FORM FUNCTION AND VARIATION OF BURNING SURFACH
AREA FOR THE ECCENTRIC CYLINDRIOAL CHARGE

J. N. Karur anp V. K. SRIviSTAVA
~ Indian Institute of Technology, Kanpu#

The combustion problett of an eccentric cylindrical chargs i.e. a eylindrical charge with ai

eccentric hole has been considered in this paper. The burning of the charge procteds in

two distinot phases for each of which the form function and variation of burning surface

area have been investigated. We also find the equivalent form factor. Finally the English
- -and French Co-efficients of progressivity have been evaluated. _— -

 The tubular charge bounded by two co-axial cylindrical surfaces is the most common
charge shape, used in guns. But due to manufacturing defects, the section does not always
give concentric circles. The object of the present paper is to examine the effect of ecgen-
tricity on the degressive nature of the burning. Kleider investigated one such shape
(Corner ). The general problem has been mvestigated by the present authors in detail.

. NOMENCLATUREV R

b Propellant density .
C Mass of the grain
V' Volume of the grain at any instant
a Radius of the outer cylinder =
b Radius of the hole
¢
D

Distance between their centres

Web-size of the grain
AD  Initial length of the grain _ N
8 Surface of combustion at any instant
z Fraction of the charge burnt - - P RERRR .
f The fraction of the initial thickness (web-size) remaining at any instant,
Sulz,scrip; - »

0-refers to the initial value.
THEORY L
Let the -cross-section consist' of t#o “circles, of radiusa and b (6> b ) "with their

centres at a distance ¢ apart, the web-size being - .
" D=a—b—e¢ (See figure 1)
s : )
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The burning takes place in two Phéseé In the first pl b g i

. 1he b ta , DA1ases. phase the radius of the inner sur-
ia:cg }ipcreasea W]};lle th}ix,t of};the outeﬁ surface decreases till the two surfaces touch at a point
n the second phase the shape is that of the crescent moon whose thi  de-

crossing Il it vanishes, o one moon, whose thickness.goes on de-

%a °

is = B _ - "“ — et bl

FIG- 1 ’ ‘FIG.' 2

, FIRST PHARE OF COMBUSTION
At time ¢, let f D be the fraction of the web-size remaining (See figure 2) so that the

radii ry, 7, of the inner and outer surfaces respectively are given by
B N CTTRET N P T T Tt S UL (P . <.

b +3D(1—f) " v .
n=a—iD(1—f) @
and the area of the cross-section remaining i's-;'
w(rd—rf)=n(atb)lod (a—b—0)f] = ®

Since A D is the initial length of the charge, the initial charge mass C is given l;y-
C=V,6=m(a®—5)ADs | _ ‘ )
and the charge mass remaining at time ¢ ds, .

C(1—2)=n(a+0)[o+ (a=b—e)/IIAD—D(1—f)]5

—_b—c¢ . ¢ 1 @—b—c o
z=(?*f)[ . X a—r T =5 '{”J ()
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Karus & SBIVASTAVA : Eeku FUNOTION FOR EOOLNTR{ CYLINDRIOAL CHARGE . &
whmh i of the form L - S e
'f:-:»z\—*(l-——f)(A-k B/ | ek
where ' ' _ - 3 S - o
@—b—c e 1 . . a—b—o

4 = a—b T X a—b ° a?dB? X% a—b *
For longftubés, A is large and we have ' _ ) a

= ( ; ):V(x—f)_.* - o

 S,=2n(at—B)+aD(2rat2nb), SN

=2x(a+b)[(a—b)+AD]s o e

a,nd“\:: . o ‘ | S -A
8 =2a(r?—r?)+27(ri+r)[2D—D(1—f)],
=2m(a+b)lct+(a—b—c)f+AD=D(1—F)]s

.8 et (a—b—c)(A—=1)+2(a—b—0c)f. . ®
8, (a—b)+(a—b—0c)2
Equation (6) gives the relation between z & f and the equation (9) between 8,/8; &f. These

values i.e. 2, S/S, have been calculated -for different values of f, at A = 10 and A = »
a,nd the results are ﬂlustrated in figures 4 and 5.

