper we have
discarded isothermal assumption by taking into account variable temperature
and the equation of energy. Though the calculations now become more
cumbrous the results attained have the same character as in the isothermal
case.

1. Basic EquaTions IN NON-ISOTHERMAL MODEL WHEN @ > w¥
AND THE SHOT 18 AT REST AND DEDUOTIONS THEREFROM

With notations as in Part I, the equations of state for the gases in the
first and in the second chamber are

P, [UI——%(I—g&)—ONn] = CNRT, )
and
PUy,—~C($—N)n] = C(—N)RTq. .. .. .. (2)
The equation of continuity (when « > «*) is
L N
@ _ jav ﬂ(z)J )
Odt._(,*m+\/R_,‘r1 P 1-{5) e e (3)
where
(2}
_(77___1) R 73
We take the law of burning and the form function as
p :
D—f;=—,3,,‘1>1 ce e e e B)

di
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and
é=QA=D1+6). .. .. .. .. (8)
The equations of energy (Kapur 1957) for the first and second chamber are
d d d
5 (NT) = Tozf -YIiZ($=N) .. .. ()
and
d N)T,] =yT d N 8
G LE—NTe] = vT1 o ($—N). .. .- . (8)
Putting
. T + T .
T1=—T—i<l,T2=T§<l R ()
. and
E=¢—N .. .. .. .. .. .. Q0
the energy equations can be written as
d 9 . -
Zl#—6T] = F5 =1 e .. (7a)
and
d , ’
ZET) =T . L (9
We shall work in the approximation 7 = é and further introduce the notations
C
U,—<
g (1)
o/’
and
=5 N ¢ 1))
Using (9), (10), (11) and (12) we get from (1) and (2)
C ,
Py 5 (a+§) = Clp—§)RT T, e (la)
and
c ,
Pyg(B—8) =CERTT,. .. .. .. .. (2)
Dividing equatibn (2a) by (1a) we obtain
p, Ty (a+€)
. (13)

W o= B e,
P p—-oT (B—8
This gives a quadratic equation for ¢, which we write as follows:

£24-2(a+bg)e—cd =0
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where a, b and ¢ stand for
o oy + BT,

(14)

(15)

(16)

T,— T
T,
2% =—"1 ..
T,—l|
BwT’l
T;—-wTi '
In our discussions 7, will be greater than wT'1 and so a, b, ¢ will be all
positive.
Since ¢ is positive, the quadratic equation gives

| = — @+t Tt o
From (3) and (5) using (10), we obtain

1 7-1
dé _ _WN/l—wT .

af \/g—vl

where

_ XSD

~ BCVRT,
From (6) one has

d S

,% =—v/1—g¢
where

40
v=1460> 005 —1), and g = 02

Combining (18) and (20) one gets
dg _Ni—gp VT,
P72 -1
d glwyN/ l—wy—y—

both sides being positive.

(17)

(18)

(23)

Again taking the logarithmic derivative of (13) with respect to ¢ we get

1dw 1 d . 1 1 d ; 1
o @~ @) i g &l O+ g

whence using the equations of energy (7a) and (8a) we get

, dé ‘
do _ NPT 1@
d¢ ¢r,  o+é  (p-t)7, B—E
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and further using (13) we finally obtain

dw w ’ ’ ’
B i E [VTl(a+f)+6T2+w7T1<ﬂ—f)+w(¢—f)T 1

£Ty(x+¢)
w(B— gd?] .. - .. .o {24)-

2. RELATION BETWEEN THE CONSTANTS OF THE GUN AND THE CHARGE
We assume as before that the steady state is attained by « decreasing to

dw
the critical value and falling further below. Therefore TE will be negative

3
(for d¢ > 0) when w is just critical. So we introduce the condition
‘E&’ < 0 when w = w

d¢

Hence from (24), after omitting the positive factor wﬂ__ , we obtain

ET,(x+§)

4 ’ 4 ¢ 4
§\<‘}/T1+T2—w}’T1-—wT dq;)+wqu <de§ '}’Toc Bw’}’T .. (25)

*

when w = w¥*,
According to Corner the critical value of w = w* may be taken as 0-555,
for y = 1-25, in which case (YI';—w¥T;—oT}), _ .. Will be positive.

