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~ ABSTRACT

. The effect of the neglect of the kinetic energy term in iso-
thermal model in internal ballistics has been discussed. The
adjustments to be made in the parameters have been worked
out. It has been shown that either M is to be increased by
about 18-79%, for tubular charges and by about 17°7%, for cord
charges or 6 is to be decreased by about 16-0%,.

~ Introduction

- The isothermal model has been used as a simple ballistic model to repre-
sent physical phenomena inside guns. Some empirical rules ‘regarding the
adjustment of charge and design parameters, to take into account the effect
oof the neglect of the kinetic energy term, have been obtained in England but,
for obvious reasons, these have not been published. Corner! has however,

- published some results of a comparison of theory with experiment. But no
systematic theoretical study of the validity of this model or of the adjustments
in parameters has been made. The object of the present paper is to fulfill-
_ partly this need. : S .

. Solution of the Basic Equations for the Isothermal Model

~ The four basic equations of internal ballistics for an isothermal model
are \— '
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The initial condltlons at the shot-start are € =1, 5 =10. We take
- the shot start pressure to be zero i:e. we assume fo =1 :
From(2)and(3) - S
, = M(I =) e s e
(1) and (3‘)_ ._giVe o B :
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- Integraatmg under lmtla.l condltlons s’uated a,bgve

'eﬁ( B

¢! —f‘ )1+

. (10)

It is unposs"ble to reach in the gun the mathematxcal aolutmn wﬁ,h f
negative. These results have, therefore, a physwal s;gmﬁcanee m}l’y e 431
~ positive or zero i.e. 1fM>1——6 R

IEM<1=—6,fis negative and in this case maxnnum pressme occurs
at all burnt, lts va.lue being given by the equatlon \
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3 Alsddehpting. the values at. all,;—bm'.nt'-.by the suffix 2, weget - -
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. Now for a tubular charge, either by direct integration or-taking»limits as
620 in the above results. e P R
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Comparison of Isothermal and Non-Isothermal Models S

_ Tn the following tables I, II, III and IV, we have collected for the.
isothermal model the values of &, my, £ %, my and &, for M=1,
"2, 3and 4 in the cases when 6=0,0-2, 0-5 and 1+0: The tables V and VI
give the corresponding values for the non-isothermal model, for tubular and
Cord- propellants respectively, calculated and collected from sources as des-
cribed below :— o , : S ; L

" The values of g, and #; have ‘been obtained from ‘the“formulae
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For tubular propellants, the values of & ‘have been ta.ken from Venka.te-
Sans and for Cord Propellants from Aggarwalt. %, 5, and ¢, have been
taken from Tawakley® for tubular propellants and for Cord Propellants,
. these values have been caloulated with the help of tables as glven in H.M. 8.0.%

TABLE NO I
= (Isothermal Model: 6=0)

M & g & R N
1 | 2783 | 1.0 | o-36m0 2-7183 1-0 0-3679
2 't 27183 10 01830 | 73891 | 20 | 0-1358
8 .| 2783 10 | 01226 | 20-085 | .80 | 0-0498
4 | 2783 1-0 0-092 | 545980 £0 | oom3
TABLE NO. I
(IsothermalModel 6=0- 2)
M . n B B m R
1 21614 | 08570 0-4070 | 2-;188_3 1 1o 0-4019
2 2-3872 1-0000 0-2304 61917 | 20 0-1615
3 24828 1-0588 0-1606 |. 154070 .| 30 0-0649
4 2- 5365 10909 0-1232 138-33'75' 4:0 . "7 0-0261
TABLE NO. III R /
(Isothermal Model: 6=0-5)
M & m | w | e W | %
1 ; 17778 | 0-750 0-4746 2:2500 | 0 10 - 0- 4444
2. | 20736 | 1-000 0-3014 50625 | 20 0-1976
3 2.2282 1-125 0-2200 | 11-3006 | 30 | 0-0878
4 2-3231 1-200 0-1743 | 25-6289 g0 | 0-0390
TABLE NO.IV -
(Isothermal Model : 0:1 -0) .
M & n g DB | m &
1 1-5000 0-6667 | 0-5926 2-0 10 © 05000
2 1-7778 1-0000 6-4219 4-0 2:0 0- 2500
3 1-9531 1-2000 03277 | 80 30 | 01250
4 | 2073 1-3333 0-2679 | 160 | £0 | 00625
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) TABLE NO.V
(Non-Isothermal Model : 0=0)
. y=1-25
_.,M - I it t1 Es AR Ny [
& : ) }

