FORM FUNCTION AND VARTATION OF BURNING SURFACE AREA
- TOR THE PENTA-TUBULAR CHARGE

J. N. Karur anD V. K. SrIvasTavA
Indian Institute of Technology, Kanpur

The problem of combustion of a penta-tubular chargehas been considered .in this paper,
This is a cylindrical charge with five holes of equal diameters, one at. the centre and tke
other four symmetrically situated about it. The burning of the charge proceeds in three
distinet phases for éach of which the form funection and variation of surface area has
been investigated. Equivalent form-factor has also been found.

One of the important problems in internal ballistics is the consideration of the form-
funetion for charges of different shapes. Some of the important shapes were discussed in
the H.M.S.0. publication! and by Corner 2. Later Tavernier 2-¢ discussed the internal
ballistics of heptatubular charges in much greater detail. Recently Kothari 3, JainS,
Jain and Kapur 7 have discussed the cases of bitubular, tritubular and quadratubular
charges respectively. In the present paper the authors have investigated the case of a
penta-tubular charge. (The case of a hexatubular charge is also being investigated and
it is intended later to compare the results of all these papers to find the optimum’ shapes
under various conditions.) :

In the earlier cases there were also three stages of burning but fortunately for mathe-
matical purposes the second and third stages can be combined and we talk of only two
stages of burning. In the present case, however, this is not possible since the shapé of the
sliver changes from curvilinear quadrilateral to a curvilinear triangle at the end of the
second. stage.

NOMENCLATURE °

Propellant density

Mass of the grain T

Initial volume of the grain

Volume of the grain at any instant of time ¢

The diameter of each of the five holes of the grain

~ The length of the grain at any instant
The ratio of the exterior diameter of the grain to the diameter of the hole

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

)

C

v,

v

d

D  The distance between two holes as indicated in fig. (1) or the websize of the grain
L

m

p

S, Initial surface of the grain exposed to combustion
S

The surface of combustion at any instant ¢
71
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£

z  Fraction of the charge burnt at any instant ¢

f The fraction of the initial thickness (web-size) remaining at any instant ¢, for the _-
first phase of combustion; while for the second and third phases of combustion, f is
defined as the ratio of the distance receded (from the beginning of the second phase of
combustion upto the instant considered) to the initial thickenss D.

Fra. 1 ' ' : Fie. 2

Fre. 3
Figures 1, 2 & 3 show the three stages of burning.
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FIRST PHASE OF COMBUSTION
Initial mass of the grain is given by

< [ 2 2 "
C=TV3 = {-,T, ﬁ_di) — 5’#(.621) }mpd. 8,
= } 7 mpdd® (m?—>5) |
Mass of the grain when a fraction f of D of the grain remains is given by
0 (1—2) = Vé=[n {4 md —} D (1—f) ’2—577 %d—[—%—D (1—£)3% L.3,
where the length L is given by
L = mpd — (1—f)D.

Also md and 4D--3d are the two values of ;the exterior diameter of the grain; Hence
D _ m—3 R
7, - 4 ¢ o :r;v E

Equation (2) simplifies to ' : . .

C (1—2) = % =8 {mpd—(1—f) Dl [d? (m*—b)—2Dd (1—f ) (m+-5) —4D? (1—f 7]

From equations (1), (4¢) and (5) we get, :

‘ S - 2 2
2 = (1) [(m 3) (12m% + 28 mp + m + 2m—+1)

16mp (m®—5)
_(mf3)z(mp—m—1)f; (m—3)3 'fZ]
~ 4mp (m*—b) 16mp (m*—f)
which is of the form '
= (1—f)(a—b —cf? _
where ‘ o s
(m—3) (12m2p -+ 28mp + m? + 2m + 1)
= 16mp (m? — b)
y _ (m—3p mp—m—1)
= dmp (m? —B)
and
_ (m — 3)3
= Tomp (m2—5)

o

(2)

3)

(4)

(6)

)

(8)

©)
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By putting f = 0, z becomes @ which gives the fraction of the grain which is burnt at the

end of the first phase of combustion.