Hence in view of (23) the left-hand side of (25) is positive, so will also be
the right-hand side. Hence

Bw = —yT a—Pw¥T, >0, when © = w*

dé
d¢
whence using (23)

pa* ~ rTy .
o v\/l“‘g’¢*\/-T-? I
’———')’Ti— 1
Y’wtl/y\/l—w*——y—
Now 4/1—¢gé* <1 when 0 > 0 and v/1—g¢* < V1—g Wwhen 6<0;

we express this as

Vi-g* <
where. g =1 when ¢ >0 . .. .. .. (26)
=14/1=q when 8 < 0
Hence from the above inequality we may write

@%*_> M/TT N 15

— —7\/ T"
tll'}’/\/l w*'—y—
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Let us introduce the following notation for the chamber dimension

U
1

so using (11) and (12), B = K(a+1). ce el e (28)
Putting w* = 0-555 we now obtain the inequality

1-8018yo¥+/ 17" -
K> ! =K, N 1))

(¢+1)(4-8054vq’—)”f'\/ 5’_’1; )

giving a lower limit of the ratio of the volumes of the two chambers of the
H/L gun for which our assumptions are valid. This limit contains, however,
the value of T; for the critical w.

3. ESTIMATION OF ¢*

According to our assumption » approaches the critical value o* from
above and falls below it. Hence we take

de .
Eg<0whenw—-w .
Hence from (24) after omitting the positive factor before parenthesis we write
the relation as

yT;(a+f)+fT;+wyT;(ﬂ—£)+w(¢—§)T;<w(B—§)§‘§ when = w*. .. (30)

Now from (23) and (26) we have

@ - ( NVI—g VT ) VT

i < — e
&% Tww\/ l—w7 | o= Tw*l”\/ 1— o7
so with
- vq'
T — (>0 .. .. .. ()
'P\/Tl w*ll'y\/l—w*—v—
we have ‘
(‘;—?) <1 .. .. .. .. (32)
w = w*

Noting from (13) that 8—¢ is positive, from (32) and (30) we get after re-
arrangement the following relation for o = w*

T/
£ [}’-}-q——’? —-w}’—-w+w-r] + w¢ < Bwr—=Yo—Bwy.
1
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This we shall write as
détop<e .. .. .. .. .. (33)
where

[r437-erer])
d=|Y+— ~oY—wtowr .. - .. (34)
’ Tl = w*
and

e = (Bwr —Yoa—PuwY) (35)

= w*
moreover d and e are both positive as has been shown in the preceding sec-
tion.

Now when w = w*, T,/T; will assume its critical value —— = 0-889 (for

)’+1
y = 1-25) which is greater thanw*. So T, > T, when o = w*, and ¢ will be
given by (17). Putting this value of ¢ in (33) we obtain

dV (a+bd)EFcd < (e+ad)+(bd—w)¢ for v = w*.

The left-hand side of the above inequality is positive and so will also be the
right-hand side; whence squaring we have

dX(a2+b"¢"+20b¢ +cp) < (e+ad)’+(bd—w) 6>+ 2(e+ad)(bd— w)p
for w = w¥*; this we rewrite as

(2bd — )"+ {cd® —2ebd+ 2ew +2adw)$ < e(e+2ad) for = w*. .. (36)

Now
(2bd—w), _ 4o
oTy x|d T;+ (putting the value of b)
= 1 —_—— panis € vaiuie o
T;_le w=w* T]_ “ w = w* P g
wT1
== ; [Y(1—w)+oT]o=w >0 [by 34]. .. .. (37)
T2—wT1 w=w*
Again
[cd2—2ebd], _ .
= d[2Bbd—2eb],, _ . [by (15) and (16)]
= [2bd]w=w.)<['ﬁd—e]w___w.
T}
= [2bd) = or | Bly—w)+ Bt e >0. .. .. (38)
’ 1 w = w*
Hence also -

(cd2—2ebd+2ew+20dw), _ 0 >0. .. .. .. (39)
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Thus introducing the notations

2 e
oM = [Cd Qfé'zd2f‘:';"2“d“’]w_w_>o [by (37) and (30)] .. (40)
_ | ele+2ad) |-
pe[Ele e

we obtain from the inequality (36)

d*2 4 2 MP* < L2
whenee '
¢*< N L2fM2—M, .. .. .. .. (42)

¢* being positive. (42) gives a maximum value for the fraction of charge
that can burn before the pressure ratio becomes critical.

