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. ABSTRACT

In this paper the expressions for maximum pressure
occurring at different positions in the case of composite hepta-
tubular powders used in conventional guns and the corres-
ponding conditions have been derived under certain condi-
tions, viz., the value of v, the ratio of specific heats, has been
assumed to be the same for both the charges and the covolume

* corrections have not been neglected,

Introduction

The problem of using composite charges in ‘an orthodox gun has been
discussed by the various authors Corner!, Patni and Venkatessan?, Patni3,
Aggarwalt, Kapur5, Venkatessan® under different conditions. The author of -
this paper” has discussed the Internal Ballistics of composite hepta-tubular
powders for a linear law of burning under the assumption that the ratios of
the specific heats of the component charges are the same.

In this paper an attempt has been made to find the conditions for the
maximum pressure to occur at different positions in the case of composite
hepta-tubular powders used in an orthodox. gun under certain conditions,
viz,, the ratio of specific heats has been assumed to be the same for both the
charges and the covolume corrections have not been neglected.

Principal Notations

The following principal notations have been used here:—

p =The fictitious mass of the projectile, taking into consideration the

different passive resistance as well the differences of pressure between
the base and the breech.

v =Velocity of the projectile.

¢ =Cross section of the arm taking into consideration the rifling,
P =Mean-pressure under which the powder burns,
n; =Ratio of the two specific heats of the gases for the ith powder,
y o Ml

5 .

% =Fraction of the ith powder burnt at any instant ‘t’,

% =Fraction of the thickness (web size) of the powder grains remaining
f at time ‘¢, ‘
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i3 = Covolume of the gases.
1 .
3 =Specific volume of the gases.

’ ' -. :
fi  =Force constant of the powder.
_ Vi ¥ v? ‘

o= Ji @

4; =Vivacity of the powder.

D'; =Web-size.

#'; =Linear velocity of the combustlon of the powder under the unit
.pressure.

8, =Surface of the powderlmtlaliy bxptmd‘bo ehe*cumbusﬁon
8; =Burface of the combustion at.the: instant, ‘¢ :
Wi =Initial volume of the powder.

% (%)= §—~=Funct10n of’ thie: progressivity of the powhr

z -—-Shot~tra.vel ab the msta.nt b

©%=Tnternal volume of the gun upto“the hase: of ‘the pmyectﬂe at the
instant ‘t’, (i.e. equal to'C'4<0z).

(’'=Internal volume at the imstant when t==0. -
Bagsic Equations

The equations of Internal Ballistics using composite cha.rges can be written
as ean

¥ Resals’ Equa%mn of Bnergy:—

P ( o—-2 ..__,2;_)
5+ Loy—mn = fj: 3 [Y — Bz, — Byl W
2 Equation of Inertia:— - oo _ ,

[l:—d'_t—"-—:GP ‘e e ‘ve e ’ e (2)

(8) Equations of combustion:—

dz; v ‘ : ’ .

: =d4a; : : .o K¥Y . e X3 Y 3
& 4; P o; (zt ) (3)

The équations of combustion can also be taken in'the form

’ dyﬁ' . ., 4

D'; —di———ﬁ.P .o .o o e .- {4)
‘Where 2

L= fza’z X ‘ ve .o . . (5)

hHé,
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4 the equation of energy (1) can be writben with the help of (T} and (5) as

. CP(IYL)T . - L -
2y F2lzy . &y VI’--;,-——-(—-I—;E—J—[.Y——BMI—-Bzzg ] e

‘whence
P= P, 31"‘}“*‘5@2*—‘517{3‘ ¢ -
w here : e ah

V=¥ ‘Vig(zi) P
: Vlb Vl*(z‘) e ‘ ve . o .U"

(14)

+(15)

~(16)
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Also from (4), (3), (12), and (2) after sxmpliﬁcatlon and satlsfymg the initial
conditions, we have [Gupta (1959-b)] - ‘

