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It has been shown that sultable moderated charge Wlth two components can be fotmd sqch that the pressures in-
» both the first and second chamber in'an H/L gun remain absolutely constant. during the pemod the second componenb

burns, the constant pressures being equal to the . pressures at burnt of the first component ‘. e L

o ,’ o
N N

The internal ballistics of high-low pressure gun was dlscussed by Kapur! and Aggarwal2 for the general
form function. In the present paper the author has discussed the problem of H/L gun' with moderated charges
having two components and has demonstrated that if & moderated charge of two components fof which first
component is known and the second component is also known except for the size and shape) burns in an H/L
. gun, pressures in both the chambers can be kept constant during the period of burning ~of the second compo-
" nent. Generally the solution determines two relations between the four characteristics of the second propel-
lant component of which two may be known from the physical properties of the propellant 80 that the other
two may be calculated. Also the internal ballistics is calculated when the pressures are constant. »

+

. The ballistic equations in the nsa-isoshermal model when. the ﬁrst component of ‘the moderated charge
is burning in an H/L gun; are the follomng \

The equations of state for the gases in the first and second chamber are :

P [01—8—1—5—2+5—1 ¢1-.—<01+02)N7,]=(01+ Cy) NET, . | 1)
C ‘ 1 2 1 .

and g : “
P2[U2'-+_A‘”“‘~—01¢’1’7+(01+.02)N”) ]’=[O1¢1 +02) ]RT2 | L ‘(2‘)

where IV is the fraction of the total charge turned into gas.

The equa,fion of contihuity (when o < w* )18 ; ,

where ’ - :
% \t
# = (7:1")
we take the law of burnmg and form funetion as
| qf, BT eTe e
D, fl——ﬁ1P1, , R B
and /
el ¢1~(1—f1)(1+01f1 S (%)
The equatmns of Energy1 for the ﬁrst and second chamber are : ' ‘ v
L a : , d : d : S
Fletervn]onet i, d,[olqsl (Gron] @
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d u . . ) A A
[{01?51""'(0+02)N}T2]~=4'Tlg“‘[ 1¢1*—-(C +02) } S o
The equation of mo’olon of the shot is glven by ) ' o ‘ e
g - S
W @ _AP2 . i e ®

These equations are solved with 1n1t1a1 oondltlon We suppose that this solution gives Pl_ Pwv P2 e

Popy, Ty=Tip, Ts=Tsp; N=Np, v=v5 and m—wBl when ¢,=1 ie. f;=0. For integrations of

equations during the second stage of burning, we will require the above quantltles at the instant when the
first component burns out. Here also we note thaf for solving the above equatmns suppose that Oy and §,
(or 0,[8;) are knovvn

Ba.lhsmo equatlons when the second component burns:
The equations of state for the gases in t,yhek first and the second chambet are :
gl C’zC’z R
P, Ul_'§;+‘g¢2f*(01+02)2v’7 , =(G;'EQ2)NRT1 o 9

and
Y

‘Pz[ Us + Az — (Cy -+ Ca ) 7 + (Cy + Co) Ny ] = [01 +Chda—(Cy + Co) N ]jm (10)

The equation of contmmty (when w'< w*) is

d¢z gspr

G‘ 0 e 0 e e L e s 5
Farsher we have the equation of burmng as_
D, f2 =—pP , ‘ (12)
the form function as T T
h=0—p e T Ty
and the equasions of energy.{ for bhe first and seoond ohamber as
d ¢ d ‘ S
d—t[(ol_l_Gz)NTl] =T, C: dtz —r Iy — & [02¢2f“(01 +.02)N] (14).
and N L , ’
P ]
Zt [i 01+02¢2 (Cl+02)N}T2 _rTld‘ [02¢2—(01+02) } ) (15)
The equation of motion is : , » ‘
dv ' .
W g =4P ‘ (16)

el

We are to obtain the solution of these equafmons with initial cond.ltmns =0 V=g, P= Pun’ e

Pz—P2Bv T1—T1BI?T2 Tspp and N =Np at fo=1.