1 2-3231 0-8 03099 2-9110 1-0 03006
2 2.3231 0-8 . | 01550 9-98902 2-0 0-0751
3 '2-3281 b0 0-1033 42:9500 3:0 | 0-0147
4 2-3231 0-8 . 0-0775 256+ 0000 40 0-0020

. TABLE NO. VI
(Non-Isothermal Model : =1-0)
,7:—“1"25

M & T S} » P&y ) - Mg ng
1 )_1»‘.4589 1 0-8154 0-5531 © 2-0869 1:0 0-4193
2 1:6832 0- 8889 0-3829 < 4-8028 2-0, 01562
3 1-8154 |  1-0435 0-2929 | 12:6258 | 30 6- 0405
4 19024 1-1429 0-2372 .| 40-2567 4:0 0-0124

From the above tables we find that the effect of the neglect of the kinetic ‘
energy term is :

(1) to overestimate the ‘maximum pressure, shot travel and veIoc1ty till
the instant of maximum pressure. ‘

(2) to underestimate the pressure and shot-travel at-all burnt:
(3) notto produce any effect on the velocity atall burnt,

Tt is obvious, therefore, that if we want to avoid thls overapproximation or
under approximation, we shall have to adjust the values of M or § or of both.
In the next section we study such ad]ustments for getting the same max1mum
pressure from both the models. .

Adjustment of M/ or 6 for same mammum pressure

We first consider the case in which the value Min Isothermal model cor-
responds to the value M in non-isothermal model for the same maximum
pressure. Tables VITand VIIIon the next page exhibit the relation between M
and M for 9-O and #=1-0 respectively.
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TABLE NO. VII
(Tubular éhdrges)
M for non-isothermal mo“tilel - ‘ ¥ e M for 1sothermalmodel
~ ' 1 11871
. : ‘ 1 2.37345,. ~-,
R
4 4468 )

 TABLE NO. VIII

(Cord charges) G
M for nou-isoth_ermal modél RN 8 E‘.for,isothyermal'model
1 v 11762
T g o s
¢ ‘ 4ot

‘We notice from these tables that to ba.lance the eﬁ'ect of negleet of the kme-
tic energy term in the isothermal model we have to increase the value of M by
about 18-7%, for tubular charge and by about 17-79, for a Cord charge. Itis
remarkable that these percentages do not change significantly with the change
in the value of M though there is a significant: difference with the variation of
the value of 6. Wemay also point out that these percentages may vary slightly
with the value of v, the percentages given above applymg for the case vﬂlen«y
is exactly or ‘nearly equal to 1-25.

An alternative way is to adjust the value of 6. For the isothermal model

let 8 denote the value of the form—factor correspondmg to the value 0 for the
non-isothermal ‘model for the same maximuin pressure. Then we have got

the followmg table IX in which we have given the values of 0 for a Corﬁ charge. -
TABLE NO. IX

M | 0 for Ndn-Isothermﬂ 9 for Isotliermal Model
: . ’ Model . L )

| 0-8349

N 1“ 1 . r
2 1 o-8301

] 1 0-8403
4 1 - * 0-8409
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“We find that in this case 8 has to be decreased by 16:5%, to 16-09, the
percentages slightly decreasing with the increase of M. Here also the variation ‘
is very small, - 8 : S e T v

; In order to have some idea of the effect of the adjustment of Mong, n, &,
7y and &, such that the maximum pressure ¢,, remains the same for both.
‘the isothermal and non-isothermal models, we collect their values for tubular
charges in table X and for Cord charges in table XI by taking adjusted wvalue

of M in the isothermal model.

