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This paper studies the formfunction of a charge with the distribution of holes along the sidéﬁ
of n similar and similarly situated hexagons called rings in the 6-fold axis of symmetry. The cen-
tres of the holes are taken on the vertices of exactly alike hexagons. .

It has been shown! that the symmetrical distribution of points in a 2-dimensional
space is only possible about I-fold, 2-fold, 3-fold, 4-fold and 6-fold axes of symmetry. The
cases for 1-fold and 2-fold axes being trivial, are left out; the cases for 3-fold and 4-fold
axes have already been discussed by Patni et all% " In this paper, we have obtained the
formfunction of a cylindrical charge with the distribution of holes over » rings about
the 6-fold axis of symmetry. The centres of the holes are taken on the vertices of exactly
alike hexagons. The holes lie along the sides of similar and similarly situated hexagons
called rings and there is an extra hole at the centre of the innermost hexagon. The number
of stages of burning has been reduced to two by inhibiting that portion of the charge
which lies outside the outermost ring at the end of the first phase of combustion.

NOTATIONS

— diameter of the charge grain.

d — diameter of the holes in the charge.

e —_ distance between any two adjacent holes or between any exterior hole
and the curved surface of the grain, 4. e, the web size of the grain.

L — length of the charge.

m  — ratio of the diameter of the charge grain to the diameter of any hole,

P — ratio of the length of the charge grain to the diameter of the charge
grain, :

z — fraction of the charge burnt at any instant 4

Sy — initial surface of the charge.

S — surface of the charge at any instant £

3 — density of the charge grain.

Vo — initial volume of the charge grain.

vV - volume of the charge at any instant ¢,

v - number of rings.
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FORMFUNCTION FOR THE FIRST PHASE OF
COMBUSTION

The number of holes on a side of 'the nth ring

=1 S

- and the total number of holes in the charge
(including one hole at the centre) is

N=Sn(n+1)+1 @)

Let 2a (see Fig 1a) be the side of the inner-
most hexagon (¢ e, 1st ring) and 2b that of
the outermost hexagon (i e, nth rinig),
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then  b=na | o (3)

Now D=4 (n+1) a—d=md
P OO0 | o m4) .
- o= ®
(a)—at the beginning of combustion )
and | e=2a —d
” m—2n—1
2.m+1 4)

(b)—during the first phase of combustion - ' (c)—at the end of the first phase of combustion
: (the shaded portion has been inhibited)

Tig 1—Section of the charge
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At the end of the first . phase of combuétion ‘when any hole touches all the holes adjifbent,
to:it, the charge consists of (:) 6n® prisms whose bases are curvilinear figures likes LM N,
(i) six prisms having bases curvilinear figures like A; 4, :... X and lying outside the
outermost ring. . :
The diameter of the.charge at this instant-.-
= 4na + 20 =2 2n +.1) a
2n +1) (m 4 1)d

xxxxxxx

‘ = : 2(% +1) N = D' (say) (6)
and the diameter of a hole = 2a O ()
The area of the bases of the outer curvilinear prisms - : o \: S
, D \2 R Col e e
= (2) — N-m (2—;) —6n2. A LMN. .
| CmFLEA
Tewmrir ¢ : (M
where A = {(4n — 64/ 3) n® 4 n=} @
Tnhibiting this portion from burning, we have o o
. o D2 Nnd? (m 4+ 1) A o
V‘"‘[ 4 T T4 T 16(nA4 12 d ]‘XL

d3 R
=ﬁﬁ%ﬁ{@wuwwemew+WAT )
and » .
T 4D e1—f12 - g4 ed=NHTZ_mELZA s Ny
p= [T e TR T # R 0
a3 . . d
o = ) 1 17— 2 4] P lam+ W a—p
’ i R . LA
fE—pa—pre |—easn [Fem—n e — g @
—F N Qe+ A=) (1—f>2e2] (10)
N 7 e R & - |
R S # T A
= (I—f) A—Bf—0f». B (@
* where

(m—2n—1)[27(n 4-1) (40 + N + 3)@2',;,3; 27.{;@ +1) {2 (¥ +1)+ BN,

Dy mpt (m o+ 120 {2412 —N-— A]]
~dmp (o 1) A (0 + 17 (mE— N) —m + D* A
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% (m— 3 — 1 {(n-+1) (N—1) mp—(m~+1) @n+N+1)}

