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ABSTRACT

The solution of the equations of Internal Ballistics for the pressure-index law in the case
of a general non-isothermal moadel had been reduced to the solution of a second order differential
equation. This equation has been numerically integrated on an electronic computor. In
the present paper it has been shown that it is no longer necessary to replace the pressure-index
law by the linear law as all the functions of interest in Internal Ballistics can be easily obtained
for any particular set of loading conditions by numerical integration. Here we have set out and
illustrated the calculation procedure.

1. INTRODUCTION

The law of burning most commonly used in Internal Ballistics of guns and
rockets is Vielles pressure-index law r = Bp*, where the pressure-index « lies between
0-8 and 1-1 for the high pressure in guns and between 0-3 and 0-8 for the comparatively
lower pressure in rockets. Accordingly for convenience in analytic solutions of the
equations of Internal Ballistics of guns, the pressure-index law is replaced by the
linear law r = B8'p. It is, however, necessary to obtain the solutions for the pressure-
index law in order to show the approximations involv ed in taking « = 1. Moreover
for rockets and R.C.L. guns, « = 1 cannot give even a good approximation.

Clemmow (1928, 1951) made a‘tempts to solve the equations of Internal Ballistics
for pressure-index law and obtained the solution in terms of non-linear differential
equations of order three. He integrated some of these by taking ¥ =1, i.e. for the
isothermal model, and published some tables in 1956. Kapur (1958) has shown
that the solution of the problem can alwayvs be obtained in terms of the solution
of the second order differential equation.
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1
Since X = {’¢, equation (1) on integration would give the relation between [ and §
or between p and z, i.e. equation of the pressure-space curve. XY corresponds to
the entropy of the system and therefore (1) can also bé regarded as giving the
variation of pressure w.r.t. entropy.
For the particular case of a constant-burning propellant (§ = 0), equation (1)
becomes
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denote the solution of (1) subject to the initial conditions (3). We also define the
functions
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The integration of (1) is to be continued till L(z) = 1—{;.

The function K(X) determines ¢, the variable corresponding to shot-travel, the
function L(X) determines z, the fraction of the charge mass burnt, and the fanction
M(X) determines 5, the variable corresponding to shot-velocity. If J(X) vanishes
at X = X, then I(X,), K(X,), I{X,) and M(X,) determine the maximum pressure,
shot-travel up to the instant of maximum pressure, fraction of the charge mass
burnt, and the velocity at this instant. Again let L(X) = 1—{, when X = X, then
I(X3), K(X,) and M(X,) determine pressure, shot-travel and velocity at all-burnt.
The muzzle velocity is determined from the equation

n§=%[1_;zg;g;-q, e e (8)

where £3 corresponds to shot-travel till the muzzle.

The equation (1) has been num=rically integrated on an electronic computor for
Yy =125, M =2, {,= 01, and § = 1 when the pressure index x takes the values
0-8,09,1:0,and 1-1. The equation (4) has be>n namerically integrated on electronic
computor for ¥ = 1:25 and for

(@) M =1, {, = 0:05; x=08, 085, 09, 0-95, 1-0 and 1-05.
b)) M =20 =01; «=08,09, 095, 1-0,1:05 and 1-1.

For all these above sixteen cas»s, only the functions I(X) were obtained on the
computor.

We have calculated and collected the values of the other three functions K(X),
M(X) and L(X) for ¥ = 1:25, M = 2, {; = 0-1; a = 0-8, 0-9, 1-0 and 1-1 for tubular
propellant in Tables I-IV and for cord charges in Tables V-VIIL. To see the behaviour
of these four functions K(X), M(X), I(X) and L(X) at the instant of maximum
pressure and at the position of all-burnt, we have collected their values for a tubular
propellant in Tables IX and XI, and for cord charges in Tables X and XIIL
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Tasre 1
Tables for tubular propellants
€ =08,60=0,% =125 M=2,{, =01

X K(X) M(X) I(X) L(X)
-178,49 1-0009 -0179 115,88 -016,01
+258,49 1-0211 -1138 179,56 -084,16
-338,49 10632 2206 239,14 157,30
+418,49 1-1248 -3380 +290,59 +233,99
+498,49 1-2051 +4636 +331,72 313,20
+578,49 1-3048 +5946 «361,79 +394,15
-658,49 1-4244 +7294 +381,19 +476,22
+738,49 1-5654 -8662 +390,97 558,92
818,49 1-7293 1-0038 -392,58 -641,86
-898,49 1-9179 1-1411 +387,59 +724,72
+978,49 2:1330 1277 377,54 807,25

