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ABSTRACT o

The pressure space curve standardized by Heydenreich
has been analysed. It has been found that the index of expan-
sion of the gases after burnt is not a .constant and the
standardized curve is probably only a mean curve obtained .-
from a number of experimental firing results. A cruve of the -
form pV® with & good fit to the Heydenreich values of pressure
decay after all-burnt shows that the index of expansion is
1-116 and the chamber volume is 1-2 times the volume of the

bore swept up t0 Pmax, No defined value of the shot-start
pressure is revealed. :

~ Introduction

 The Heydenreich method of solution of Interral Ballistics is often used
by designers both for development and design work because of the ease and
quickness with which the method gives the various ballistics quantities. The
method aims at fixing a standardized pressure space curve during the motion
of the projectile in the bore, based on a number of experimental firing results
such that the energy deduced from the p-s curve equals that of the shot and the
gases i.e. ‘ , .
S W + o/3
| 2 |
where E equals the product of the bore area and the area under the p-s curve,
w and ¢ the weights of the projectile and the charge, v, the muzzle velocity,
-8, the projectile travel, A the effective cross-sectional area of the  bore,
k a factor (usually between 0-9 to 0-96) to take into account losses due to
friction, band engraving ete. and pmean the mean pressure of the gases over
‘the length of travel of the projectile. If the. ratios Pmean t0 Pmex and
travel of projectile at any instant (s) to its travel up to Pmax (81) are Tepresented
by g and X, then all internal ballistic quantities are represented in this metho
by some functions of 5 or A which are as follows:— _ :

v 32 = Pmean. A._- Se” k.»
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where suffix 1 refers-to conditions at maximium pressure, suffix e refers to exit . -
conditions and t, v and p represent the. time, velocity: and pressure at ‘any
instant when the travel is s. Two sets of tables are available, one for progressive
and the other for degressive burning powders. Little is, however, known about
the standardized p-s curve or any other assumptions made in the compilation
of these tables. This paper, therefore, aims at the study of the standardized p-s
curve and the assumptions, if any, made in the derivation of other Heydenreich
functions. ) ' -
Analysis - - ' SRR ,

It is found that the values of the function ps/pmex = ¥:(})-are-the same
both for progressive and degressive burning powders beyond-A'= 15, From this -
it follows that the all burft occurs for 1 < A < 1-5. The nature of the curve
showing the pressure growth to its maximum value is however, different in the
two cases as expected. ' : '

Since after burnt a relation of the form pV® where p and V are the pressure
and the volume of the gases at any instant and n the ratio of specific heats of the
product gases, is valid, a curve of this form which would give the best fit to the
‘tabulated values of Ps/Pmex = ¥ (A) for A > 1-5 was analysed. If § be defined

Cy ’
15 AS]_
sectional area of bore, then ,

Ps (cv + AsP = py.5°5; * (cy + 1:BAs;)

s o [ 841 T, oo
— b (A‘)L..r. [ ESVATS) ] forA>15
From the analysis it is found that the values of n and § vary with the points :
chosen for their calculations. This is expected because the temperature of the
gases changes as the shot moves, consequently affecting the composition and
the specific heats of the product gases. However, a fit within 4 2 per cent is
obtained to the Heydenreich points with a valueofn =1-116 and § = 1-2.
Earlier than all burnt a relation of the form PV2 would not be valid. But assum.
ing that such a relation were valid it is found that the above values of n and §
give an error of - 6 per cent at the point of puax. - '

as where cv is the chamber volume and A the effective cross-

\\\\\\\\\

whence

- The points for the determination of an equati ; -

function (ﬁ' » before the instant of pmax are fev:71 anfiloancﬁerpr: ?)efrgﬁzgf P;/IP;; “‘/“P‘?‘s a
a‘x g max

(b-+2) -

per cent of the tabulated values in the case of degressive powders while for

the progressive powders a=1-1574 and b=0-1358 for the same accur.
This, however, suggests that the shot start pressure in either case is 'zéigy offit.

