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In this paper the conditions for the existence ofﬂc’ohstz;lnt, ﬁressufe phase for certain period duﬁn burning in an
orthodgx‘gun with constant bore resistance have been obta,ined and then the internal balligigics is ea. oulated, S

-+ “The internal ballistics of an-orthodox gun with constant bore resistance having single charge was

- disenssed by Clemmow!, Kapur? and Ray®. Kapur discussed the problem in a general non-isothermal -
model and Ray discussed the problem in an isothermal model and obtained and approximate solution which

"is valid for M around unity. He also integrated the équation numerically and obtained some numerical
results which the author uses for numerical calculation, It is very difficult to solve for the internal ballistics
of the gun having moderated charges with eonstant bore resistance, But' it has been demonstrated that if
a moderated charge of two components (of which first in' known and the second component is also known
except for the size and shape) burns in an orthodox gun the pressure can be kept constant during the period
of burning of the second component. Generally, the solution determines two relations from which the size
and shape of the seggnd propellant component can be determined, the solution during the first stage of burn-
ing are assumed ¥ be known. g e L

FIRSY STAGE OF BURNING . .

- Ballistic egriflaﬁp:ig when the first cémpdheﬁt burns with usual notations the basic equations are
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where P is the pressure at the shot and APg is the constant resistance and T
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- These equations aré to be solved with initial conditions, S
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The above ballistid equations reduces to . .
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" now. the initial conditions are

‘ Kapur explained the method of solving the above equation neglecting the co-volume effect. However .
Clemmow solved the problem with single charge in an isothermal model. TRecently Ray solved the problem .
considering isothermal condition and neglecting co-volume term. He got. an -approximate solution. of
the above equation considering 6 = 0. - Here we note that for solving these equations we are supposing
0, and 8, (or C,/8,) as known for Al involves these quantities.. However suppose the solutions of
the above equations gives £py, Mgy {p the values of-£, n and { at the instant when the first
component burns but as-these quantities are reqt r the fnfegration of the ballistic equations during
the second stage of burning. - - Lt o , #

Las ’-szECO;\’rD STAGE OF BURNING u’k
~Ballistic equations when the second component, burns ' ‘
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- Further we have the equatioﬁ of motion | CoEe e ,» ; o
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We are to obtain a solution of these equations with initial conditions @ = xp, P= Pg;, v=opn
at f, = 1. Here xp1, vz and Pp; are the values of %, v, P when  the” first component has just burnt
out. : Ll : ;
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Let us assume that a solution of the above equation is” possible with _
‘ P = Py ' -(16)

and seek conditions that his solution may givez = @z, ve=1ug at =1 and that the system of
equations (11) to (14) may remain consistent for the solution P = Ppy. .-

.

Now from (12) and (13) with (18) -~~~ ..
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By (18) and (15), the above equatlon reduces to B , ‘ v
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integrati‘ng (16) with initial conditiens tha‘%“ v; vm a,t;"i« f=1 We have - - ’
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Taking (18) and (15) into consideration (11) may be written as - ‘ S /
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The equa,tlons {19) and (14) will g:ve % asa fxmct;:an of f2 durmw the- second stage of burning. Now
‘we impose the eonditions that (19) should give ¥ =y, v = vgr at f, =1 and further that (19! be .
consistent with (17) Now 2 = zp, f'2 =1 and Z; = 0 will satisfy (19) if . ]
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which is true, for 2z = 25, v = "Bb Pz "‘ "jl - 9, Zl =1 sa.tlsfy equatlon (1) and this equation
for these values of these Va.nabies is 1denmca1 wmh the above equatlon ,
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Now dxﬁerentlatmg (19) a.nd (14) w1th respect to f, we have
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and these last two equations with (13) and (15) give‘ ,
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~ Hence, we gt

vd g tm o

S N S by e i @)

kg S ST F, €, + Ps O, (bz'—— '5_;) P

© 'Now in order to sat1sfy the condltlon that (17) and (19) should be cons1stent we. differentiate (19) b
‘with respect to for :

