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ABSTRACT

The existing work on the constant pressure guns has been improved
upon by introducing the concept of Lagrange mean density function
for the propellant gases behind the shot. Lagrange hydrodynamical
model has been considered and the expressions have been established
to work out'the shape factor of the second component of the moderated
charge, which will maintain a constant pressure during the burning of
this component. This is followed by the numerical computations of a
problem to establish the physical interpretation of the results.

1. INTRODUCTION

A moderated charge consists of identical grains, each grain consists of layers of
different compositions, the first layer to burn being a cool, slow burning type and the
succeeding layers being hotter and faster burning surface. -

Kapur'? developed the general theory for the moderated charge and Ray**
investigated the possibility of getting a constant driving pressure by using a moderated
charge, consisting of two layers. Recently, using a Lagrange density approximation viz,

p=GC [K0+A,_ 91‘514_22 ]

for the propellant gases, Nar\filkars"’ has solved the internal ballistics equations. Dr.
Chugh™* had used this density function to show that the theoretical results thus
obtained give closer results to the experimental observation made by ARDE, Canada
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and others as compared to Hunt Hind system. This prompted many workers Kothari,
Verma, Prasad etc. to use different density functions. In this paper, it is established
that it is always possible, using Lagrange density approximation for the combustion
gas, to find a moderate charge with two components which produces constant driving
pressure during the burning of the second component. It is assumed that the first
component is known and the second component is also known except for the size and
shape. Relation from which the size and the shape of the second propellant component
are calculated have been determined. Generally, the maximum pressure occurs before
the all burnt point of the first component of the moderated charge. If the design is
such that the first component has monotonically increasing pressure space curve till
the all burnt point, the constant pressure of the second phase then equals the maximum
pressure in the entire pressure space curve. To utilise a specified area in the pressure
space curve for obtaining the muzzle velocity, the constant préssure value will be
higher in the later case against the former. Then the design of the gun will be complex
and heavy, till the muzzle end.

A The practical situation is the former where the first component reaches a maximum

pressure before its all burnt point. The same situation is explained by Table 1. The
numerical computation of the motion is shown in Fig. 1. A theoretical approach to
calculate maximum pressure in tabular form is appended at A. The shot-travel and
the velocity are also calculated during the second constant pressure phase.

Table 1. Experimental data

Vbl. of the chamber 120cu. in. Shot travel 60in.
Borearca 7.0543sq. in. Shotstart 3.5tsi
, pressure
Sheliwt. 13.321bs Ky 0.1
: y 1.25

Particulars of the moderated charge

Component Form Rate of Web Force Weight Covolume Density
charge coefficient burning size constant
(in./sec.) (in.)  (in - tons/lb) (b)) (cu.in./Ib.) (ib./cu.in.)

No.1 1 0.75 0.018 1900 1.165 27 0.06061
No.2 1900 1.165 27 0.06061
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~ " Figure 1. Pressure-space curve -
NOTATIONS.
Symbols used o Description of the symbols
Dimensional Non-dimensional
form form
A Cross'—sectional area of the barrel
B Burning rate constant of the propellant
C Propellant weight
D Web ssize of the propellant \
5 Density of the propellant o
F Force constant of the propellant
f Fraction of the web size remained attime ¢
K, - Chamber capacity o
1 Effective length of the free space in the chamber
m Vi Weight of the shot k
t = ——l"— Time parameter

where V= FGAD
Covolume of the propellant ~

<
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X E=1+x/1 Distance travelled by the shot at time ¢

z Fraction of weight of the propellant
burnt at time ¢ :

[/ Shape factor of the propellant

E, Kinetic energy of the propellant gas and
unburnt propellant

E, Heat energy lost to the gun

P, &= P,AJFC Gas pressure at the breech

P, C;,, = P,;,Al/FC ' Space —mean pressure

P, {, = PAYFC Gas pressure at the shot base

u U=wV, | The propellant gas velocity at a distance y from

; the breech at time ¢
n=V/V, Velocity of the shot at time ¢

w External work done on the projectile

y Y=y/1 Distance of the croés-section of gas flow, under
consideration from the breech at time ¢

Y% Y, =y/ Distance of the burning surface of the

. propellant from the breech at time ¢

Y Y, =y/ Distance of the shot base from the breech
attimet -

p , Lagrarige of density function

» y=G/C Ratio of the specific heats of the propellant

Suffixes 1, 2, AB1 and AB2 denotes the value of the parameter under
consideration for the first component charge, second component charge, at the all
burnt point of the first component and at the all burnt point of the second component
charge respectively.