Here @z, vz, Pisy Py Tip1 sz and N, are the values of £, 9, P, P2, Tl, T2 and N
- when'the first component has just burnt out.
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Let us assume tha,t the solutlons of the above equations are possible when : :
‘ P, = wa and Py = Pog B o an

- and seek conditions. so that this solution may give &=up,, —'vBl, N=Ng, T'=Tp and Tp— Top, at
fo=1 and the system of (9)to (16) may remain consistent for the solutlons P,=P,p, and Py=Pyy W1’oh the

(17), (12) and (16) we have

dv- 4 D Py O A R
TS T g : 18
df 9 - W B8 P 121 s ( )
L ( i, ) - - = i)i Pop
dfa dat df2 ' Bs P
Which by (12) and (17) reduces to
Do 4—’)22 . Dm e
: - dfs ; BlwPip  Pip ' ' ‘ ‘
«,Im’egm'ﬁmg (18) with the condition v = vp, ab f = 1, we have
~ A Dy P ' L ,
V=t t+ ﬁz sz (1—f5) L (20)‘

Now we impose the condi‘bions ’ohat (9) and (10) with (17) gives
- . ?’—”531’ : U";sz“sz ?md N= NB] at fé-—l
smd furbher that (9) and (10) are consistent with ( (19), 0 o :
Now & = Tpy> T2 = Topy, N = Np, will satisfy (10), if ' -
Pop [ Us+ Awp — O +(Cy+ o) Npm 1 =[C1 —(Cy+ Oo)N3 1 RTap - (21)
which is true bescause (21) is obtained from (2) by considering values when the first component
" buns out. Also N = Np, and Ty = Ty will satisfy (9), if

Pyg LUI ““32— — (01 +Cs) Npin ] =(0; + Cy) Ngy RTsp o (22)
which is true bacause (22) is obtained from (1) by considering values when the first component burns out.

With the help of (12), equations (11), (14 ),-and (15) can be written as

d 952 Dy Y8
C, = e SRR,

d ;- |
7],2—['(01+02)NT11=T002—;’—J;"§ —r T g b= (8

and

. df [{O+02¢2—<01+02)N}T 1 —-"Tl df [Coa— (Ct+CINT - (28)
From (24) and (25) by integration, we get
{01+C¢y—(CL+Cy) N} T2+(C1+02)NT =T,Cs ¢y +
+{Ci—(0,+0) NBI}‘TzBl'JI‘(Ol'!'Oz) NpTvp ‘ © (26
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A«am from (6) a.nd (7) we' get

L {('1—(01+O)NBI}sz‘l'(Ox‘T"C'z);»,

Hence ("F} reduces. 1:@ T ' R L
{01‘1"02 ¢2'~(0 + 02 N} T wx—(c*l +o,, NTI = 1' (01 +02 ¢2) T em

Addmo 9 and (10 with (17) and (27), we get , : e
P [Uy+ 40— (0 +C, 952)17 (01+02 N'r)] L

+P131 [U1 (Z: 2 ¢y — (nl+02)N ] RT(91+02¢2)

‘_ ‘l)lfferentlatmg (28) and ( 13) Wlth respect to fo with the help of ( 12) (17 ) and (23), we get

~A Pypy v D, 7 Py ¥ S D, G L frd. 0 C e
, ’ﬁz‘}’)ml : + /3? \/R T +? P‘Bl{( fz)ﬂgf(l—i- afz)} .

- NOW Viz= 'U'Bh Tl :TIBI andf2
‘ Dy P?m

ﬂ—_AvB; 72* P, + 1+ &y—{T R€2+€2le(n—1/82)}
T D nsbs SR S LR "
= % VEL, (DwPm) @)

Intmducmg the fo]lowmg dlmens;onless constants -

- Py B0 To ET, — , ) B T, (30). -
(29). reduces to ; e V' o S

;o . ’oq’(l‘“wm)/\/zn +’731 wp1

i E 0 s - .