From (3) Wgd (4) we find that the burning will be over befote ruptute if  *
o m—3 S -
4m

<
[

*The above result is only mathematically true.
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and the second stage of burning will begin if

From (1)
a = a, (m+ 2" )
where | ’
' a, (m) = (m — 3)(3m—+17) . (m—3) 2m*+2m-+1)

Tmip) M M) =g
Differentiating ‘this we find that when m > 8, a is an increasing function of m and
decreasing function of p, but

M—3 - ‘ / i
Pmin == am . :

Hence for any given value of m,
-3 m
Imaz = T6m (m*—b) (m—3

) [4m (3fn + )= + mam+ ] =1,
a value independent of m.

Also for a given value of m, @, occurs at - p = co, so that
Amin = G (m) \

Atm =3, a,(m) =oand at m = 0, a, (m)k_—_" 0-75 so that a, (m) varies from 0 to 0-75
as m varies from 3 to co. .

From (6), we get

8 (defdf) a+b 2b—e) 3
8, = @dfY_io T a—b—c (a-‘-b—c)f — = I
which is of the form o '
S ‘ .
R =o—Bf—yf? , , N (10)

where «, 8, y are given by

Yy Mt 6mp—3m 13)
= , | ay

4 (2m? p-++10mp-+m2—b)
(m — 3) (4mp — bm — 1)

A 2 (2m? + 10mp -+ m2—b) * (12)
and ~ :
'yr=  ‘ 3(’”2:'—-3)2 .
4 (2m20 10mp + M2 — 5). (13)

iigt?alfsﬁg of tge ﬁr:!: st?ge, 8/8,=a which gives the ratio of the surface at-rupture to the |
ace. Hquation (6) and (10) determine the (S, ion, f ’ "
results are given in Table 1) ( ) dotermine the (5, 2 relaflon,fas tho pessomster. The
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Progresswe and Degressive nature of Bummg
From (10) we have

c%(go) —B .2'yf arvld’dfz(-g—)———zyar | (14)
: a

a2 (8
| Since y is always -+ ve, 55 i ( ) < 0 so that 3
At the end of the first. phase f=0

(—g— ) is a decreasing function of f.

_ [ a(sS\1 _ | o |
o |gls)] =—2 SO (15)
and at the beginning of the combustion _ ' : :
d (8 ‘ '
B --e-r o
From (11), (12) and (13), we get
'd(_g_] (= 3)(Bm — 4 mp+1) )
i so) = 2@mEet 10mptm® —5) _
/=0 |
and : : ¢ : (17)
" d ( 8 ] - (m — 38) (m+5 — mp) o ‘
_3780) ~ . (2mPp+10mpt-m? — b)
=1 ‘ 3
(4 (8 h opposite sign t' \ d at f=1
¥ (S:) ] as opposite signs g, f=0and at f=1.

S .
. Therefore ("S‘") will have its maximum value in the interval of variation of f,

<

if , '
d (S d (8
| [7(79‘)]_ [7(%)] o=
ieif o ,
. Bm—tmp+ 1) m+5—2mp) <0
or if 7 |
= p) (pr—p) <O
where ‘ » o
pr=1(5 + Wn)/2m . . / e (18)
and ‘ : : -
py == (Bm + 1)/4m , o (19)

py and p2 are decreasmg furictions of m and vary from (4/3 to 1 /2) and (4/3 to 5/4) where
m takes up the values from 3 to oo,
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(8/8,) is maximum when
f B dmp—Dbm—1 .
2 3(m—3)
which can also be written in the form,
f=1— P—h
: 3p
The values of p;, p, and pmin are tabulated for dlﬁerent values of m viz. 3, 4 .. 9,10 in
Table 2.
1.
1.
o
05k
e min
3 a4 5 6 "1 .8 9 10 o
m
F1c. 4— Relation between p;, p, and pmin
TaBLE 2
VALUES OF p;, 9, &'pmm FOR DIFFERENT VALUES OF m
m 3 4 5 6 7 8 9 10 o
o1 1-333  1-3125 1.3 1.292 1285 - 1-2812  1.2778 1-275 1-25
Pa 1-333 1-125 1.0 0-9167  0:8571 0-8026 . 0:7778 . 0-75 0-5
Pomin 0:0 0-0625 . 0-1 0.125  0-1429 0-1562 0-1667  0-175 0-25

An alternative way of deriving (10), following Jain®, is as follows:
S, = § (2m% + 10mp 4+ m® — 5) nd?
§ = [2{rdmd — 3D (1—f )}—10m {}4-+3D (1—F 3] tmpd—D (1—F)}
+ 2 fymd—3D (1—f)P—5r {}.d- 4—% D (1~ 1)