2. BALLISTIC EQUATIONS WHEN THE FIRST COMPONENT BURNS

During the burning of the first componerit the Lagrange gas density approximation

Cizy

C.

- has been adopted for the density of
Ko+ Ax — 50—

VIZ. Py = Cl(l — 21.)-, .

the propeliant gas. The basic equation as given by Narvilkar® are :

% = n/Mi( o . @
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- @z _ ez dzzx o 3

b= z,(1+ ) = 1 3)
. 2 ' ;

(1 + "z') ~ ddfz' (4)

z1 = {(é — Bizi) + n’ ) + 8' ]

- dz '
.+8 0421 %[a; dr‘ - n] - (5)
Where
w=Cl, q= S
MEIB YT 1.05m
B = (Vc1 - -l-) 5;
G Ca-
My = FiC/(1.05mV3)
S = _a®—1)
6Mi(1 + Ku)
and

@~ 1D)=-1D{1+ Kn)

e,a;Zt d?z

The term 2 2R of the Eqn. (3) can be neglected since its maximum

value is of the order 3 X 107 and is very small as compared to the maximum value

of the first term [, ( 1+ e;z.) viz. of the order 0.14. Similarly the term

€ -z dzn
6M, dr?

order 1 X 10"‘ which is negligible as compéred to the maximum value of the first term

of the Eqn. (4) can be eliminated since its maximum value is of the

(1 4+ 22 "z ' . viz. of order 0.135. Also the maximum value of the term
dzil dn :
oqz; ar\“ ar ’7] is of the order -3 X 10™* which is very small as
compared to the value of 0.987 of the left out R.H.S. terms of the Eqn. (5) and so
it can be neglected. So the Eqns. (1) and (2) along with the following equations :

cb=c..( L+ 52 . ®)
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Cm=§.(1+'23z—l) o | )

-and

- 7=

= {m(§ — B121) +"7’[—2—1r{l—- +3zx] ®)
forms the modified system of internal ballistic equations during the burning of the

first component.

For solving these equations, we suppose that the first component is known and
C, and 4, (or C/d,) as known, for Al involves these quantities. Fourth order
Runge-Kutta method is used to solve the differeritial Eqns. (1) and (2), with the initial
conditions, viz. at

T=0, "=0’ é'_'l’&cs:Cb:Cm:Css

* where, { is non-dimensional value of the shot start bressure. Initial value of Z, is
found from Eqn. (8). For integrations of equations during the second stage of burning,
we will require the values of ({),,,, (1), 2nd (7p) 4,

3. BALLISTIC EQUATIONS WHEN THE SECOND COMPONENT BURNS

The Lagrange mean density during the second stage of burning becomes

Pa Gz i G consider motion of the roduced
= moti gas uc
[Ko + Ax _C'z(l8 Zz)] : gas p .
. during the second stage of burning of the propellant. The equation of continuity is
: i , ;
C— .
0Pz du dt
5= + P2 — : )
at oy [Ko © odx — Cz(ls zz)] | ,
2 .
- Also equation of conservation of momentum is
8u 1 9P /
8 7 " 4 u 3y Y : (10)

~where v ( y,t) is the gas velocity at a distance y from the breech. at any time t after
the movement of the shot. Making the equations dimensionless and solving conhnunty
Eqn. (9) and momentum Eqn. (10), we get

7 4 a2 (Zz](y Ys)

U=14 " 1o ¥ aml

[=1 —e dy {8a%sz; + ouS,](Y Y,)[1 + (Y — Y,) ]
T T 2 Midi[€ + o+ w2z 2€ + * + x220)

Ci + Coza
1.05m

an

and

(12)

where € = and ®g = Cz/AISz



Constant Pressu'r;e Phase in-an Orthodox Gun 49

Also while marking equations dimensionless the known parameters of the first
component are used. '

AtY=Y,, {={(, so,pressure Eqn. (12) gives

a=c.'[1 + 2l “28 ’ )] a3

" Using value of { from pressure Eqn. (12) and integrating, we get

sy
s 1 ¥ wf-c.[ —2—(——}—2)] (14

2
Similar to the earlier phase, terms containing ;.ng are neglected from the
T
Eqns. (13) and (14) since their maximum values are negligible as compared to the
values of the remaining terms.

