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It has been shown that the muzzle veloeity and the piozometric eficiency have less values in case of a single charge
of an orthodox gun with constant bore resistance than in case of the gun without resistance:’ k

Recently Ray?! in his paper obtained an approximate solution of theinternal ballistics in an orthodox
gun with constant bore resistance from shot-start to all burnt in an isothermal model. ~ This solution-of the
internal ballistics is in fair agreement with the solution given by Hunt-Hinds? systems for values of M around
unity (M is the central Ballistic Parameter). - Kapur® in his paper discussed the ballistic effect by a con-
centrated bore resistance as well as by long stretches of bore resistance for the general non-isothermal model,
The author tried to establish some results about the effect of constant bore resistance on the muzzle velo-
city and the piezometric efficiency. The muazzle velocity and the piezometric efficiency in an orthodox
gun without resistance was discussed by the author? in his previous paper. An approximate expression
for the muzzle velocity and piezometric efficiency in an orthodox gun with constant bore resistance are
obtained and the results are compared with the results obtained in the case of orthodox gun having no
resistance. It has been seen from the approximate solution that the muzzle velocity and piezometric effici-
ency both will decrease by the constant resistance. The whole discussion is confined only to tubular pro-
pellants but can be easily extended to cover quadratic form functions and co-volume.

BALLISTIC EQUATIONS FOR THE SINGLE CHARGE

The co-volume term is entirely neglected and the kinetic energy term in the encrgy equation is
neglected during the burning of the charge. The shot start pressure is taken to be zero. Then the
equations are _ : e e
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Making the following transformations |
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The abwe equatlons can be made dlmensxonless and the redu(ied equatmm, are
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. The'aboye‘equa.ti‘ons were solved by the metghod,lgf{gzjq;k givenin H. M. 8, 0.2
'Fhe solution gives | R ‘
R Il
o ¢ =MD
< and ¢ is obtamed from (9), a(l;()) a.nd (11) L
Now the burnt vaiues are E . \
Z3=jlj,—, ng = M, vB—‘FA%ﬁM S
aud | |
= (=)
Maximum pmssﬁre is given by

__FO,‘I
Pmax = 7 oi

now if xp/d > 1, the shot may leave the muzzle before all burnt of the charge and if xB/d < 1, the
shot may leave the muzzle after all burnt of the charge. Where d is the length of the gun.

The pzezomemc eﬁiolency is defined to be the. ra,tlo of the mean pressure to the maximum Pressure.

Andes

| ‘y,f N’ and the expressmn for' y, is glven by

” ‘_“ {M+ { 1+d/l l—y ‘1}] ‘(14)

for (—%’1 < 1 )

" The muzzle velocity in non—dimensmnal f&rm; 1si lei

v i3

R

‘The expression for the piezometric efficiency is given by

4“12‘4“ [M+ 12 i {(itﬂd(z-)lwa’_l }] B o
' | for (—%<1)\ |

The method of calmﬂatmn of these two quantltles for (zp/d > 1) was discussed by the author in ’
his previous paper. o ——

" Piezometric efficiency =

80



Balhstlc equatmm for the single charge wrth e t resnstanoe fmm 3h9tustart ﬁma.ii bnmt

§ The co-vo}ume term is entirely neglected and kmetm energv term m the energy equa,tmn :s nsglected 8
.'humg the burning of the charge. S .

7 Tben the equations are

o (1'7}

s
Where p, is the presstire at the.sher "‘ ,

and

The initial conditions are

a;='v=0,p==po, Z=Zo &tfml”
Considering the instant of shot-start e '

80 by Lagtange’s odtreétibn namely '

Ve have

Therefore the equation (18) can be written as

d B pRERSE ‘
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Now with the usual substitutions

;s\;n,dl :
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'.l‘he equattens (16) to (19) redueé to 2 P
{ dn g M R g e
k) ‘;;? = (4 tn) e e B
' b~(1-~-f ST P )

and. ‘the initial chditiOnafaré now 1 £
Recentiy Roy dtseussed a method of soivmg, the above equa.tlons and ‘obtained an approx.lmafte ‘solu-"

tion of the equations. But an approximate solution has been found which compares favourably with
exact numerical solutmn for values of M around umtv g

~

.From (20) considering t,he initial values, we have

(28
From (20) to (23), vé*vei have.

