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The formfunction for a pentatubular charge has been found. In Part I
the theory of unmodified pentatubular charge and in Part II that of modified
pentatubular charge are discussed.

INTRODUCTION

It is well known that multitubular powders have been in use in countries
like America, Russia, England and Germany. In particular, heptatubular
powders found great use in almost all countries.

Work has been done on heptatubular powders by Tavernier (1956a, b)
and Gupta (1959, b), on modified heptatubular powders by Kapur and Jain
(1961), on quatretubular powders by Patni and Jain (1963), on modified
quatretubular powders by Patni and Kothari (1962), on tritubular powders
by Jain (1962) and on bitubular powders by Kothari (1963). The general
theory of multitubular powders having N number of holes, whether N is odd or
even, has been developed by the author (1964 in press). But this general theory
excludes the particular cases for N = 3, 5 as these require special treatment.
In Part I of this paper the author has developed the theory of unmodified
pentatubular powders.

Unmodified pentatubular powders have two stages of burning. During
the second stage of burning, there are irregularities in pressure drop and the
powder may not give satisfactory performance. To eliminate the second
stage of burning, the charge is modified by cutting out at the very beginning
and inhabiting the sliver which is expected to be formed at the end of the
first stage of burning. '

Work has been done on the general theory of modified multitubular
powders having N number of holes, whether N is odd or even, by the author
recently. Particular cases for N = 3, 5 requiring special treatment have been
excluded. In Part II of this paper the theory for the modified pentatubular
charge has been developed.
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Parr I. Ox THE FORMFUNOTION OF UNMODIFIED PENTATUBULAR POWDERS

Notations:
D = The exterior diameter of the charge grain.
d = The diameter of the holes in the grain.
L = The length of the grain.
¢ = The distance between the central hole and any of the four outer
holes of the ring, i.e. ¢ = the web size of the grain.
¢o = The distance between any two outer adjacent holes or between
any of the outer holes and the curved surface of the grain.
m = The ratio of the exterior diameter of the grain to the diameter of
- D
any hole = 7

p = The ratio of the length of the grain to the exterior diameter of the

grain = 12) .
8, = Initial surface of the grain.

§ = Surface of the grain at any instant ¢.

f = Fraction of the initial thickness (web size ¢) remaining at any instant
t for the first phase of combustion; while for the second phase of
combustion, defined as the ratio of the distance receded (from the
beginning of the rupture of the grain up to the instant considered)
to the initial thickness e.

8 = The density of the charge grain.

V, = Initial volume of the grain.
V = Volume of the grain at any instant ¢.

Formfunction for the first phase of combustion.

F1a, 1. Pentatubular charge with
four holes in the ring and one hole in
the centre (at the beginning of the
firat phase of combustion).
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Fiu. 2. Pentatubular charge with
four holes in the ring and one in the
centro (during the firet phase of

combustion).
As defined ecarlier
D = md - .. e .. .. o (1)
L = pl) = mpd. . ‘e . . (@)

From Fig. 1, we have
D =2e4+d42 .04

= 200+ d+(co+ DNV E = md .. . o (B
0 2+'\/§ . . . . ‘e

Also
.= ot dV2
- 2
(m—24/2—1)d _
= T T T .. .. .. .. (D)
V2(2+v'2)
so that e < €.

The initial volumne ¥, of the grain is given by

2 [ 7\ 2
o= {0
=§Pmd3(m?—-5) S (|

while the volume ¥ of the grain at any instant ¢ is given as

= {2 05 5 e

m=24/2—1)(m+5)(1=f) _ 4(m-2\/§—-1)2(1-f)2] x
V22+4/2) 2(2+/2)°

_ (m—24/2—1)(1—)
['mp V/§(2+\/§) ] .. (7)

=T 2__;_2(
4d[m 3
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. 2z = the fraction of the charge burnt at any instant ¢

V=T v

Using (6) and (7) in (8), we get
= (i j {'\/2(7)&—-2\/2 —1)(m+5) + 2(m—24/2-1)"
o @+V2)m2—5) - (2+V2)(m2—b)
(m—24/2~1) _ (m—24/2—=1)"(m+5)
V2244 2)mp (244 2)%(mE=5)mp
_ Va(m—24/2—1)° }_ ! 2(m—24/2~1)°
(24+V/2)3(m2—5)mp i(2+'\/§)2(m2-5)