Yg=1— g’ (I~ (18)
Vi (7)) = -i;%‘— (Yo—w ) . oo = (19
= —.5‘;— Vi (n) . .. (20)
V== nﬁ. (y,,,--y,w) x . (21)
= go— LB : ’ 2
Maximum Pressure Yi = Yio— P v - .e (22) -«
From (15’), we have : ‘ o
b

P=——"_

A8 gt g2
E(p) + Lt () =% — = J (23)
Y—B ¢ (y)—Bt (%) )

Differentiating (23) with respect to v, and simplifying with the help of (20), )
and (22), we have

[¥—Btw—Brww [ 22
= 1_{;_",_[,— ’;’ [(“I[E'lz"2 {‘Ea C'(.’Ix)’ir'EtC'k(_g]g) } — Egp
{Y'—Blg(yl)—Bzr(3/2)}]"'[5"1 ¢ (?{ﬂ{Y-}'Ezt (?/2)}

+e eI —Rrwl]] - . . @

1—|—L

with |
E1= -I%L o e’ n:” .-‘~~ L Loee ‘ (24A')
Ey=BL—B, .. .. .. e (24B).
Ey= B, p" .. e e e (40
By, = B‘;ﬁ(z« e .o o . . (24D)
2 f 1 -
E=E(e) . L . @B

Now initially for hepta-tubular powders,

¢ (y) =o, @) =b14 0 —ay,
(v = o, ¢ (?Iz) = by + 0y — ay,

v=o, = 1,

( )—o T1L o [‘“1 b‘“ol)-p,l%l(d?;f'ba""z) p'a] (25)

= & positive quantity,
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At the all-burnt position of both the propellants when the propellants are
burnt out at different times, we have - .

tn)=¢ W) =L¢ (y)=¢' (%) =0
V= vp =—';-g—.;—(ym_._ylm“) ' | ;
, Y = Ym, sa.y"' : ‘ P
. from (24), we have

[ra—a-5] (3 )wm |

P, e e
t:.-..'l—*_l—_—z"""' ["" E&”Bl (YBI"""BI""BQ)] (X e (26)
= & negative quantity. . '
In the case of sxmultaneous all-burnt position, we have

¢ (=% (w) =1,

V() =8 () =0,
" .. v=1vgg say*
Y= Y BB, Say%,

.. from (24), we have

[YM-'-B1 B’] (T v =vpp

-—1—-’_;_1—1—.’- - [ — 4% LA (2 + ——-) (YBB—B1 - Bz)] (27)

=a negative quantity.

from (25), (26) and @7y it is evident that the maximum pressure must
~ oceur before the all-burnt posmon, whether the propellants burn simultaneously
or at different times.

Now again in the case when both the propellarits burn | at different times i.e.
when they do not burn simultaneously, we shall have:—

(%) At the rupture of second charge, while the first is burning before its rupture,
we have

=y = TN
v=" wp’
— oy —PL
Y1ra = Y10 — A Y0 »
Y9=0,
Y= Y,,, sayt.
£ ) =¢ (yiry)
*Ref —Equations (71), (84) and (85) respectlvely of Gupta (1959-b)
TRef —Equation (45) of Gupta (1959-b).
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where £ () is given: by
gﬁ (ya"s) = (1 - yx’a) (al - bl Yirs —6 ﬂrﬂ‘);
¢ (y) = ¢ () o
where ¢’ (y,r,) is given by , ‘
z' (yl"s) = —(al + bl) + 2 (bl -;‘ci)“yxfa 4 301 ygi'rz ’
¢ (92) = agand ¢’ (y5) = — (a3 +ba)-
. from (24), the maximum pressure will occur at the rupture of the second
charge, while the first is burning before its rupture, O
if El____ g'(ylr.)q”1[yr. + E2a2] - .(aﬁ +§b2)BZ:2[Ly' |~Eﬁg(y 17s )]
[E,v%, {Eag'(yl'.) — Eyay + bz)}"Es"’r. {yr, — w1?:(?/1".)"320525]
‘ ; e (28)
The maximum pressure will ocour before the rupture 6f second charge, while
the first is burning before its rupture, <.c. when both ‘the charges-are burning
before their respective ruptures e o
if g, > f’1g,(3/1r.)[yr, + Bya,] — (ay + 5,)° [y, ‘."’EgéyltiHi P
17 (B Bl (y1r) — Ey(aytby)} — Bgvr, {yr; — By{tyrr;) —+Blas}]
: . o (29)

