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. ~ ABSTRACT _

It is shown in the present paper that it is likely to be
mseful - to eliminate the second stage of burning for the
‘heptatubular charge by removing the portions -correspond-

. dng to thesliversin advance, with the result that there is

. only one stage of burning and throughout this stage in
almost all cases S/S, increases. The properties of the form-
function for such a shape and the equivalent form factdr 0
have been worked out in complete generality and it is found
that this shape gives a great improvement over the un- -
modified shape as is seen by comparing the values of. the
equivalent form factor 6 here with thecorresponding mean
value of 6 for the unmodified heptatubular charge obtained |
by Tavernier. ‘ ’

)

_~ These properties have also been investigated for a shape
which has only three circular holesin the unmodified form.
‘Here too the surface for the modified charge is throughout
progressive in .almost all ‘cases. :

" Initroduction

The heptatubular charge is widely used in many countrivs on atcount of
its progressive nature in burning. It first became pepular in the U.S.A., but it
‘was not so much used in the continent because of the possibility of irregular
‘burning and difficulties of manufacture. Later it was found that the difficulties
"were not so real and the use of this shape became more popular,

One difficulty with the ordinary heptatubular charge is that it burns in twe
stages, in the first of which the burning surface inereases while in the second,
it rapidly decreases. Though 8/S, remains continuous atthe point ‘of rupture, it
-can be shown that its derivative suffers a wide jump at this point. This sudden
-discontinuity together with the irregularity in the burning of the slivers takes
away a great deal from the advantage of progressive burning surface area
‘in the first stage. It is, therefore, suggested in the present paperithat the second
stage be eliminated altogether by removing the portions eortesponding to the
dlivers in advance and inhibiting the surface from burning. The result would
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137 THE FORM FUNCTIONS ¥OR*MODIFIED MULTITUBULAR CHARGES

be that there will be only one stage of” bumiﬁg, and “throughout. this staée in

_almost all cases §/S, would be increasing. We have calculated the form-
function’ for such' a shape, ‘of the same generality as that of Tavernier! for the
usual heptatubular charge. We have obtained the equivalent form-facter (6}
for this_shape by using the principle of least squaresand found that it gives.
a great improvement over the corresponding man values of 6 for the hepta-
tubular charge obtained by Tavernier. Our values are only slightly inferior
to those obtained for the heptatubular for #.c first stage only, but the -

behaviour has to be compared for the whole duration of burning.

; It may be admitted that there nray be some difficulties on the manufacture

. of this modified shape, which will have nineteen. holes instead of seven in the
* usual hepta-tubular charge, but the advantages of this -shape are sufficiently

' attragtive, if the mamifacturing difficulties can be overcome. In fact the difficul-

ties can be reduced by using a smaller number of holes by using the principle:

~ suggested here. We have worked out the form function for a shape which has
only ‘three circular holes-inr the un-modified forni. Here too the surface for the
modifisd charge is throughout progressive inalmost all cases and graphs and
tables have beer given to show the behayiour of this stage. :

- Tt may also be argued that increasing the nunsber of holes in. the hepta~-
tubular charge would decrease the average density. To overcome this difficulty,
we have calculated in the last section the size of the holes in the modified
tritubular-chatge so that the average density for this charge with seven holes
is the sane as that for the usual hepta-tubular charge with seven holes.
Notations v

: R The f'oIloW{ng‘ notations have been used:— - '

d-<The diameter of the holes of the grain. ,

: D—The distance between any two holes and between any of the six outer holes
" ‘and the curved surface of the grain. '

L="The length of the grain. ‘ , ;

m=Ratio of the exterior diameter of the grainfo the diameter of the holes
(m >3 for the heptatubular charge and >1+-2/ V/§ for the tritubular charge)

p=Ratio of thelength of the grain to the exterior diameter of the graim

(e > 7{%5 for hepta-tubular and

~> (%1——)}—\%"@;? for the .tritubular'lchaige)‘,;i c,
.8 =Surface of the powder initially exposed to the combustion.
S=Surface of the combustion at theinstant ¢’.
2= Traction of the charge burnt at the instant ¢’

. f=TFraction of the initial thickness (web-size) remaining at- the instant v,
 $(e)= g = Function of the ?rbg:e_séivify of the powder.. .- ,

 O=Mass of the grain,
oy =I’rop5'lluntvetjemsity,
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- Modified Hepta-'l'ubular cha.rge and its Form-Function

_ The appearance of the end gection ofa grain is shown ] in the followmg
ﬁgures (1), 2, (3) and (4) ' _ o

Fra. 1 . : Fie. 2

Unmodified hepta-tubular charge. Unmodified hepta-tubular charge,
: ' L whena fra.ctmn J of Dremmns

Fre. 3 Fie. 4

Unmodified Hepta-tubular charge ' - Modified hepta-tubular charge
showing the position of slivers at ‘ .

the end of first stage of burning.