"0—2\/2 1)%(m+5) 3‘\/2(””_2'\/2—1)3 /
2V 2 mr—B)mp  (244/2) (2 —B)mp |

S VRRVRSL
(2+1/2)%(m2—5)mp '
or
= L= Ne—bf—cf?), .. .. .. .. . .. . .. (10)

where

(4 2= .- ('“6—2’\/2—1) (12 ‘-m"" p p 2)m 24-4/2)(m )
=@ v§)3<mz_5)m,,““+5‘“) 2+ (284201 2)mp+ (2+V/2) (e + 1)2]

(11)

o ) i
b= (24(_’1;52)2/;;_15)) [(442v/3)mp—(2+34/2)(m+1)] L
= VEm—2v2-1) s

T @V e
(10) gives the relation between z and f for the first phase of combustion. = At
the end of the first period of combustion f = 0 and z = a.
From (5) it is clear that for ¢ to be positive, m should be greater than
2v2+1).
From (2) and (5), we get
L_v22+v2m
(m-—2\/2——1)

In order that the length of the grain is not burnt out before the web size
is consumed, we should have

(m—2'\/§—1)
-——-——-———-——-(2+2\/,2_)m .. . .. o (14)
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s0 that
P > Pmin (15)
where
(m—24/2-1)
Pmip =~ . (16A
(2+24/2)m 154
(11) can be written as
(7),-2\/2 1)[(12+8\/2)m+(28+20\/2)]+ m—24/2—1) (m41)2 16)
(24+1/2)3(m2—5) (2424 me—b)yme
For a given value of m, (16) is a decreasing function of p.
o (m--zx/‘z’—l)[(12+_8\/§)m+(28+20\/§)]+ V(i +1)2
(2+1/2)%(m2—5) (2+4/2)(m2—5)
= 1, a vajue independent of » an
and _ _
— (m=24/2=1)[(12481/2)m+ (28 +200/2)] 18)
min (2+\/§)B(7n2_5) .
When mow= (24/241), timin =0
and when m = + 00, iy = Eig—\—{% = 0-58579.
(2+v2)
", ftmin Varies from 0 to 0-58579 when m varies from (24/2+1) to .
Again, as usual,
8 .
5= a—Bf=Vf2, .. (19)
where
_ b (m+D[( (164104/2)mp— 2\/2m+16+8\/2] (20)
a—b—c (4431/2)(2m2p 4+ 10mp +m2~35)
g = 2(b—c) _ (7)&—2'\/2-—1)[(4-*—2‘\/2)1”;)—— (2+4\/2)m-—(2‘\/§-—2)] (1)
M—b—c (4434/2)(2m2p + 10mp+mi2—5)
v B 3v/2(m—24/2-1)* (22)
T a=b—c  (4434/2)(2m2p+10mp+m2~5)

Equation (19) expresses the relation between and f for the first phase

S,
of combustion. If we put f = 0, we obtain the ratio of the surface at the point
of rupture of the grains to the initial surface as

S

— a
So
From (19), we get
S
and
a2 {8
dfﬂ(:q—) = -2y .. {(23B)
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but y is always positive.

[ S
af 18
At the beginning of the combustion of the grain f = 1 and

a8
plg)=-s-
- 2(2-}-\/2)(111 -—2\/2—1)(:;1 +5—~2mp) .

. - 77 \3 (S ) is always negative and thus - ] i8 a deoreasing function of f.

- 24
(44 34/2)(2m3 + 10mp + 12— 5) @)
At the rupture of the grains f = 0 and
d{s
() =
_ 2Am—=2v/3-1)[(2+4v/2pm+(2v/Z—2)—(4+2V/2)mp] (25)

(4431/2)(2m2p+10mp 4+ m2—5)

* In order that -'SS_ may have a maximum at any point between the beginning
0

of the combustion and the rupture of the grain, we should have

BB

i.e.
(m+5—2mp)[(24+44/2Im+(24/2~2) = (4 424/2)mp} < 0. .. (27)
Lor this inequality to be satisfied, we shall have
Py <P < Pg OF Pg <P <Py
where
_m+5
1= m (2)
and
= _@Vetmi(ve-1) oy
(2+V2)m

(28) and (29) give two possible limits between which p should lie for g. to

0
have a maximum at a point occurring between f =1 and f = 0. It is also
clear from the two relations that P, and P, are decreasing functions of m.
We have

3(m—2\/2 1)

T V3 +/2)m D '

Hence p, is always greater than Pl, since m > (24/2+1).