1-058,49 2:3769 14118 +363,79 889,26
TaBrLE I1

2=0980=0,y= 125 M =2, =01

! |
X l K(X) Mxy o I(X) bOL(X)
178,49 1-:00135 0253 -115,80 +016,01
258,49 1-0316 -1380 | -177,29 -084,08
-338,49 1-0916 2623 -231,40 156,89
418,49 1-1769 +3948 +274,58 +232,90
+498,49 1-2867 +3328 -305,64 -311,02
+578,49 1-4217 <6746 -324,97 +390,46
-658,49 1-5838 8179 +333,87 +470,58
738,49 1-7753 -9619 +334,09 +550,91
818,49 1-9993 1-1055 -327,47 631,09
-898,49 2:2596 1:2479 +315,76 710,81
-978,49 2:5600 1-3884 +300,53 +789,84
1-058,49 2-9054 1-5266 -283,05 868,01
TasLe III

=100 =0,9=125M=2,{ =01

Y PORXy o MX) | IX) L{X)
T 1
-178,49 1-0023 -0310 115,68 016,01
-258,49 1-0473 -1683 -173,96 083,96
-338,49 1-1342 3127 -220,58 156,29
418,49 1-2560 4627 253,15 -231,33
498,49 1-4124 6158 -272,03 307,92
-578,49 1-6062 7706 +279,00 -385,25
-658,49 1.8421 <9254 -276,40 -462,68
738,49 2-1263 1:0796 -266,62 539,76
-818,49 2-4666 1-2322 -251,85 +616,11
-898,49 2-8725 1-3830 :233,92 |- -691,47
978,49 3-3550 1-5313 -214,33 765,62
1-058,49 3-9273 1-6768 -194,20 +838,40
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TaBLE IV
a=110=0,9y=125M=2{ = 01

{ !

X K(X) | MX) | IX) LX)
+178,49 1-0036 +0400 -113,49 -016,01
-258,49 1-0715 +2044 -169,07 +083,77
-338,49 1-2003 -3737 -205,50 +153,40
+418,49 1-3822 +5453 +224,59 +229,03
+498,49 1-6212 +7180 228,96 +303,42
-578,49 1-9277 -8904 222,11 -377,71
+658,49 2:3170 1-0619 207,50 431,27
738,49 2.8105 1-2320 -188,13 +523,60
818,49 3-4361 1-4002 -166,41 +594,35
-898,49 4:2312 1-5662 | 144,15 -663,24
-978,49 5:2452 1.7297 <122,60 -730,06

1:058,49 6-5440 1-8905 +102,58 +794,64
1-138,49 8:2140 2:0482 -084,57 856,86
TABLE V

Tables for cord charges

% =08,0=1,p=125M=2{ =01

X KXy . MX) KXy LX)

1
178,49 | 10002 | -0080 | 115,98 | -016,02
258,49 | 10061 | 0615 182,91 | 084,27
338,40 | 1-0190 | 1226 | 25219 | -157.92
418,49 | 1-0389 | -1951 320,91 | -235.78
408,40 | 1-0668 | 2780 | .386.34 | -317.01
578,49 | 11043 | -3740 | 445,68 | -400,93
658,49 | 11541 | 4843 | 49586 | -486.97
738,49 | 12212 | 6111 533,27 | -574.57
818,40 | 13144 | 8105 | -333,16 | -66313
898,49 | 1.4536 9406 | 548,06 | -751,96
978.49 | 17022 | 1.1867 | -500,52 | 840,01
t

TABLE VI

u.—:O-Q,@:1,7=1-25,ﬂ1=2,§0=0-1

X K(X) M(X) I(X) L(X)
-178,49 | 1-0005 0155 115,95 | -016,02
258,49 | 1-0091 0753 -182,23 | -084,24
-338,49 | 1-0272 1463 .249.68 | 157,80
418,49 | 1-0540 -2277 315,18 | -235,44
.498.49 | 1-0903 -3200 -375,95 | +316,30
-578,49 | 11379 - 4235 -429,29 | 399,69
658,49 | 1.1999 -5401 472,34 | 484,99
738,49 | 1-2821 -6726 -501,82 | 571,64
818,49 | 1-3949 -8261 518,55 | 659,02
.898,49 | 1-5619 1-0112 -501,00 | -746.40
-978,49 | 1.8549 1-2575 449,58 | -832,73
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TasLeE VII