Tmp 0+ 1) Br (0 17 (P —B) —(m+IPAT
B Cw (N—1) (m—2n—1)3 R '
C - 2mp (n + 1) [4m (n 4+ 1)? m2—N) —(m 412 A] . (14)

Now - L=pD = mpd

2 1
=—%€’_—’_—‘§n—_’_;”f_"e. e

)

J

In order that the a]l-burnt position of the charge may not occur before the I:upture of the
grain we must have

L>e
m—2m—1 ,
P> F T = Pmin (16)
: Cm—o—1 o
whero i = T )
Now (12) can be written as B
A=Ay (m, u) + 1—(?—@ (18)
where
S m—2n—1) 2 (n4-1) (4%+7V—I—3)m+27r 1) {20 (V1) -+ (3N+1) }] "
Ay (m, )= S(n+1) [ dn (o1 (m—N) — (mEI)EA] o @)
and” . ny X : ) ' ’
. (m—2n—1) [7 {@n+ 12— T} — AT (m 1)
A ) = T} Tl (0417 (7 — M) G 17 4] 20
Hence for a given value of n A k L
=ty )
= 1, which is a value indepéndent of m‘;an;i n (21)
(For a given value of m and #, 4 is minimum when p = oo, so that from (18)
| Amin = 4q (m, ) e )
When ' } m=2n41, A, (m, n)=0
SR ‘ L om(4 3)
4hd when = oo, ; Ao(m’n)’t=,ﬂ(n+N+ )

[n (n+1—A]
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which shows that m this case A, (m, n) is a functmn of n only Takmg the mlmmum value
of n'=1, we have :

‘ N=1T7 A =532

Hence Ay (m, n) =" RN L N =0-91.

(T6r—5-52)
Also when n=o , Ay (m, n) = oo
S afif
Now, as usual, | 'SO = @l (23)
which with the help of (11) gives o v L
‘ g S
5, =e—H - [(24)
where ‘ , -
- A—B--C
(m-1) (27 (n-+1) (4n+2 N42) mpbe (4n2—3N—1) m+m (12n2+12n+3
_ +4N n+N) — (m4-1) A] 9%
= [ 47 (n1)® @m2 p1-2mpNTm—N) —(m - 1)F A (25)
. 2(B—0) "
A= J—B=0¢ . | S
2 (m—2n—1) [2 (n--1) (N—1) mp — (4n+3N+1) m— (N-—-2Nn—|—6n—|—3)] %
= [ (n+ 17 (2 p + 2mp N F mi— ) — (m + 1 A] 0
: 30 -
L4 4A—B—-C £
3 (N—1) (m—2n—1)2 e

[dn (nF1)2 (2m2 p+2 mp N+mi—N) — (m—F1)F A]

(24) gives a relation between —:;—g— and f for the first phase of combustion, Putting f ==
A :

we geb | (_§_) =
‘ . 5, )r=o ,
which is the ratio of the surface at the end of the first phase to the initial surface.

Agam from (24:), we get : :
d S : e
7 ) (—_Sé—) = — 5—2?f . o o (28)

PRI BT
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"As is clear from (?7"), y is 'é;lwa);s poéifii;e sb‘ft}ir‘af —ZZF ( Tg\'—j-)””isz:,élvs{a}‘.{s -, ﬁegafi?é.
h 0 ~,.Ll,z.‘;l-,4,_:

. S -{ “V“-a:»"" A,._ A‘ s ’Al ;
This shows that 5~ ¢an have only a maximum value for some value of f.

Now, for a magimum
d: ( S)_ g gpf :
X ’ daf So; =—F , =0 .
so that om0
Since \ 1>f>0, |
We have ’ r—~- —Zﬁ;—ﬁ "1_l : (;’)1)
and ) £ 0 ’
~ g, = : SR )
From (26). and (27 ), we get ‘ : -
. ‘B ‘_ [(4n+3N+1)m+(N, 2nN+6n+3)—2(n—|-1)(N—~1)mp] 3
2y T . 3 (M=) (m—2m-1) - (33)
so that (31) gives co o
(4n+3N+1)m+ (N—2n N+6n-+8)— 2 (n+1) (N—1) mp ‘
‘ 3 (V=T (m—2n—T). * <1
or e —(N“_‘f;ﬁm’—- = Gay) (30
2(m+ N o o
where Py = —(—K(ngf_i# " = T (85)
Sumlarly from (32), ) . L « .A | . ‘ , '
(4n+3N—]—1)m+(N 2%N—|—6n+3)—2(n—|—1)(N——1) .
o TS (m—2n—1) =0
(4n+-3N-1) m + (¥ — 20 N-+6n-+3) RSP,
or P 2 ) =Tm C=re(my) TR
o (4n+3N—|—1) ik (N—2nN+6n+3) o '
vhere  py = e =T T e @)

