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The formfunction of a modified multi-tubular charge with holes symmetrically distributed ina 2-
dimensional space has been studied. A general expression for the formfunction and the ratio S 18,
has been obtained from which formfunctions for distributions of holes about 3-fold, 4-fold and
6-fold axes have been derived, The charge has been so modified that the burning is complete at
the end of the first phase of combustion. _

The formfunctions of various types of multi-tubular charges have been discussed -
by & number of authors. The formfunction of a modified tri-tubular and hepta-
tubular charges has been studied by Kapur & Jain?, of 19-tubular charge by Kothari? °
and of N-tubular charge by Jain®. - The arrangements of holes in these charges may .
be divided into two groups : (/) where at the end of the first phase of combustion,
every hole touches not only its neighbouring holes in the same ring but alse °
“those in the other rings (when the number of rings is more than one), as in the case of
19-tubular charge, Type II, studied by Kothari# ; (¢4) where at the end of the first phase
of combustion, every hole touches its neighbouring holes on the same ring but not those
situated on other rings. o ' ‘ ’

In the second group, some portion of the charge is left between two rings which is
burnt in several stages. Inorder that this portion may be minimised as much as possible,
the holes should be so arranged that every hole touches all its neighbouring holes on the
same ring as well as those on other adjacent rings. This can be done by distributing the
centres of the holes symmetrically in a 2-dimensional space.

The general theory of such a distribution has been discussed by Patni, et als. It
has been shown that for this purpose holes have to be distributed about 3-fold, 4-fold,
and 6-fold axes of symmetry only. Any number, say n, of rings can be taken. These
rings are » concentric similar and similarly situated equilateral triangles in the case of
3-fold axis, similar and similarly situated squares in the case of 4-fold axis® and similar
and similarly situated hexagon in the case of 6-fold axis of symmetry”. The centres of
the holes are distributed along the sides of these polygons. In the present case the charges
are totally modified, i.e. the entire part of the charge remaining at the end of the first
phase of combustion is inhibited so that burning is complete in one stage. The modified -
charges belonging to group (i) and studied by the various authors so far are particular
cases of the charges discuissed in this paper. >
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Fig. 1—Arrangements of holes in the first ring in different categories of various symmetrical distributions,
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~ NOTATION X

D = external diameter of the charge.

d = diameter of the holes of the charge

L = length. of the charge. -

e, = web size, i.e. the distance between any two adjacent holes or between any

exterior hole and the curved surface of the grain.

m = ratio of the diameter of the charge to the diameter of a hole = l—?—
'p == ratio of the length of the charge to its diameter = —%

¥, = initial volume of the charge.
¥V = volume of the charge at any instant .

S, = initial surface of the charge:

S = surface of the charge at any instant .

rd

(Jateyomes of armngemems In the case of dlstnbutmn of holes about the 3-fold
axis of symmetry, the centres of the holes are situated on the verfices of exactly alike
equilateral triangles and are distributed along-the sides of similar and similarly situated
equilateral trianlges, called rings. The minimum number of holes on a side of the inner-
- most triangle (i.e. the 1st ring) can be 2,3 or 4 and these arrangements will be called
category I, IT and III respeotwely In category III, there is an extra hole in the centre
of the rmg

In case of distribution about 4-fold axis, the centres of ﬁ'he holes are sltuated on the
vertices of exactly alike squares, and are distributed along the sides of similar and similarly -
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situated squares, called rings. The minimum number of holes on a side of the innermost
square can be 2 or 3 and these arrangements will be called category I and II respec-
tively. Here also, there is an additional hole at the centre of the first ring in case of
category II. .

In case of distribution about 6-fold axis of symmetry, there is only one category.
The centres of the holes are situated on the vertices of exactly alike hexagons, and
are distributed along the sides of similar and similarly situated hexagons called rings.
On a side of the first ring there are 2 holes and there is an - additional hole at the centre
of this ring.

The different categomes are shown in Fig. 1.

