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In this paper the author has found the formfunction and discussed some
properties of a modified multitubular charge having N’ == 3n or 3n-11 holes,
where when N = 3n, n holes are taken in the inner ring and the remaining
2n holes in the outer ring and when N = 3n+1, one hole is taken in the
centre, n holes are taken in the inner ring and the remaining 2» holes in the
outer ring,

INTRODUCTION

Work on modified heptatubular powders has been done by Kapur and
Jain (1961), on modified quatretubular powders by Patni and Kothari (1962),
and on modified bitubular powders by Kothari (1963) and on modified multi-
tubular powders having N = 2n or 2n -1 holes recently by the author (Jain
1962). Kothari (1964) has also developed the theory of modified multitubular
powders having 19 holes which is a particular case of the general theory
developed in the present paper in which we have found the formfunction
for such powders having N = 3n or 3n -1 holes, where

(i) when N = 3n, n holes are taken in the inner ring and the remain-
ing 2n holes in the outer ring;

(ii) when N = 3n-}1, one hole is taken in the centre, n holes are
taken in the inner ring and the remaining 27 holes in the outer
ring.

However, the centres of the holes in the inner ring have been taken at
the circumcentres of the triangles formed by joining the centre of the cross-
section of the powder to the centres of any two adjacent alternate holes of
the outer ring, i.e. at the circumcentres of the triangles 04,4,, 0A4;4,, as
shown in Fig. 1.

The theory for » > 6 is different from that when n < 6. Accordingly
in §§I and II of this paper we have discussed the theory for » > 6 and in §III
for 2 < n < 6.
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Fig, 1. Multitubular charge having N = 3n--1 holes with one hole in the
centre, # holes in the inner ring and remaining 2n holes in the
outer ring* at the beginning of the combustion. If N = 3u,
there is no hole in the centre.

Notations :

D
d
L
e

m

P

= the exterior diameter of the charge grain.

= the diameter of the holes of the powder.

= the length of the powder.

= the web size of the powder (for » > 6) defined as the distance
between any two adjacent holes in the outer ring or inner ring or
between any hole in the outer ring and curved surface of the grain.

= the web size of the powder (for 2 <{n < 6) defined as the distance
between any hole of the inner ring and corresponding hole of the
outer ring (when N = 3n -1, ¢, is also the distance between the
central hole and any hole of the inner ring). .

= the ratio of the exterior diameter of the powder to the diameter of

any hole = % .
= the ratio of the length of the powder to the exterior diameter of the

L
powder = ik

* Only a part of the cross-section has been shown here.
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S, = the initial surface of the powder.
S == the surface of the powder at any instant ¢.
z = the fraction of the powder burnt at any instant £.
[ = the fraction of the initial thickness (web size ¢ or ¢;) remaining at
any instant {.
5 = the density of the powder.
V, = the initial volume of the powder.
V = the volume of the powder at any instant ¢.
N = the number of holes.

Formfunction for the modified multitubular charge having N holes where
N = 3nor 3n-+1.
As defined earlier

D=wmd .. . . . .. . oo

L = pD = mpd. .. .. . .. oo (2
From Fig. 1, we have

D = 2e+4d44(¢o+d) cos % =md .. .. o (3)
and

A dy = ctd = 2(eg+d) sin 7’_; . . .. W)

. L(m-}-l)a——i’y]d -

e=T T .. .. .. R 5))
and

41y —4uld

€y = ‘-’:I-" ) (6)
with

2n’

81 T and ) 7T+ cos — + 7
o = 8l — = 85111 — 08 o~ = o1 CO8 —
n H 7 2n 2
where 7 is the number of holes in the inner ring and 2# is the nuinber of holes

in the outer ring, whether N = 3n or 3n+1.
Some particular cases. From Fig. 1, we have

A, =e+d=(ﬂ%w~i W

and
s m41)d .,
*—‘llbl = (,’0+d = ( 4” )(4 . (b)

The two adjacent circles of the outer ring will touch cach other before, simul-
taneously or after they are touched by the corresponding circle of the inner
ring
if

A1A2 § AlBl’ ie. ifn % 6.