.

The diameter of the cylinder is (4D+3d) and siﬂée this equals md, we have

D= 4 d X . e X3 (1)

- The area of the twelve curvilinear triangular priéms Le.of the slivers is

=n(3D—;3J) e D2+d)
=@+t . L L@
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9% mass of the granris givenby - - i - ':g”“ e P
D4 3d d
o[c+w4<»wmmww
) """‘%ﬂpﬂs(7D+10d)(4D+ud) Lo . 38y

The mass when a fra.ctlon f of D remains (Cross-Section shown in Fig. 2) is
ngen by

e {(25 2o {42

—1% (D + d')z] [9(4D + 3d)ép, 1 _..f();f]g" .

= 3= Df3[(ID+ 10d)+ 3DA—1) ] rp‘g41?%r3d>ib(i%f>1 CoLEy

'on dividing (36)by (3) and using . -

) 1—2= f[H' "D+ 105)] [ 1)4(1;-;1;31)

-f[l 4mp (l—f)] [1+7;n—;—"—1—§(1-—f)] . (45)

\I’{éﬁee .
(m-——3) (6mp — Bm —5) 8 (m— v

2 ”“‘f )[ G (i 18) T (Im 19) f 2] (4b)

which is the (z.f) J:elatloﬁ of the form , e o
= (l—f) (1—af—bf?) ... (40)

. ;

‘where, ) v
__(m—_3)(6mp—-v5m-—5)-f. R
= """2mp (im + 19) . o : k(5a)
and ,
L Bm—3 , : , R
bf4m‘e‘('7m’+‘~19)' ’ Lo T e e (5b)

Since S is clearly proportional to d?f and since initiglly S=28, when f =1,
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- the V(z, f) relation is ea,Sﬁy‘ obtained vz, .
[ C_Uta— Ya—h)f— 31y .
5, = 1—(a+ b) _ - (6b).
[df f=1 ' '

Equa’mons (40) and (6b) determme the (S z) relﬁtlon in paramet.rm form

The Eqmvalent Form—Factor for the Modxﬁed Hepta-'l‘uﬁulax Charg‘e

Accordmg to the prmclple of least squares, We shq

qhoose the form;
factor O so as to minimise the guantity | R

f = (1t °f )—(—f) 0 —-“f Sy r-,,m:;;;

D[ﬁ'erentlatma under the sxgn of mtegratlon, we get the followmg equataons‘
' for determmmg 0: : :

gfa——f')m ) — (U —f) A —af— YDA =0 .. ()
or |

w0 < vv: v

1

[ .[(e +ayft— {2(6 +ay—b }f'* +0+ é-{—‘éb)\ff% bf,’f’] af =07 (10

" whence

- 0 = —(a+3%b) - S (83) '

on substltutmg the values of o And bwe obtam
(m 3) (24mp — 17m -—-29) ;

(8h)

| 8 =TT Bmp (Tm + 19)
* which will be negative if | o
‘ ' MTm+20 e ,
P Tom ©)

) Now the sum of the squa.res of the resxdues for ﬁttmg by the method o
, leas’c squares is :
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- f [a -fHa oA +ef)]z ¥
| = {bﬂ f [ [P—Bf3+ 13fjf;;-12f5+ 4f6]df

_____Lbz o | _ . .0

‘We have colleoted and calculated in table1 the value- of @ and b, the form-
factor 9, and the gym of the squares of the residues for some typical values of m
and ¢. We have Pleg given here for comparison the estimates of 6 obtained
by Tavernier® for thé period before rupture and for the whale period of
. burning. These figuzes show that for the period before rupture our estimates are
slightly inferior, but for the whole period, there is a great deal of improvement.

TABLE 1
. Estimate S;lm of the squares | Estimate of 0 for Un-
e . b - of @ for | of the residues modified Heptatubu-
the lar Charge as
‘Modified obtained by
Hepta- . Tavernier
tubular -
charge : Before " After
: : rupture | - rupture
. —0-069,15 |0-007,98 |-40-065,16 | 0-000,000,0758 +0-087 | -+1-0408
. , —0-002,66 | 0-003,99 |+0-000,67 | 0-000,000,0189 4+0-002 | -+0-8675
9/4 i : .
‘ +0-034,78 | 0-001,77 |—0-035,17 0-000,000,0037 —0-052 | +0:7711
L N : ' :
7 +0-101,77 ;0-011,20 |—O- 107,37/ 0-000,000,1495 —0-130 -+0-2477
Coo 94l N T - '
0 +0-139,83 {0-018,35 |—0-149,01 0-000,000,4010 —-«0'}'15 401172
94 ‘ ' _ o
( +0- 269,84 0:047,69 |—0°203,62 | 0-000,002,6995 -—0-331 —0:1720
® A . :
4-0-428,67 0 |—0-428,67| . 0 ‘ —0-451 -0 3228
w' - ) . . . : ) .
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Some properties of the Form-Function ior the Modxﬁed Hepﬁa-fubular Gharge»