L ] + ,80 - “{— 8 E v i

Now to satlsfy ihat (19) and (28) should be consis‘ent, we dlﬂerentlate (28‘ twlce wzth Tes. ¢
and substitute (19), 1nd withthe he}p of (»13 and: (23), we ge‘r Sy

ﬁ?_gz_@f . Py, D2 v dl’ 2 p 02 P
Bl Py’ 2 B/ RT3 df © o5, B -
' k .7 o D'g’l/’ s dT, " V
AR Ik R TRy, df’ ~—mx7,0,
T e T e e

-~ 24,0, [RTy+ (n— 1/8 )Pyl =

o LT B DE Py D8 c ATy

T = — - 1.
- ﬁzz @ P]B‘12 + 252 \/R Tl 3/2 ( 131 PzBl) ‘sz (32)
Again from (23) and (24) we get ' S B : O

Ty, — df (0 + 02) N ‘i‘ (01 + C ) i;;l = T C, (2;2 + T1 Z/;: '\/%ST .
. 2 1‘
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Hence

T, - i “ T 2@ ¢s(
G = oS [2uz ﬂﬂ ~1~2%m+-ﬁ2 o

vﬂ]‘mx
- Since Tl = Tml: N = Ny, and fa=1 erl satlsfy (32) and (33), we get ;
; a D2 P S
— 2, 02[131’ +(,7 _L ) pm }_ é_Qz_B_BL+
B o Pypy®
1 Dy S (Pipi — Pog) [ ' D, $8(r—1). _,_]
Cy (T, — Z2 —
+ 232’\/RT1318/2 (01+02) NBI ‘ ( ‘I‘ 32) ( C TlBl) + /5)2 '\/R \/TIBI .
Now, we mtroduee the central balhstm parameter o . r ’ '
B T e G S
kM“"EZFEﬁ e o

Then from (30) the above equation can be Written i fhe non-dlmensmnal form as

g 1o (1 — wpg) ¥y
-—292(1+80>——1‘41,30 w31+250vT1N31(1+1/ﬁo ‘

HW%0~D}

TR T R g
B kR T oy SE | o ﬁ(—-T1)+ QVTI] @)

The simultaneous satisfaction of (31) and (34) gives the condition ‘ehat P = Pz and Py = ‘Pgm-
may be the solutions of (9) to (16). Equations (31) and (34) actually give two equa,tlons connectmg fou

. parameters  «,, 65, B, and 8, defining the second propellant component; the “properties and mass

; " of the' first propallant componen‘o‘ being assumed to be known. 8, involves 7 :and 1/8; and B,
involves. " C, which are supposed to be known,. a&noted earher, in the integration of equations for the
first stage of burnlng : , , . o

Hence we may look ‘171P0n (31)'-@(1 (34) as two equations for 0 and ;m'r- -

Ehmlnatmg 6, from (31\ and (34), we get a quadratlc equatlon for oy To complete our solutlon

" we should show that as given by (31} and (34), ‘«, is positive aud 6y satlsﬁes——— 1 < 6,1 for practical

values of constants involved in (31) and (34). As the solution of the Ballistic equation in the non-isothermal
mode] is-not-known, we illustrate it considering the isothermal model to have some idea-about the results.
From Kapur! and Tables given by Corner?, we take the values of the constants.