Let there be n rmgs in the charge, and r the number of the category in any distribu-

, tion. Thus

r = 1,2, 8 for distribution about
3-fold axis .
0.0 r = 1,2  for distribution a,bout (1)
: 4—fold axis
OO OO r =1 for distribution . about
OXCRONOM 6-fold axis |
ONORONONG) o We define

00 GOOO0 pr =N (n=1) 47 (2
0O00OO0O0

.00 00 0

where

N’ = 3 for distribution about 3-fold axis .
N’ = 2 for distribution about 4-fold axis -
N’ = 1 for distribution about 6-fold axis
The number of holes on a side of the

nth ring = p, + 1 3)

oooe\
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. Pig. 2—Bection of the charge. in different.cases at the beginning.of combustion for # =3, r= 1, .
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and the total number of holes in the charge is given by
N.=3%(p +1) (pr--2) for distribution of holes about 3-fold axis
N,=(p+1)2 for distribution of holes about 4-fold axis “(4)
Ne=3u (p+1)+1 for distribution of holes about 6-fold axis |

Section of the charge in different cases at the béginning of combustion, for n = 3,
r=1 are shown in Fig. 2.

Let 2a be the side of the innerinost polygon (i.e. the first ring) and 26 the side of
the outermost polygon (i.e. the nth ring). Then B

b— ’irf-a, as shown in Fig. 2. (5)
Now D) — »2a(p,+2cos0)_d=md

y . rcosf
Hence @ — r{m-1)cos 6 i@ \

2 (pr + 2 co88)
Where )

. |
0 = : for distribution about 3-fold axis

o

¢ = 7 for distribution about 4-fold axis $(7)

- ~ X
Fig. 3—Section of the charge at the end of the first phase of combustion for different cases whenn = 2,'r = 1.
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(20 —1md)
- and = T

( - 1) ) - B o T q8)
m —1.) cos , v :
wr + 200880 - d-‘de G ' o :
\( m -—— 1 ) GOB a bl “f N

[L,. + 2 cos @ - .- - R (9)
At the end of the fisst phase of combustion, when every holé touches all holes adjacent
to it, the charge consists of : ; o

where "K' =

(#) g2 exactly alike prisms Whose bases are curwlmea.r tnangles in the dwtn-
-butions about 3-fold and G-fold axes and curvilinear- aquares in case of the dJatnbutlon
about 4-fold axis, . i e =

(#4) exactly alike. prisms. lying .outside. the nth . ring, numbering 3, 4 or 6 in the
three cases. The bases of these prisms are curvilinearin form as shown in Fig. 3.

The diameter of the charge at this mstant

_2( secl)-]— ) ' P

1 v i [ . :
‘ -””&,i‘z“@:;?s”’i D(ay) a0

and the diameter of a hole at this instant -

2 .
=== . e L=
(m+1) cos 8 : Te
= d=d :
pr £ 2,008 0 - d (say) (11_);
The area of the section of the cha.rge at tlus mstant which is to be lnhlblted
S Dla dlz

~
- T ——— e r

Z T ‘, S
=1T(m+1)2 {(“r_l_(’ogo)z__Nrcosaa}dg : P :

-~ 4 (e +2cosg R
< g o -
l L= ——4— ) :
: ; (m A1) § (pr + cos 6B — N, cos? 6} D Tiei T

wh.ere A ‘ (l‘r + 2 COS 9 )3 o (13)
Inhxbmng this portlon fzom. burmng, we have - . e

N . w2 73 ndz ' )

RO N

(14)

Tomd3
- = (m-No—p)

-~
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and t ‘ K o : ) o
‘ D e(l—-f))? d e (1—fN: 7@ 1[. .. 1
e B e ST D
N, — A — E?(N,—1)— 2 (m 4 N,) = E'{ pm (Nr—1)
—2(m+N,)—2K'(N,‘-1)}——faKw(N;'—l)]' R (15)
Henoe o 2 = Vosy; 73’ o
|  =Q=HQ=Bf=0of 08
where ) B

_ E%{m(N,—1)—2(m+N,)—2K' (N, —1)} | (17)

BN 1) o

BI

S ;i:f . . ' 7‘ . ’ o
Now S =TH) which from (16), (17) and (18) gives

0 dz . ‘ -

o (ﬂlf)f-l s T

| B e oy
where > » S
’__ __1 + B _ . ) ; b
*EI=F- e o

e
_ pm(mi—Np— A)+ K {pm(N,—1)—2(m+N,) —2K" (N, —1)} |
—pm(ma_._N,-A)-—Kfz{Pm('N,-l)—2(m+N,.)——Kf(N,—;1)} ]

,_AB—0) _ , R 1
F=i—p—0 | o !