30)

For ész to have a maximum, — 7 (5:)) 0,
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S (23A) gives
—B=2¥fn = 0
or
B8
fm = - 5
or

/= (44/242)m +(24/2—-2) — (44-24/2)mp
o 34/2(m—2¢/2~1) ’

where f,, == value of f for which S has a maximum.

e
32) can be written also as

P—Py _ Po—P

3pmin 3pmln Y
Using (28) and (29) in (24) and (25), we get

Sm=1~

[d (s)] _ 424 4/2)(m—24/2=1)(p; —P)m
o=

E;f E; - (4+3'\/§)(2711‘2P+10mp+mg-5)
and )
[E (ﬁ)] - 4(2+'\/§)(71L—2‘\/§—1)(P2—p)m
df \So/ §r=0  (4434/2)(2m2p+10mp+m2~5)
Hence

) if m=—24/2—1 d

powder is degressive throughout;

S
—————-_——-<p<p,__(_). itive.
(2424/2)m v a\&, is always positive

(31

(32)

(33)

(34)

(35)

Therefore the

(ii) if Py <P < Py %(6—‘?-0) is negative in the beginning and then

positive. Therefore the powder is progressive
and then degressive;

in the beginning

(iii) if p > pq %‘ (-’SL) is negative throughout and therefore the powder

So
is progressive throughout.

The results obtained above are given in the following table:

Case (i) N Case (ii) P2

Case (iii)

\When‘ | !
Prin S P P1 P1<p<pg

P> Pe

Decreasing function of 2.  Increasing function of 2 in  Increasing function of =.
__‘i The powder is degres- the beginning, then decreas-  The powder is progressive.

8y sive. ing funation of 2.
The powder is first progressive
and then degressive.
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Formfunction for the second phase of combustion.

Fia. 8. Pentatubular charge with
four holes in the ring and one in the
centre (at the beginning of the second
phase of combustion).

As mentioned earlier, e < ¢,
.. as burning proceeds, the central circle touches the outer circles before
the latter touch each other or touch the outermost circle. This instant of the
end of the first phase of combustion and the beginning of the second phase
may be called ‘ point of first rupture’, the values of the various quantities
at this instant being denoted by the suffix 1.

At this instant, the powder consists of a prism, one-fourth of the base
of which is H/DFLGEKIH and the length of the grain is

m—2\/§—-l
o= o= T ) (30
Also

(m+1)d

AB = d= 7
(ot d)VZ _ (m+1)d
OA = OB = = - .. .
A= 0BT T o
-— 0 = = —

00 = 40 ==5= = e+ v3) (@9)

The radius of the arcs like HI, HD, IE
- o+ V2 _ (m+1)d - B . (40)

i i(+/241)
The radius of the arc F'@
D_e_(@V24lm+hd g
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Fie. 4, Pentatubular charge (during
the second phase of combustion after
the first rupture).

As burning proceeds, the base HJDFLGEKI (Fig. 3) shrinks into H'J’
DFLGEK'I'. Letr denote the radius of each of the ares H'I'. H'D', I'G"’.
Then the radius of the arc F'G' is ‘ ’

ol otV

2 2 4
_ (m-{z—l)d - (42)
Let us define /A NAH == / NOH' = w.
o from A VAH
(ro+d)
o8 0 = V2 _ (m+1d N € B))
’ H{(V2+41)
fm ot ld (44)
Hv241) cos w
Tho outer circles and the outermost cirele touch each other when
relotd_ il (45)
2 24/2(4/241)
For this value of r, (43) gives
08 @ = .
V2
or
w = 45°, S 11

For this value of w, the central circle touches the line AB at the point C.
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When the base HIDFLGEKI becomes H'J'D'F'L'G'E'K'I’, the length of
the grain ig given by

p= 11—-6—-2(7*- ("0*'_,“_.._?_\_/@)

(m+1)
= {mp+1l— |, 47
[ g 2(\/§+1)008w] )
In order that p should always remain positive for all values of w we should have
(m+1) (m+1)
mp+1 > — - == e — s
P 2(v/3+1) cos 45°  /3(1/2+1)
ie,
P =Py .. .. .. .. .. .. .. HR)
where

py =V )
'\/2(’\/2-{-1)///
It ean casily be seen that
Piin << Pyg << P << Po.
Now
area H'J' D'F'L'GCE'K'
=2 area HJ' D'FLCM
= 2 [sector OF'[/ =2 A ANH —sector (}/1' M’ —sector 4H'1)]

