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In the existing theory of a RCL high-low pressure gun it is assumed that
the ratio of tho pressure in the second chamber to that in the first chamber
attains a critical value from the beginning. In the present paper it is as-
sumed, following Ray (1962), that the pressure ratio falls from a supercritical
value to the critical value before the shot begins to move and as a necessary
condition for this, upper and lower limits for the ratio of chamber volumes of
RCL high-low pressure guns using muititubular powders have been obtained.
It is further assurned that the ratio of the atmospheric pressure to the pres-
sure in the first chamber is less than the critical value which satisfies the
physical conditions. The theory developed herc may be treated as an
extension of that of Ray (1962).

NOTATIONS

P, = Mean pressure in the first chamber
P, = Mean pressure in the second chamber
V, = Volume of the first chamber
Vo = Volume of the second chamber
A = Mean value of RT, i.e. force constant
C = Mass of the charge
8 = Density of the charge
N, = Fraction of the charge remaining at time ¢ in the first chamber in the
gaseous state
Ny = Fraction of the charge remaining at time ¢ in the second chamber in
the gaseous state
f = Fraction of the web-size of the charge remaining at time ¢

D = Web-size of the charge

’

P
4
7 = Co-volume of the propellant gases
p’ = Density of the gases
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81 = Area of the exit nozzle
S, = Area of the middle nozzle.

InTRODUCTION

Kapur (1957) developed the theory for a RCL high-low pressure gun
and later Gupta (1960) worked on RCL high-low pressure guns using hepta-
tubular powders. They had assumed basically the presence of steady state of
mass flow when the shot begins to move and also that the rate of flow is settled
by the pressure in the first chamber alone. According to the classical theory
of nozzles (Corner 1950) steady state of flow is reached when w = P,/P, (i.e. the
ratio of the pressures in the second and in the first chambers) attains a value
which is equal to or less than the critical value w*. Corner found this critical
value to be 0-555 taking into account co-volume correction. No definite
information is available as to how the pressures in the two chambers develop
and how the pressure ratio attains a critical value. Ray (1962) has found an
upper and a lower limit for the ratio of chamber volumes of a high-low
pressure gun and has obtained an upper limit for the fraction of the charge
burnt when the steady state of flow is reached in the case of propellants
which have a quadratic formfunction under the following assumptions: (i)
that there exists roughly a closed vessel condition in the second chamber and a
nearly symmetric flow through the nozzle ; (ii) that immediately after ignition,
before the shot starts pressure has been attained, the pressure ratio P[P, remains
supercritical; but as burning continues the pressure ratio rapidly decreases,
attains a critical value and afterwards it becomes subcritical ; (iii) that the
shot starts when the pressure ratio attains the critical or suberitical value.

In the present paper we have developed the theory for RCL high-low
pressure guns using propellants having general cubic formfunction z = (1—f)
(a—bf —cf?) (Jain 1964) and have (i) obtained an upper and a lower limit for the
ratio of chamber volumes in order that the value of w falls from a supercritical
value to the critical value w* before the shot begins to move;(ii)estimated 2*, the
fraction of the charge burnt, when the pressure ratio attains the critical value.

We have obtained these results under the same assumptions as those of
Ray but with the additional assumption that the ratio of the atmospheric
pressure to the pressure in the first chamber is less than the critical value.
The results obtained here hold good for all types of multitubular powders having
the cubic formfunction.

K, and K,, the lower and the upper limits for the ratio of chamber
volumes, have been evaluated for a heptatubular powder (Tavernier 1956) with
m =", p = 9/4 and for different values of ¢,, ¢, and z; (fraction of the charge
burnt when the shot starts). To have a comparative study with Ray’s
results, we have also calculated the values of K; and K, for high-low pressure

guns (in which case ¢, = 0) for propellants having quadratic formfunctions
iB
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and it has been found that though K, has the same values our X 2 is nearer to
K, than that of Ray for the corresponding values of the variables involved.
The equations of state for the first and the second chambers are respectively

C
and
P2[V2—0N2’Y’]=ON2A. . s .. . (2)

The equation of continuity for the first chamber (w > w*) is

t r-1
de AN, ¢S P, ¢'82P1(P2 y / [ P, 7]
e e v IV L -
and that for the second chamber (w > w*) is
i r-1
sovsepy -
== = —|% e (4
“a =0 \p 7 @
where
Y41
—_ i(_2_)2(y‘1) (5)
Y= TF1 .. .. .. ..
and
N E AN
n/:_(y—_—ll). SO ()
The equation for rate of burning is
D%{:—BPI. R ¢ )
Also the formfunction is
z = (1—f)a—bf—cf*). .. P !