The maximum pressure will occur after the rupture'vof second charge, while

the first is burning before its_rupture, )

itE, < "8 (Y1r MY, + Bgtg] — (% +* z)ﬁ”é[L?/rn - Ezg(ylfs}]r ‘

1 [E”lvﬂ,' {Eaz'(ylr,) — E4(aa+bﬁ) } "'“'Eﬁv's ‘{ Yrs— Bl;(yl":)—Bﬂaﬂ} ]
R (30)

(45) Now at the rupture of the first charge, while the-second is “burning after
its rupture, we have ~

- -
V=% = Py say*.

’ .
Y= Yor, == Ya0 — “E 2 Up, == Yo0 — gf Y00
- 9. ¥ 1
=0
.‘y_.- s ‘.y,‘ - »:xwy*., .

ty=a, )= (a+b)
) = L), EW) =8¢ m) -

/
- 3(my + 1)
Eyer) =1 — Ba(mg? — 1)

[1+ —i— m + 1 ]s;;(ézrz)

where

37y \ 4pam2. COB wgr,

s o) = [ 1= Ja o ]
; %9 -

tRef.—Bquations (51) and (43) mespectively of Guptac (1959+D).
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From (24), we ea.sﬂ,y get that. the maximum pressure will ocour at the rupture »
of first charge, while the: secoml is. bummg after its rupture;
[ (@ + BBy {9, + Bal(¥)} + Ll )0y} Lo, ‘Ezaﬁ]
(B2, {—Eofoy+ by + Bo Cpor)}—Estr, {9 ~Bioy— Byl trerd}]
‘ o TR 31)
The maximum pressure will occur after the rupture of the first charge,
whils thee second is  buming after ity raptuse: (i. e; when both: t,he e’mirges
are burning after their respective ruptures),
if £, < [—(ay+ 602" { yr, +Epf(yr) } 8 (y2r)Bs" (L, — \2“1}]
! (B,20%, { — Ea(‘h Fo)+Be (yor,) }— Bt {yr, —Bya—Byl(y2r,)} ]
vee o ee o (32)
The maximum pressure will occur before the rupture of the ﬁrst charge,
while the second is burning: after its fupture, -

g, > [~y 084" figr, +Bpllysr )1+ & )Ry {Lyr, — Ezdﬁ] .
17 (B ?02?-, §— Bty +8)+ B (Yor) § — Bgvr, {9, — Bya;— Byt {Yor, )31,
o (33)

(st again when the second charge is just completely burnt out, while the
first is burning before its rupture, we have

ifg =

U = UB, == I“‘ﬁ e (yao Yo min)s. a

Y= Y2.mins Yy = ?IIB.,, :
¢ (W) = ¢'(Yamin) = 0,
E(yy) = ¢'(418,)
where' ‘ o
g'ney) = —(ty+ b)) + 2(by — e)y1s, + 3oytiz,
. &yl) = g(yIBn ) = (11'-61?/13% )(dl - bilem "_"”cliygly'Bn) :
g(?/a) = g(?ﬂm/m \= 1
Y = YBy» Sa‘y

__ from:(24), the’ maximum pressure. will- occur at the all-burnt positien- of
tﬁe second charge, while the first is burning-before its' rupture =~

if f g (len )gl”[ygﬂ + Ez}
e Eie'vzzﬁn{g}ag tyis, } - 5”321{y3n ' 1&(3’1321 )= B }
T e . (34)

