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In the present paper we have found that when the ratio of the volumes of the
two chambers of an H/L gun lies between two limits, the state of fow through
nozzle passes from an assumed initial supereritical to subcritical and this
passage oceurs before shot-start.

INTRODUCTION

In Papers 1 (Ray 1962a) and II (Ray 1962b) under this title, a lower
limit K, and an upper limit K, for the volume ratio U,/U; = K of the second
to the first chamber of an H/L gun were found to be necessary consequences of
the following assumptions:

(1) There exists during the initial stage of burning a state of flow for
which the pressure ratio P,/P; = w is greater than a critical value »* which
was given by Corner (1950) ag 0-555.

(2) With the progress of burning this supercritical state of flow (w > w )
passes to a subcritical state of flow (w < w®*).

(3) This passage from supercritical to subcritical state occurs before
shot-start.

(4) For these two states of flow the property of mass flow can be given
according to linearized nozzle theory.

These four conditions were taken as pure assumptions to study their
consequences. In the present paper we have first found by a first order theory
a lower limit K, . such that when K is greater than K, the pressure ratio
continually decreases, ie. dw < 0 for 1 > w > 0¥, provided a supercritical
state of flow exists in the initial stage of burmng and the shot remains at
rest. Secondly, we have found an upper limit K, (same as in Part I) such
that when K is less than K, in addition to K being greater than K. the as-
sumed initial supercritical state passes to a subcritical state and this occurs
before shot-start. For degressive and tubular propellants K’ is found to be
identical with K, of Part I. Thus for these propellants ‘K; < K < K;’ is a
necessary (Part I) and sufficient condition for the passage of an initial
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supercritical to subcritical state of flow and for this passage to occur before

shot-start.

Basic EquaTions AND DEDUCTIONS THEREFROM

When the pressure ratio is greater than critical and the shot is at rest, the
basic equations in isothermal model are the same as in Part I. These are
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equations (1) and (2) can be written as
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We assume that ¢n8/x and ¢n8/p < 1 (this point we discuss later); under this
condition, neglecting second and higher order of small quantities, we get
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where we have taken
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and used (7) and (8).
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Now retaining terms up to 1 —f and neglecting (1 — f)2 since only initial stages of
burning are considered, we have from (4)
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From (12) and (13) after carrying out-the differentiation and substitution we
obtain
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We write (14) in the following form :
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We first prove the following two lemmas :
Lemma 1: The function T(w) defined by

Y—1 -1 l

T(w) = wl/y[l_w"‘yj] ”
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is positive in the interval (w*, 1) for significant values of ballistic constant.
It can be shown easily by differentiation and simplification that

T'(w) = ;1_2_*_(7-3;)1[}'(1,”7;1_1]

-1 -1

wY—Y— increases with « and Yw*lr— 1 = 0-111 when y = 1:25, o* being taken
equal to 0-555. Therefore 7"(w) > 0 in (w*, 1) for ¥ = 1-25 and this result
will be true for all ballistically significant values of ¥ from 1-2 to 1-5. Again,
since T'(w*) = 0:006 for y = 125, the function T'(w) >0 in (w*, 1). '

Lemma 2 : The function V(w) as defined by (17) is monotone increasing
in (w*, 1).

From (17) after differentiation we get
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Since T'(w) is positive in (w*, 1) by Lemma 1, it immediately follows that
V'(w) > 0 in (o*, 1). Therefore V(w) is monotone increasing in (w*, 1).

Proof :

Let

K=UyUy, .. .. .. .. .. (18
K = - x L (19)
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1
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and note that K’ is positive in all practical examples of H/L gun.

Therefore, if we choose

K>K, .. .. .. .. .. (20)
then this yields with (7), (8), (10), (18) and (17), V(w*)> 0; and since by
Lemma 2 V(w) is monotone increasing in (w*, 1) V(w) > 0 in (o*, 1). Thus
by (16) dw/df > 0 in (0*, 1) and 80 dw < 0 in (w*, 1), since df < 0. Therefore

we have the result that if K > K., then do < 0 when 1 > o > o*.

K, < K < K, TMPLIES » FALLS BELOW w* AND FALLS BEFORE SHOT-START

Now we will assume 7 =1/8. From section 5 of Part I we see that
when K < K,, ¢*, the value (if any) of ¢ corresponding to w = w*, is less
than ¢s, the value of ¢ at shot-start. From this result and that of the pre-
ceding section we conclude that ‘when K, < K < K, the pressure falls below
o* and this takes place before shot-start’. It can be seen that for degressive
and tubular propellants K, is identical with K,. Therefore for these propel-
lants ‘K, < K < K,’ is a necessary (Part I) and sufficient condition for the
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passage of an assumed initial supercritical to suberitical state of flow and
for this passage to occur before shot-start, provided ¢78/a and ¢m3/8 <1 is
consistent with K; < K < K,.

In practice 18 is roughly 1 and « is about 1 and ¢, can be taken arbi-
trarily; so #78/a <€ 1 holds in practical cases. For tubular propellants ¥, —
¥; (of Part I) which is generally 2-5. Witha ~ 1, ¥ = ¥; ~ 25 and a given
¢s from Table 11 of Part I we see that K; ~ 0-98 and K, ranges from 1-03
to 1-30 as ¢, ranges from 0-05 to 0-2. So K = B/(a41) lies between 0-98
and 1-3, i.e. B lies between 1-96 and 26 and as such ¢73/8 <1 is true in
practical cases.
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