SECOND PHASE OF COMBUSTION o

In fig. (3), 4 and O are the centres of the outer and the inner holes At the begmmng ‘
of this phase the charge is like the crescent moon with radii 4 E-.and O E given by
(o + b+ c)/2 and (a + b - c)/2 respectively with the thickness as A’ D' = 2e,
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As burning proceeds it shrinks into BDB' CB and the radii change to 4D and oc

1:”6.'1 ; :
1 ‘ , a-4b+c a—b—c¢
AD = Ty = 2 - - \ 9 f .]' ; /
and L _ i o i (10)
.- a+b—e¢ - a—b—c¢ ‘
00=n="3— + —3 /| |
and, if ¢ and ¢ are the angles as shown in the figure (3), the area of the ©ross- sectlon
B D B’ C B remaining at time is given by , | .
‘ r22¢——-r12¢—}—rlrzsm(¢ ). (11)
. 1___z [722¢_712¢'+717251n(¢ 'ﬁ)][AD D( f)] (12)>
‘ .o (mar— nbz))\D e .
when. A - co d.e. for long tubes, we get ~. . )
o 11—z = 12 —r2g 4 rrysin (o — ¥) : (13)

7 a® — 7 b2

where ¥ aﬁd ¢ are given by ! . .
Wi E—rnt R —(atb)o— (a4 D) (a—b—0)f

c0s § — 2r6 = T clatb—0)—(a—b—c)f] 94)‘

and . 3 RN p '
Cor2 R —r? At (a+de+at+b)@—b—o)f _

08 ¢u'—_-72 2rc¢ 1 =_,_, c[(a b——c)+(a—b—-c)f] ’ ‘15)

Also S for the second phase of combustion. is.given by
8—2[7’22‘1"“’12‘/’"“71723111‘1’ $)]
+2d + 7@ AD—D(1—f)] S © (18)
Henoe WLth the help of equatlon (8) and (16) we geb S : .
s r22¢——r12¢«+rl7'2sm (¢ — &) + rl¢+¢2¢ [,\D D(l ) 17)

S = I ‘w(a—}—b)(a,—«b—f-?\D)

©

The equatlons (13) and (17) determine the valuesof z and S/S respectlvely, in terms of -
P and ¢. Y and ¢ are determined in terms of f from (14) and (15). Tables 1 and 2 give the

values of z, S/S, - in terms of the parameter f for .= 10, co respectively.

- The figures 4 and 5 show the variation of 2 with S /S.. From figure 5 we find that burn-
ing surface area is constant for-the first phase of combustion and steadily decreases to
zero during the second phase of combustlon

EQUIVALENT FORM FACTOR 6.  _

For finding the value of § we have the followmg system of equatlons [Té,ve].'nler],23
for the period before and after the rupture of the grain:
. Ad+B=1+00=~f)- ) - : ,
and. ‘ . F ' (18)
f =a—pa+en f

y
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Karvr & SRIVASTAVA QFORM Enpcnor{ FOR EOGENTBIGCYLINDRICAL CaaReE 8.

A+ B) (1 —fumin) = (1 + 6

But the equation (18) gives on mmphﬁcatlon

0 =

considering that radical sign which makes 6 <1. The 6 has been calculate& for different

Ld+Br-28]+ A+ B[4+ By ~4B]*

d9)

2B

sets of values of a/o and /e at /\
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Fie. 4—Variation of z and /8, for
some set of values of a/o, bjc at N =10

< T-Agm 3

VALUES OF O BEFOKE THE RUPTURE OF ZHE GRAIN -~

. X y L i PR S
0.1 0.2 0.3 0.4 0.5 0.6 07 0.80,9 4.0

Fig. 5——Vanat10n of z apd S/S for .
some set of values of a/e,. b’c atx = oé

afs = 15

afc = 4 afc = 6 - ajc =10 afe = 260 ajc =6 alc =9 B
ble = 2 ble = 3 bjfe =5 - blc="1 - ble==2._ " ble=35 - bje = 5.
10 0-2 0-1446 0-125 0-1111 0:1333 0-12 0-1111,:'
TaBLE 4
VALUES OF § AFTER THE RUPTURE. OF THE GRAIN )
aje = 4 ajc = 6 ajc =10 ‘ ajlc =20  ajc =6 ajc = 9 7 ajc = I5
7\ -
blc =2 bjc = 3 bjc =5 blo=10 ble=2 " bo=38 T p=5
10 0-8 - 0-5333 0-35 0-2222 0-4167 0-3067 0-2222
@ 0-65 0-4000 0-2300 0-1122 0-2917 0-1900

%

0-1192




Wlth the help of equatmn (; O)‘n‘, glves .

E“f’* (Awsz)2 A . - .
which cleasrly show that at A=, K = o and ab A 10 1ts va,lues, for dlfferent a/c b/c
makawn m, Table b, : : S e v

/
) g ““VALURS or K' Fog DIFFERENT ct[v AND ble ar A= 10 BT cot
-y R

Cajo= ‘a/o'——‘e,_ ap =10 a/g:fm- fa/u-«'-asf av=9 - afd=15

R _*b/‘g'::\ 2 b3 ’b/‘f’;. = 5"_7‘ ;,/é; = ';Q CoBe=2 . bo=3  bjo =5 S
10 05556 0442 .;4153951 :;0»33»;:-“ 0-4153.  0:3828 . | 036
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