The maximum: pressmemﬂ acotr attér the all-burnt pesition of the second
charge while the first is just at the point of its rupture;

e = (@t by)fy” {9’?1 + B 2}
8 R, {Byetbd)t By 9n — BBy}

| - . | - (35)."
~ * Ref.—Equation (59) of Gupta (1959-b). —
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*The maximum pressure will occur after the all-burnt position of the
second charge whlle the ﬁrst is burning after its rupture

(“1+ b1)ﬁ1" {yr, +B,} .
B, {Bs(ay+ b))} + Egvr, {9r, — Byo—By}

ifg, <,

’ (36)

(20) When the propellants are burmng szmultaneously, we have at thelr
simultaneous ruptures,

v = vy . - BAY* ey
Y =Y, say*
Cy) =ay, §(Y) = an
£l = —(ert b, Ll = — (et b)
" 4 from (24) the maximum pressure will occur at their simultaneous ruptures
if £ = (a4 b 51”{?/" -+ Eg%}+ (22 ba)h”{Lyff - Ea0y }
E12”2rr {Es(ay + b)) + Ey(ay + b))} + {Bsver (Yrr — Biay — Boay)}
CON
The maximum pressure will occur before their sxmultaneous ruptures
(a1+bl)pl”{ Yrr + Ezaz} + (axt by)R" {L?/rr — By}
E0% {Es(% + b1) + Ey(a; + b2>} + {Esvrr (?/rr — Bl‘h - 2%)}
BN (38)
The maximum pressure will occur after their simultaneous ruptures,
if§ < (@1 + bRy {yrr + Baaa} + (a5 + bp)By" { Ly — 9% §
Bty {Byoy + ) 1 Eyas + 8} + {Egvmr (Y — Byyy — Biay)}
(39)

The three conditions (37), (38) and (39) reduce to (65), (63) and (64) res-
pectively of Gupta (1959-a) the present author ‘when only one charge is taken
into consideration 7.e. when the values of all the terms for the second charge
and L are put equal to zero. The conditions for the maximum pressure
in the case of a single charge as deduced by the author can also be obtained
from (31), (33) and (32) easily.

if g4 >

The maximum pressure at any instant is given by (15)-as :—
[ g + Loy — &,V ]
1+L y — Byz—Byz,
where at the point of maximum pressure dP=0.
.. differentiating (15) logarithmically and putting dP = 0, we, get

P =

(15)

Ref.—Equations (79) and (80) respectively of Gupta (1959-b).
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dzy + Lizy, — £:2V1(%) —l dzy p: XA + B, dzz dz
P (21) n dzy
25 + Lag—£,V1%(%) y— B1z1 — By
dy
: L e . 40
"—"Blzl —_— 3222 ( )
But from (25) of Gupta (1059b) "” ;
dz1 v, @ ut Ley— &V
- & Vy Bz, + By CLAD
= — . - — . . 40A
i ¢ at Lz, — £,V (* ‘
from (3), (40) and (40A), we get '
Aatpq(25) 14 Appa(2y)
1 + 2Pa\%e) __9g. 1 B, + B 2P2\%
dipye) L@ + * 2 Ayei(z)
—I— Lza flVf Y —"Bl‘zl - Bzzz . :
&V .. (4B)

vipalzt Lzy— £V

-, at the point of maximum pressure, we get (denotmg the values a,t maxi-
mum pressure by the suffixm)

£:Vim (2 +___) _ g Agem _

Oim 1‘le
21w + Lgm — flV 1m
B, + Bidgem(m /Al

y hamand .BIZIM — B2z2m -

Here the quantities Qim, P2m Z1ms Z2ms all can be expressed as
functions of ¥im (¢ = 1, 2) which in turn is a function of v , (Unm bemg the

. value of v at the point of maximum pressure) gwen by (22) as i—
s, e (1

o
Also from (20), V1, is function of vn given as
4, O ‘

Yim == Yio ™

.o

Vim = ..” oe "(43)