(a) Relations betwexm z,f and S/S ‘ for particular skﬂfjpB? %

The values of zand S/S, for various value,s of ffor the above set of mlmes of
mand p are shownin followmg table:.

" TABLE 2
7 |10 09 08 07 06 05 04 03 02 01 1
m=4 | o - ) . i : . -
1z |0 011020 031 042 052 062 071 0-81 0-91 1.0
p=% | . .
88| 100 0-98" 0-98 ¢-97 0-95 0-95 0-9€ 0-92 0:01 @
tf t16 09 68 07 06 €5 g 03 02
m=4 - . FAN - "f Ao
'z |0 010 026 0-30 0-40.0-50 .0-60 0-70- 080 0-90° 1-00
= : § . . ’ K T e L
SiSo | 1-00 0-09 0-99 0-99 0-99 1-00° 1-00 ¥00 100 100 '1-00
7. 10 09 08 @7 06 06 04 03 02 01 0
m=4 | : L s :
\ 2z |0 010 019 0:20 0-39 649 0-58 0-68 0-79 0-90 1-00
/ S/ [ 100 1-01 1-02 1-02 1:03 1-¢4 1-05 1-06 1-06 I-07 107
L f 10 09 08 07 06 05 04 03 62 01 0
T , R A AT S
z |0 009 018 028 0-37 0-47 0-57 (-68 0-78 0-89 1-00 -
8/% | 1-00 1-03 1-05 1:08-1-11 1-13 1-16 }-18 1-20 1-22° 1-2¢
f [10 09 68 07 006 05 04 .03 02 01 0
m=10 ) ) o
z |0 . 009 018 027 0-36 0-46 0-57 0-67 0-78 0-89 "1-00
p=9/4 . . ; : ;
/8 }1-00 104 108 112 1-16 1-19 1-23 1-26 1-29 1-32 1-35
f 10 09 08 07 06 05 04 063 62 01 0
I 6 05 0
2 0 007 015 0:2¢ 0-33 0-43 0-53 0-6& €76 0-87 1-00
p=9/4 L
188, {100 111 121 1-36 1:39 148 157 165 1712 1-79° 1-86
bf k10 09 08 07 06 05 04 03 02 01 0
e : o : .
z |0 006 013 021 0-30 039 050 0-61 0-73 €86 1.08
p:m N " . ‘ R .
88, {100 115 1-30 145 1:60 175 1-90 205 2:20.2:35 2,50

* Tho above resulte are illustrated in the figures (8), (6) and (7).
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' The above tables and figures show that theleast square method provides
very good estimates and that for a given value of m; if p éxceedsa certain value,’
the burning surface-is progressive. We shall examine.this fufittion more closely
in the next section. : B -

) M odiﬁéd H. epto;-;?ubuldr é%arge with a given vdl’«;é ofeguicaknt Form-Factor &
Fromr Equation 8(b), |

8 | B+ M)+ — (196—9) |
[ - ] ‘ . (1)

k(l—.%’);(‘u.k_k%) . o .»

In the following table:sze shown the values of 1/g; the ratio.of the exterior
diameter to the length of thegrain, for different values of 1/m, theratie of the
diameter of the holes to the exterior diameter of the grain for the cases wheis
the form factor 0 assumes the valués +0-1,.0,—6-1,—0-2,—0+3 and =04,

1 —
e
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'
TABLE 3

1w R -

+0-1 . 0 —0-1 —n2 {—03  |—04a
) 174 141 1-08 075 0-42 0-09
0-05 1-70 1-30 0-90 0-49 0-08 '
0-10 8-72 1-31 069 | 018
0:15 119 1-12 0-45
0-20 2-00 1-05 011 .
025 2-54 0-99 R
0:30 493 0-93 i

The abo%e table or formula {11) would enable us to determine the value of
o for which a charge with given value of m will behave as a charge with a
given value of form-factor 8. Of course 6 cannot be glven any arbitrary values.

In fact, A
'e>~—~§’—_. T T 12
and the limits éan‘bé obtained i%i'xeh;lioph » a;a'd p are i‘_nﬁnvit;e“ A
' When p is infinite, {11) gives. | _'
SR T I S )

—
. . v

m 9190

The values of 1/m for the above va.lues of § for whmh 1/e becomes zero
are shown in the table 4 below‘ - .