Accordingly we shall discuss the problems in three sections.
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¥1c. 2. Multitubular charge having N = 3n-1 holes with one hole in
the centre, m» holes in the inner ring and remaining 2n
holes in the outer ring* during combustion, If N = 3n,
there is no hole in the centre.

F1e. 3. Modified multitubular charge having N = 3n+-1 holes with
one hole in the centre, n holes in the inner ring and
remaining 2 holes in the outer ring* (when n > 6). If
N = 3n, there is no hole in the centre.

* Only a part of the cross-section has been shown here.
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§I. When n > 6 and N > 18.
Here for e to be positive, we should have
2u—o

m >
o

Also (2) and () give
L__ Zwmp 9
e (m+1)o—2u’
We shall require that
Lo 1, ic.p wpmm, . . .. (10)
e Zum

When the circles in the outer ring touch each other and so the circles in the
inner ring do, the exterior diameter of the charge grain
m Do = (F)Cu—0)d
2p
and the area of the bases of the central prisms (when N = 3n) or the central

annular ring (when N = 3n 1), the annular ring in the middle and 2» outer
curvilinear triangular prisms, i.e. the area of the slivers

(1)

2
=w(D: e) — A (errd) i%%ml)ﬂ[(zp—vﬂ—NaZl - 12)

4

Now when the slivers are cut out right from the very beginning,

{ 2 d 2
Vo = [77(15)) 162 2( m+1)2{(2p—o)z— \’02}—Nﬂ(§) ]L
= a3 TG'": =21} [{dp+ (N —1)o}m+(N—1)o+2(N+1)u] .. (18)
and
Y= ’i‘ﬁ‘%ﬂ@ [ (N = Va4 (N =)o +2(N+1)pe
—4p(m~+N)(1 —f)=(N = 1){(m+1)o—2p}{(1—f)?]
X[mp {fm+1 “‘;2"} —f] R £
L V=V Y i—p—af— O 1
s= e = 1= e = (1=~ b (15)
with
_ (m4+1)o—2p)(w(N —L)ymp —{(N —1)o+2pj(m+1)] (154)
wl{dp+ (N =1)oym+ (N —1jo+2(N +D)uJmp
and
= 2u[{4p+ (N —ojm+ (N —1)o+2(N +1)ulmp
As usual

e O ¢ ()
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with :
1+a  2(m+1)[(N—=Do+2u]2pmp—{(m+1)o—2u}]

YE1=a=b T [SuPmPp+8utNmp+{(N—1)o?+ dpoim?
+2m{No? — (2p—0)2} + (N — 1)o2+duo—4(N+1)u2] .. (164)
g 2a=b) _ 2A(m+1)o—2p]2uN = Dmp—BW = Dot dum—3(N=1)o+2u(N —-3),
T l—a—b" [8u2m2p+8u2Nmp+{(N —1)o2+4-4pcim?
+2m{No2— (2p —0)2)4 (N = 1)o2+4po—4(N +1)u2] .. (16B)
s 3(N —1)[(m+1)oc—2u]2 '
[l P | 3uzm2p 4+ 8ulNmp+{(N —=1)o2+4ucim2+2m{ No2 — (2u—o)2}
F (V=12 4po—L(NE1)u2] .. (16C)
(16) gives
d s) P T

N . .
In order that T gshould have a maximum value at some point between the
Do

beginnfng and end of the combustion of the grain, we should have

i e. [%(%)]fsl[%(k%)]f=o<o’ " - (18

[2m 42N —(N =1)mp][{3(N —1)o+4u}m+3(N —1)o—2u(N —3) —2u(N —1)mp] < 0

(19)
which gives
Py < P < Py Ol Py<< P < Py
where
__ 2m+4-2N 9
L= =T (=0)
and
oo B =)o +4um+3(N —1)o—2u(N —3)] o
gy = SV —1)m .. o2
From (20) and (21), we have -
— 3[(M+1)0-—2[,l.] 99
Pe—py = — oum (22)
D I
Since m > = d , P5 > Py and hence we should have p; < P -2 p,.
. S . .
The condition for I to have a maximum is that
0
d (8
ils)=°
(17) gives
f=— E_ - [B(N—1)o+4ulm~+3(N —1)o—2u(N —~3)—2u(N —1)mp (23)
2y SN=D)[(m+1)0—2u] o
=1-F=P1_Pe=? : (24)