2
= 477112 {(2m2p+ 10mp-\—m2 -5) + —- (2mp-—m——r5)——12 ( D ) }

14 (7){m+552mp+6 (—g)}ﬁ—l?(%):zf 2]

1
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using equation (4) , v
§ = gnd® [{(16mp — 3m + 13) On - Db (m—3) (4mp—bm—1) f—3 (m — 32 2]

Hence the expression for (—g—)is given as
s __ 1
S, (2m?® p+10mp+m2—>5)

[

[ #0m41) (10 mp—m 13
— Ym—3) (dmp—Bm—1)f = Hm—3) f? ] (20)

which is of the form

< ,
g = Bf—y f?

where o, B,y are the constants and are same as that of (15) 7.e.the same expression which
has been derived. from the value of 2. )

The value of z can also be deduced from the equatlon (20) and is as follows:—
: dz
) - )
S, dz
( af ) f=1

= a—Bf—yf*. o (21)

so that '
dz . . ' &
a5 = K(e—Bf—yf?) where K = (77)#1
Intégrating we get

2 = — K(1~f) {(a—pB2—y/3)—(B[2+v/3) [—(/3)f %}
which is the required (z, f ) relatioxr and is of the form (6) with -

a = — K(@—B2—y/3), b=—K (B2+y/3), ¢=—E (4/3) (22)
For finding the value of K, we note that :
( _dz ) _ DSs DS,
df Jg=r — = 2¢ T 9V,
go that
. DS,
o 2V,

Substituting the values of D, S, and ¥V, this glves

(m—3) (2m3p-+10 m;:—[—m‘-'—-5)
dmp (mP—b) T , ~

K=

Substituting the values of «, 8,y and K to the equatlon (20) we get the same values for
@, b, cas glven in equations (7 ), (8) and (9). ‘
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SECOND PHASE OF COMBUSTION

In figure 5, O, A, B are the centres of the central and two other holes. OAB is an isso-
celes triangle right angled at O, of side 2a=D--d. At the beginning of this phase there are
four curvilinear prisms like P’Q'R’S’ with radii a while the length-of the side OP’ is 3a.

As burning proceeds the prism P'Q’R’S’ shrinks into PQRS of circular arcs, where the
radius of the arcs PQ, RS and 8 R is 7 while that of the arc @ R is (4a—r), since the burn-
ing is assumed to be by parallel layers. If x, w and o are the angles as shown in figure (5),

r=asecw (23)

and
OP*+-0V—PV2
20P.0V

cos ¢ =

Using equation (23), cos ¢ becomes
5—2 sec w

cOoS ==
? 4—sec w

(24)

End of the second phase will occur at w=n/4,i.e. @ = 32°54'; from equation (24).

o\‘
\’ \
A

1\

\
H
¢

Fig. 5— Second Phase of Combustion.
From AOQM »
QM=00 sin o,
and A QAM gives
QM=Q4 sit (w-+x),
by equating the two values of Q M ;
sin (w+x) = (4—sec w) sin @ €08 w. . S T(2h)
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With the help of equation (24) and (25) x and ¢ are tabulated in the parameter o at the
~ interval of 5° and is given in Table 3

. TABLE 3

VALUES OF ¢ AND y IN PARAMETER o

® ® (] . X %

deg (Radians) " deg radians deg radians
0° . 0- 0000 ©0°-00 00000 ; 180° 3-1416
5° 0-0873 2°-55° 0-0509 1166°16°  3.0774
10° 0-1745 5°-51 0-1021 152087 26637
15° 0:2618 8° 51/ 0-1545 138°59/ 2-3751
20° 0-3491 12° 1/ 0-2007 125°00° 2-1817
25° 0-4363 15°22 0-2682 - 111°007 1-9373
30° 0-5236 18°59” _ 0-3314 96° 52 1-6906
35° 0-6109 22°54” 0-4012 82° 927 1-4376
40° 0-6981 27°32’ 0-4806 67°32" 1-1787
45° 0-7854 32°54/ 0-5762 C B1° BT 0-9067

As r and w increases, the length of the ,pri’sffli‘:é;t the instant is given by _
L = mpd—D—2 (r—a) = mpd—D—2a (sec w—1) (26)
Since L = mpd—D at the end of the first phase, a.nd the burnmg proceeds for a distance
(r—a) at each end.

