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Similarity relations have been established in the solution of the ballistic
equations for recoil-less H/L guns and the number of parameters on which
the solution of the equations depends has been reduced by making some
transformations.

INTRODUCTION

Similarity relations have been studied by Gossot and Liouville (1905),
Roggla (1914), Proudman (1922) and Corner (1950) for orthodox guns. In
the present paper we have established similarity relations for recoil-less H/L
guns and the number of parameters on which the solution of the equations
depends has been reduced by making some transformations.

NoraTIONS

P, = mean pressure in the first chamber,
P, = mean pressure in the second chamber,
K, = internal volume of the first chamber,
K, = internal volume of the second chamber,
A == adjusted force constant,
8 = density of the charge,
z = fraction of the charge burnt at time ¢,
N, = fraction of the charge remaining at time { in the first chamber
in the gaseous state,
N, = fraction of the charge remaining at time # in the second chamber
in the gaseous state,
1 = co-volume of the propellant gases,
y = ratio of the two specific heats of the gases,
8; = area of the exit nozzle,
8y = area of the middle nozzle,
A = area of cross-section of the bore,
x = shot travel at time £.
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FuxpaMENTAL EQUATIONS

The basic equations for a recoil-less H/L gun with isothermal assumption

are
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Again, let
{ = Br
where
_ Kl-O/S}“ D
B= { () B
then from (5) and (12), we have
o_ _ o
dr e

From (10) and (12), we have
dr ,BL20{ O\ }“df

dt — ADS{K,—C/8§ dr
and
a2 _ BZLzO{ oA }2“ ¢
dtz — ADM\K,—C/8§ dr2’
From (6), (10) and (15), we get
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Also from (3), (8) and (12), we have
d
Ex’;l = E7T1
where

= YD(S1+8:) (K —C[8)*-2
BEJACH*
and from (4), (8) and (12), we have
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The equations (7), (9), (11), (13), (16), (18) and (20) are now in dimension-
less form with - as the independent variable and my, =g, f, 2, £ Ns and a4
as dependent variables. In these equations the parameters are «, 8, M, H,

L;, L, and H. The initial conditions are

d¢ P, olK~C/3
f.—.-..(»i;_-=0,77_1=77']’0=———————«—————1'0(01A /)a
and
1r2=‘”2,0=P2’°at1-=0,

A8
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and the equations hold up to f = 0. Therefore the initial conditions introduce
only two more parameters =, , and =, .. Hence the solution of this set of
equations has the form =, or =, (or equally well f, z, ¢ N, or #;) = a function
of r and (m, o, m5 ¢, @, 6, M, E, L, Ly and H). This holds also for the functions

dm;

T and dry and in particular the equations
-

'E_;"’
dm,
().=0 |

and R .. . .o (22)
dﬂg . “
(%), =0 |

determine 7, as a function of (= ¢, w5, o, 8, M, E, L, L, and H).
Hence the peak pressures Py, , and P, o, are given as

P y= (7(1_-0—1678) X a function of (7, ¢, mg, 9, @, 6, M, E, Ly, Ly and H),
and

Py = A Xa function of (=, ¢, 7y, o, @, 0, M, E, Ly, L, and H), provided
that f, > 0.

At ‘burnt’ f= 0, which gives 7z = the value of » at ‘burnt’ = a function

of (m, ¢, w2, 0o @, 8, M, B, Ly, Ly, and H) and the velocity at ‘burnt’ is given by

P2 202

BT -W—- X a function of Only (71'1’ 0> 72,00 % 0: M: E: Ll: L2 and H)'
1

Solutions for different recoil-less H/L guns can be transformed one into another
if they have the same values of =, o, my ¢, @, 6, M, E, L;, L, and H. This
is one type of similarity between ballistic solutions. Let us now consider
the influence of 6.

Our equations in dimensionless form are (7), (9), (11), (13), (16), (18) and
(20). 1In this set of equations we can replace (7) and (13) by

dz 46z |t
?i—r_(l+0)[l—m] 7 .. .. .. (23)
Case 1: 6 £ 0.

The set of equations (9), (11), (16), (18), (20) and (23) can be replaced by
dlldzy) ==Lz .. .. .. .. (24)
me[Ly(14+8)=N;]=N; .. .. .. .. (25)
dz¢
Eﬁ=M"2 .. .. . . ‘e . (16)
dz
(T_rl=E11r; . .. .. .. .. .. (26)
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dN}
7 =i
and
dz*
o = G(l=2%)}(=])"
where
oo A
(1+6)2
ot = 40‘”1
1 (14-6)2
. 46L,
b=
(14-6)2E
=g
. 46N,
M= itop
* 40.[12
b=y
and
(14921
G= (46)2-1
Again, changing the variable r to 7*, such that
7% = 'r'\/ﬂ

set of equations (24), (25), (16), (26), (27) and (28) is reduced to
T(L4wy) = 2%~ L}z

mo[L3(1+£)—N)]= N,

d2¢
i
dx
T+ =Eim;
dn, g
dr* 1
and
dz*
g = A—29i()%,
where
B} =B,V
H*=H[\/M
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and -

G* = G[\/M
with the initial conditions

f—ﬁ——o = ={Pl’ D(KI—O/S)} 40
T de*x T 71T "0 Cx (146)2-

and

Hence the solution depends only on the parameters | , m, .. «, L}, Ly, B},
H* and G*; and holds good up to z* = 46/(14-6)2.
Case IT1: 6 = 0.

Equations (9), (11), (13), (16), (18}, (20) and

z=1—=f) .. .. .. .. .. (30
constitute the equations of this case in dimensionless form.
Let us replace z, =, Ly, =, £ and H by

=y
i
L3 = Lleu_a) (37)
Ty = T’\/E
-2
Ey= EM* ™%

and -2
. Hl — HM2(1—OL)

then the above set of equations (9), (11), (18), (16), (18), (20) and (36) is
reduced to

17:*[1+.’L'1] = zl_Lle .. .. . .. (38)
me [L2(1+£)——N2]=N2 .. . .o . (11)
dz2¢ .
de-—-ﬂ'g v .. . s . (39)
doy Eom* (40)
71
@’_2=H1n;* .. .. .. .. (41)
dr,
and
L [ .. .. 4
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with the initial conditions

it

=E;I_—

1
0. 2% = o = L )
L} 1,0 0,\
and
P2o

) at 7y =0,

Ty = 2,0 =

and ‘burnt’ occurring at
. 1

zl = M 21-a) .
Hence the solution in this case depends only on the parameters «, Ls,
Es, Hy, Ly, 'y and m, ¢; while the quantities at ‘burnt’ depend also on M.
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