*with a = 1-2169 and b=0-1909 gives a-fit which is within + 2

As a matter of comparison i may be remarked here that the rati
specific heats of the propellant-gases is nea_rly, 1-25 for British- lzré;e(ilfaﬂ:

* Pitting of a curve of the form pS/‘p hax = aA/b+2)® as isdone in the Le Duc’s method was
pried but the best fit obtained for such & curve gave errors which were about + 99,
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" while in the Le Duc’s method (American) it is taken to be 7/6. Comparative -
- values of § as calculated for some of the existing equipments are given below:— -
‘ 1. B.L.5.5". Gun/How 1-70 - R '

©2.0Q.F.3.7" How ~1-80
3. 0.F. 25 pr - . < . 1-10.
4. QF.6pr7cwt -1:10

This, therefore, suggests-that the Heydenreich tables might have been
- derived by assuming a mean value of § for various equipments and a value of
n whichis even lower than that used in the Le-Duc’s method. This may be so

" “with the cooler propellants used in Germany. o -
Assuming that the Heydenreich p-s curve can be represented by the
" function Pe/pmax = ¥ (M), the other Heydenreich functions can be caletlated

from the following equations which can be easily derived.
. (a) For the functiop s, /s :— '
Presn for the p-s curveis givenby: . ,
)‘e ' Ae
Pmean n = sl/se‘ f g Q) dr = 1/a, ff % () da
: o -~ :

Pmax

o0

'«Ith?;’eh‘a = 8, /8, from which it follows that s, /s, can be represented as a func-
tion of 7. : : I o
(b) For exit perssure: \
s \o P n
Pe (8 + T5S—1) ] = 15 (8 + 1) Whe?lcef_

N VT 3+1 T
Pe Pmean 5 Ny /15 |
- and since A, a function of v as deterrned in (a), po can be tabulated as a
function of v-and hence. ; '

Po =Pmesn T ("l)
_(c) For velocity of projectile at, p,y,y (vy)i—
By equating the work under the p-5 curve for A varying between 1 and
A, to the energy gained by the Projectile during this interval we have :-
S A ) .

i SRS
Soman -

and since %, is a function of M the relation between v, and v, can be put in
the form Vi=Ve & (1) . . T .



(@) Velooiby of projeStile at any instanti— = e
_Again from the work considerations under the p-s carve up to any
Xs, the projectile velocity can be shown to begivenby LS

‘ . - [P ‘ks. . -

and hence the function vy = v, Q)
(€) Time of travel to Pmqx () i—

1 P
e [ g [ E) s O
" f v d’_‘—of T Ve e

0

-

ETS O
—'_~ Ve 2" (q) Of - Q 0]

which in the Heydenreich tables is given as

29, : e
. o th=——00) , i
T - o
since 6[ 5—(%\—) is a definite inf;égral it fo%?féﬂjajt ‘t—(f%%?_)(")_) i o eons

stant-for any value of 5. From the Heydenreich tables, 't ‘s however, found that
this constant varies from 1-74 to 1-78 for progressive burning powders and

from 1-83 to 1-91 for degressive burning powders wh'ch also indicates that the

Heydenteich tables are more likely to have been constructed en-the bas's of

fired results rather than by a theoretical approach. - -

() Time of travel (b ) i— . . v
' 2 - ) AT
da 2 Z(n) -+ dn
A b, = [ 2 = B L
8 above s f " 5 2 () j a0
0 - 0
A
f da
't o 2
- o T o
whence ? =~
: f dn
J @ -
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and hence the function t; = t, § (2)
(9) Time to exit (t, ) :—
Ae . ' E )‘ev

o ’ da 8o z da
similarly t, =g, f v . ve EZ; Q (3-) |
' 0»\ . : 0 ‘ .

and since )\, is a function of. 7 as determined in (‘_a),'t,3 can be tabulated as
‘a function of 4.~ T

" From the above it therefore follows that having fixed p-s curve all other
Heydenreich functions can be derived. The method actually followed in con-
structing the tables is not, however, purely theoretical as mentioned earlier.

Conclusions o

... (1) This method of solution of internal ballistics is completely empirical
and can therefore be used with accuracy only with guns having ballistic simi- -
larity to the one which gives the standardized p-s curve of Heydenreich.

(2) Tt has been shown that all the Heydenreich functions can be genera~
ted when once ¢ (A)is known as a function of . )

(3) A mean Value of 5 after burnt which gives the best fit to the tabulated
values of ¢ (A)is 1:116 which is rather low in comparison with the values
used in the LeDuc’s methed 2(f7/6) and the British systems §(ov1-25).

The value of § however in actual designs varies and is of the order of 1-5but -

in the Heydenreich method it is assumed to be 1-2.

(4) From the analysis no definite value of shot-start preséure for the stan-
dardized p-s curveis revealed. .
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