ON THE FORM FUNCTION AND PROPERTIES OF MODIFIED
NINETEEN-TUBULAR POWDERS II

L. 8. KoruAr:
Department of Mathematics, University of Rajasthan Maharajas College, Jaipur

A second form of the modified nineteen-tubular powder (with one hole in the centre
and the remaining 18 holes in 3 rings, each having 6 holes) has been studied. The form
function for such a powder (called the modified nineteen-tubular powder I1T) has been derived.
Tables for various constants occurring in the treatment have been prepared for'some sets of
values of m and p. : o

Tavernier! has studied the form function for heptatubular powders, Kapur and Jain?
the form function for the modified heptatubular and tri-tubular charges, Patni and Kothari?
the form function for the modified quadri-tubular powders, anid the author 45,6, has studied
the form functions for (¢) Bi-tubular Powders (modified and unmodified), (¢5) Nineteen-
tubular Powders and (i7i) Modified Nineteen-tubular Powders with one hole in the centre,
six holes in the first (inner) ring and twelve holes in the second (outer) ring (henceforth to
be called the Modified Nineteen-tubular Powders I). In the present paper a second form,
called the Modified Nineteen-tubular Powdet II (i.e., a charge in which the slivers remain-
ing at the end of the first phase of combustion of the corresponding unmodified form are
cut out in the very beginning of combustion and the surface inhibited from burning) has been
considered, and the form function for such a powder derived. - The cross sections of an
unmodified and modified nineteen-tubular grains II. will appear as shown in figures
1 to 4, Tables for various constants occurring in the treatment have also been prepared
for some sets of values of m and p.

e

Notations A

D = The exterior diameter of the charge grain.

d = The diameter of the holes of the grain.

L = The length of the grain. ‘ ;

e = The distance between the hole at the centre and any hole in the first ring or the

distance between any hole of the third fing and the curved surface of the grain,

m = The ratio of the exterior diameter of the grain to the diameter of any hole =

= Theratio of the length of the grain to the exterior dismeter of the grain =

SISIIS

>
i

The initial surface of the grain.

8§ = The surface of the grain at any instant ¢.
187
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zZ = The fractic;n of the ch@rgé burnt at any iﬁstaht t.
f = The fraction of _t_h(‘e‘init_ia’,lbthickness (web size e) gemaining at any if;st@nt b
§ = Th?; propéﬂaﬁt""densify; .
Vo = The initial volume of the graiﬁ;
= The volume of the grain at any in;tang t‘.ﬂ‘-'

S
|

FORM FUNCTION

With the above notations we have = REN )
- D=md o R - ()
:pD:’m/pd )T R T (2)

and from fig. 3, we have
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D -
"E-=,33+

: — B d ' )
e = ﬂ”—s—L f @
The exterior diameter of the grain whqh the hole at the centre touches the first ring of six
holes or the holes of the first, second and third rings touch as shown in figure 2,

Fig. 1—Unmodified nineteen-tubular Fig. 2—Unmodified nineteen-tubular charge

IT showing' the position of slivers at

charge II
‘ the end of first stage of burning
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= D —e
5 o .
= g m+1ad | (5)

The area of the base of the thirty slivers that remain at the end of the first phase of combus-
tion of the corresponding unmodified form of the grain i.e., the area of the base of the thirty
slivers cut out in the very beginning of combustion of the modified nineteen-tubular grain I1
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The initial volume ¥V, of the modified nineteen-tubular grain II is given as
D \2 (m + 12 d?n d \2 ,
e [ (B R (3]

_am (m — ) (5rﬁ+23) pd® - '
= 24 * (7)

The volume V of the modified nineteen-tubular grain I at any instant ¢ is given as

V;[#?B. ﬁﬂiily_mfgé+_eﬂ—ﬁg2m+nwﬂ
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Fig. 3—Modified nineteen-tubular . TFig. 4—Modified nineteen-tubular charge
charge, I1 ) IT when a fraction f of e remains
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_ Usmg (7) and. (8) in (9) and smphfymg we have Sl ey S

Z=U—fHa-F- qw‘“».yéﬁuk?;4.

 where R
| '(m—5){9mp~4(m+1}

B= Tt 3y mp = ::*: *‘ -

*‘o;‘ ff <m—5)2°5 , S
T2 (Bm + 23y mp »,,‘::;w:;wt,,- i

- Thus (10) gwes the form function for the modzﬁed mneteen—tubular charge II :

