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. An attempt has been made to sclve the internal ballistics of H/L ﬁun with  composite
charge having two components assuring constant pressures in both the chambers during
thesecond stage of burningi.e. after the burning of the firet component c]mrge

The internal ballistics of high-low pressure gun was discussed by Kapur?!, Aggarwal? and Corner®* for
the general form function. Recently author® had discussed the attainment of constant pressures in- both
the chambers in an H/L gun with moderated charges during the second stage of burning. In the present paper,

the author tries to solve the internal ballistics of H/L gun with composite charges havmg two components,
- Pressures in both the first and second chamber in the H/L gun have been assumed to remain constant during
the second stage of burning, The constant pressures being equal to the pressures at burnt during the first
" stage. The internal ballistics during the first stage of burning are assumed to be known and those for the
second stage of burning are determined. The conditions for the attainment of constant pressures deter-
mine two relations between the four characteristics of the second propellant component of whlch two may be
known from the physical properties of the propellant so that the other two may be calculated. -

"FIRST STAGE OF BURNING

The ballistic equa,tlons in the non-isothermal model during the first stage of burning in an H/L gun sre
as follows:

The equation of state for the gases in the first and second chamber are.

c c C :
plo,— % -G Oh Oh g ioyNe] =0 +o)NED, (1)
8 o 8y 8y

and
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 The equation of continuity (when o <w*)is
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Where ¥ = (72_7—1- )72and N is the fraction of the total charge turned into gas

We take the law of burning and the form function as

D df' ~ 5 P ' o
ad b= (1—f) 1+65 =12 e
The equatmns of energy for the first and second chamber are '
Flerorn =0 (a5 +o %) - 2 + [01¢1+02¢2-—(01+02)N] )
and '
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These equatlons are solved with mltml condltrons B
Pl"Pz"’TI""Tﬂ=N'—O“'” When f1 fz”'Ile 1= ¢2=0
We suppose that this solution g1ves . :
Py=Pp, Py= sz: T, = TlBl’ T = szl, N Nm, V= ”Bl and = = zp,
~ When f; =0i. e. when the first gomponent is: completely burnt SRR
From (4) the value of fz at burnt of the first componenﬁ is,
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, ) .  SECOND STAGE OF BURNING
“The equation of state for the gases in the first and second chamber are

. P, [U";‘TSE + —8;2 b+ 02), N ]= @+ONRT, (o)
and : | ) T | | | , .
‘ P, [U2+A0$—-(01+02¢z)77+(01+02) N’]]—[01+02¢2“(01+Cz)N]RTT‘ (11)

The equatmn of continuity (when o< w*) is ;
k N dg,  YSPy

| ’,,(Cl"lfoz) & 0w VAL e BN (12).
Further, we have the equation of ’bm;ning 7 e 7
b g (13)
' The form function ~ : i e : S
S ¢2"=\ (1 ‘f”fg) ‘,(1_"+, Ofe) ‘ - (14)
and the equé.tion of energy for the first and second chamber ' o ~
i [(01 + C,) NT, ] T Co —5+ % —y T, a [Cz $: —(Cq + C) N ] (15)
ad [{o1 + Oy (01 + Oy N} ] =71, ;,;[ Gh—(G+GN] (16)
The equatlon of motion D e ' ‘ 7
w ﬁ-‘g— = 4P, | o
Le’s us assume that the- solutions of the above equatmns are possﬂale w1th S _
' Py = PlBl ) Pa sz T A o Qey

and seek conditions so that this solution may give
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and the systems of (10) to an may remain eonmstent for the solutlons P1 == P‘.lBl and P2 = Py
" with (18), (13) ‘and an ’ ; o
o A Dy Py