.

TABLE 4

(] ] 401 | O e N l -—02‘ —0-3 |—0-4
- Yfm \ o521 { 0338 | o021 0-125 | 0061 | 0-012

The results of the above tables are ﬁiﬁg&ated in figure 8. xd
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(o) ProgressweandDegmmw Nature of the Burning Suzfm «‘ -
.'From (6) ‘

_S_____. (1+a)——2(a——b)f-—3bf’
I=GFh

() -

and

| - df’(ﬂ )“" ‘i”:mi »1 |

SR 1'4153?45;.\

. (Ue)

- ‘(va‘)v. /

o ()
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’

Now usmg (ba)-and (5b)
. 4mp (Tm+ 19) 4 (m—-3) (7m+ 19~12mp) ; o
1—(a+?= dms (im + 19) (1ee):.
But , > .
~ dinp (Tm -+ 19) + (m — 3) (Tm + 19 — 12mp)
- =16mp (m + T) + (m— 3)(Tm + 199 .. . (16b}
- PR >0 : ' S
so that . ,
| 1 —(a+b)>0 e .. (15c)
Calso f . 7
. d’f’( )<0 . | O (16) -
* which shows that — T f Sﬁ) is adecreasmg funetion of f. x
Now for f- (end of combustlon) | ”

[df(s ) ],_0 = Tﬁ%—g; e Loany

alsoforf=1 (begmmng of combust;;lon.),

[df(s ) ]f= T‘.%(%’%ZT~W (18y

substltutmg for a and b from (5a) and (5b) we have’ /

2 (m—3) (13m+1——12mp) ‘
[df ( )]f= ~ 4mp (Tm+ 19)+ (m—3)(7m+ 19——12'mp) (19)

~ and

[ ( )] 8(m — 3) (m 4 T — 3mp) 20
df =1 4mp(7m+'19) T (m—3) (Tm+ 19 —12mp)] :
The values of )ha.ve bppomte' s1gn“s at f =0 and a,t f = 1 and %

takes a maxmmm value inthe interval of varig “mon of f 1f o

[df(S )]f=-0 [df( )]ﬁ=1 R ; | IV{_., | .‘.’ (21a}

iedf , o
- (13m 41— I2mp) (m + 7_ = 3mp) O Lo e (21b)
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The ﬁrst member of this mequahty can be consxdered as an expresswn of
second degree in ¢ which breaks for R s R
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S 1 - m+7 : o " : ' X ‘4 .
. o P = T am x (22&)
and “ o

C 1Bm41 R LN
= e IR P - B 5 .k .o - 2b
= AT : - (22h)

py and Py are d%reaamg functions - of m whlch vary respeetlvely from-

— to ~) and from (—— t0. = )When m varies frgm +' 3»to‘—’~}—..o¢ok a.in,ﬂ; _age"“

always greater than *4_773' the mmxmum value admxsmble for p: When we glve‘

topa value lymg between S and pz the above mequaﬁi:y w1ll be satxsﬁed arnd_

the mammum ofsiwxll appear for i i )‘  E ,
; "i‘ 3 o - »__ ’ ‘ >, ‘ F"(VV«N 3 e «»,: ‘ »» PR
_‘f,'—-—- T . .. - . . . » e i }o . (23&)

usm;z (5a) and ()b)

’ 13m 4 1 —12mp v
—_ 23b
f 9 m—3) (23b)
which can be wmttpn as. . .
J A R =
: =1 £ "1 . ooy Ve (23¢
~ o s - “3Pmin T oo R ' S LR ( (J) -
We thus see that FEE .
..far; m—3 < P <1 df (S ) is a‘ways+ ve ';;\’-‘7

e forp,_<p pz, df(Sv )zsatﬁrst—-veforl >f>P_a_E7’i; ,
and then +-ve - for ~3¢—P_>f> 0
_ Pz'—91 -

for Pz < Pz, 3 f( ) is always —ve. _“‘v-'j L

S : ; . ;
" Hence 5 is decreasmg, mcreasmg or at_ ﬁrst mcreasmg and then

e
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decreasing, according as p isless than py, gr'éa,t;é‘r?thanfpz, or lies between oy
and p,. We can, therefore, form the following table which illustrates the results
obtainep so far: ' AN

.- TABLE 5
e Pin << P pr<p <oy oo \ Com<e
§/85| Decreasing i"unction ofz Function initially incrcas- | Ingre ing function of z.

Degressive Powder. ing and then decreasing of z. | ProgBusiye powder.
) R ) Powder at first “progressive '
and then degressive.