TABLE NO, X.

¥/ e AEI_ o *;11 e 'C1 & TN ) ci
L1871 | 2783 | 10 | 0-3g99 | 3276 | - 11871 % | - 0-301
23734 | 2-7183 10 | 0150 | 107337 | 2.373¢ | o.0032 |
35613 | 27183 | 1.0 0-1033 | 33-2000 | 3.5613 | 0-0284 -
47408 | 27188 | 1.0 | 0015 |195-2150 | £7468 | 0-0087

TABLE NO. XI

M S v h % | &, Ny 4
"151762 1-5601 0-7406 0-5531 2-2598 11762 | 0.4425
2-3539 | 1-8483 | 1.0813 | 03829 5-1121 23539 | 0.1956
3-5323 | 2-0223 1-2770 0-2029 | 115702 | 35323 | g-0884
4-7104 | 2:1385 1-4039 | 0-2372 | 26-1812 | 47104 | O,3892 °

Wefre-Write the equatidns (b) as

. Az . N
=14 ———
- Ko 3 T o
4D - ‘ . T
= "Fop* - -
: B o ee el ,(31) :
» c - ‘ .
= —=F0c P
| 42 D?
M= —Feow, J

Now the adjustment in M can be made by _adjugting any one or more of -
the parameters 4, 3, ¥, C and W,, Since we want p to be proportional

to &, we shall not change Ky, C, § and F, This leaves 4, O and W, only for
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adjustment. Usually the procedure is to adjust the ballistic size D but .
this adjustment alone will mean that the shot-travel and velocity may not
be correctly predicted. Hence to get more accurate results, all the three
should be so adjusted as to give as close agreement as possible. The percent-
ages of adjustment for 6 = o can be easily calculated from tables V and
X, and for 6 = 1 from tables VI and XI.-

In the next section we have plotted the ¢ -—.E curves for the two models
- taking adjusted value of M for the isothermal model. - :
 Pressure-Space curves with Adjusted M/

The pressure for a nori-isothermal model is given ,bbykthe formula,

(I+ 02 o (—26t—1) . g
¢ = TMe (Ee__ ng wa (,32,)

where B
0 1 ’ R
01.: —M-+ _2‘ (7'—1) .o . ... (33)

and for an isothermal model -
I+ 6?2 o (—26" —1)

= "o -1t | S

where
0 . :
- == . ce .. . (30)

The curves in the following figures (1) and (2) exhibit-a relation between
¢ and § for tubular propellants, ard those in figures (3) and (4) for
Cord propellants. The complete curves correspond to the nou-isothermal
model and the dotted curves refer to the isothermal model.

The above curves, giving the relation between ¢ and §, -give the
_ pressure-space curves if in the adjustment of M; 4, K, C, § and F are
not changed. If we are prepared to adjust A, the agreement between the
p — x cruves for the two models can be much closer. ' ~ :

Concluding Remarks - : v ,

The isothermal model is based on threé simplifying assumptions vi2. (a)
kinetic energy is neglected, (b) the covolume term is neglected and {c) zero
shot-start pressure is assumed. It is not difficult to discuss the effects of
(b) and (c). In fact this has already been done by Jain? and Seth® respectively.
The most important and characteristic assumption is, however, the factor (a),
after which the model is named. "We have discussed above the effects of this
assumption. It is usually stated that an adjustment by 10012 % in F would
compensate for this assumption. We find above that the more correct figure
is 16 t0 18%. To take into account the effects of all the three assumptions
simultaneously would be desirable, but would require the preparation of about
five hundred tables of the type given above which is, of course, beyond the
resources of the present authors, but can be-undertaken by a team of workers.
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A,lso in the above dlscussmn we- have adjusted either M or 0. It is

‘obvious that if we are prepared to adjust both M. and 6, ‘the agreement
between the predlctmn of the two models can be made still closer.

A more exhaustive discussion on: these lines w111 form the sub]ect ma,tter
of a later commumcatmn
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