Kinetic energy of the propellant gas during second stage of burning is given by

AV Al Y,

= = d a8

Ep - 2 _"Y. pPudye= 2 PzVa IY» U’dY

This gives «

Al [l | "”] (s + azbyza)
6

Ep =

Kinetic energy of the shot is mv?%2 and friction losses due to bore resistance can

be assumed equivalent to 0.05 x Kinetic energy of the shot. Let W accounts for the
work done by the reaction products in providing Kinetic energy to the shot and
propellant gases as well as the dissipation in overcoming bore resistance and heat
transfer to the gun barrel. So we have

_u 4;2 1.05mV3Ky
Losmt AIVon’[l 2 922) (widy + ataza) + ke

2\
W= 3

where energy losses due to heat transfer is assumed as

2,
£ = 1.05m1;o1,21<g

Now energy equation for the second phase of burning,

FCi + FCin =P,,,[Ko + As— gcf - Cm(v..' - 3‘;) - cm,] +O—-DW
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becomes
where » ’

1
B=(va=g) 5

2 .
The terms containing ( ; ‘%23 ) and n( %Zz ) are -neglected, since their
. T T .

7

maximum values are very small as compared to the maximum value of the remammg
terms of the equation. We have rate of burning equation and form function equation

d _ ﬁzDi [
@ T T RDMy (#) 16
2= (1= £)1 + 0f) arn

respectively
Further we have equation of shot motion given by

deldy = ML, (18)
" we have to obtain a solution of Eqns. (15) to (18) with initial conditions. ’

&= (Oas, | & = (o) s, {m = (Em)anr
L= (Dap. 1=, atfa=1

Let us assume that a solution of the above cquzitions is possible with
= ({)ap1, L= ()at, Ln = (Em)am (19)
and we will find the conditions that this solution may give
E=Eup, =4 at fo=
and that the system of Eqns..‘(IS) to (18) may remain consistent for tho solution (19).

The rate of burning Eqn. (16) and equatxon of motion of the shot (18) with

relation (19) becomes -

o oL 20)
and ‘

a¢

pa = 9/Mi({)am ; 21)
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From Eqn. (20) taking f, as independent variable, on integraion. we get

7= @am.+ B'ﬁD’M U () amt/Goam](l — 1) @
2D y ’

Using relations (22) and (19) in energy Eqn. (15) we get
1+ B2 )€ - BI — B2z

BiD2M

;‘l"[("I)ABl + D {(Cs)Am/xl)Am}(l _.fl)]z[ )+ 5,( + 9:13;122)]

(23

Now-above energy Eqn. (23) and form function Eqn. (17) will give ¢ as a function
f,, during the second stage of burning.

We have from Eqgn. (20)

dfd¢ df — BlDle
d—fz[;ﬁ;}—] ~BaDr [(£s)aB1/(Lp)amr)] (24) |
Also we have
sj,:z = gle)l (Co)asi | (25)

Using Eqn. (25) in Eqn. ‘(24), we get .

ﬂ%DgM 1

2= Fip ((€)am1/(Eo)yp1 ] - l (26)
2 2%

Now impose condition that energy Eqn. (23) should give & = (&)45,, 7 = (N),p, at
f, = 1 and further that Eqn (23) be consistent with Eqn. (26).

Now & = ()45, L =1 and 22 =0 will satisfy Eqn (23), if

1 = (Gw)ast [(§)asr — B1] + (9)%p [(7 + & ]

which is true, for

€ =1©dn, 1= Wan, Iw= Eman, fi = 0, z =1

- satisfy energy Eqn. (8) qu first §tage of burning and this equation for those values of
the variable is identical with the above equation. Now differentiating energy
. Eqn. (23) and form function Eqn. (17) w.r.t. f,, we get
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FC: dz dzz
FiC: dfs (Cm)Am[ A dfz]

D ' 2 8§08
+ [("))ABI + B’pzj)M‘ {(L)am1/(L6)am1} (1 — fz)] % Z_;:

— 2BDaMy yr s or (L) am] ["" )+,( “"””’)]

" BD2 Dz
[("))ABI + B A 23" {(C:)Axll(§§)4m} (1 - f) 27
and ‘1-23=(1‘ﬁ)92—(1+ézﬁ) |
df _(2‘8)

, Also we have using Eqn, (19)

dt D ’
= g; Dz [(1)481/(36)451] o (29)

Using above Eqn. (29) in Eqn. (27) and then applying condmon that at f =1,
1= (Map

%—;’=—(1+02) and z, =0 we get
ao(n)an1 [(Cm)Am + Mi({)am { ?— 72 D + 28 }]
1+ 6= (30)
(o) ast [Bo + (Umass B2 — ()is & ‘cT]
where ’
RC, =B BiD2 -
FiCy °BDy
and we have ‘
mb _ Ca
ad  C1

Now in order to satisfy the cond-ition that Eqns. (26) and (23) should be consistent
we differentiate Eqn. (23) twice w.r.t. f, so we have

F2C2 d?z2 . d2z2
FiC; dfz (Cm)ABl [ a2 —-B2 aj—.z-]

§_a___282 d*z2 B1DaM; (Cs)Am . 2
+ a8y df} [( Jast + “BaDy ((b)Am fz)]

a8y dzz BiDaMy (L) Bi1D2M,
“131 df: [( Jast + “BaDy (Go)am a —f)] BiDy l

: | ({)am | 2B1DaMy
% [(lb)Am] T BaDi

—28 ==

[(€s) aB1/(Lo) 4B1]
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% {8’ 82 dzz[( Yagy + PrD2M. BiDaMy (L) am o — fz)]

«d; df2 BDl @)an
__ BiDaMy (L)am[(? — 0!282 »
B2Dy (C»)ABI[ 2M| Y43 (l + )]} , @1
Alsq we have
dz
7~
and at
=1,  z22=0, 1 =(11)A‘§t
dzz
and

2 BDIM(L) am
a2 TEpHiais

Using above relations in Eqgns. (31) and (30), we get expression for 6,.

Since it is assumed that properties of the first component of propellant are known
and second component is also known except for the size and shape, we will get B,
and f,. Eqn. (30) and the above expression of 8, gives twc relations connecting four
parameters, a,, f,, 6, and B,, out of these B, and f, assumed to be kriown. Hence,
we may look upon Eqn. (30) and above expression in 6, as two. relations for 6, and
a,- Now it is to be shown that the values should be positive and 0, satisfies 1 < 8,
< 1 for practical values of constants involved in Eqn. (30) and expression for 6,.

The Eqn. (30) and the expression for .0, gives expression for a,.

The expression for 6,, using this expression for a,, becomes

ao(n)ap1 [(lm)Am + MI(C:)\ABI {(7 i, ) + 28 }]

b, = l _ (32)

(L6)ann [ﬂo + (Cm)ABl_BZ — ()i & g—l-]

4. SHOT TRAVEL AND VELOCITY DURING THE BURNING
OF THE SECOND COMPONENT

We have from velocity Eqn. (22)

7= (Map1 + oM g’;ﬂ‘ ‘-—fz)

g-;é-' = (Mam + GQMx gf))"m (1 - f2)
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Using the Eqn. (25) and above equation, we get

d¢ (Cs)Am
A Ay [+ com 20— ]
Integrating this, we will get h
. aoM1(Ls)a L( ‘
¢ — (©)an) = @ ) [("I)Am (1-r)+ -é-(—g'-b-ﬂm—s - fz)_z] (33)

Let & = (&) 4p,, When second component burns, at this point we have f, = 0 so
Eqn. (33) becomes :

aoMi({s)apt
(& a2 — O)um] = (Cb) [(’fl)Am + W]
or ooMi({s)an1
((€)asz — (E)am1] _ % [("7),131 + 2({s)aB1 ]
()amr (Lo)ap1(€)am

Therefore,

shot travel "during the second stage of burning
shot travel during the first stage of burning

travel ratio =

aoM1({s)aB1
%o [(1))‘31 + 2(:1»)131 ]
(Co)aBt (E)aB1

(34

Also using veloc“ity Eqn. (22) at £, =0, 7 = (1) 4,
we have

({5

(Mas2 = (Mas1 + %M AV

Therefore using above equation, we have velocity ratio

(Mas2 _ My (L)am -
(’7)431 LT s Co)am . (33)