We note that the behaviour is similar to that of an unmodified hepta-
‘tubular charge except that in the present’ case there is no second stage of
‘rirning so that if p > pp, - the -powder i throughout progressive.
We may also point out that an alternative way of removing the second
stage of burning for a heptatubilar charge is to choose P = Pmin, but. the
disadvantage of this method is. only seen from. the ‘above table viz..
that the powder will be throughout degressively burning, while by our method -
p > pyy it would throughout be progressively burning. " -

" he Modified Tritubular Charge and its Form Function

Fie. 9 - . - . Fre. 10
Unmodified tritubular charge. Unmodified tritubular charge when a fraction
’ fof Dremains. .~ ‘

“Fre, 11 . S Rt Fie, 12 .
Unmodified tritubular charge showing Modified tritulular charge.
the position of slirers at the end of fixst R :
stage of burning. : ; o
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Using the same notatlons as for the hepta -tubular charge; the three holes

in this case formr an equllateral triangle of sides of length (D + d). The dis-
tance of the . centre of the section from each hole is two thlrd.s the length of

(D+d) The dmmeter 0f

the medlan of this trlangle and is, therefore,

vs

the cylmder is 2[ \/ (D + d) + D + ———] a.nd since this equals md, i.e.

2 + & + 9D pd= mgd, TR, .. (oda)

\/3
‘We have : L _ ’ SRR E
D= 2(\/3+1 d .. e (245)
o The area of the four shvers that remains is ; ‘
- = Nk — = 2
e[ eras <D+d>] 3n[ <D+a)]

= (\7'3' *“)(D”‘Ld)" e (25)

The mass of the. grain is given by - -

[ {~—~(D+d)+D+ ‘-— 3z ( ) (\/3 ~»g) D+d)2]
| X [V-(D+ d)+2l)+d]5 e ‘.;,(26“)

Simplifying and usmg (24a)

()=_— x Dpg [(3+ )D+2(2‘*‘\/3) ]

When s fraction f of D remains (the cross-sectmn shown. in 'Fxg 10), the |
mass of ‘the grain is gwen by ,

C(l—-z)-- L
D -
[ {\/ D +d)+ + 4

-] [hmearned

__D(1~—f)]3 (274)

4

D(l—f)} {(L D(l—f)}
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= e =

Slmphfymg and using 24(a)
(1_z) = — ﬂ:Dfs[i(S—{— \/3)D—{— 2(2 + —. )d 1+ D(1+f)]

[P”’d Dfl—-f)] e e
On dWIdmg (275) by 27(d) &nd usmg (246) E .
(1—2) = SR o . |
o f [1 (3v3+2){(h_1}vz(ztzb;ilz@;3}fl)(\/3+ 1)( ,f)] ?< 

Hence, on sn:nphﬁcatmn we shall obtam

V= (1 Zf) [1.?__{ m—1)4/3—3} f(«/3+1>w——(2v’3+1)(m+ 11“%
R (\/3+1){3m+5)\/3+2 (m+ 2) }mp ‘

_ fm —1)4/3 —2}2 S S
A3+ D{Bm + 5 v3+2 m + Hime fz] (280)

Whlch is the ( z, f) relation of the form .

=A== . g
Where' ' LT : o
7 4 ~{(m—~1)\/3-2}{(\/3+1mp—‘(Q\/s_;_] m+ 1)7(29 y
(/3 + 1){(8m + 5)}4/3 + 2(m + 2) jmp
" and ‘ ‘ ' Co

o 2v3 + 1){(3m+ 54/3 + 2(m+ 2)jmp
The (2, S} relatmn is earily obtamed as for the helptatubul&r charga from
(28¢) ‘and the equation :
§_==' (1+A)—-—2(A B)f———3Bf2 o .. (30)
) 1—(4+B) :

/ The equivalent fdrm'f%tm 8, using't,he Prinefbles yof least Squéms i given
| by ‘ : ” o
6 =— (A + 5 B ) . ’-,&:.; (31a)
On Substltutmg for A and B and Slmphfymg e .
{(m—-l)\/3—~2} 4(\/3+1 ymp — 7\/3+4)m,_3(3\/3+2” 316)
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Wluch WIH be negatwe if

>

(7\/3+4)m+3(3\/3+2) o sy |
3T T e (32)

Also. the sum of the sqtié.fé's of the residues, for fitting by using the above -
- principle is L RO e

'—826— Ba . » e LI '-‘_- u./ '&‘. (33)

The values of 4, B, the form-factor 9 and f;he sunm; Gf the squares of the
re.idues, for the same set of values of m and p as for the hepta—tubular charge
are exihibited in table 6 below :