_which by (13) and (18) reduces to - ‘ _ e _
| do___ADE P o (20)
: A Ba ©Pipr Py ; ' :
Iutegratmg (19) with the condition v = v, abf, = fzm - ‘ .
: A4 D, P o o \
we have : b= ”31 t 57 Bg S (fapr — fa) \ 21)
, s Pip ‘ o , ~

now we impose the c‘ondition that (10) and (11) with (.18),giveé,
X=Xy, Ty =Typ, Ty = Tap, Lo
and N = Np, at f2 == fpp1 2nd further (10) and (11) are consistent with (20).
- Now & = 25, Ty = Ty N = Np and Bo = ap Will satisfy (11) if ‘ f - .
Pyt [Ug+ A% 3y — (%) + Cadamn) n + (C1 -+ CaNpm 1] =[C1+Cy 95231“‘(0'1+Gz) Nm] R sz (22)
whick is true, for (22) is obtained from (2) by considering values when the first oomponent burns out. ‘
< Also N = N BL Ty = Tp and ¢y = ¢2Bl W1ll sastify (10) if
P [ Ui Pt 2 i (04 ) Nn | =0 O NaRTm (9
. whieh is true, for (23) is obtained from (1) by considering va?lues when the first component burns out.
With the help of (13), equations (12), (15) and (16) can be written as,

AN d vs S

(+a) g “"*‘@%‘*‘T&i‘ VET, e

[(G e NT] 7,0, ey a (0 CN| @
f l+ 2) 11 = 2 df ‘7 , df 2952 1+ 2) ()

md | { Cy 4 Oyt — (Cy + O bo]=rm —df—[ b= (O +CIN | o)
On integrating (6), (7), (25) and (26), we get M ~
{Oy +Cdo— (C1+C) N} Ty (C, + Ca) NT1— T (Ch + 024’2) (27)

Adding (10) and (11) to (18) and (27), we get
02

; ¢2——<01+02>Nn]+13m[ +Aw—(01+02¢2)°7+(01+02)N7)] —

=R T, (0, + Cy ¢,) 4 (28)
On differentiating (28) and (14) with respeet to f s With the help of (13), (18) and (24), we get
""AP231”D2 sz'l‘S.Dz - ’__ } —
Bs PlBl + "7 Be '\/R.Tl + = 5 PlBl { (1 —f2) 92 (I 4+ 6, 1)

— Piy 'L Cs (6, — 1 — 26, ;) +wf %’i

PIBI[

= RT, 0y (6,— 1 — 20, f5) (29)
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Now. o=y, Ty=Tin and fy=Ffup will satisfy (29) if

—dvy g PB4 (1—6, %0 fa).

. 1)\]_ D 8 | ,
(22,6, + ¢, Py (2 — —8—)]=-—-2— - f;;,mmm B o0

Introducing the following dimensionless constants

__0_3 o, Db e ySD, )
=P TDyp T% T T T ROLET,

s /AD, Pyr Tir s g
M= G R Rl Py OB T, 10 Bt

Py 1\ P
RT, =% (” - ) BT, = %

we have _ o

1=l 420, 5= B . PT ‘”51‘)!,:/ vt im e N 62
0. 0

To satlsfy tha.t (20) a.nd (28) should be consistent, we d1fferentmte (28) twme w.E te fg &nﬂ Wlﬂl t.he help
of the equations (14), (23) and (20}, we get

AszP;m . ’7P2.81D2'/’S dTy
B2 wPip® - 2B,V R 1132 dfy

*_—292' % Py —

S D48
— P — 90,0, — 22 ¥ ,
T Lip ’i- 50y 26,V R T %y dfz

}—-‘_‘2 osR ToO’

or

1\ , 1. 42D2P; ab$S ar

—-—20202[RT0+ ( ""‘8_2 = BszlBl 232 ‘\/'ETI / (PIBI PaBl) df

il

Again from (23) and (24), we have

T, 1 _ Dy $8(7—1) '
#h (01+02)N[02(T T (=120 + =5 =g ,(T)‘ @4

Sinoe T, = Typy, N = Ny, and f; = fypy will satisfy (33) and (34), we get

9.0, 1 _ A'DEP,
0| RIy+ (0= 5 ) P | = pR

o _1Di$ 8 (P — Pogy) [/Dz 80 —1) (g

2B: VR TI1p®2(C1+Co)Npy | B2 ' '\/R_
=0 (T, '—Tlm) <1-02+20sz>] ; (35).
: Wé intrc;dﬁce the gentral b;;llim;k: pa.raléneter M = —ﬁPL——
’ . Bl w 01 RT')