5. AFTER ALL BURNT OF SECOND COMPONENT |

- On integrating Eqn. (21) of motion of the shot,we get

= (72 — ()im2]
§ = (O)ap2 + W) ant

or n=14/ 25, + 2{C = (©)ap2} Mi(Es)asr , (36)

Eqn. (36) gives velocity of the shot after a)l burnt.
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6. DISCUSSION OF THE RESULTS AND CONCLUSIONS

Using experimental data given in Table 1, the present technique is studied
quantitatively and the results are presented in Table 2. It is found that value of a, is
positive and 6, satisfies. -1 < 6, < 1. Table 3 contains the particulars of the composite
charge data and the results obtained from the Lagrange mean-density method, taken
from Narvilkar’s® research paper regarding composite charge. The weight of the

 moderated charge is assumed same as the weight of the composite charge. Since the
constant pressure has been maintained during the burning of the second component
of the moderated charge, the muzzle velocity obtained must be more than the muzzle
velocity obtained by considering composnte charge. This can be varified from Table 2
and Table 3.

Table 2. Results obtained from the present method by using moderated charge data

g =0.1017 6, =-0.0598
Muzzle velocity ‘= 2582, ft./sec. ' Constant mean pressure = 17.7 tsi

“Maximum pressure = 20.55 tsi

Table 3. . Particulars of the composite charge of three component charges

Corhponent Form Rate ot Web Force Weight Covolume  Density
charge coefficient burning size constant ; ‘
(in./sec.) (in.) (in-tonsb.) Ib oc dr (cuin./lb.) (Ib./cu.in.)

No.1 1 0.75 0.018 1900 4 111 27 0.06061
No.2 -0.172 0.75 0.0322 1900 4 12 27 0.06061

No.3 -0.172 0.75 0.0414 1900 1 11 13 27 0.06061

Results obtained from Lagrange mean density method
by using composite charge data . .

Muzzle velocity 2023 ft./sec.

Maximum pressure 16.5tsi
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APPENDIX ‘A’
Tabular Form of the MaXimum P'ressuré

The Eqn ), usmg the Eqns (6).and (7) along w1th the form functlon
7= (1 =Ml + 01fn)

dhi .l @z ]
&~ T M [l + ]

simplifies to

This equation is integrable and the following relation is ebtained :

[ emastiids 4 4]

ﬂ - [_'/ie—qﬂOnlMx _15_]
where . v '
: ¢ =fio— 1 ax“‘a+(l;00)
b =1+ fuola a=a-— (1;00)

o (s e

and f; is the value of fl at shotstart.

Using the form function equatibn the ekxpress'ion(for z, becomes -

[¢ e—(ga'qlMl + ¢]2 & . [‘ﬁ e—‘la'ﬂ/Ml + ¢]
— ¢ [ 2T +@= Dy [w PR ¢] +2Z
az ai vraz o a

where ’ - o
Z = zi0 — fiol0 — 1. = bfi0)
and z,, is'the value of z, at shotstart.

Further from the equation of shot motion (2), pressure relations (6) and (7),
energy Eqn. (8) and the above relation for z,, we obtain the following equation similar -
to Hunt-Hind (18). '

- Mhdé

E=Biz) log H
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wligrgﬂ _ n "(ﬂl‘r)"e"z‘.."lm + Byn e=190My | 13 dy .
8 o [Wrem b (0 + ) + de= 107 (85 + 7P8) — (& + 7))

&G = 'I”(;lz' - eo),

2
wm (Z— 2t )

az .
'¢3/='¢(3%'—eo¢+§-?-)’ e

co + do .
& e — 08
-1
= 28 ST
a5 =2 $ +
o Haddl O,
-1
¢7 $6 a k
& = i (co + doy + &= 1) ” ¥ — ¢os'
1
do = &'z, . eo= b3

The analysis subsequently remains the same as in the above reference and
theréfore is not repeated. One can easily verify if the first order solutions of £, in &
are approximated, the effect of modified gas density function disappears.

Secondly the integral of log H contains exponentials and the form is
non-integrable. The solution of log H in closed form can be developed in the tabular
form only. :
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