The critical value w* of w, taking into account the co-volume correction, is

given by
Y

P\ —2—)7:1 -0 0'117€2+0 (€3)]. .
w* = (1_3.1) = <y+1 [1-—-0-248¢+ €240 (€3)] 9)
The eqns. (1) and (2) can be written as

%(a+z—-8’N1) =N .. .. .. .. (10

and
%(B—S'Ng)=N2,\ N ¢ 4 §
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where
_Vi—(Cpp)
(C/3)
Vs
F=wcp
3 =nd
P2 Nz(a-}-z—NlS')
W= 5 =Sy R e
P, Ny(B—Ny?)
Introducing
§1 = Z—NISI .-
and
52 = —NQS’
we get
£o(x+£,)

“ T E—)E+E)

From eqns. (3) and (7) we have

af ~ df ~CBA T CBA

= _¢1_¢2w;A/(1—wyT—l) .

dz _dN, yS$D  ¢'S;D 3 (l_w’T")

df
where
_ y8,D
h=po
_ y'8;D
%= RO/

From (8) we get

dZ , R , a2

3= —(@—bf—cf)
where

a =a+b ..

b = 2(b—¢)

¢ = 3c.
Also, (15) gives

y iy _de %
af —df df°

Using the relations (18), (21) and (25), we get

dt,

7 = O =@ =b7—cr) =g 9/ (1-07)).

(12)

(13)

(14)

(15)

(16)

(17

(18)

(19)

(20)

(21)
(22)
(23)

(24)

(25)

.. (26)
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Again, from (4), (7) and (16) we get

d¢, 1 Y-l
df~=a'¢2w7J(1-w7). N 0.
Now
dz _dz df _ (@' —b'f—e'f?) (28)
d¢ -df 3 1 /s y-1
! ! [¢1+¢2w7&/(1—w 4 )]—(5 —1)(e' =bf-cf?)
and
dz _dz df __ (a'~bf—cf®) (29)
d = d— . T TS e l '}’_-} . P P . .«
T e )
d
We assume that ;-Zl , 8 dg‘ is positive or, in other words, % < é,

meaning thereby that the flow of the propellant gases from the first chamber
is so regulated that the rate of increase of N, with z in the first chamber does

not exceed a certain limit, viz. The eqns. (28) and (29) give

§.
d, s¢2w&/( —o7) L6

! [¢1+¢2w'y’~/ 1— )]—(8,—1)(0’—177—072)

Differentiating the relation (17) logarithmically with respect to ¢ and
simplifying, we have

do @, .
= gy 0 ~a(1-red)

d¢
-—(ng—;—l—ﬁw-{-md—g)]. .. .. .. .. .. (3Y)

dé,
We have assumed that 1 > « > o¥. Now since ¢, < 0 and Zf <0,

dé ¢,
_gl(l—w)ﬁ—fz( ——w+wd§__l) wz(—z—‘g,;>0. .. (32)
Also from (17) we get
dé, dz
do _ @ | _{¢(1—w (1 o2 ) tw
- 52(“&1)[ - (0-0z z)+e

+(wﬁ§§ Bw—a)]. OO ¢ - )
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Si 1> w> o*and a2 0 d—g! < 0
1nce Z W 2w dg_,. < 0, dfg 3

dé,
51(1—w>+52[<1—w) e d&] Fwz>0 . .. (34
which after some simplification becomes the same as (32).

RELATION BETWEEN THE (CONSTANTS OF THE
GuN AND THE CHARGE

The steady state of flow is reached when w attains the critical value and
also when its value falls further below the critical value, i.e. when w < w*.

Since d¢, > 0 < 0 for w = w¥*,

’df

therefore, from eqn. (31) we get (for o = w*)

o, B A,
[—-fl(l —w) CE ——52(1 —~wtw 35—1) —wz d—f—l]

< (wﬂd—gl -—-wB-{-oc;z-f—l). TR )
Since L.H.S. of the above is positive by (32),
O wﬁdf —wh4-a g >0, forw=ow* .. .. (36)
1

while from (33), since dé, < 0 and f > 0 for v = w*, we obtain
2

d¢, dz ¢, d
B B gg. =+ > L= +E[1=0) o g7 | +or

which in view of (34) gives
dg§, dz
(wﬁd—fz—wﬂjf—;—a)>0. R v

The inequalities (36) and (37) are the same which can be easily verified,
Using (29) and (30) in (37), we obtain

w*é ~> ¢2w*%'~/(1 —w*yT)
o 1
(a/—bf*—c'f*?) [¢1+¢2w*7~/ (1—w* 4 )]

