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An exact analytical solution of the equations relating to the internal balhstlos of guns
and rockets in the non-isothermal model using tubular propellants which hurn accordmg
to the pressure-index law has been obtained. An’ approximate solution to a pre-assigned level -
of accuracy has also been presented.

No exact analytical solution of the equa,tlons in non-lsothermal model of the internal
ballistics of guns and rockets when the propellant burns according to the- pressure -index
law was known before Kapur! who first gave an exact solution of the’equations in" case of
tubular propellant and negligible covolume effect. In the present nete we have first given
an alternative method of obtaining the exact analytical solution given by Kapurl. We
have also given an approximate analytical solution in which the approximation can be
pushed to any level of accuracy but complexity in calculation increases with the order of
approximation. Both the exact and apprommate solittions are applicable when specific
relations between y and « hold good, y and « respectively “denoting the ratio of specific
heats of gases produced durmg burning and the index of pressure in the . pressure-mdex
. law of burning.. This is a serious disadvantage and till to-day no propellant is known
satisfying the relation between y-and « as required by the exact analytical solution.
However, there are three propellants satisfying or very nearly satisfying the specific relation
between y and « as required by the approximate analytical solution.

In the case of rockets using tubular propellants which burn according-to the pressure-
index law.we have obtained an exact analytical solition in the non-isothermal model
~ for the specific case of « =0-5. .For the solution of rockets, no “specific relatlon between y
and a need be satisfied, unlike the case of orthodox guns.

EXACT SOLUTION FOR ORTHODOX GUNS’

With notations of Kapur?, in the case of a tubular propellant the equatlons giving the
ballistics are
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The initial conditions are— ' .
E€=1,7=0,{={ =z abz=z '
From (1) and (2) and with"
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we have ‘
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From (2) and (3) we get ‘ ‘ ’
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- and equation (6) with (5) and (4) gives T L L
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From (3), (4) and (5) we obtain
1=§ &z ( oy d:v) : ‘ S

‘Equations (7) and (8) determine 4 and £ a a function of #. Equation (4) determines £ s
function of z, and z is given as a function of by equation (1). Now we proceed to integrate
(7) and (8) with initial conditions = ' R ?1 et
e S E=Ln=0 U=l sta=o=1,
Let us assume that : K R
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Since generally y is in the neighbourhood of 1-25, (9) implies that « should be about
1-2 which is somewhat greater than the values of a in the case of the usual service
propellants. : S
With (9) equation (7) reduces to

an = |

& M

or, S , ,

n=My(z—ua,) ' : ‘ : e (10)
Equation (8) we rewrite in the form '
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this reduces to o

@ y(a—1) = A—1lp |
[ S

- Bquation (12) is linear and on integration yields
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substituting the value of 4 from (10) in the integral in (13) we get B ,
| | T D) Ha—1)"
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{ =3 —Mpe—1)| z, 7 (14)
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(10) gives 7, and (14) £. Then £ can be obtained from (4) and With the determination of ¢
7 and { we'get z from equation (1). The equations are valid ill z2=1 :

" APPROXIMATE SOLUTION FOR ORTHODOX GUNS
 Let us assume that ' : '

3=2¢q -} —l a ' (15)
Since y is generally about 1:25, o will he about 1-1. Fottunately for the propellant
A, the value of o is 1:11; also for propeliants AN and ASN, the values are respectively
1:06 and 1-05 and equation (15) is very neatly true. The solution given below is appli-
cable to these three propellants. :

The solution follows Piccard’s method of successivo apptoximation, In equation (7)
~we replace { by its initial value and on integrating we geb

2—qg¢g—1
Putting this value of 7 in the integral of (13) we obtain 4
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(15) gives _;
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#0 We can replace ;2—°cf_T in (7) by the valueof {* 7~  as given by (17) and
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on mtegratmn we get a modlﬁed value of 7. Then replacmg 7in (13) by th1$ modified
a—1

valug we get modified value of { . We may»gc on- erpea,tmg_ tahts cyele»«oﬁ cperatmns

till the pre-assigned level of accuracy has been obtamed ‘This becomes poss1ble for the

integrations involved are those of powers ef zi - - - BRI

DXACT~ bQLUIlON FOR ROCKFTS A

We have the followmg equations of internal balhstlcs of Tockets using tubular prope-
llant as deduced from those of recoxlless ~gun glven by Corner® by puttmv W=cc

X=0,

P(U_ﬁ) = NCRT [T (18)
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These equations are to be integrated with initial conditions - .
P= 0 T=T,N=0,¢=0att=t, o
Now, from the above equatlons with the followmg substltutmn

A= U—%' Lo @

- Al P - . . UA »4'4'7 h - o Toaes T ‘L",' ‘ P ;jy N
‘=, .- » @

T s T ' e ’W o T
=, I U e i
_ $sSD ORT\1—a
= TECRIpE * (“2) ‘ ()
we obtain the fcﬂowmg equatlon@ ST

{=N1T D - o (26)
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Equatlons (26), (27) and (28) give the Balhstms when 1ﬁ£egrated with- m1t1al condltlons
§-—-O N—O T'=1at qS O ‘
From (26)~and (27) we obtain

N 1—a —a—
=1—N (1)

Now we take & == 0+5. Therefore the qﬁoVé eq,uatiqn rﬁédqces;,to: ‘
dN ‘

Integrating the above equation subject to initial conditions we get

b= — g [PV tma—vyH]| (29)
From (26), (27) and (28) with & = 05 we get
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This equation with » \ : v

VF = , ~ (80)
~yields ' .

The equation is linear and only one, on 1ntegration, subject to initial conditions; yields
N -

—2y ’ —‘(2'7+l)
T'N2 (1 — ¥N') = 2 fN' 1—¥N) 4N

Therefore, we have

e | A= PYN) — (1 —¥ NP (N o) | (31)
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and from (26)
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Equations (29), (31) and (32) determine ¢, 7" and ¢ respectively all in terms of N. The
equations are valid so long as ¢ < 1,
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