(26)

and’

: 'i‘hzs is & differential equation’ for the pressure { and as the equation is non-linear the approxuna.te
solutlon is obtained by successive a.pprox1ma.tlons

© Since { = Co'ihitially," as & first approxima.tion we put on he right hand side of (26) and get

=z
For the second a.pprox1mat10n we put Z for { on tbe rlght ha.nd side of (26)
~ ‘ U 7 d Z 4 Y AN
Then o i ( T Jf‘,)» & M( ‘“z‘)
Integrating subject to the initial condition, we have 3
- : N j,;\ K 2 - B . o
- log L = log Z,q | - M (Z Zo) + M2 log Z + M (log ZO) (28)
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Then, we get |

*%;;5 h;%%égé}

,xB—l (Zs 1) i - : : o L . St (32)
. | % (log Zo)z _mz, }ogZo M(l —z)— logze} R
! o Agam after all bumt the gae expands adta,batxca,lly and the correspondmg equattons are

. By

P g g T e e T
an: e Bk G 0 - R TR

dv
WY = A(p— Po)

¢ Where 7 reprosents-(le vohums

R | oy 1
~or L ?""Po—'(PB - Py) ( :+z )

Hence

dv . 4 - . ) » bl
”"d; ;_— (?B )($B+) EES

N

o Integrating one gets ' i e eh :
' .y 24 ; Loy’
#= o+ o ”1‘* ”“(BH) [(w+3) @+ ‘
since T = xy when v = vy which from (31) a,nd (32) reduces to 4

; Fac2 g :
o= ﬁéw{ﬁ—m+am%}+,

, o “ wlAzl-y W ath) cB -
‘Whege {5 is given by (30) L '
If K@ be the muzzle welocity of the shot we havg




] (34j

; 'h(for %’-’i < 1)\

I ‘% ’ > 1 ie‘ the ého’é'ilea.ves the muzzle before all burnt of the cha.rge,;tbén from (29) for =z —d

[ ¥ -

\ : tbe va.lue of Z is to be calculated and then

\-nm-si‘f7< Zg)——-Miolog g‘

- con'espondmg muzzle velomty. N

S (X 9 be the mean pressure ‘which apphed to the shot base for the total shot travel would glve the kmuzzleb
‘veloclty ' - :
~ The correspondmg equa,txon is. gwen by

ke v,,, =4

%,;:

or

Then putting the value of V?, we have

i FC . 12
B : 2Ad [ i(l - ) ‘:""50 log Zo} -

. L @
~For maximum pressdare, we put — == 0
Wi

v ~ which gives

e

1——M’(Z"—Zo)+MC010g.—§-‘—‘=, R e

If Z1 the root of the equa,tlon {36) be Joss than’ unity, then as Z = El the pressure will be maximum
. and since Z == Z, satisfied (36) we must have

1—:VM<al——zo>+M:nlog-z— 0 @D

Also it can -ensily be- seen. that 325 < 0 at Z = Zx
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Hence the maxunum pressure L‘mn is glven by O v ‘ ) e
. ii . 9 .) ‘w B ,k ,/\v.,",n..u :
* Cman == eXp’ {-—— 1 + log 51 —{— MC“ ; (log Zl) ] . - {33)
2 %o -

It however Z be greater than umty, the mammum pressure wﬂl oceur at all bumt and then

Cmaz = {p= Co exp ‘{ Lo log Zo)2 M Z log Zo— M (1 - Zo) ""‘ log Zo} - (39)
Then i N : i . ,
Prnay = ——A—?— exp {— 1+ log Z, + E" (log ;l) } SR (40)
: : o o ¢ j o Zg, BRI oy a .
i ' for 2, < 1 -
and S Ay : .
‘ o  Pmaz = —5— g ’ o forZ >1 1 (41)
ﬁhere Z is‘{g;ven by (37). S D e NS S 3 o k ik

The piezometric efficiency is defined to be. the ratio of the mean pressure to the maximim’ pressure
and the corresponding expressions are given by :

When 2, <1 ‘
Plezometmc efﬁclency ="

t M J’(1 — %) + Colog Zo} + 1 (EB ){1——- (1 +"%’) — CBL"?}

2d \ — 1 4-log & Mgo Zl 2 ) , (42)
’ ,‘ + 3" (o 7) .

(for %Bf < 1) ‘
When Z, > 1 ’

Piezometric efficiency =

wfo—rytaioes, | + 2w —w {1-(1+5) 7w~}

= 24 s (43)
e ror T
| ( or 7 < 1)
where {5 is determined by (30) and Z, is determined by (37).

Tasre 1 ’ i Now the muzzle velocity and piezometric
ORTHODOX GUN WITHOUT RESISTANOE ' . efficiency in an orthodox gun for single charge with
— _ ' and without resistance have been calculated nu-
! _ld oM P.E. ' . merically for tubular propellants for different
i ' ‘ ‘ ‘values of —- at M =1. For consta,nt resistance we

33 16 o | ide dl b fy = 0°3and ¢
0-3 1 . o - consider only two cases {, = and {o == 0°1,
g:f }:ggg g:ggég . Muzzle velocity is represented by M. V. and piezo-

metric eﬁiclency Is represented by P. E

- ; “ o e
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" ORTHODOX GUN Wi
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: relude that both the muZzle velomty and fmezometrm efﬁereney in an
ﬂih 'nstant bore remstance n compamson to these quantltles tothe gun wﬂh ' éj :
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