Now T S B , e
4 dZ o e s
‘Ef—— “(1+B)+2(B—~C)f+30’f“ _

and

(Zf) (1 +B+o> -

/—\“

g L e
AT T
e 7)o SEasiees
~where T L
' 1+ B
l—B—-0) L
.‘Mm4lump;a+m
{ 12mp m + 19) + (m —35) (5m + 23>}
5 (L:F_mnga;
‘ wm~mnww_um+n ,
{mmp o+ 19)+(m = (5m + 23); ',

g

(15)

~ (18)
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The values of B, C, o/, B’ and o for some sets of values of m and p are given in Tahles 1 to

8
4 while Table 5 gives the values of Z and T for various values of f,

[

TasLe 1

VALUES oF B, C, a’, f’ AND ¥’ FOR VARIOUS VALUES OF p WHEN m=0,

P 3 RN | 9/4 5 20

[« ]
B —0-00210 1 0-02725 004356 0-05073 0-05514 . 0-05660
¢ 0-00314 0-00157 0-00070 ~ © 0:00031 0-00008 0-00000
@ ; 0-99895 1-05774 1-09188 1-10726 1-11680 1:12000
8’ —0:01040  ~  0-05289 0-08969 0-10626  0-11655 0-12000
NG 0+00944 0-00486 0-00219 0-00099 000025 0-00000
TABLE 2
m="
o 3 1 ) 9/4 5 20 ®
B —0-00164 0-05090  0-08009 0-09294 0-10082 0-10345
¢ 0-00985 0-00493 0-00219- 000008 0-00025 0-00000
@ 100862 1-11304 117894 . - 1-20623 -1-22459- 1-23077
8’ . —0-02318 - 009739 0-16978 0-20297- 0-22376 - 0-23077
¥ " 0-02080 . 0-01565 0-00716 - 0-00326 0-00082 000000
TasLE 3.
m=10 - _
¢ SN 9/4 5 20 7 o
B 0-00457 0-10502  0-16083 0-18539 0-20046 0-20548
C - - . -0-03425 <0-01712 - 0-00761 . 0:00342  0-00086 .  0-00000
o 1-04513 1-25878 1-39597 1-46130 ~ 1-50804 1-51724
.8 —0-06176 . 020026 - 0-36852 * 0-44863 _0-49982 0-51724

' 0-10689 . 0-05852 0-02746 0-01266 - 0-00322 0-00000

- - " - m— s



W ' 5 Dur. Sar. 3., Vor; 14, Joty 1064~~~

TABLE 4 f G5

me=on =
¢ 3 1 9/4 5 20 ®
B, . 006667  0:33333 048148 - 0-5466T _ . 0:58667 _0-60000
ol 0-20000 0-10000 004444 0-02000 0+00500 0-00000
a” 1-45454 235294 3-12500 356923 3-88571  4-00000
g’ —0-36364 0-82353 1-84375 243077 284898 3-00000

013846 £ 0-00000

'K : 0-81818 052941 o 0-28125 |

0-03673

PROGRESSIVE - AND DEGRESSIVE
ST ~ SURFAC
Differentiating (15), we have | ’
d S , o
ﬁ(ﬁ)‘“ﬁ*%f

o

B8\ _
7172—('8—0 LT

and

From (18) we find tﬁat v' is always positive and therefore

S

5

d
afr

tive. ﬁence ——gf—— (T) is a decreasing‘functioni of f.

NATURE OF THE BUR'NING
E‘ . . - B SR -

= (19)

(20)

() s
5 ) i always nega-

When, f=1, i.e,, at the beginning of the combustion of the grain, we have

[—fgf (75%) ]f=1v - —F—2

4 (m — 5) (m -+ 19 — 9mp)

and

ENESy Y

= {12mp (m + 19) + (m — 5) (3m + 23}

2 (m — 5) (1lm — T'— 18mp) |

21)

~ {12mp (m + 19) + (m — b) (om + 293

(22)

For —§- to have a maximum value at any point between the beginning ér;d end of ci)mbus-

SO

ﬁon, the valugs of —(%.— (Si_) s]‘nould,_}lave bpposité signs ab f = 1~ &nd f= 0,‘1;}1193;1; is wg,