~ From (31), the equation (35) ean be‘writtei;, in the pqn-dih:ensiohal form as;
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oy Qadwp? oy Vel — wg)
20 R =0 TRt S0 ) vy N o
1| Ve (p—1 | R
[o-avsamm (- )+ TER] e

The sxmultaneovs satlsfactlon of (32) and (36) gwes ‘the condition that Pl =Pim a.nd P2 == P2 5108y be the
- solution of (10) to (17).-

‘The equations(32) a.nd (36) connect -four pa,rameterq oco, Bo, 0 and 8y deﬁmng the second pr0pellant com-
ponent.

The properties and mass of the ﬁrst component ha.ve been assumedbobe known 3y ‘involves 5 and
1/s, and B, involves C, wh!ch are supposedtobe known in the integration of equatton for the ﬁrst stage
of burning, :

Thus (32) and (36) give the size and shape of the second prope]lant component pr0v1ded oty 18 posntlve and
0, satisfies — 1 < 8, <1 for practical va.lues of constants involved.

o= ,;_2 ~ 0 then, Yo =8 =0, the (32) and (36) reduce to
1 — b, + 26, fzm B 8 ©p

and

' 2 0 2
— 90, =M, X 2B
;o ﬁo |
' 2 D,? M
Let . M; = B 2ﬁ0 %T’ = 1% be the central ballistic perameter correspondmg
2 g filyg : 0
for the second component charge. '
Then '
M
92 S ”—2'2‘02312

Thus within the practical range of values of M, and wg, 0 i 1s pegative and greater ’rhan (—1) and
also «, may be positive. : ‘

Now from (21)

4 D, P ‘ , '
gy = “’Bl + —"ﬁ: *p% Jam sl (37)
~ Then
Vg M, oy ' :
Om %_ _ 4 .
U + n51 wp1 fopt |

which is-the vélocity ratio and its ‘valug is less than the velocity ratio for the moderated charges.

‘Prom (20), (18) and (18), we get | .
dz. BaPim ., A Dy Pyp

: ¢ AR Dy Vet ﬁs‘ Py (fzm —h | " (38)
On integrating (38) taking @ = wp at f2 =fim :
_Fa—1B AD, P
L D:Bl (@ — zp1) = vp1 (fom — fz) + # (fzm "—'fz) 2 (39)
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Thén; we vgeltl v ;
. 4D P

w&—}g@;ﬁf —-—l szl+ W fam (1)
‘From (31), we get |
o ‘ 9(;32'——:331 __ n d,l - Ml%g | Ké‘] B
“ T Zm e 'j. 70"4‘,03 [ g ﬂmfzm + 2 'v‘:',lerl’,fZBl I '/ : (41)
Let us mtroduce a.nother d1menslonless qua.ntﬁay T | ‘ |
' E =__._ ; "701'”
| n= Aoy -
“Hénce the travel ratio is R R e ; P
f’mszl [ %y m + % “’Blszl., ] - 42)

‘ i
‘which is also less than the ra.tm correspondmg to: the moderated charges

o leffrentla,tmg (10) w.r.t. f2 and usmg (18), (24:), (25) a.nd (31), we get

>

@ ;._1_.20213) (1+ 80 :*“? &{ \/T’ + Y \/1" ] G (43)

where T’  = —?—— . Thus ‘(43) determines T’ aQs afunction of fa.
Al PN P
Now (24) can be writtten as,

1) 4N d¢2 : R : \
( '}_B) @ dfzf”’ ,3 \/T, P (4’4.)’
Putting the value of T fnom (43) and mteglatmg (44), we get Nasa funetlon.s Of fo o

w B . _ T
N—1+%(Lﬁuwmm+¢+%fvT #h+B W

Where B is determmed by the condltxon N=Np and f, = fam

As T and N are determmed from (43) and (45), Tg is determmed a8 8 functlon of f5 from the relation
@n. -
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