(38)
if

T PR T | IS
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Now

@' —bf*—cf*2 < a’' for o >0
and

B fK__ R . ’
@' —bf*—cf*2 < o'~ for b <0,
since ¢’ is always positive.

af__b/f*__clf*2<d/

where
d=a for b >0
=a'—b" for b <0 } (40
Hence the above inequality (38) becomes
1 Y-1
op g [l1—ar )
P 1 7-1 ()
d"‘[‘f’l‘*“}szw*y«/(l—w* Y )]
provided
1 fut
d'—{¢l+¢2w*7/(1—w* Y )]>0. R )
Taking
(Vo/Vy) = K,
we get
B = K(a+1). N €

Putting w* = 0-555, the value attained by w at the steady state of flow, and
using (43) in (41), we get

et
(1+a)w* { d’—[¢1+¢2w*’1’ A/(l—w*y;l)] }
18081 $yu K. N C )

T (I F@)[(d —¢,)48054— 5]

The inequality (44) gives the lower limit for the ratio of chamber volumes
independent of z*, which must be satisfied in a RCL high-low pressure gun.

Case I. RCL high-low pressure gun using charges having quadratic form-
function: If we put a = 1,b = —  and ¢ = 0, then o’ = 16, b = —20 and
¢’ = 0 and the formfunction is

z = (1~f)(1+6f).
Here
d =1—0 for b >0,1ie. for <0
=148 for b <0, ie for 60

and the lower limit for K can be obtained from (44).
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Case 11. High-low pressure gun: If we put S; = 0, ie. ¢, = 0, the
RCL high-low pressure gun becomes a high-low pressure gun and (44) gives

180814,

K> o) @854 —4y)

= K].

(45)

Case III. High-low pressure gun using charges having quadratic form-
Sfunction : If we put ¢; = 0, @’ = 1—60, b’ = —26 and ¢’ = 0, the inequality (44)

corresponds to that obtained by Ray (1962).

ESTIMATION OF z*

From (17) we have
6 = af, +zaf+zwf,
1T wf—(1-w),

(35) leads to, for w = w¥*,

a§2+zwﬂ+zw£2) at, i
[”‘1““)(wﬁ—<1-w)52 &, ‘5(1 wtw s)

d§2] iz &,
or

[2wﬁ £ (1—) 41 & dz]

wdf, EZd?l
d¢,
< L_Lw[wﬂ(z"'“) df 252_ _w232] —'fzwﬁjdg; .

Since in (47), L.H.S. > 0, R.H.8. must be > 0,

for w = w*

% gt ] 1 oten
[wﬁ<z+a> Z. B g~ |~k eB g >0

a8 l—w > 0, for w = w*
or

d
—(l—w)fzdd?z-}-wﬁgg > wﬁ—-(z-l-a)aég, for w = w*.
1 1 21

As ¢, > 0, (46) gives
Bwz
a4wz

—£,<

(46)

(47)

(48)

(49)
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using (28), (30) and (49) in (48), for w = w*, Wwe get

[(1-«.) Bwz +wﬁ] J o —bf—cf?

o wz

> wB+(z4a) 8’¢2w)1&/(1 - wz;“l)

& [¢1+¢zw%~/(1-—w}’_’_’l>] — (3 =1)(a’'~bf—c'f?)

Y-1

which on putting

A= 3'¢2w*%'J (l—w*z;_l)
B =8¢,
and simplifying, becomes
w¥Bla’ —bf* —c f*2 ) (1 —o®)2* -+ (a4 w*2%)5']
> [w*B(a+w*2*)(4 + B) 4 A (o +42%)(a + o*2*)].
Since o' —b'f* —c'f** < d’, we get
w*Bd (1 — w*)2* + (a + w¥2%)¥]
> [w*Bla+w*2*)(4 + B) + A(a+2*)(a + w*2*)]
or
Aw*2*2 + 24 Aa(14 w*) + w*2 B4+ B— (8’ —1)d'} ~ *Bd']
< w*aB(8'd’ — A4 —B)— a2
which can be written as
2¥2 4 Mz* < N
where
Ao*M = Aa(l +w*)+o*2 B{A+B—(§' ~1)d'} —w*pd’
and
Aw*N = w*af(8'd ~A—B)~Aa? > 0.
From (53) we get
2* < i[J(M2+-4N)—M].

This inequality is non-trivial only if N < M --1.