@=10,0=1,9y=125M=2 [ = 01

i i
X KX E Mx | x| X
e e l,- — 1 S ‘r-ﬁ.—-\wv_
-178,49 1:0007 | -0179 115,92 ) 016,02
-258,49 1-0136 | 0912 [181,23 | 084,21
-338,49 10891 | 1744 246,11 | -157,62
418,49 | 1.0755 | 2665 -307.32 ] 234,96
-498,49 1-1234 | -3681 -362,15 315,32
-578,49 1-1849 | 4803 -408,08 [ -397,97
-658,49 1.2640 | 6047 442,59 | 482,29
738,49 1-3677 | -7444 -462,87 | 567,68
-818,49 1-5092 | 9043 465,40 | 653,52
-898,49 1-7178 | 1-0949 -444,82 | .739,03
-978,49 20793 | 1.3428 -389,75 | 823,13
TaBLE VIII
a=11,0=1,y=125M=2,{, =01l
X KX MX) X)) LX)
| ! : :
-178,49 1.0010 ~ -0179 | -115,87 | -016,01
-258,49 10203 | 1110 © 179,75 | -084,16
-338,49 1:0565 | -2079 -241,04 | 157,36
418,49 | 11067 | -3122 -206,53 [ -234,26
-408,49 111713 | 4250 343,74 | 313,92
-578,49 1-2531 | -5474 | -380,51 -395,57
-658,49 1-3576 l 6815 | -404,78 \ -478,56
738,49 | 14943 -8302 414,36 | -562,27
-818,49 1-6816 | -9990 -406,54 | 646,02
-898,49 1-9592 | 1-1975 377,39 | 729,02
-978,49 24397 | 1.4501 | -319,18 ] -810,12
1:058,49 3-8342 | 1.8747 | -200,11 | -886,91
! I !
TaBLeE IX
Tables for the instant of mazximum pressure
=0
SR . e
« | X 1 K(X) ] M(X) } I(X) ‘ L(X)
! ) |
0-8 .798,49 l 1-6861 -9693 ’ -392,86 -621,12
0-9 -698,49 1.6756 -8899 -334,95 -510,75
1-0 -598,49 1-6611 -8092 279,15 | -404,81
1.1 -488,49 1:5879 1 6964 -229,10 -294,11

!
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TaBLE X
=1
| | | | | )
S < ‘ KX) | Mx 1% | LX)
i
| |
0-8 | -848,49 | 13595 8227 | 354,74 | -696,46
0-9 -818,49 1-3949 8261 } 513,55 659,02
1-0 +778,49 14304 | 8415 466,81 | -621,32
11 -748,49 l\ 15144 | 8501 { 414,40 | 572,75
| ] i ! |
TasLE XI
Tables for the instant of all-burnt position
=0
4 | L B
« X { K(X) | MX) | IX) i LX)
i { 1
\ | i ‘
0-8 14069,01 | 24111 | 14294 | -361,78 1 -900,00
i |
0-9 1:091,52 30621 | 1.5830 | 27543 | -900,00
1-0 1-127,51 4:3050 | 1-8001 | 177,02} 900,00
Il | 119588 9-7070 | 2:1596 | 072,99 | -900,00
| ;
TaBLE XII
=1
| | | P
o ] X KX MX) X)) | LX)
‘ i | i i
0-8 1-034,86 E 2-5242 i 16584 | 328,06 | 900,00
0-9 1:043,07 | 2-6015 | 1-6490 | .319,07 | -900,00
10 1:055,42 | 3-8103 | 1.9364 {-200,94 | -900,00
11 1-072,64 | 44775 | 1.9984 | 16759 | -900,00
i i !

GENERAL REMARKS

The tables given above clearly show that it is no longer necessary to replace the
pressure-index law by the linear law as all the functions of interest in internal
ballistics ean be casily obtained for any particular set of loading conditions by
numerical integration on an electronic computor.
of the extensive tables which would be necessary for quick calculations with the pres-
sure-index law but more extensive tables can be easily prepared without additional
difficulty. In fact once the electronic computor has been set to integrate the basic
differential equation, it takes very little time to get the solutions for different values
of M, v, 8, and {y, etc. The present paper is meant to set out and illustrate the

caleulation procedure.

the general non-isothermal model.

These tables give only a sample

The tables are, however, the first on pressure-index law for
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