(,35) and (37) g1ve the least and the greatest values of p for 9 maximum value of —S§~ .
0,
If p = p,;, the maximum oceurs at the beginning of combustion; and when T8,
) H p = pg, it occuTs,
at the end of the first phase. In order that the maxmmm may occur dunng th: 2ﬁrst phase
\the value of p should lie between py and Px, ’

- 3
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Using (17), k3§3), (35) and (37) in’

B
f‘— ] 27
we have f=1— P—h . BT P (38)

Pumin Pumin

which gives the value of f for a maximum of —é—g—
. m ot g,

With the help of (26), (27) and (35), we get from (28)

{_;7 ( S—i )]f=1 =—F-®

dr n—2—1) @Y F- D=
[An (n+ 1) (2m? p 4 2mpN +m? —N) — (m+ 1) Al (39)

and

{ 4 ( 8 )] I (2 n—) (1) 1) (pp)m
{57 50 ) oo™ 7 F= T ariremteremeNfmi—N)—(miip A7 40
Hence in general, for any given value of n, if : [ '

{%) 'pmm < p < pys —(%.— (_:Sgo—) ‘is always pésitive right from the beginning and

the charge is-degressive throughout.

8 ..
@) pp <p < P \—(;27 (S—o) is negative in the beginning and then positive,

Hence the charge is"ﬁrst progressive and then degressive.

(1s) p > pz,m %f_ (% ) is always negative and the charge is progressive throughout;
. (1}

These results have Been summarised’ in Table 1.

TaBLE 1

Pmin <P < py p<p<p P> p2

Decreasing function of f and the Increasing function of f in the Increasing - function of f throu.
8  charge is throughout degressive. beginning and then decreasing ghout. The charge is always
8, function. The charge s first pro- Pprogressive,
gressive and then degressive. .

N/S152—2



68 Der. Soii' Ji, Vor. 18; Aprit, 1963
FORMFUNCTION FOR THE SECOND PHASE OF COMBUSTION

At the beginning of the second phase of combustion, the charge consists of exactly
alike prisms whose bases are curvilinear triangles like LMN (Fig 2). The combustion of
these triangles is similar to that of the inner prisms in a heptatubular charge as discussed in

M.8.0. (1951)° or of the centyal prism in the tri-tubular charge discussed by Jain (1962)*

tit, on account of partial inhibition and cheracteristic arrangement of holes in the present
case, the results obtained for the two aforesaid charges are different from those obtamed
for our charge, as shown below. S

The number of such triangular prisms = 6n2 . o | .(41)
and the length of the charge at this instant |

=L —e k

| tymomonoy "
Also the $adius of the are tike LN = 4 (43)
and the side of a triangle like 4’ B' ¢ = 2a (44)

Let R be the cu'cum-r%hus of a triangle like 4’ B' ¢" and R’ the radius of the arc of a
curvilinear tria to which the. ewwhnear triangle EMN shrinks in time ¢ during
the second phaﬁe of conibustion. If the bounding radii of the arc Dr make angle w each
with the sides B’ C’, B’ A’ of the triangle 4’ B’ ¢, we have

_Rcos—g- =R cosw = a L (45)
*R= 2a d R =aseca e o 4‘6‘
B=-75  an =aseco (46)

For the complete combustion of the prism,
B = R', so that (46) gives :

cosw = % )

i _
or o= % (47)}

Thus the complete combustion takes place

whene = %; Now, at any tiife £ during

3 A ¢
Fig 2—Burning of silver during the’ second phase of )
combustion g PR
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the second. %gse of combustion, when a curvilinear tnangle LM N shrmlé”s f,o{;ha eurvﬁmear

tatigle DEF, the ngth of the griin is given by~ A
I=L—e—2(R —0) R S o
[(p%-l:' 1) — _;_mi_"l_'_l_;_ sec w] & fan o (,4,83
A% the instant of complete combustion, ¢ e, when w = 5 , Thisled hslisull remain
gt
positive, which is so if - .~ . . »
(pre 1) e ¥ 3@m+1) >0 . o T AT
O , S B S ~
0. > 2T m — —
" ST sy T TR :