should have



193

KormARI i MoprriEp NINETEEN-TUBULAR PowpErs TI

0001-€ . 00085

0009-T ' 0008-1

0000-% ~ 000L-€  000%-& 000¢-3  0003-3  0006-T 01 °sls =4
1 09%8-0  00L-0  OFLG-0 09950 00S€-0  0995-0  OPLI-0  CFOT-0.  09%0-0 0 Z o =u
.0 10 z-0 £.0 ¥0 g0 9:0 L0 8-0 6-0 I 3 ‘
09GT-§  8LE6-T  OGPL'T - 99FG-T  SGHE-T  SEEI-G  CLIG-T  9969-T  00LF-T . SLEGT  O-T °8/8 6=
1 £098-0  SIZL-0 - 1969-0  GOSP-0  IPLE-0 0860  EG61-0  ELIL-0 | 1690-0 0 z Lo =
0 10 g0 €0 %0 g0 90 L0 . 80. 60 I 5 Lo
_‘ogm.w 88¢e. T S1ZE-1 © 688G;1  T¥¥E-1 87081 SPEI-1 - 9680-1 _,,, 1E70-1  0-1 °s/s ¥l6=¢
1 7O88-0 OPLL-O L999:0 10900  88CP-0  €09E°0 1998-0  ELT-0. ¥680-0 . 0 7 01 = u
0 R ST & o 0 g0 9:0 < L0 80 7 60 T 3
&2; 66911 LV Eww.ﬂ 6L0T-1  §060-T = SGLO-T  9990-T  980-1  £810-T O °s/8 6 =
1 6368-0  1L8L-0  0889-0 Sww.w L6LF-0  C0SE-0  6885-0 _69SI-0.  9G60-0 ' 0O Z =
0" 10 z-0 g0 - ,,w.m_ g0 9:0 - L0 8-0 60 I E :
6160- ToO630-T 85207 S90T 99901  99%0-T  E260°T  08%0-1  LSIO-T 8600-T 01 oS/ M ¥6 =9
1 19680 086L-0  8069-0  9689-0 06870  F6SE-0  L0BG-0  6Z6I-0  0960-0 0 Z To=wu
0 10 g0 €0 %0 ¢0 90 L0 80 60 I 3 ,
(1901 ¥0-T  00-T  IPO-T  BSEO-T 080T  GHGO-T  £8T0-T  €5T0-T . 5900-1 0T °s/s =9
1 9L68-0.  996L-0  TP69-0  €869-0  0G6P-0  GE6E-0  O6Z-0 - PL6T-0  FLEO-0 O z 9=wu
0 1-0 %0 €0 7090 9.0 L0 80 60 I 3
6866-0  6666-0  2000-1  SI00-T ~ 9T00-T  8T06-T  8I00-T  L100-T  €I00-T  £000-1  O-T °s/s §=09 ..
I 5006-0 30080  GOOL-0 0090  T00S-0  000F-0 00080  6661-0  6660-0 O Z 9=wu
0 10 3-0 £-0 -0 2.0 9-0 L0 8:0 6-0 1 3

*f 0 SANTIVA SNOTEVA WOL °Y[g ANV 7 40 SENTIVA

G AIAV],



196 - , - “DEF. SeI -d.; Vot 14, Jory }964 oo

5(2)], 156 H A

, ‘ = 4=0 -
ie, ' ' _ S
fm 4 19 -—-Qmpg {I1m — 7 — 18m,a} <0 (24)

The first member of this 1nequahty becomes zero for E L

L= T P o : . (25)
and the second member for ' :

Po = T e -t e L oA (26)

" 8o that : - ; L .
P2 P = —*7,”——‘ ' , 27

but from (4), m > 5 as e is pos1t1ve therefore in every case pp > py. Again from (2) and
(4), we have :

6m 6mpe , \ i
L (m — 5) , R e
and since L should be greater than or equal to e, L -
' . m—b5 o . '
P = T 7 » - _ 29)
Let us write ' '
p. = M5 - § T
min = e o - : ‘ (_30)

The values of Py P2 and P, When m takes the values 6, 7, 8; 9, 10 and oo are given in
Table 6., N ' o

Tasie 6

VALUES OF ¢y, pp AND pmin WHEN m=6,7,8,9, 10 AND o, ~

m 6 R 8 9 10 &
e 04629 0-4126 0-3750 0-3456 0-3222 0:1111

0s 0-5463 0-5555 0-5625 05679 0-5722 0-6111

Omin 0-0277 0-0476 0-0625 © 00741 0-0833 0-1667

When we give to p & value lying between p, and pa» the mequahty (24) Wﬂl be satisfied

and the mazimum of g— Will oceur when
Q- .
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o

F\s )= ~Wf = 0 _ (31)

or P - | :
ﬁl
f = - 2

(1lm — 7 — 18mp) | ‘
- ~ 9 (m—b) L ' (32)

which can be written as

- 1 — PP : o :
f 3pmin ' : (33)

With the help of (25) and (26), (21) and (22) can be written as

(34

[ 4 (ﬁ) ] _ 86m (m — b) (py — p)
daf S, y {12mp (m + 19) - (m — 5) (5Bm - 23)}
and v | "
d(8Y] _ 36m (m — 5) (py — p)
[# G)J; {12mp (m + 19) + (m — b) Bm T+ 23)3 D)
Hence

. . AW
(@) For Puin. > p < p1 s T ( 3 ) is always positive and the powder is

‘9

degressivé throughout.