' .' @
= 9K { pm(N, — 1) —2(m + N,) — 3K’ (N, — 1)} :
= m(m—N,—A) = K= {pm (N, —1)—2(m+¥,)—K (N, —1)}}

,__ 3C : , ,
Y=1TEoo . : 1
s _ c - )
: - 3K"8 (Nr —1 ) i ’

= (=W, = A = BN (N, — D) —2(m+ N,) =K (F,=T)
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In order that the all burnt position of the charge may not ocour before the rupture-
of the grain
L>e | ,
L (m—1) cosb—p )
P> ol Fosg) = Pmin (),

(m—1) cos 94—55,

= L o
Differentiating (19) we get A , , ,
(%)= p e
i\ 8 ‘ T
and \ o .
a [ S\ ,
P8 Therefore, 5 can b
Since 7’ is always positive, b ) is always negatlve e ore, AST can have
only & maximum value for some value of I : T 7
d (8 '
F FEamaxintum -( L-)_-—--'-—- ' — Wf=0
o ‘g X E- ‘ B - f,, BT \
80 that =_'—;-£— ’ -
Sinoe : 1>2f>0, L
we have - —g,-r < 1 o @)
and .
- "".Tf',"— >0 K - (28)
From (ﬁl) and (22) : ‘
= B {3K’(N,—-1)+2(M+Ny)—p'M(N "'1)} (29)
Ty T 3K (N, —1) ‘ o -
so that from (27) and (29) ’ .
2(m + N, . ‘ L
Tf‘v:—}n"-L"l () o0
 Similarly, from (28) and (20) .
3K’ (N, —1)42 N |
p< ( rm(z\r)—l__l()WH_ )=p2(says) - @D

(30) and (31) give the value of p for which a maximum of g— occurs at the begmmng
(4

of combustion and at the rupture of the grain respectively. In order thiat the
maximum may occur between these two stages, p should lie between p;, and ps.

e
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With the help of (24), (29), (30) and (31) we get for a maximum of g

0

B P—p _P—P ' |
. J== T 1- 3Pmm1 " Bpmin -
Also ‘ ’
d (8 ' oy
a'!"f(@)f=‘=1="ﬁ e
B 2K (N, —t){p—p) -~ (33)
= pm(md—N, —A)—K*{pm(N,—1) —2(m+N)—EW, —1)}
a,nd . . - T
d S ,
o—l}’('S—o),f=o—"ﬁ .
_2K%(N, — 1) (p— p)

= pm (M =N, — A)— K% {pm (N, —1) —2(m+5, >—K'<N m
Hence for any value of 7, : : Co
(0) f p<p< pgs ‘% (S‘—g) is n‘_eﬁg&ﬁ#g'i&the‘-beg'unﬁng’ and then positive.

0 -

In such a case the charge is first progressive and then degressive ;
o

(m—1)cos8—p, - d

(%) if  pmin \1.e. m (i F 005 0) N xm df( ) 18 a.lways“:f:;:pgg;;;vew

and the charge is throughout degressive ; A
(@) if p>p2 , 7 (S ) is alw&ys negatxve and the charge is throughout

progressive. . ‘ o

l

Given below are valuesof B', C', o, B, Y., pmin , p 8nd p2 for different distii-
butions as obtained from (17), (18), (20), (21), (22), (24), (30) and (31) respectlvely by
putting appropna.te values of K’ and A. - S X .

I. Distribution about 3-fold awis
(V3 (m—1)—2p,3 [3 (5, ++/3) (N, — 1) mp— 2 (m+1) (2#4-4-\/ 3NAVE)] (35)
2mp (pr+4£3) [m (4,4 34/3 + /3 N,) +{(2p, + 3V/3) N, + (2‘,"’ +433 .
W) 2B ()) o)
2mP(“r+‘\/3) [m(4l"r+ 3’\/3+'\/3 Nr)‘!"{(gf"r‘l‘ 3‘\/_—)N +(2I"r+'\/-3)}]
o 2(m+1) (2 /3N, 4 V3 [2 (e + V3)mp — (V3m—/3— 2]
8mp (iy + V3)E (m 4+ Nr) + {‘\/3 (m — 1) —2p,} [m (4p2, + 3v3 4 V3N,
o+ {8, + 3V N, + (2 + V3N (37)
2 {'\/g(m - 1) - 2"'r} [2 (I"’r -+ ‘\/:3)) (N - 1) mp — (4l‘r+ 3‘\/3N + ’\/3)m’
ﬁ - {3 (2F'r+’\/3) —~2 (21-"1""\/5) Nr}]
~ 8mp (u, + V3R (m + N,) + {f(m — 1) — 2u,} [m (4p, + 3v/3+ +/3N,)

B=

+{@m+ 33 N, + Certv/3) (38)

»

.