"~ With" the constants, thus determined, we tabulate the value of ) and ;. ~The shape -and size
of the second compcnent charge as. follows Slnce theé range of “F;!is-not known, we take its value
considering that 71 << 1. : I

..Considering .isotherma,l model, we get from Corner? L : | . el

C'1[1/8 —2(1—%)]
— Of8,

CTet g ='25"¢u;"in.‘/1b;; 1/8, = 1/‘82 =17"5 cu, in.[Ib,

b=

NB; ‘—g—-f(I’ =¥
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with'

DEF Sox J s Von 23, Ocmomm 1973

S o ba—w
then 80—(“7“‘ ) [1/3 _-17(1—-—';”)1 1+b)
.,tr’ | : b(l— N
" VT N
i o (U-— B A+D ¥
-GS L
S w % Us+4
ar’;yd, e ' Xy=p ( )\(])le ) A2

‘ For g1Ven X, v and b, 973 is determined from the Table® and then, -

_ &Y —n (=¥ 11 +D)
T aI=Y) (XB/V—l)

Tois known that v < 0°3 and —0 5 < b <05 and in H/L gun 1t is. expected that v is lessk;“:'
than b. Given b, v and X, wp is determined. . ,

| _( 1 dx W (1—¥)b
EANT+e g )B V51[1/8‘;1—’7'(1"“W)]’

7 is determined.

TABLE 1

VALUES 0F Ty, ay AND 0, FOR #= 125, i = 0-5, fy= 14¥D b= 0.2, v=0-1, X,= 0.1

T ‘ A 0, A “ R
03 Cresr D —eemer 0 e rms Uigigie
04 1810 . —0-2795 . es 1354 C—03400
05 o181 03012 - 09 1:370. —0-3698
08 - 1330 —0-3283 R ' A

N TapLn 2 A

VaLUES o8 T3, ) AND 0, ToR 7= 1.25, = 0.5, fo= 1 AND b= 0.4,5= 0.2, Xg= 1.0 = .°

T3 % ) - ST RO

0-4 1465 —0-1232° o 07 . 1612 ~0-1823

0-5 1-523 . —0-15T8 - S 7T 08 14620 —0-2012

0-8 1578 —0-1636 ~ 09 1-630 —0-2339
42, \ -



BEATTAOEAEYYA C‘onstant Presgure in H/L Gun S

Also M, can be debermmed from the formula ,
_wa—wppy

I8y —p (1 — )]2
Tr(wel and Veloc@ty durmg the Burning qf the Second C’omponent ‘

M, =

We can show from (20), that :

: Up2 M o,
B2 1 110‘ wpy

Which is the veloeity ratio. From the above examples with Tl = 08, we get

::3

—2:67and 232
Vg L e .
Also from (19), (12) and (17), we get e
de  PaPigy A Dy Py
Lo T D ST WP ‘l“fz)
Integrating this taking z = x5 atfs =1 :
ﬁgyﬂ— — %V ' 2
D, {x "‘”m) ’ "’31(1‘ ¢2)+ 2wﬁ2 P (l—fz)‘
Let ¢ = ng when the second cmponent burns out ie. f2 = 0 '
Therefore |
B T Dy Vm;m AD22'P231 _ Do [ + ADs . P2B’l]
B2 T 52P131 ' 2“’:322P1m2 N 52P131 B 20 PlBl

 Then from (30), wo got

®pe ~—Tpy - 7.0, M, o’
om ndeg |RTRT Ty om

Let us introduce another dimensionless quantity

En = 10,
BT Adag
Hence the travel ra.tiok
fm M, og? : :
= [+ B 0| @9
7]

Now differentiating (9) with respect to f, and using (17), (23) and (24)

p, Ca b va[oz‘ ddy +g: 48 ]=R[T002 d¢2+ r$8 D, \/TTJ ‘

BE afy VET, B:VER

‘o 02(92;1—2e2f2) [RT0+ (__;;) plm] —
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5 ;‘I‘htung the Vaiue of iy ftom (37 ) and then mtegratmg the a,bove equa.tlon, ‘we ge!, N asa functlon of :

o rcwflfm (27)

: mierest shown by }nm in tha prepgt&ﬁl@nﬂfth

Tlus detemunes I, as a fraetwn of fz. ’ B

*,ﬁhen (23) can be wntten as e

[as

ol
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