(m+1)%d* [g 2(\/§+1)— 1 :.2 7—8 tan o — (57 —Bw) sec? w]

= 64(v/2+1)* CO8 W
=_(.'£1"_1)_2‘_11Fw 50
HVBETY (w) P i 1)
where
. Y o /5 1 - -
Flw) = (2(\/2+1)—-m’ 7—8tan w— (37 —8w) secZ w|. .. .. (51

Denoting the volume of the prism whose cross-sectional area is H'J'D'F'
L'G'E'K'T, by VHJ' D'F'L'GEK'T'), we get
z == the fraction of the charge burnt at any instant
_AVHTDFLGEKT)

- (52)

=1

Now
VIHIJDFLFEK]T)

_ _(mtl)a2 o _ (m+1) 2
__64(\/§+1)2F( )'[mpH 2(1/2+1) cosw]d o 69

lf'ozzmpds(mz—fs).. O (7§
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A (52) gives
(m+1)
m-1)2 lw ——0——— |F
D) [mp+ 2(v/2+1) cos«:] “
ze= 1= ———r (65)
4amp(y/241)*(m2—5)
Initially for w = 0,
F(0) = F(w)g = 4(1/2+1)7 - .. .. .. (568)
and
_(m+1)
(rn+1)2 [mp+1-— J
= 1 2V _ .. (67

('\/2+l m2—5)mp

Defining f now as the ratio of the distance receded (from the beginning of
the second phase of combustion up to the instant considered) to the initial

thickness e, we get
2[(eo+dn/§ _r}

1
/= -

(m+1) 1
=(m_2\/§_1)(1—009w)' oL (88

". (658) and (58) give
= 1 m+D2A2(V2+1)mp— (A= f)(m—2v/2~1)[F(w)

8wmp(y/2+1) (m?—) (®9
Also
dz
dz _ (m+1)(m—24/2—1) [ 5 _m+ljcos’w ., w
f d 8(—\/'§+1)3(m2_5),-,mp %2(\/2+1)(m’3+1) cos w}sin w F'(w)
—(m+l)F(w)] .. (80)
and
[QE] - (m=24/2=1)[2m2% +10mp 4 m2—5] (6‘1)
flfmr - V2(244/2)(m2=5)mp '
dz
s__df
15
dflse=1
(m+1)[§2(\/§+1)(m,,+1)._ ;"oji}‘;z = F' (o) — (m+ 1)1%)] -

4(4/2+41)%(2m2p 4 10mp +-mE—5)ar
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which can be written as

S _ e+ D[2(V/241)mp+ 1) B ()= (m+1)] (w) ] (63)
So HA/241)*(2m2p+ 10mp+m? — 5)m ’ o v v
where
I(w) = F'{w) cot (w)+ F(w)

= [4(V241)n +12(2w—m) sec® w —B(v/E+1)m se0 w—Btan w]  (63A)

and
K(w) = F'(w) o
= —[4(V/2+41)7+8(m ~2w) sec w]. .. .. .. .. .. (63B)

Initially for w = 0,
Hw) = ~87. K(w)= —~+(34+4/2)x
snd
8 (m+1)[(16+10/2)mp—21/2m+164+8+/2] _ .
So (44-34/2)(2m2p 4 10mp 4 m2—5) Y

(64)

As burning proceeds, a state is reached when the central circle touches 4 B
at the point C and the outer circles also touch each other at the same point.
The outermost circle also touches the outer circles at the same instant. At
this instant, which may be called ‘point of second rupture’, the values of
the various parameters may be denoted by using the suffix 2,

so that w2=§ O 13|
L (m+1)d .
T EVED) 9
o = [mp-— Q!%-l}—-/\%—l—)-]d .. - .. .. .. (67
F(ws) = 41/ 2(n=1/2) .. .. . (68)
(m+1)2[mp~ (—’i‘—'—‘—/—?—?—l—)J\/E(w—\/é)
zg=1~— %+\/2 (69)
amp(4/2+1)*(mt - 5)
_ _ (m+1)(v2-1) 70
fo= (_m—-z\/g—l) - .. .. .. .. .. (70)
Hewg) = —827+1) .. .. .. .. .. .. ..(104)
K(wg) = —4(2V241)7 . . . .. . .. (70B)
S 2(m+ 1)[(5+3v/2)amp+3(\/ 24+ 1)n— 27+ 1)m—1]
and — = — 5 -~ .o (7
Solz (V/2+1)%(2msp +10mp +-m?2 —5)
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Fia, 5. Pentatubular powder after
the second rupture,
At o = E, the prism H'J'D'F'L'G'E'K'I’ (Fig. 4) shrinks into the curvi-
linear triangular prism CS8T (Fig. 5). As burning proceeds further, the prism