4
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Y e ' 3{y/30m—1) — 3} (¥, — 1)
‘ smP(l'b'+‘\/3)‘(m+Nr)+ {’\/3(7”"’1)—2""'} [m (41"'#'*‘ 3\/3+ ’\/3 Nr)
A+ { e+ 3/3)N, + @ 4 /3))] (39)
Vim—1) %,
iR TrEY P 0
2 N,
= tad (@)
(\/_+3\/§N + 4p) m + /3 (N; + 8) — 2p, (N, — 3) (42)
2(p,+ V3 N, —1m
If we put » = 1, » = 1, we obtain the results for a modified tri- tubular charge
"’ studied by Kapur & Jaml

I1. Distribution about 4- fold) axis

B = (\/2m— ‘\/2"'2F'r){2mP l"r+‘\[2) (N “‘1)"2 (m+1) (2l"r+‘\/:-v3 r+'\/ 2)}
‘ 2mP (r +v/2) {m (42, + 3\/2 + \/2 N))+ (2p, No+34/2 N -20,4+4/9)}

T 2mp(pt/2) {m(4ur+ 3\/2+\/2Nrj+(2l‘r r+3'\/2 r+2l-"r+\/— )}

3 (m 4 1) @+ /8 N, 4 /3) { 20 (i, + 4/3) — (V3m — /3~ 2.}
=8 Smp e+ VORI + W)+ (Vam — V32— ) I du, + V2N, + 3v/2)
: + { Ny @pr+3v2) +@p + /DI (45)

(43)

(44)

(4

C2(y/am— V2= 2 2+ VD W -1) mp-<4u,+3«/2zv +4/2)
' 2er + V2) = N, (28, — +/3)1]
F'=" Gmplm, - VoR(m TNy + (vam \/2 — %) [m (4, + 35+ +/3 N,)
> , 4 {(20 4 3v2) N, + Qu,+v/3) 3] (46)

, .3, =) (VB — /3 — 2w |
V'S Gl VR N F (Vam — vz — 2e) 8 G F B N, + 3v3)
HN, @+ 3V + VBN (@)

‘\/é(m—l)"zﬂr

) Pmin = 9 (- /B 8y
2 N

RS «9)

- m(dpe ot Sy2N, /D) + 3 et VB — N, (i — v/3) ,50)

P = Tt VD W —Dm
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II1. Distribution about 6-fold azis o
' 2(m— 2 —1) {3n(n -+ 1) pm— (m+ 1) (3n +2)} *

B = = Somn T 1) [ (0 ) + 6%+ 9+ 4] o)

- o — 3n (m — 2n — 1)2 ‘ : e (52)
U= meT) (mG i h T R T 8] :

2D (B ROl mp—(n—2n—1)) o

~ 8mp(n+1) (n+ N,)+ (m ~ 2n—1) [m (3n-+4) + (6124 In--4)]
2 (. — 21 — 1) [6n (1) mp— . (In,+4) o+ (602 — 30 — 4))

= emp Tt Dnt M)+ n— 20D [m@Bn+ O+ G+ on+ 5] OF)
S I (m — 2n — 1) 5
= Bnp(r F DT F)F (2 DGt BT (6n2 FOEE) ® ..

m— 2n — 1

Puin = m LA e ~~,,(56)

2l ru |
= m—r . | (57)
(m—{—-l) On-+4)—2(N,—1)
BT mm,oy @

Results for partwu]ar cases are at once obtained a8 foﬂows s

(3) by putting n = 1, for hepta.—tubu]sr charge as discussed by Kapur & Jaint,
(1) by putting n = 2, for nmeteen tubular charge as discussed by Kothari2.
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