L a (8Y. |
() For py < p < pp > o (S_) is negative in the beginning and then

positive so that the powder is first progressive and then degressive.

| d (SY\. . D :
(#5) For p = p; 7 \%)*® always negative so that the powder is pro-
gressive throughout. ' ' :
The results obtained above are given in Table 7. oL i

These results obtained abave are identical to those obtained by Tavernier! for the hépta,- "
tubular powders and by the author *° for (¢) nineteen-tubular powders and (dz) modi- -
fied nineteen-tubular powders I. ' R

S o -
Table 8 which gives the maximum values of —5 for some of the modified multitubular

powders for some sets of values of m and’ p, will be useful for havbingr a 6omparatiVe study of
these. powders. _ : . : o

M/S1—2
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.TasLe 7 ) . i ' :

8;8, WHEN p LIES BETWEEN p; AND p,,

Case (2) Case (i7) . Case (¢17)
P " Ponin e ip pr-<e<pp - ) >
Dzcreasing function of Z. Increasir.g function of Z in. . Increasing function of Z.

the beginning then decreasmg

8 furction of Z. _
S ‘ :
The powder is degressive. The powder is first progressive The powder is progressive.
B and then degressive. , S
TasLr 8
. S\
Varves of \'§
(&)
) max.
m = T m = 10 m = e m = g
_ 9 9 9 -
p = 1 £ T p o= 1 (2 w
Modified tri-tubular® 10600 1-0700 11800 1-6300
Modified quadri tubulart 1-1352 . 1-1853 1-376 1-8785
Modified heptatubular® "~ 1-2400 1-35C0 1-8600 2-5000
Modified nineteen-tubular® I 1-1922 1:4135 3-1549 4-0697
Modified nineteen-tubular II 1:1769° 1-3960 3-1250 4-0060

THE EQUIVALENT FORM FA(‘TOR 6 FORTHE. MODIFIED NINETEEN.
TUBULAR POWDERII

Following Kapur and Jain?, the equivalent form factor 6 for the modified nineteen-tubular -~
powder II by the method of least squares is.given by -

6 = — (B+%) Lo o s
or o ‘ | )
0 = — e @1
which will be negative if SR
r > b e o ey

Table 9 gives the values of 6 for the modified nineteen-tubular charge II.
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TABLE 9

VALUES OF 6 FoR MODIFIED 19 TUBULAR oHARGE II.

N 3 1 , 2 5 ‘20 ©
6 0-0005 —0-0280 ©  —0-0439 —0-0509 —0-0552 —0-0566
7 0-0033 —0-0524.  —0-0812 ~0-0934 —0-1009 —0-1034.
10 . —0.0217  —0-1136 —0-1646 —0-1871 —0-2009 —0-2055
w —0-1667 —0-3833  —0-5037 —0-5567 —0-5802 —0-6000

MODIFIED NINETEEN TUBULAR POWDER II WITH A GIVEN
VALUE OF THE EQUIVALENT FORM FACTORG =

From (37), we have the ratio of the length to the exterior diameter of the grain as
(m — 5) (13m + 31)

= 39
o m {(5m + 23) 6 + 3 (m — 5] (39)
The values of p for some values of m and ¢ are given in Table 10.
TasLe 10
VALUES oF p
m
6 7 10 20 ©
0
05 oL " 2-167
04 . 1-083
—0-3 " . 2-245 0-722
o2 . 16-771 0-891 0-542
o1 . 14-524 0-871 0-556 0-433
0-0 " 0-505 0-484 0-447 0-404 0-361
01 0-182 0-246 0-301 0-317 0-309
0-2 0-111 0-165 0-227 0-261 .- 0-271
0-3 0-080 0-124 0-182 . 0:222 0-241
0-4 0-063 0:099 ~  0-152 0-193 0-217
05 0-051 0-083 ~0-130 0-171 0-197
Table 10 gives the value of p when the values of m and 0 are given.
When p is infinite, (39) gives on simplification
15— 236
- —
3 - 59 (40)

Table 11 gives the values of m for p = 0, when 6 takes up the values from —0- 1 to —0-5.
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TABLE ll :

VALUES oF m: ron p_. o WEEN e EAKESMF,RENT YW _0 l'ro _0 5

'_—03 o o
14:60 0 2420 5300

6 o1
m o ew ‘
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