CST further shrinks into PQR.
LAOQ = ¢, / PAQ = x and LCAP = .

Let
At the point of second rupture, the charge grain consists of four curvilinear
triangular prisms of base identical to CST. Their common length is given by

m—\/ﬁ—l
= [ —ey = fmp— —X=_"14. .. .. .. 2
Y b0 [ 2+4/2 ] 72)

The radius of the arcs like CS, CT
eo+d (m+1)d
== B — 73
2 2(244/2) (3)
and the radius of the arc like 87
_etd, (o+dV2 _ (n+)(V2+1)d o
202+v2) o

_ 2 2
As the powder burns, the curvilinear triangular prism ¢'S7 shrinks into PQR.
Then the radius

Let us take the radius of each of the arcs like PQ, PR as r.

of the arc like QR is _
(ot V2 _ (r_ €o+d)
2

d
0@:%'_.,. -

- utld (15)
From triangle APC,
(eo+d) (m+1)d .
os o 523 v/3) (76)
(77)

;= (m+1)d
2(2+v/2) oos ¥’
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From triangle 40,
_04240Q2—4Q2
3¢ ="—504.0¢

- (V/241)(2 cos ¢—1)

(244/2) cos h—1 %)
and from triangle 0AQ
co8 [ +4z+x] Wz
=(V2+1)Q—=v2cosy). .. .. (19
At ¢ = - complete combustion of the grain takes place. For this value
of ¢, (78) and (79) give
' p=7 and X=0. .. .. . .. (80)

Hence from the point of second rupture up to the complete combustion
of the grain, ¢ varies from 0° to 45°, X varies from 135° to 0° and ¢ from
0° to 45°,

When the base of each of the four prisms identical to (/ST becomes
identical to PQR, their length pn' is given as

p,' = 14—00—'2(‘1"‘—‘ {)O;d)
= ___mt) 1y gl
[mp+1 s Cow] RN T 1)

In order that the length n' may exist up to the complete combustion of the
grain, we should have

(m+1)
mp+1 >\/9+1
or .
p>p4, ce e e (82
where

_ m—\/2) ]
m(\/2+1) .. .. .. (83)

It can easily be verified that
Pm_m<P3<P4<P1<P2
Now area of the base of the prism P@R

= 2 area PMQ
= 2 [sector OMQ+ A AQL— AOLP=sector APQ)]
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[ v . Sy

= L1
H2+v2) sin [§+¢+¢] con ¢
4/Zsin (Z+¢)(l+tan w) sin (z ——96) y
e —— ~ sy . (84)
sin [Z+¢+¢]
+1)2de
___.4£(’;‘+_~\)/§)2,(¢), R 1770

where

w S ) 2si :
aoh = | (5 -¢)(e+vE- 2 7) +sm\(/;:zj:)mc:s ¢

e e R

X ‘
NER e B
sin (Z+¢+‘/’
Initislly for ¢ = 0, & = 0, x=§-4’l,
G = [ ]y = —= —1. N €.
() = [G(h) ]2 Vi (87)
Let us denote the volume of the prism PQR by V(PQR)
.. z = fraction of the charge burnt
_ | 4V(PQR)
- Vd
or
4(m+1)? m+41 ]
gm=1— - 1— 2 lew. .. .. (88
Crev i L orev e ‘
Initially for ¢ = 0,
24/2(m+1)? (m=1/2-1)
= 1— — - [ s -— 2
(244/2)(m2—5)mmp [mp 2+1/2 ](” v
= zg. . (89)

At the end of complete combustion of the grain where ¢ = 45°, we have
Gyp) =0 and z=1

Now we can write f as
0 ((€0+d)\/ 2_)