Now we have - T o
| tfzfzz [F2 Cs + P oz(bz-m-%)] - ‘;fojj‘('lé )+(y 1)‘322 (—22)+ :
S Ly B;et;;z);]g1 (?“,” PR(i%%) |
_‘Sirrice o . % =_._202 AR SRR "
l We have IR . L { e | NN ’
R T

F202‘+‘ -,P31702 (b —‘8;)

The mmultaneous satlsfactlon of the Equatlons (20) and (21) gives the oondltlon that P Pg; may

be the solution of the equations (11) to (14) From (21)., it is. ev1dent that 02 must be negatlve also ‘%jﬁ
. Bl -

is considered to be less than unity in order to have the forward D f-the shot. Henog tho;seoﬁnd pm—»
pellant component of moderated char 1ge should have progresswely 1ncreasmg;bnrmng surf&ﬁe

Let us introduce the following dlmensmnless constants
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We have the required conditions
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- Bquations. (22) and (23) actually give two relations connectmg four parameters % Bo» 0, ‘and: *Bg
defining second - propellant component the propertles and mass of the first, component qug assumed ;
to be known. B, involves Cy, b, and 8, of Whmh C, and 3, or —g—’z— were “as noted earher supposed to

2
be known in the 1ntegrat10ns of the equatmns for the first stage of burning. When d, is given B, may be
taken to be known for a given gun. Again ,30 1nvolves F, and C; and with sultable ch01ce= of the propellant .
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one may suppose that B, is also known, Henee we' may look upon (22) and (23) as two equamons for 4,
and a,. - To complete our solution we should show that, as given by (22) and (23) «, is positive and 6,
satisfies —1<6,<1 for practical values of constants 1nvolves in (22) and (23). ,

Eliminating 6, from (22) and (23) one ge’cs i el D E
y Mo P +27%’?Bl“‘2(ﬁo+CBle)—0 D o
~ Taking the root Wlth»pOSItIVe sign Dbefore the radical one we have ‘
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Recently Ray in his paper obtamed some numemcal results about the ba]llstlc variables for the Ortho—
dox gun with constant bore resmtance in an 1sotherma,1 model for the tubular propellant only

As the numerical results of the ballistic varlables for the orthedox gt:m with constant bore resistance for
the general non-isothexmal; model are not known, to get some idea.about the resu]ts we eons1der the numeri-
cal values from Ray’s Table. Also we take PR < las explamed before :

Then we takeﬁ}’mm tables in Ray 8 paper

o ‘ TABL,E Lo
o gm; o“aeafﬂm o-a55, takmg Bo= -1 and .Ba =025
iy - : s ’
P 'ao ‘ 8 |
(Resistance) l ' (Size) . (Shape)
0.9 0.8840 & —0-3798
0.7 0.9453 —0.3365
0.5 . 1.044 —0- 2670
0.3 L1134 —0 0453 .
01 295 alss
0.9 1.1546 2. v —0.6125 .
0.7 1.2675 —0.5746 .
0.5 1.427 : —0.5212 .0 "
0.3 - 1.685 —0.4347
_ 0.1 o : 22251 . 02534
Let R M, =2, y——125 elmo Bl-«(} a.nd{o..—()l
We take from tables in Ray s paper R )
‘TasLE 3 .
§Bl = 0-468, gy = 1'237, taking f, = 1, By = 0°25
P_R' ‘ G i - by
; 0-9 0.5227 . —0.2762
e 0.7 0.5503 —0.2381
c 0-5 0.5730. —0-2066
: , 0.3 0.6270 . L —0.1318
o 0.1 06850 e —0:05186,
—— - ' «, ™ ¥3 T N = v kit
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Here we notice that in elI the cases a@ a8, posltwe and 0, lies be It will be of
interest to know how far the shot tra,vels When the eecend component burns

_we have
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Integratmg this taklng = wgl at f2 =1
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Let x = zp, when the second component bums out i.e. f2 = 0 Therefore :
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Therefore,

SN a"ltravei &urtﬂg the seoond éii'getbfﬁuming
,\travel ratic = Vel during the first’ stage of bummg

Ml mo
e (fBl — 1) [a" 'qu +
Also from (18\ we can show. th}a..’(z..‘bh& mlgmﬁy io
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