" 3Pmin  3Pumin
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We can easily get

[1 (ﬁ)] _ 4u(N = Lym[(m~+1)o —2u](P1—P)
df \So/ Jr=1  [8uPm2p+8p2Nmp+{(N ~1)o2+4pchm+ 2m{No2—(2u—o)2}
F(N—=1o2+4pc—4(N+1)p2] .. (25)
and
[g (ﬁ)] _ (N ~1ym[(m~+1)o—2u}(P,—P)
df \So/Jr=v  [Bu?mPp+8u2Nmp+{(N —1)o? 4 4potm2 +2m{No? — (2u—0)2}
+ (N =Do24duo—HN+1)u2]. .. (26)

Hence in general for a given value of ¥

.. (m-+1)o — 24 d (S
(1) if pmiu:_——'z‘:’rﬁ*— <P<P1, @‘(‘S;
very beginning, so that the powder is degressive throughout;

) is always positive from the

oy s d(SY. o . s
(i) if Py << P << Py, P (g) is negative in the beginning and then positive,
0
so that the powder is at first progressive and then degressive;
(iii) if P > pg, dif(gs_) is always negative and therefore the powder is
0

progressive throughout.
The results obtained above are given in Table 1.

TasLe I
Case (i) Case (1) Case (i)
When
Prin S P K Py py<p <P p>p2
S Decreasing function of  Increasing function of zin the  Inereasing function of
So z. The powder is beginning, then decreasing z. The powder is
degressive. function of z. The powder progressive through-
is first progressive and then out,
degressive.

§II. When n =6, N = 18 for N = 3n and N = 19 for ¥ = 3n 1.

In this case ¢ = e, and, as mentioned earlier, the circles of the outer
ring touch each other at the same instant when they are touched by the
corresponding circle of the inner ring.  Also, at this instant, the circles of the
inner ring touch each other and when N = 19, the central circle also touches
all the circles of the inner ring. The values of the parameters and func-
tions for the two cases can be obtained by putting N = 18 or 19, o = } and
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”:\/§+\/§+1

TavE in (5), (6), (10), (13), (14), (15), (15A), (15B), (16), (16A),
(16B), (16C), (20), (21) and (23).

§III. When 2 < n < 6.

-~

Fi6, 4, Modified multitubular charge having N = 3n-1 holes with
one hole in the centre, n holes in the inner ring and remain.- -
ing 2n holes in the outer ring* (when 2<n < 6). If
N = 3n, there is no hole in the centre,

The equs. (1) to (6) hold good in this case also. TFor the web size ¢, to be
positive, we should have
m > (4u—1).
From (2) and (5), we get
Lo_dme @)
¢ (m+1—4p)
In order that the length of the grain is not consumed before the web size is
consumed, we should have

o (mt1—du)

L . e
= L. =Puin. .. .. (28
00> L, ie.p dum Pmin (28)
When the circles in the outer ring touch the corresponding circles in the

inner ring, the diameter of the charge grain

(m+1)4p—1)d

.-—_-D—eo == ™

(29)

* Only a part of the cross-section has been shown here.
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The area of the base of the prism, i.e. the area of the sliver remaining at the
instant when the circles in the outer ring touch the corresponding circles in
the inner ring (whether N = 3x or 3n 1)

2 2
=r(75) ()
1)2d2 ’
= (1=

When the sliver is removed right from the very beginning,
mimpdd(m+1—4u)