I

N % 2 VI P42
; ",,._2\/'2‘_1(1 ay) @
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At the point of second rupture where ¢ = 0,

fo — WE=1)mt1)

m—24/2—1
and at the point of complete combustion where ¢ = 45°,
(m+1)
= - e = [min . .. .« . 91
== A~ (81)

From (88) and (90), we get

=T 2Y/ 2t 1) 2 2)inp — (i —24/2 — -
=l o oy Y 22+ VA= (n—2v2-1)(0 -l @

80 that

dz
de _ @ _ 2/ 2m+1)(m—21/2—1) = _m+l
e 3—5 = T @2 (mr—5)mme B (2+V2)(mp+1) coa:/;}x

Whew-minow| . o

and
[aiz] __(m=24/2-1)2m% + 10mp+ n2—5) )
&flr=i ™ V/2(2+1/2)(m2—B)mp oo
' % - 4(m+1>[{ (24+4/2)mp+1)— ;’;j;}Z‘l.’;’f(:'(w~<m+1)a<¢)]
So—[dz] B n(241/2)*(2m2p 4 10me +-m2 —5)

Eff-=1
or

S _ 4m4D[m+1)EW)~ (2+v/2)mp+1) ()] L e
So n(2+4/2)*(2m2p + 10mp + m2—5) N ’
where .

D(¢)=G'(¢):i‘:2¢'/’ R 1 1 |
E(d) = G'(¢) cot p+G(y) .. .. .. .. .. .. . .. (98)
dp_ __(v/2-2)siny e 99

&% [v2cosy—(v/2-1)F
dy [(2+\(§) sin ¢+ sin (§+¢+x)]

= .. (100)

sin (§+¢+x)

(95)
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anj'(sb) = |v2sin (}:w)a +tan ) coseo (T44-+9) jéos (§'~¢)
+8in (;—rﬁ) cot (’{+¢+¢) }+Vé sin x cosec (Z+¢+x/1) X
oo Joos g—sin ¢ cot (T+g+9) { —2+1/2—sec 0| %
+ [\/ 2 cos x sin ¢ cosec ‘(§+¢+x/:\) —seo 4,] sec ¢3—$
—2(241/2~sec ¢)(§ —é) sec i tan g —1/2 sin (’1’ —(/») X
(14+tan ¥) cosec (§+¢>+¢)§eos (’—;+¢\) —sin (T;’ﬂb}) X
ot 7409) =1/2 s sin x cosec (G+o+0)x

sec ¢ 3 cot, (Z+¢+¢;) —tan ¢ } —\/§ sin (E-{*lﬁ) X

sin (Z ——qS) sec? i cosec (£+¢+J;). .. .. .. .. (101)
Initially for y — 0
D) = — Q%_;L)’I and E(p) = —(27+1)
while at the point of complete combustion,
D) =0. E@)=0 and =0 .. .. .. (102

So
ParT II. Ox TAE FORMFUNCTION OF THE MODIFIED PENTATUBULAR CHARGE

Formfunction for the modified pentatubular charge

¥16. 6. Modified pentatubular charge.
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We have, as in Part I,
D =md
L= pD) = mpd
D = 2+d+2.04
= 2e0+d+(¢o+d)V 2 = md
0o = (m—-\/é—l)}l%
2442
_otdV2
2
. (m—2\/§—1)d
T AV202+2)
The exterior diameter of the charge grain, when the central and outer
circles touch each other (as shown in Fig. 3), is
= D—e

=(2\/54:}%(6o+d) O € 1
_ (24/2+41)m+1)d
V2(2+4/2)

.. the cross-sectional area of the silver

_ D—ez5d+c2
=M\ T TS

_ w(m+1)%4d?
sv2+1)’
If this silver is cut out right from the very beginning, the initial volume
V, of the grain is given as

o= () - SR )

. (104)

oo (105)

=%(m—2\/§—1)(m+\/§+1). L (100)
The volume of the grain at any instaut ¢ is given by
Ve H{?) - Q:%i’f}z-sﬂ 2401 ’6}2 - ’1‘(’(};_,)_’;’;] (L= (1)1
_(w7’b+f}(§l =f )] [mp— (’”'j%g‘_:}%_f )] N ¢ 1
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.. z = the fraction of the charge burnt at any instant ¢