ERET TABLE 6 AR
i ,I NP .. A ) B B | Sum of the stuares” .
- m - PRI : of .the residiies,
8 —0-237,89 | -0-022,56 1.0-226,61 0000,000,6056
- —0-080,39 0:011,28 - 40-074,75 0:000,000,1514
2 . X N B - T
* +0-007,11 0 00501 ~—0:009,62 . - 0-000,000,0299
4 ‘ . ‘ s e N B S O PP
g ; , o « )
! | .+0-02264 | 0-012,98 —0-020,13 | 0,000,000,2007
7 . A . N TR . . : . S
+0-025,66 - -0-014,10 ~0-032,71 - 0-000,000,2366
10 ‘ : ] .
S 40:065,90 - '0:033,91 —0-082,85 . +0-000,001,3689 .-
a0 N B : ; . .
] " . .. N ) i : N LN
@ 4.0:240,60 R R . —0-240,69 | -

Some propertles of the Form—Funct:on tor the Modlﬁed 'l‘rl-tubular Charge

~{a) Relatwm between 2, f and S/S foa' pamou,lar shapes,

The values of z’ and S’S_ for the same,range of variation of f as for the _
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hepta-tubular charge for the a,bove set of va.lwes 9f m a.nd p are shown in the
following table : : S

TABLE 7 ;
med | 5 |10 00 08 07 06 05 04 03 02
o=14 2 0 012 g-24 0-35 0-45 0-56 0-65 075 0:84 092 10

8§, | 10 0:96 093 0:00 0-86 083 0-79 075 0-7L 0-67 0763

08 08 07 06 0504 03 02 01 0
o1 021 632 0-42 0:562 062 0-72 081 091 10
0.95 0-94 0:02 0-91°0:89 0-88 0-86

m=d | f 1.0
’p‘=1A" g S0
8/8, | 1:0 0-99 0-98 0-97

m=4| f 10 09 08 07 06 05 04 EERCE TR o
o=0/4 | = o 01 02 03 olg,fo?ar‘ 0:6 07 08 0:9 1:0
. 88, | 1o vo 10l 0-10 1-10 1-02 1-02 1-02 1-02 102 1-02
e | 7 | 1o o8 os o7 06 05 04 03 02 01 0
p=9/4 z 0 01 019 0-29 0-39 0-49 . 0-59.0-69 08 09 1:0°
| oss, 1 1:01 102 1-03. 1-04 1:05 1:05 1:05 1:06 1.06 1:08
m=10| f o 09 08 07 06 05 04 03 02 01 0
p=9/4 | 2 o 01 019029 039 049 059069 08 -9 10
818, 1.0 1:01 102 1:03 1:04 1:05 1.05 1:06 106, 107 1:07
, 7 10 09 08 07 06 05 0% 03 02 o1 0
"= ’}z ] 0 0-09 0-19 0:28 0:38 0:48 038 0-68 0-79 0-89 10
PR g, 1-0 1-08 1-06 {08 110 112 114 1115 117 118 118
mew | £ |10 09 08 07 06 05 04 03 02 0l 0
| 2 o 0.080.16 0-25 0:3& 0-44 0-34 0-65 0:76 0:88 L0
g8, | 10 1:06 1137110 1:25 1-32 138 144 151 1-57 1:63

The results’ are illustrated in the ﬁgures {13), (14) and (15).

(bi : Modiﬁed tri-tubilar chdrgg. unth a given val@ébfequib@lergt/ forn-factor '3

From (31b) | - e e s

N

4({23+1)[I(3\/3+ 2)0+ \/3 + f 5\/3_1_ 4)9__“/3_}_ 2) }]

f\/3_(\/3+2) }{(7\/3+4< w,.——(3\/3+2)} )
L e

< ¥ .
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.“./
- vd mao,Pc®
. A
".2 m=cc, P=oc/§
+0
: mea,Pu
1 o8 )
« 'm‘=v4,9=1/z .
o6
G ok v o : .
o2t
P N Ly . 1 Iy e
fve) . OB 06 "01 o2 - Q
Rt SR !
Fre. 13 S

‘We have calculated and collected the values, of’;l—for' the cases when the

form-factor 0 takes the values +0°1,:0;=0-1, dnd --0 -2, fbr‘the:samé valiues ‘Of‘
, _,% ‘as for the hepta-tu})ulé,t charge.” : :

PO ";TABLE.S / f

T 1 ' ' 9 ~ P ;
= ;

0:1 0 —0-1 —0:2 -
0-04 0-959;38- = - 7| . ~ 0~677,77 0-396,16. 1 0-144,58°
0-05 0:95,01 0-635,22 0-313,41 R
0-10 . 0-970,02 - - 0:597,74 ©0-226,50 : o