&' [¢1+¢2w%’~/(1 "‘wT)] - (3'—1)("/"‘1’7—072);
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(50)
(61)

(55)

(56)

Also it gives an upper limit for the fraction of the charge which must

burn before the pressure ratio becomes critical.

CONDITION FOR 2z*¥ TO BE LESS THAN 2

From (52) we find that if
w*af(d’ —A—B)—~Aux?
<Aw*s 2 [Ax(l+0*) — *2B{A+ B—(5'—1)d'} — w*fd']

then
Aw*z*2 424 Aa(l + w¥) —w*2B{A4+B— (§' ~1)d'} —w*Bd’]

<Awt? 2 An(l+0¥) — ¥ B{A+ B— (8’ ~1)d'} —o*fd'].

(67)



438 T. C. JAIN

Now if
Au(l+o¥)+w*2B{A+B— (5 ~1)d}—w*Bd' >0, .. .. (58)
all the coefficients of 2% z*, zf and zs are positive and we have
Z* < Zs.

Hence, for 2* < z;, we get from (57) that
w*Bla(8'd’ — A —B) +24{d' (5'— 1)w* +d’' — w*(A+ B)}]

<Azl et w¥z) .. .. .. .. (59)
or
A(a+z,s)(a+w*z8)
o*(1+a)[a(d'd — A~ B)+2,{d' (3’ —1)w*+d —w*(4 + B)}]
giving an upper limit for the ratio of chamber volumes. The inequality (60)
also gives a sufficient condition for 2* to be less than z,.
Hence from (44) and (60) we get

Ki<K<K; .. .. .. .. (@6

Thus we have obtained an upper and a lower limit for the ratio of chamber
volumes in the case of a RCL high-low pressure gun in order that the steady
state of low may be reached before the shot starts.

K <

=K, (60)

Evarvation oF K, axp K,

The values of K; and K, for tubular and multitubular propellants using « as
a parameter have been calculated. Tables I and II give the values of K; and
K, for high-low pressure guns (i.e. when ¢, = 0). It is interesting to note
that the values of K; in Table I (for tubular propellants) are the same as
those obtained by Ray but those of K, are nearer to K, for the corresponding
values of « and z;. Table III gives the values of K; and K, for the case of a
RCL high-low pressure gun, with ¢; = 0-256 and ¢¢ = 1, using multitubular
propellants.

TaBLE 1
=1 a=1 b=0, ¢c=0, ¢;=0, ¢p=1

K,

a K,

2y = (-05 2g =01 2y = 015 2y =02
01 0-0430 0-0517 0-0631 0-0734 0-0838
0-2 0-0789 0-0874 0-0967 0-1062 0-1155
0-3 0-1092 0-1170 0-1254 0-1340 0-1428
04 01353 0-1426 0-1502 0-1581 0-1660
05 0-1578 0-1645 0-1718 0-1790 0-1964
06 01775 0-1838 0-1906 0-1973 0-2043
-7 0-1949 0-2009 0-2072 0-2135 0-2200

10 0-2367 0-2417 0-2470 0-2524 0-2578
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TasLe 11
8 =1, a=08216, b=00824, $;=0, ¢p=1

Ko

o K,

7y == 0-05 zg = 01 zg =015 2g =02
01 0-0491 0-0586 0-0707 0-0828 0-0944
02 0-0901 0-0992 0-1095 0-1201 0-1305
0-3 0-1247 0-1329 0-1421 0-1517 0-1614
04 0-1544 0-1620 0-1704 0-1791 0-1880
0-5 0-1802 0-1869 0-1950 0-2030 0-2112
0-6 0-2027 0:2089 0-2164 0-2238 0-2315
07 0-2226 0-2284 0-2353 0-2423 0-2495
10 0-2703 0-2749 0-2806 0-2867 02926

Tasrr 111
8 =1, a=08216, b==00824, ¢; =025 ¢o=1

K,
o Ky
zs = 005 23 = 01 zg = 0-15 zg = 02

01 0-0764 0-0829 0-0958 0-1117 0-1230
0-2 0-1400 0-1458 0-1459 0-1683 0-1768
0-3 0-1939 0-1984 0-2058 0-2172 0-2245
0-4 0-2401 0-2466 0-2524 0-2621 0-2677
0-5 0-2801 0-2836 0-2892 0-2980 0-3026
06 0-3151 0-3183 0-3231 0-3310 0-3352
07 0-3460 0-3491 03533 0-3605 0-3639
10 0-4202 0-4225 0-4257 0-4317 0-4338
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