PP P :_: SIS Fl sl e

Now area of &- cmvﬂméar thanglé like:pEF -~ - T -

_-AA’B’C’ 6ALB'D——3 sectorFB’D )
2 42 =
= (; D) r;l, £6.4/3 — 18 tan & —3 (7 — 6w) sec? w}
Hence the area of all-the curvilinear triangles
2 2 d2
= W (m + 1)°d { 6 4/3 — 18 tanw — 3 (r — 6w) sec® w } - (60}

16 (n + 1)
: i SE0 + 12 d T T T e e e
%%+&~EM.,_N_w“ﬁD

where - (w)-—{2\/3—6tanw—(w—6w)se02m} . | (52)

Denoting the volume of a pnsm having a base DEF by V (DEF), the volume of the cha,rge ')
at any instant ¢ during the second phase of combustion

— 6u2 V (DEF)
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Snt (1248 : / : N R
3n? 3(2m(:- _: )1)‘? [24/3—6 tan & —(7—6w) sec? w] [ 2 (pm-1) (n+-1)—(m-}-1) sec w]

3n? (m - 1) 43

= —meyyp 0@ | (53)
where G (@) = [2 (pm + 1) (0 + 1) — (m + 1) sec w] F (w) (54)
Pm1— . G.nzVI}DEF)S o R,
’ 0

o 2 (m + 12 G () | 5
= 1= T2 D) [ () D) — (1) A] (56)

Initially when | | w=0
F)=2y8—m. (57)
and @ (w) = {2 (em+1) (n+1) — (m4+1) } 2 4/3 —7) (58)

8o that from (56) and (58) we get ‘the value of z ab the begmnmg of the second phase of
combustion as

3n? (m+1)% (24/3—m) {2 (Pm'-l‘l)'("-l-l) — (m--1)} 59
pm (uF1) [ £ (0-HD? (=) — (mF17% 4] (59)

(m—21—1) [2 (n+l) (4n+-3+N) m? p42m (n+1) {2n (N41) + GN+1) ymp

_ -+ (m1)2 [7 {(2n4-1)2 — N} —

= Smp (n-F1) [dr (n-F1)? (mP) — (m+1)2 N

=4

which is the same as the value of z at the end of the first phase of combustion.

2=1—

At the time of complete combustion of the grain, w = —6"— and G(w) = 0,

“hence o s z=1 -
8 value which 2 should attain when combustion js complete.

Now, let us define f aé the ratio of ﬁhe distance r;aéeded (from the beginning of the
second phase of eombustmn upto the mstant considered) to the initial thickness e,

21a——R’
them . . . . T f= _e—)
= m—gn_1 (1—sece) (60
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Initially’ when =0, f=0.

e = 4 AT m—‘-zw..‘.‘ly.w(»l-:— 73 ) (61

_m
Hence with the help of (60) and (54) we get from (56)

30 -1 2 -41) pr— (m—3n1) (11| F (0
2pm (1) [dr (01 (W"—B) — (m+1)® A] - @

z2=1—

We shall now find Sﬁ for the second phase of combustion in terms of
o -

w and n.

iz dzfde
i - df [

302 (m+-1) (m—2n—1) [4 (6w—) (n-+1) (pm--1) sec w
— (m—+1) {2 4/3—6 tan w—3 (7—6 w) sec? w}]

= 2 pm (n4-1) [ (1) (m—N) — (mF-1)° A] (63)

\df
which with the help of (12), (1) and (14) gives

and - (a_z) -—'—(A B—C)

dz _ — (m—2n—1) [4x (n-}-1)2 {2m? o2 mpN+m2 Ni— (m41) A ‘
( i ) 2mp (n+1) [4r (n+1)2 (m2 — N) — (m+1)2 A] , (64)

S azldf
Hence T = m/d—ﬂ—f_

- 3n? (m-l—l) m—l—l) {2\/3-61:311 w—3 (1—6w) see w} +4(w—6w) (n—l—l) (mp-1)
= secw] A1) :2m? p+-2mpN-+m? — N} — (m-+1)% A] (65)

Initially when w = 0 ,
S 3m2(ml)dw (1) (mp1) + (m1) (2 4/3—3 7))

I_S—- = 4m (n41)2 {2m? p-+2mp N+4m2 — N} — (m-+1)2 A (66)
At the instant of complete combustion © = —g— , 80 that from (65)
-8
g = 0';

M/S192—3
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