Y016 1-0023. 0°564,40 0-126,49 e
0-20 . 1.0623 -0-534,61 0-006,95 v
0-25" S, 1-1663 0 -0-507,80 - o e -
. 0:30 1.3516 : 0-483,54 . e



be v et

150 THE FORM FUNCTIONS FOR MODIFIED MULTITUBULAR CHARGES v -

E
\\‘
.\

o2

. mz4,Pe 5/4)_'

10,05 /4
3 1:?59}.:
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The table 8 or formula (34) would enable ‘us to” d&tem):me the: va.lua”

of p for which a charge with given value of m will behave ‘a3 a charge

with

a given value of form-factor 6. Of course 9 cannot be glven any arbitrary valuei L

V,In fact
R LA :
6> 3\/3 + 3 s (35), :
and the limits can be obtamed Wheﬂ beth m a.nd p are mﬁmt;e '
‘When p js mﬁmte (34) g;ves s e
L A3 (B34 26 - 68)

R RV v R

- The values of 1/m for the above values of 0 for Whlch 1/ g becomes Zero

- are shown in table 9below —

) ’ 01 ! 0 l 01 l —0'2
g ;“. g o99¢ [~ o464 | 0208 | 0-047

The results of the above‘ tables are illustrated ‘in, figure 16

LIS

’ V{FIG;. 16
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() Pfogresswe and Deg.ressivie ;natmfga of t}»e B;urning Surface
" From (30) :

'Sv_,_ (1+A)——fZA B)f__.3sz
8, —(d+B (370)

Ll A4 — BH— sBf - -

df(,s )—— - T-@T B S (37b)
a’nd : .. / | "Q‘ .
| B ’p
‘ . dfz( ) 1-'*(A-1—B) (37¢)
Usmg(29a)and 29(b) S R e

—(4 = , S : :
1—(4+ B 3v/3 T 1){3y/3 + 2m + B3 + 4) }mp

[ 203+ {3\/3'+ 2m -+ (V3 + Y mp — 20n — /3 — 2}
g \/3 + 1yme — (2¢/3 + 1)(m + 1)- {m—-l)\/3———2} 1 .. @8
On s1mphfymg
1—(4+B) = , | : | |
82 -+ /3) (m + Hme + {(m — W3 -2} [By3+Dm+ <5v3 ¥ 4>}
“ T AV DGV + 2m (Ws +. 4)}mp |
>0 | e (33
also Bis > 0 ‘ :

df‘-" (S )<0, Bt ) . | (39)

which shows that -Ef—(—s—) is a decreaéing ﬁmctioﬁ of f 4'

Now f-°1'.vf =0 (end of ‘cbﬁﬂ)ﬁs{zi.dii) :

[df (s)] f T-?{ffi%“ v(‘4°‘>

.- =

also for f =1 (begmmng of combnstmn)ﬂ

[df (s )] | % 5 W'
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Substituting for 4 and B from (29a) and 29.b) and simplifying - -
[#(D]- |
Ldf\8&J 1 :
20 |

O 2§m =13 —2}{BV3 + 2m 43 —2(v3+ Lyme] ugy.
s(’2‘+’ V/3)(m+ Byme + {(m —1)v3 — 2} {(3m + 5)v/3 + 2m + 2) }

and . A
d 8\ _ ,
[Ef(—bi) ]‘f—'1 -
_ 43+ Dflm—1)y/3—2} (m 43 —mp) - (43)
§2 T v3) (1 Bme+ (m—1)y/3—2} {Bm+ B)v/3 + 2 (m + 2)}

if s RN TR
The values of i ( E:)have opposite signs at f =0 gmd at f=1, and ,‘SS

o

tukés a maximum value in the interval of 'variatiqn of f, 'iff : . v
i(’s‘ x[_‘i_(_s, 1 <o N
[#(s) ] % s) ] v W)
f=0 Fer )
ie. if - - ‘, - '
(m+ 3 —mp) [ (Y3 + Qm+ 38 —2(v3 FImE] <0 .. (4db)

The first number of this inequality can be consideied as an expreséioxi of
- second degree in ¢ which breaks for : - . : -

= m;: ) - S . (45a)
and. : ‘ ’ g
B3+ 29m+3v3 o

P2 = 2(y/3 + 1pm B

¢, and p, are decreasing functions of m which vary fespéctix?ely from
(2 to 1) and from [(4—y/3) to } (13—34/3)] when m varies from +3 t0 o0

, ‘ o (e /B =
and are always greater than { x \/3)\_/{_ Tym the mmunum :valp.e a,dn?js-