Thus (41) is a relation between Vi and Yo .
This equ'ation combined with (29) of Gupta (1959-b) viz.,

z1
v By, ++ By, :
v.1l=— s it Bita g, . (444
[ ] 21 z;{rLza—fo{" a . (' )

gives the value ; of .Vm and Y, ab the point of maximum pressure.’
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Hence the maximym pressurg Py, is givep from; (15) as:—

P, [ tip+ Loam— £V »
[ — &V 7, .. (4B
Y45 Ym — 1z1m — DoZom } ( )

Py, =

Or from (41), we have

P, [ Vlm(2+~) L ::im*l

\ ¢ v 4 iy

T I 4B+ A Byiom om0

Now the maximum pressuze- may. occur when,

(@) both the charges are burning befere their respective ruptures,

(b) the second charge is burning after its rupture and, the first charge
before its rupture,

(¢) the second charge is burning after- 1ts ruptmse and the ﬁ:rst is Just‘
at the point of its.rupture,

(d) both the charges.are. burmng after their respectlve ruptuxes

(¢) thesecond chazge has heen butnt out and the fitstis- bm:nmg before
its rupture,

(f): the second charge. hag ~ been, bumt out and the first is just at
the point of its rupture,

(9) the second charge has besn burnt out and: the firs cha,rge is 'b‘tn'n?

ing after its rupture.

Case (a):—1In this case P,, i given-by equa,tmn (44B)
which with the help of (35) and: (36) of Gupta (1959-b) reduees to
P = P, (Ky — vm) (B5 + va) (By— Kop) (46)

™ T 14+ LLYn—(No+ Nyvm+ Ngv2— Ny o, ) "

where Y,, and v, are given from (444) and.(41).

The.egquation, (444) in.this case reduces to (40).of Gupta. (1959~b),~ vahere
v=1uvmand ¥ =Yg,

Also by substrtutmg the- values-of<2im s Zam, Prm Qom 804’ Viy interms: .
of vy, the equation (41) after simplification beeomes,

{1(2+—~—)Z(@m)—L—§— 7% (o) —1
(K. —vm) By + vm) (K3 — K vy)

P, =

4,
"B+ B, T Z* (vm)

o (47
[ Yn— (No + Nyvm + Ny 0% — N5 %) I 4
where ' : L
A‘l“‘l ; R N
Vlm _ i ’
z (’Um) - Cym - gl ylm— ¥} y m
_ %am “2 %ym— Y2 3’2’"@ ) (4TAY
Z* (tm) = P1m — B1 Yim— 71 Pim (474)
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‘with '

up’;
Fe

Yim = Yo — Vme

Conditions:—The conditions for occurrence for manmum presgure in
this stage are:— :

@ P> ¥,
1) g <ty QDA By ey
ie. Yym >0 and ypn >0
Yo 0
#5”2
and (i97) condition given by (29).

Le. vy <

Case (b) :—In this case Py, is given by equation (44), ‘which with the
help of (47) and (48) of Gupta (1959-b) reduces to

2 P, [ Fy(vn)+ LE* (o) — My vy o s
T TE L W B Fy(on) ~ By Ay om) e 8
where vy, is given by (41), while ¥,, is given ‘by “9) of Guptfa. (1989-b). -

"Fhe'quantities involved in (41) in this:case alto being functions of v,, given

as
Vin |
——— = Z (va) from (45).
o
¢sm = @ function of v, .
= 0% (vm ).
S from Pi (Z,' )—‘-‘-“; __E,’. Y; _?‘ y%‘ ,Wéh’a\re i
Pom _ __ 0%, (vi) ,
P1m o — 1 Yim — Y1 Pim T
= Z* (¥m)

Zlm + ngm"“ ;]_ V1m = Fl(vm)—l—LF*(’Um)—M]_Vlvém
Ym— Bitym = Bitom = ¥m— B, Fl("m»)—‘BeFﬁ (%)

Conditions :—The conditions for the otcurrence of maximum pressure
during this stage are:—