= Vo5 =l—-—-I;‘-) .. e .o . .e .. .. .. (108)
or
2= (1=f)(1—Af—Bf%), . . .. . . . .. (109)
where
A= (m_2\/§_1)[(2+2'\/§)mp—£3+\/§)(m+l)] . . (110)
V2(2+V2)(m++/2+1)mp .
and
_ (m—24/2-1)*
B—v5(2+\/§)2(m+\/§+1)mp‘ ¢ § § )
Again
&)
8§ _Mf/
(df)f-l
gives
S [
E;=a_,sf--/f:, 4 6 1)
where
o 144 (3+4/2)0n+1)[(2421/2)mp— (m=~21/2~1)]
* TT=A=B 7 (6+4/2)m2 +(304+201/2)mp+ (2+4/2)m2 — (2424/2)m— (16 +111/2)
» .. (113)
. 2AA—=B) _ 2(m—2v/2—-1)[(242V/2)mp—(44+v/2)m—(2—+/2)]
B =Y—A=B = {6441/ 2)m®%+ (30+ 201/ 2)mo+ (2+ v/ 2)mi— (2+2v/ 2)m—(16+111/3)
.. (114)
and
y__ 3B _ 3(m—2v/2—1)* |
T1=4=B " (64+4V2)m2r+(30+201/2)mo+ (2+1/2)m2—(2+2v/2)m—(16+111/3) °
.. (115)
We have
a (S ,
Ef?(s_o)='2"' S ¢ § 1)

From (115), we find that »’ is'a.lwa,ys positive and therefore ;_.;2 (§S') is

[

always negative and %(-'%) is a decreasing function of f.



OX THE FORMFUNCTION OF PENTATUBULAR POWDERS 227

Now

b(0),.-

~ 2(4/3+1)(m—2y/3—1)(m+5—2me)
" (8444/2)m2p+(304-201/2)mp + (24 1/ 2)m2 — (24 24/2)m — (164 114/2)
(117

and

58]~

_ 2(m—24/23=1)[(4+ Vv 2)m+(2—1/2) = (2+21/2)mp]
(64+44/2)m2o 4+ (304-204/2)mp+(24+4/2)m2— (2424/2)m— (16 4+ 114/2)
. (118)
Hence for é—go tn have a maximum value at any point between the beginning
and end of the combustion of the grain, we should have

BB e

i.e.
(m+5—2mp) (44+4/2)m+(2—4/2)—(2+424/2)me] <0 .. (120)
which gives
P <P <P orp,<p<Pp,
where
b = "12-'7;’ . (121)
and

(2V2+1)m+(4/2~ 1)
= @42 oL 122)

(121) and (122) gives the two possible limits between which p should lie

8
for the existence of a maximum value of g Further P, and p, both are
0

decreasing functions of m. We have

_ 3(m—2¢/2-1)

———— et . .. .. (123)
T AV2(244/2)m (

‘. in every case p, > p, since m > (24/241).

P,

The maximum value of — occurs when f, = — -,
So 2y
i.e. when

fo = B VR4 2= V/2)— (2420 2)mp
" 3(m—24/2—1)

. (124)
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or

p—pP, P,—p

=l et =
,/m 3Pmiu 3Pmiu

. (125)

We have from (117) and (118)

‘d (S
7(s)]
_ 4(\/§+l)m(m—-2'\/§—1)(p;_p)
B (6+44/2)m2p+(30+201/2)mp+ (24 V' 2)m2=(242v/2)m—(164111/2)
. (126)

and

d S\
7(%),..
' ('\/2+1 /// //;—-2\/2 1 (p .._p)
(0+4\/2 Jmzp+(304-201/2)mp + (24 1/2)m2 = (2424/2)in — (16 4+114/2)
. (127)

Hence, as usual,

~2¢/2~1 y
if \;2(2-}\-/ V)m <P PLP, df(b) is positive throughout. There-

fore the powder is degressive throughout'
(i) if P, <P < Pn, df( ) is negative in the beginning and then posmve
Hence the powder is at first progressive and then degressive;

(iii) if P> Py, a (ﬁ) is negative throughout and therefore the powder is

df \Ss

progressive throughout.

The results obtained above are given in the following table:

’ ’

Case (i) s, Case (ii) Py Case (ii1)
When 1 ,
} pmin<P<P1 P2<P<P2 P> py
)
. Decreasing function of z. Increasing function of z in  Increasing function of z.
s The powder is degres- the beginning, then de- The powder is progres-
So sive, creasing function of z. sive.

The powder is first pro-
gressive and then degres-
sive.
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