Hence the fraction f of D is given by

f: 2((1: —-”l’) = ?g} (1——- SeC.q)‘)!i

Area of the sector P Q RS
= 2 [Sector OUQ+- A\ OQ A—Sector PAQ——Sector TPO—/\OPA]s (27)

Ares of Sector OUQ

. “\2
=100 (L —o ) =ter(F —o) (t—su) .
A 0Q4 = 104-0Q sin ¢=0? (4—sec w) sin ¢,

Sect(;r PAQ = 3AP2?. x = }a® xy sec® w
Sector TPO = 0P (—;’ .—;w) = a0 ({- _ w) oo,

‘Similarly

A OPA=30P.04 sinw = a*tan w . o .
Sector PQRS,= a’H(w) _ St @)



R

_ HA = BH = A =4/2. a i. e. during this phase the powder grain consists of four curvi-
linear triangular prisms of bases like HIJ as shown in figure (6) and of common length L

KaPuR & SRivasTAva : Form FuNcTIoN FOR THE PENTATUBULAR CHARGE

where,

H (w) = 47+85sin o — 164—2 tan o

—2(m—40-sing) sec w —(x+o—w) sec? w

Hence the total volume of the prism.. Also,
V = 4a2H(w) L S

aﬁd

{(4mpd—D)—9a (sec—1)}

2 =1-— 40 H (w) 77/4pm d3 (m2_5) y

Substituting the values of @, d, D in terms of m and p then

{4mp—(m—+1) sec w4} H
T6mmp (m*—5) o @)

The length of the circumference of PQRS

z2=1— (m+1)?

=2r (-——— w) + 2(4a—r) (% — <p) -+ 2rx,

= 20 [ (p4+X—w) sec w 4 m—4o ]

and the surface of combustion is,

8 = four times the length of the circumference P @ RS
+twice X four times the area PQRS

= 8a L[(¢+x—w) gec w -+ 7w — 4(9] + 4.2 H(w).
for 0< o <45°

Henge the function of progressivity is given by

_S_ _ (m+1)2 (@ +x—w)secwt-n—4¢lid+4mp—(m+-1) secw}+(m+1)H(w)]

S, ; 4(2m?++10mp+m>P—DB)

Equations (26) & (30) give the relation between z & f and (26) & (32) give the relation 5etween

- (29)

(30)

(32)

81

5 & f but both will determine in the parameter w. Their tabulated values ére, given in

Table 4.

THIRD PHASE OF COMBUSTION

The third phase of combustion begins, when P @ RS shrinks to HIJ. with the arc =

‘where: L = mpd — D — (24 ~ 4/24)



Der.Sor. J., Vor. 14, Asri 1964

82

£085-0 $LSL-0 0¥96-0 8831-1 66L3-1 RiziDi 0%09-T  GLOL-T  8906-1  0000-% og/s
0L96 -0 60860 3€68-0 26980 8128-0 8308-0 60840  00LL-0° TLYL-0  0OSL-O z ® <
ZHIP-0— PO08-0—  808G-0— .  LYSI-0—  FEOI-0—  GFY0-0—  GL0-0— FST0-0— 8L00-0— 0000-0 s
290%-0 $£95-0 310L-0 90£8-0 3I96-0 L8901 LSS8I-T  €I8%-1 - 98Z%-1  000S-I ogls
33L6-0 60760 LL06-0 SLLS -0 LEF8-0 29380 1908-0 ~ 096L-0  086L-0  08LL-0 2 Pl6 ®
HIP-0— FO0L-0— 80830  LPGI-0—  PEOI-0—  TFY0-0—  £980-0— HSI0-0— 8£00-0— 0000-0 f :