@) P>

(%) 2gm > ag and 21, < 04
ie. Yom <0 and Yy > o
. 4 g
L6, o7 Yoo < U < ——27—

[T 2 ‘Jzé " rE h

and (#) conditions given by (30) and (38)
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Case (c) :—In this case P,, is given by equation (44B) which with"fhe
help of (47) and (48) of Gupta (1959-b) reduces to
p — e Fy(v,) + L Fy* (v,) — My vy 0%, ]
m.—- 1+L Yr;“‘BlFl(”r;) Bze‘('vrl)

Here Y,, , and v, , are given by (563) and (51) of Gupta (1959-b). -

Conditions :—The conditions for the occurrence of maximum  pressure
at this point are ‘

6 8>,
#) Zm=0a,0nd gy < Zgn <1
ie. ym=o0and ym <o

. Yo o
e, Uy = 'Url = )
rey

.. (49)

say*.

and (447) that glven by (31).

Case (d) :—In this case P,,, is given by equatlon (44]3) which with the
help of (55) and (56) of Gupta (1959-b) reduces to.

P, F* (v,,.)+LF*(vm,)——M v, ¥%,
1+ L Yn— B, Fi* (vn) — By F,* (vm) ]

Here Y, and v, are given by (57) of Gupta (1959-b) f.md (41)
respectively as explained above.

Pm=

(50

Conditions :—The conditions for the occurrence of ‘maximum pressure
during this stage are

@ E2>P%
@) oy <zm<landay <zpm<<l1
ie. Ym<oand yp,<o

) P
ie. Op>-0T
A

and (¢47) that given by (32).

Case () :—Tn this case P,, is given by equation (44B) whlch with the
help of (61) and (62) of Gupta (1959-b) reduces to

P Fl(vm)+L le'”mv’

Pm= 1+L Ym—‘-B Fl(’Um)'—"B .o - . (51)
or from (37), we have '
P, = P, (L+ T10)+T11‘”m+(T12—M1V1)'08 —‘Tm‘”sm

1+ L Ym_‘Bl(T10+ ~T11'”m"*‘T;|_g’)s """Tm‘vsm)—B
* Ref—Bqution (o) of Gupta (19695).
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where Y,, and v,, are given by (63) of Gupta (1959-b) and (41) respectively,
which with the help of (31) of Gupta (1959-b) in this case reduce to :

Vm ’
" H v [(B, Tao+ B + Tua v + T1g 0 — Tys #10
[YH]v —_le (L+T10)+T11U+(Tm—-—Mlvl)vz-—TmpS 

Fu VBy :
.. (B3)
and
1 S
a(ers)zo—1
(L+T1o)+Ti1vm+(T1z—M1”1)?2m-‘Tm’”am ‘
= B : .. (54)
Ym—‘Bl(Tlo‘l‘Tn"’m'{‘,Tm”zm—‘Tn"’sM)’—Bz :

Conditions :—In this case the conditions for occurrence of maximum
pressureare ‘ ' ’ : o
@ pa>81
(@) 2m<m aud zgm =1
ie. Yym > 0 and Yom = Ya min.
‘ 1.6, Vp= ’_9'7_ (Yoo — Y2 ming < _?/_}970__'_ k
w8’ #f"
and (#44) that given by (34). _
Case (f) :—In this case when the second charge is completely burnt out
and the first is just at the point of its rupture, the pressure P is given by (49)

Conditions :—The conditions for the occurrence of maximum pressure
at this stage are

(@) pe>P"1
(@) Zim=0 and z9m =1
2.8 Yim = 0 and Yom = Yomin

Y100
N
and (4i7) that given by (30).
Case (g) :—In this case P, is given by (44B). - The quantities Ym
- and v, are given by (69) of Gupta (1959-b) and (41) respectively as
explained above.

'l:oe- U = vrl =

Conditions :—The conditions for occurrence of maximum pressure during
this stage are

@ P>Ph

(49) 1> 210> 0, 804 22m = 1
i.e. Y1m<0 3nd Yzm = Y2min
. G Y10@
2.6. Oy = - [y — Yomi ]> 2
= g, e Rl Tepn

and (43) that given by (36).
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