(30)

o= 6 (8u4+N—1ym+(du+1)N+4u—1] .. .. .. (31)
4
Iﬁv = ——(—7—)—?—%—2'[—[’)—- [(Bu+N—Dm+(4p+1)N+4p—1—8u(m+X)1—f)
—(N=1)(m+1—4p)(1 —1) 2][;“ _ (m] —44"“) ]_f)J C(32)
)
vV

z-l—-—V——l —f) 1 —a’f=b'f?) .. .. .. (33

with

o o (1 —4p)[20(N —1ymp—(4u+ N =1)(m+1)]

Su[H+ N =T+ 4u(N+ 1)+ (N = 1)Jmp -+ (334)
- (N —1)(me+1—4p)2 -
= S N =D a1+ (N =Tjimp (3
We also get
S 7 ?
gEC-BI-YE LY

with
2(4p+ N —1)(m+1)[4ump—(m+1—4p)]
= [32p?m2p+ 32pENmp+ (84N —1ym2 4 2{N — (dp—1)2m— 1602 N + 1)+ 8u+ N —1]
. (34A)
g = 2(m+1—4p)[4p(N—=1)mp—{8u+3(N—1)im+4u(N—3)—3(N~1)]
[39uEm2p4 3212 Nmp+ (B + N — 1)ym2+ 2{N — (dp— 1) 2jm—16p2(N+ 1)+ 8u+ N —1]
. (34B)

_ 3V —1) (m 1 —4p)?
= [32p2m2p+ 322 Nmp+ (Sud- N —L)m2 4 2{N — (dp—1)ejm—16p2 (N +1) +8p+ N—1]
.. (340)

(34) gives
%(%):4:2,,7_ e (39)

As before SS—— will have a maximum at some point between the beginning
0

and complete combustion of the grain if

T A
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i.e.

|20 42N — (N —1)mp]({8p+3(N —1)}m—4u(N —3)+3(N —1)—4u(N—1ymp| > 0

which gives two values of p, viz.

_ 2m42N

8= (N"Tm (38)
o = [(BuF 3N —1)ym—4u(N —=3)+ 3(N—1)] (39)
4 4u(N—=T1)ym )
so that p should always lie between £; and p,.
We also find that
_ 3(m+1—4p) ,
p4_'P3 - T . e (40)
Since m > (4n—1), P, is always greater than P,.
S .
FOI‘ —q— to have a maximum
20
d {8 )
ch(?) = —F=2y=0
so that
fo B B3NN =3) 43N 1) —dpuN=Ljmp )
=To T 3(N=1)(m+1—4p) .
o _P—Py__ Py—P )
=1 3P1niu - 3p1nin ) (4-’)
Also, we get
a ( S ) _ 8u(N —Lym(m+1—4p)(Ps—P)
Af\So) r=1 = [B2u2m2p+ 322 Nmp + (S + N — )m2 +2{ N — (du—1)2m
—16p2(N+1)+8u+N—1] .. (43)
and
d ( s )] _ Bu(N —Lym(m+1—4p)(Ps—P)
df \So/ Jr=0 " [32u2m2p+32u2Nmp+ (8u+N —1)m24+2{N — (4u—1)2}m
—16p2(N+1)+8u+N—1]. .. (44)
Hence in general for a given value of N
(1) if ppy, = 7%1—;33 <P <P, %(%) is always positive right from the

very beginning, so that the powder is degressive throughout;
(i) if Py < p < 4, ,%(”:l) is negative in the beginning and then posi-
F\S,
tive, so that the powder is at first progressive and then degres-
sive;
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d
df

progressive throughout.

(@) if p>p, ('g-) is always negative and therefore the powder is
S0

The results obtained above are given in Table II.

TasLe I1
Case (i) Case (ii) Case (iii)
\ When

\ Prnin < P < P3 pP3<p<py P> py
S Decreasing function of  Increasing function of z in the  Increasing function of
So z. The powder is beginning, then decreasing z. The powder s
degressive, function of z. The powder progressive through-

is at first progressive and out,

then degressive.

It is interesting to note that all the equations obtained in §I of this
paper reduce to those of §III if we replace ¢ by 1, u by 2u.
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