N |
F08¢-0 886% -0 g1L8-0. 9LL9-0 $OLL-O G898-0 O1L6-0  ¥9%0-1  ©99T-1  0933-1 og/s"
6896-0- 13360 38L8-0 0888-0 9€6L-0 169L-0 86¥L-0  FOSL-0  S9TL-0  PY0L-0 z ¥/6 -0t
8099-0— 0087-0—  69¥€-0—  1€¥G:0—, F391-0—  800T-0—  $CLO-0—. Z¥30-0— 0900-0— 0000-0 S :
£11€-0 £118-0 9385 -0 ¥6£9-0 L6GL-0 19¢8-0 L916-0  8L86-0 . TIOT-I  09GT-I ogfs
9.66-0 L9060 £098-0 $318-0 609L-0 938L -0 TE0L-0 9L89-0 ~ 1€89-0  ¥6S9.0 Lo ¥/6 L
F828:0— 8019-0—  4I¥VP-0—  ¥608-0—  8903-0—  ¥8GI1-0—  G0LO-0— 80£0-0— 9L00-0— 00000 I
698%-0 60680 9L8%-0  ‘ 98L9-0 86990 qz¥L,+0 Z168-0 - 0968-0  9.66-0 9L¥0-1 “og/s
91€6-0 68980 PILL-O 69690 2319°0 099G -0 6LT1S-0  636%-0  998%-0  9L¥P-0 B /6
1L00-5— 0L39-1T—  88OI-T—  €ELL-0 6919-0—  602¢-0—  €9LI-0— 14.8-0— 1610-0— 0000-0 §
69€3-0 ¥0¥€-0 LGEF-0 19350 L909-0 96890 WLL-0  89ES-0  9086-0  0BLG-0. o8/8
£0%6-0 LL98-0 168L-0 951L-0 4€£9-0 L9890 888G-0  G3IS-0  £¥0S-0  ELOF-0 2 I ¥
60L0-3— 0L2¢-T—  880I-T—  CELL-0— ~ 69IS-0—  6038-0—  €9LI-0— ILLO-0— I610-0— 0000-0 f
L69T -0 0993 -0 265€-0 LSFF-0 93380 q119-0 06¥9:0  TISL-0  ZP38-0  08L8-0 og/s
8856 -0 L3680 1128-0 019L-0 61L9-0 65290 6PLS-0  LLPG-0  088G-0 - 8309:-0 z 4l | 2
60L0-3— 03¢-T1—  880T-T—  SBLL-0—  6919-0—  602€-0—  EOLI-0— 1LL0-0— [610-0— 0000-0 I3

o9 0% 088 08 Berd 03 o8T 0T o8 0 d d

SOILSATWOO §0 ESVHI ANODES HHL ¥0d & B ‘W I0 SEATVA INTUIIIIG TOL fanv °g/g ‘z 40 maIv p

P WIEV ],



~

Karur & Seivasrava : Form FUNCTION FOR THE PENTA,TUBULAB CraRGE

and £, ), { are  the angles in same sense as o, @, x as in ﬁg (5) and+(6) respectlvely

From AAEH
R=A4 sec
and | o
¢ o 0P+ 04*—AR 5—24/2 sec ¢
0SS =""90F.04 = /2 cec ¢
And there will be a complete combustion of the grain at ¢ = T
Also from A OFA4 ‘
7 AF*4 042—-0F
°°s(T+’7+C)=' SAF 04  — T
_..Q: ‘-“
NN
" ) X \ P \\ .
‘ v, N
N R AN
N ! : N N
\‘\ ) i (N \\
\\ / ) AN )
AN // ’I - F:‘" \
b4 I N 5
N A \
- PRING L)
..-< H o '“"\s “
RN ’ N b
g Ny
/ N\
Ny \“
1 y i
° .
-

terval of five minutes and is given in Table 5.

‘Fre. 6 —Third phase of coxbustion.
With the help of equations (34) a.nd (35), (1, €) are tabulated in the parameter { at the in-

TABLE 5
VALUES oF v & £ 1N PARAMETER .

——:—3-cos§

4/2

(33)

(39

80 that ¢ = 32° 39",

(35)

83

dgg radians d;c;g radiagn; dgg -radgns
0° 00000 32°-54" 0-5576 51° 57/ 0-9067
5° 0-0873 33° 00 0-5783 46° 30’ 0-8116
10° 0-1746 33° 54/ \0-5917 39° 39’ 0-6938
15° 0-2618 - 35° 137 0-6147 32° 517 0-5734
20° 0~3491> 37° 18’ 0-6496 ) 24;’ 33 0-4285
25° 0-4363 39° 36’ 0-6912 15° 327 0-2711
30° 0-5236 42° 547 07487 5° 38" 0-0986
32° 39’ *0-5690 45° 00 0-7854 . 0° 00’ 0:0000
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As B and { increases, the length of the prism is given by
L =mpd—D-+4/2(1—+/2secl) L . (36)
Hence the fraction f of D is given by B

j= 2SR S vy @)

Area of the curvilinear triangle. LEF is given by S -
ALEF =2[Sestor LOF + AN OF A —Sestor EF A— NOAE | (38)

~ Area of the sector L O F N

i.e.SecforLOF':%OF?(-z———f) 2\/2._.3605)2(_"_'___§)

-
P e
- .