,

sible for p, When we give to pa value lying between ¢; and p, the above inequa~

lity will be satisfied and the maximum of ,‘gg will éPPear for

A—B

f= —3B (46a)
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Using (29a) and (295)

VBt Ym 332G/ e
f= TV — o (46b)

Which can be written as

f=1— P .. . G (6o
: : min : . -
“We thus see that , - o

1)y (5 )hu o
for H3 4 Ty §P<P1,V g \s; ilsa,lways + ve. ’.

o ¢ 78
Horpy <p < py ‘df( 3

)is atfirst —vefor1 > /> P2 7P a4 then

o Py — Py

+vefor 227F 5 r5 0
. Pa— P

»for Py < p , :% (?S') is always — ve,

Hence S/So is decreas ing, increasing or at first increasing and then decreas-
ing according as g is less than p,, greater than ¢2> or lies between p, and p,. ‘The
results of -table 5 apply in this case also though the values of p, and Py aTe.
different. v ‘ : o : ,

~ 8hape of the Modified Tri;tubular Charge for the same -Average .Densi‘ty as
& given Unmodified Hepta-Tubular Charge. ‘ s ’

. In this section d, D, 8 and m refer to the unmodified hepta-tubular charge,
&, D/ ®, and m‘ are the corresponding notations for the modified tri-
tubular charge. We proceed to find a relation between m-and m’-such that the
area of the four arcual and three circular hioles for the modified tri-tubular
charge equals the area of the seven circular holes of the unmodified hepta-
tubular charge. This condition gives, ' ‘ i '

so§) e ol(G-t) o rer-na(l)

The diameter of the cylindrical tri-tubular chargeis

“7)

,
.

[ \/32— ‘DHd'y+ 2D + d ]dnd,siriée'tv;hig equals m; d',ie.

: vgi (D)4 F& =t (asa)
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Wehave \
| y (m~1)\/3-2 T e
=3ty Y S o
- Using (48b) and 1mpln?3,1nU A7) gives
| 6+(V&e%>2~v%nm—+vt—m(m)~,,(wr"
But : o
i m .
B Bt 0

Slmphfymg (49) and using (50), We obtam

| REESY 5\/3—~8><m+1>* oAy
Writing (51) as s a-quadratic in m’; we'obtain : . T
[28 — (54/3—8) m2] m'%~ [2\5\/3—-%» Jm' - 5\/3+4)m2—-o 62
The positive root of (52) gives us the vulue of m’ for any ngen m(m<ﬁ 5122"-47

P

Tt ha.s been thus found out that the mi.imum ‘value of ‘m’ mu; t be 2 5581 .

(whxch corresponds to m=3) which is permissible since m >14 \/3 = 2 1547

. We have calculated and collected the Values of m’ for some typical values of m

in the table 10 below.

'TABLE 10
| S J
m 25581 | 3 4. [ 5 | .8 7 8
wom| o3 o |ssael 3-9643'i. 44238 | 47678 | 50287 | s-2318
m . 1. - 53014 | 55201 | 65122
These results are illustrated in Fig. 117.
‘5 b -
Fou o i -
3‘256 3 4 " s 6 7 ) 9 0
“ A . ,
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TABLE 11

me=4 m = 40877

MULTITUBULAR CHARGES - '

’ \ Y 1 o4 ‘ 5 .| 20 »

b ~ 10408 | 08676 07711 | 07178 0-7081 |  0-6943
o’ 4:0-2800 | 00759 | —0-0101 | —0-0480 —0-0713 | —0-0790
Table 11 shows the great improvement in the value of 6 by using the-

modified tritubular charge instead of the unmodified hepta-tubular charge with

the same average density.

Tt may be noted that if vm>6,-t}>1e h_olesv in thé ‘iffééfged' tritubular charge

‘would become very small and therefore
average density only if m << 6.

it would be possible to insist on the same

For the same size of the circular holes, same external diameter and same

g

n us

length, the improvements
“modified heptatubular charge

 TABLE 12

Weo are grateful to Prof. D. 8. Kothari and to Dr. R. 8. Varma, F. N. L., for

" gheir interest and encouragement.

.. Reference

1. Tavernier, P.,
166, 1956.

e ‘ For Modified Tritubular -Charge: For unmodified hep}:atnbu]arj charge
™ . B - . ~
t =
" 226,61 +1-0408"
. 4 . N
1| L 074,75 +0-9675
4 : R
94 000,62 40-7711
4 : ,
9 T -029,13 402477
7 S
N 032,71 301172
0 ,
94 082,85 =—0-1720
) S \ D o ,
@ " amr240,69 ©—0-3228
) R
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-

»

a modified tritubular charge over the un-
are given in the following table: :