4. CONDITION FOR ¢* TO BE LESS THAN ¢,

If
e(e+2ad)

< w(2bd— w)p? +(cd2—2ebd+ 2w+ 2adwlp, for w =w* .. .. (43)
it follows from (36) that
[(2bd— 0)$*2+(cd2~2ebd + 2ecw+ 2adew)$* |
< [(2bd— >+ [cd2~2ebd + 20w +2adw),] for w = w*,
Now the coefficients of 4., $*2 and of ¢_, $* are the same and positive
P < .

Thus (43) is a sufficient condition for ¢* to be less than b,
Now when & = w*
¢ =258 (by (15) and (16)]

_ 2b(e+7a)

olr—7) [by (35)]
= 2b'(e+Yu) R o7
where
Vlwr—oY)wwr = (Blomw. - .o .. .. (45)
Further for « = w*, by (14) and (16) ‘
uT;
20 = — 7 e
—
which by (44) and (45)
' ol 2y
- 2’
T2~wT1+w("’“7)+ ¢
=p42We .. .. .. ... .. (46)

9B



AND ITS DEPENDENCE ON RATIO OF CHAMBER VOLUMES (II) 813

wherein we have put

’

p= “Tz 2bYa
T,—wl,  er—y)

(47)

Now using (44) and (46) in the above inequality (43) we get
e(e+ud+2b'ed) < w(2bd—w)bs +(2b'ed2 4 2b"yad2 — 2ebd 4 2ew
+ pdw+2b'edw)ds when w = w*
or :
¢2(14-2b'd) +e(pud — 2b'd2s + 2bdps — 2wde — 2b' deops) < eo(2bd—w)p2+2bYad2,
+pdwe; for © = w*. o

On the L.H.S. the coefficient of e? is positive and the term on the R.H.S. is
also positive; introducing the notation

v g2 ’ 2
oo [w(2bd—w)¢s l-kfgby’;d ¢5+pdw¢s] >0
or [yd—Qb’dqus+2bd¢s—2w¢5—-26’dw¢s]
1+2b'd -
we get
e242re < 82 .. .. .. .. (48)
whence

e <A 12 st—r (e being positive).
Substituting for e
Bu*(r—¥)—Ya < 4/124s2—r [from (35)]

whence
B< '\/r2+82—r+)’a
w¥r—y)
Hence _
2 2
Vetsdordy (49)

a1 T—Y)
Combining (29) and (49) we get two limits for K as follows
K <K<Ky oo .. .. .. (50)

5. EvavvaTioN oF K; AND K,

We have evaluated K; and K, for tubular propellant. Thest values are
given in the following tables which are similar to the tables in Part I. Here we
note that ¥4/7" appears as a parameter and calculations are given for
Y4/77 =1 and 2:5. As stated in the introduction the results exhibit the
same character as those in Part I.
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TasrLe 1

'P'\/E”l—'= , B=0

K,

K,
o 953 = 0-05 955 = 0-1

0-0576 0-1188 0-1933
0-1056 0-1575 0-2179
0-1462 0-1926 0-2448
0-1809 0-2234 0-2700
0-2112 0-2503 0-2927
0-2376 0-2704 0-3131
0-2608 0-2950 0-3311

PP
S Sk o R

TaBLE IT

v /T =25 0=0

K,
K,
o $s =005 ¢s =01
01 0-3048 0-5863 0-8420
0-2 0-5587 0-8276 1-075
03 0-7785 1027 1-262
04 0-9578 1195 1-419
05 1-117 1-341 1-552
0-6 1-257 1-467 1-668
- 07 1-380 1-579 1-769
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