Similarly , :
’ AOFA;%—OA-O‘Fsin_f=%,{/2"A2(2v2_secg)sin§
Sector EF A=} (EA)2f=}p A2 sec L i
AOAE=3044 Esm(%——+g) = \%f sec £ sin ( -+ g)
‘with the help of these values the area G EF. . o
CAGEF=AK(L) o

where

K ()= [ 2(m— a6+ 200 6) — I { () +oin rsin () seot |

| ) —(e+n= ) wet]
And the volume of this prism isv
V=442K (L)L
But |
, 14
zal—'“ﬁ: | |
442K (C)‘{mpd—D+‘\/2A(1—\/2 sec ) }

t mpmd®(m*—5)

=] —

(m+1)2{4mp—-\/2(m+1)sec§—f—4}K (39)
v mmp(m:—>5) »
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Now the length of tbe clrcumference EFG-:
T =2R94+ (2424 — R)( ———-2«5)

—A[2(n+E—nfh)seol+4/2(r—4E)]

Surface of combustion at the instant ¢ is given by

.8 = four times the length of the circumference of E F G X length of the gram at
the 1nstant t -+ twice X four times the area B F G

.—4A{ f+n—T)sec€+v2(w—4§)}
{'(mpd——»l)%—\/iA)(l——VZsec 4 }——842[{(&)

'.'§~=(m+1)[ 2 {4(”"["“\1)"‘\/2530:(”@;*“1)} {x/2(§+7}-%ﬂ/4)sec§

(<]

(it fa m+1>K(:>] W)
47 (2m2p-{—10m;>—|—m2—-5) :

2.0 . % P

©
"
~ 4
¥ 10
mz= 4
( fd 1/2{M=4
¢=974
- 0.5~
O.LOQO ’ 05 ) v . 1.0

z .
Fie. 7—Relation between S/S, and z for some set. of valaes of m and p.



Eguatlons (37 ), (39 ), (37) & (40) glve the relatlon between (z, f ) and

( T f ) respectlvely but both will determme in the pa-rameterC The1r ‘tabulated

values are given in Table 6.

[+

VARIATION OF (S/So) MAX. .

- It has been sho.vm in (19) that S/SO)max fOr

(bm+1)—mp ~(,_,;1) 

f=, 3(m—38) -
with L '
m+5
N T
_and : (42)
' 5m+1 o
o Py =" “Amo
also
. So )max ;_‘_ » o o ‘ ! ) P.< Pt
=o+ Blby ) <P
B =d,' " ’ . ) ’ P> Py
20

‘Fre. 8—Relation between S/S,, and f for some set of values of m and P

Dmvf S(‘}I.Jq ’Vem 14, Amm 1964 Lo . — |
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Considering the different cases, for the values of m at 4, 7, 10 and oo,
Case I ' e - '
atm = 4, it gives o

( 8 ) T 4p(16p+18)+114

max o

TST:'“ 3(12p+11) - PSS PSPy
. 9 ‘ 21
with = g and - p, = 6
Values of (S/S,)ma. for some values of p are given in Table 7, * E
TABLE 7
-VALUES. OF (8/8.),,q, FOR SOME VALUES OF o,
f1 P2 . : ‘ §
- ? 1125 1:8125 2 225 .8 o 4 5 20w
oo A8 L. 1-0071 10403 1.0473 1-0628 1-0744 1-0815 1-1085- 1-117
| 0.0
0.1
0.4 .
z
0.6
. ma Y
{m: @
.- 0.8L),a
; " lp=oly S
= {""“’ e e {e a2
1.0 6%, 288 T ply
1.0 0.0 L0 . -2.0 -3.0 4.0
R ' |
i - Fie. 9—Relation between 2 and f for some set of values of m and p. .
Case 11 R o

atm =1T,it giyes N ‘
iy (S) . p(49p+42)4 69
max o

& ; =
A 3(42,111) - ASPSA
K | A ‘
with p, = R and p, = ——?— .

