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ABSTRACT

In the present paper, we have given a fifth method of integrating the differential equations
of internal ballistics for the general linear law of burning and compared it with the other four
methods given earlier.

1. InTRODUCTION

In a recent paper, Kapur (1956) has given four methods of solving the equa-
tions of internal ballistics when the rate of burning is a linear function of the
pressure. In the present paper, we propose a fifth method. From the point of
view of numerical integration, the basic differential equation of this method is
simpler than the corresponding.differential equations of the other four methods,
but it suffers from the defect that the study of the effect of the term Bp, in the
general linear law of burning, made possible by the other four methods, is not
possible with this method.

In the discussion of the present method, as of others, we use non-dimensional
variables and constants, for convenience of application.

2, THE Basic EqQuations

The basic differential equations for the general linear law of burning are:
(Kapur, 1956)
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Now we define
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go that 7 is the dimensionless variable corresponding to time and
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so that the basic equations can be written as:
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Before the shot-starts, the equations are :
(1=p(1+6f) = ¢
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From (14) and (15)
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where fy and 7, are the values of f and 7 at shot-start.
Also from (14), at shot-start,
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From (16) and (17), we determine f, and 7, in terms of shot-start pressure.

3. MOTION AFTER SHOT-START
From (12) and (15)

Integrating
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Using (11) and simplifying, we get
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This is the basic differential equation to be integrated numerically subject to the
initial condition
dé

T =170, 5""‘1: d

=0 .. .. .. ..o@Q0

The numerical integration of (19) will determine £ and dé (or 7) as functions of

time. (18) and (19) will determine then respectively f and z as functions of time.
We can then easily determine the maximum pressure and the all-burnt position.
The motion after all-burnt is discussed as in the other four methods.

4. ComparisoN wiTH OTHER METHODS

As compared with the other four methods, the present method has the following
advantages :

(i) From the point of view of numerical integration, the differential equation
(19) is simpler than the corresponding differential equation of the other
four methods, and therefore if it 13 a question of Just considering the numerical
integration for the general linear law, the method of this paper is definitely
superior to other methods.

(ii) The present method can be easily extended to the cubic form-function.

z = (1)1 +0f+4f?),
for which the basic differential equation is -
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and even to the general form-function

z=4¢(f)
when the corresponding differential equation is
M [f0 gt~ =]
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On the other hand, the present method suffers from the following disadvantages :
(i) The other four methods could be extended as to enable a discussion of
(@) the ballistic effects of bore resistance (Kapur, 1957a),
(b) the internal ballistics of a tapered-bore gun (Kapur, 1957b),
(¢) the solution of the equations of internal ballistics for the pressure-index
law of burning (Kapur, 1958).
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The present method cannot be used in these cases. It fails in cases (a) and (b),
since bore resistance and area of cross of the bore of a tapered-bore gun are likely
to be given as function of { or £ but never directly as functions of time. For cage
(¢), the difficulty is that the equation corresponding to (13) would be

if
== L (2

and this cannot be integrated to give an equation similar to (18).
(i) For the isothermal model for the specific case of a tubular charge, (19)

becomes
d2t  df -
E— g —MIA—f)+hr—m)] =0 .. .. .. (29
In the particular case when {; = 0 first integration of (24) can be easily obtained
as

¢ n[1+ 7 ]—W“m (25)
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This is a first order differential equation since 7 = dé but this cannot be

dr
further integrated in finite terms and therefore comparison of the general linear law

d
Ddl;= —B(PAP) e e e .. (26)
with the usual linear law of burning
df
So= - .. .. .. .. .o (27
D= Bp @7

which was possible with our other methods due to the complete integration of the
differential equations in the cage {; = 0 is not possible in this case. As a matter
of fact that is the reason why even in the simpler case of law (27), time is never
used as an independent variable in the many standard methods available for this
case,
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