Values of (S/8)ma. for some values of p are given in Table 8.

TaBie 8
VALUES oF (S/S°)max For SOME VALUES OF p.

P1 P2 i ) .
P -
- 0-8571 . 1.235 2 3 4 5 20

8ISy 0V 07 1-0461 11368 . 11071 1.2290  1.2484 (1-3114 - 1-3330

v
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Case Iz - ok ERIURN 1 T'a:‘é,}{ e :."5"%*«&;4 AERLER N g B b et ‘:v
at.m = 10, it gives I
8 20p(4pF3)+l02 7
(E)M¢= 3(60p+ 14) PLS ESIR
. ) i 51
with p =4 and py=c—r. 75

Values of (S/8S,)nax for some: values of pate glven‘in°Ta;bl§ 9, .t

“TABLE 9 v
° 075 1275 2 22 3 . 4 3 20 "
(8'8,) . 1 1-0769 1-2075 1-2251 1-2801 1-328 11-35, 1,-4361 1:4662..
Case IV :
Lastly at m = oo, it gives , :-5
(8 3p(2p+1)+4
(SOLW T (2 PSPSh
with Cop=1/2 and  p, = b/4. '
Values (8/8)max for some values of p are given in Table 10. .
| TasLe 10 :
1 P2 .
. 0-5 1-25 2 2,-:2.5‘ 5 g © 5 e
(8/8,) as. U 1-2148 145 15 1607 v1~6944:-“' 175 2-00

. The results of these four cases are ﬂlustr&’ted 1n ﬁg 1&

EQUIVALENT PORM FACTORB '

For finding the value of & satisfying the system “of équations; (Tavarmer) for the
period before the rupture of the grain, the equations are :

(a—b—c)=(14+0)(1—f

and Sl (43) ‘
a=(1—f)(14+6f) )
~ Eliminating f, we obtain equations giving 6, viz. .
(67 (a—b—op : S
0 - (b+ ) e e 44
whence o , » N
§ = — {(a——b—c) +2(b+o)} £ (a—b—c) {(afz_;f-_c P+ 4 -»(b.q.:gf.)'}g
- o EECES .
. (£5)

Consldermg that radical s1gn which: makes &< 1. Q has been tabulate& for the
different set of Values of m and p and glven in Table 11,
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TaBLe 11 : ' s
0 THE EQUIVALENT FORM FACTOR BEFORE THE RUPTURE OF THE GRAIN R
“mip 2 1 94 5 20 -
£ - -0-1405 . 0-0125 : —0:0505 . :—0-0751. —0-1098 © —0-1265
7 ¢ 0-1847 0 —0-1109 © - —0-1568 ~.—0-1808 = —0-1975
10 0-2244 —0-0155 ~  —0-1924 —0-1928 —0-2306 —0-2424
o 0-1716" —0-092 - —0-2651 - —0-3226 —0-386 - . —0-382
2.0, O P T T

" (8/S50) MNAX. .

Lo

Vo; - _ .|."’ - i 1 ) : A'\ ' ; . 3
0.0 Lo 2.0 3.0 %0 5.0

N4 o
Fre. 10—Variation of (S/S, )mae with p for some values of m.
- ~The relation between English and French coefﬁclents of progresswlty is

40 o
- : K=—r s : : .~.;,'(46)
: ' (1+0) : Lo
with the help of equatlon (44) 1t gives - r- CeeT
Ko b+o) e Co s
= (a—b—c) e
Its values, for the above values of m and p are shown in Table 12 .
TABLE 12
- VALUES oF COEFFICIENT OF PROGRESSIVITY FOR SOME" VALUES OF m & p.
me  dp 1 e . 8., . N e
4 - —0-4302 —0-0720 . 02286 0-3917 ° -0-5606 . . 0.6082
7 —0-5253 0-0000 0-5449 0-8825 1-1209 - 1'26%87,
10 —0-5381 0-0733 1-1811 - 1-2169 15566 oo0e
» —0-5000 0-4444 1-7857 2-8099 . 3-6736 kA
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