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Initial and Maximum Valueg of the Rogpla-Kent Dimensionless

Pressure. 2

feo

In Ballistic Research Laboratory Report No. 48 Kent de-
rives Eg. (9), viz.
¥
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wheme. wv. 15 a mean ratio of specifit hedts, I the expoRent in
the rate-of-burning law, n the free volume expansion rutio,
and & .24 dimensionless time variable. For fixed values of r
and 7 this is a universal differential equation applicable to
ail guns, subject to the limitations of the Rogglsa theory.
For a universal value of the initial second derivative

(%;‘;‘)E a

2
it givesnras 2 universal function of @, and thus ggﬁ R

L
watwersal-faniction of 1%, viz (M= Except for the ordinate
SeaierRegeiisl 15 Pul— iichant, Tor his Yzero degreescll degressive—

2
: = d
ness" is a plot of o(n) vs n , so that Eﬁ%imay well be called
the dimensionless pressure. . )
Together with the values r = 0.7 and Y = 1.2 Rogzgla used
a value 1000/43.5 = 23.0 for the ratio of maximum pressure to

initial pressure. Numerical integration of 4g. (9) led to the

Al
value 0.040 for [@(nﬂxnay aepyd pzFii=tel (ony 2w Sl il bRl )
0.028. The value found for 9<7p]nax was not sensitive to the
valnel ola, beins QUeL0 for al= 6.03. Thus ohe. ean suy thet
Bewi =40 0R e [@(n}]max hags the willue 0.640. . The ratio of
0.640 to 0.0278, however, is just 23.0. We thus have the re-
sult that Roggla's "zero degressiveness® P -7 curve corrcspongs
FoSChe T vaiues:

@fek) &7 & = 90273
AY L / -
L(p(n)j max & 0-6/‘,(.)
The numerical integration showed the maximum vulue of

w(n) to occur st n = 1.84, Roggla's value 1.93 thus bveing
in error by 5%.
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ROGULA'S BwUATION AND ITS A0PL

CATION D9 INTERIOR
bALOLISTIC PROBLED He

il
_(ReVISED)

come time ago Foggla publishea « series oi interior
bzllistic charts together with & pawphlet® explaining the
method of computing velocities wne pressures. while taese
charts have a useful rfieclu of japplication, the theeretical
treatuent of Roggla mey also be’ used agventu,eously in
CJl<nLLatin;, without thelr-aid, the paBforuiinée ol i niew
weapon wnen interior palliNtic datu for & ®wBopon uiiTering
ot too widely fromrdt 45 ol ibeT) Millye felgaldtity eted ke
Khowmion in tulcelatine the eflEet on o "dhlihe e’ or Mol 1 o4
weight, web thiciknesy etc. in a'given wezpoh. " For titis
Teedon AnyeXposition is Eiven or The JediEitiofigol Rep. la's
eguativn and o descriplion ol tie MeBAOW oi Ite auplitatibn
o Ietorior Dallisdic phmoblems.

plea"s cumation 18 the Holloninent
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a pseudo ratio of specific heats, 'L 21 194

&

p T pressurc,

~<l
1

g = .tire enlergy of MhiellowteT Fer Lddt Woight)

#* Neue Diagramme Fur Die Angers=ndite Innere Bellistik, Theorie und Beispiele"
Eimund Rozgla, Lilbbn, 1930

*#0btuined from Rogela's (7) on page 6 of "Theorie und beispiele."
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the density of the

giel oy s N

= e fsheeif ¢ rate: ol ThurniRg,
Fh= exponent lof restuze e tieliBa bt i hlien 4§ Eowm
Oo sohe INdelallsunts cal ofd the ek s Ee)
Yt the initial free volume,
Gt = the reduced weight of the arojeciile which *skes
account alsc of the weight of cherge,
gV E The .crgds Secuignel ‘At tie . tile ihorap
The derivation of Edggla's ecuation denends funidsnmantally
unpon Resal's equation which Zaxe Bewed Sten intths Lorm:
) TT IIT
i | D oav o+ v Qo 8
ooFRgn S IEEE 2 [ LGS D el 78 b 2 (2)
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The term under I gives tho snount o snergy delivered hv
the powder charge in time dt on %he sssumotion that the rote
of burning is brosorticnsl o the vth sower 21 the srezanre.
The term under TI-1s:the work dene during the chyfesmapili e
time.. The term under TII reorresents the increase in tha

internal energy of thn
en the cnntr'rv to fac

aowmdar
"

soeciflic neats is constant.
The internal energy of =
T
M/ e a7
0
where iz tne soecific hesat
Qbanlutg temoerature. In the

¥ While the experiments of Crow and

’- A I 4+ 7
assumation ©

ERS . | BoWewgr , 9§ halds gy
Sefoge ratyn ' Sivhe
gastol Bass, W, ds
e o
at ‘constant volums and T the
cuse of most gages

urimshaw seem to have shoawn that

when a pure organic powder is burnt, the rate of burning is directly

proportional to the iressure, oLher experiments e

¥
e S

%S

tho in the 240 mm

Howitzer tend to show that when there is 2 considerazble admixture of

black

prwder the exponent is reduced possibly to as low

&5 7.

Further work on the influence of black porder on the rute of

turning needs to be done.

-
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where c) is the spscific nzat at constent Hressure snd ©
e

s’ tha gasicanstent., “lence we na&x wpd be fhe intepnal vasrzy
of the gas-as
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from which it follews that
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We vell ¥ ths peeude patic of specific haats.
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alsc a function of temoverzture. If the ]
temperature of the osowder goas is not too great,
taken as spproximetely censtant while the Jrojec
the bors. In view of this the y in ndsal's ecne
should be replaced hy vy .

In the ters under-II1L, viizeally représents the fres
volume back of the orojectlle whereas under II, v represents
total volume. By free volume is meunt the volume haele of
the srojectile minus the volume of the unburnt oewder snd
the co-volume of the burnt »owder. However, on.the gszumetion
that the co-volume of the powder 1s ecqusl to the volums

2

* b is the co-volume in this expression,



of tae e, uivalent muss of soliud powder, tne eyuation is
still valid in this respect. While this is not accurately
Lrde, it dsi possSitits now 2 lser iousercol IS w gif il HiciSiact
thiat Hesal's ejuation should be used for only approxiumate
computations.

4 - » - .3
We accordingly rewrite Resal's ecguation in place of
(2 =s

- o : R + -
e D e e e iv v ap (Ra)
v - 1
and v now represents the free volwie both under II and IlI.

We next introduce the free sghce retio,n) , Wiich is®the
ratio of free volume at any timse to the originzal free volume.
we accordaingly obtain

dv = dn - Vo

‘he assumpiion is mede tnut tne passive resistance is pro-
portionsl to the pressure. 4&s a result of this hypotnesis, the
work, & =/ pdv, is given by
2
_ Glc

(1

where G!' is the reduced weight ol the projectile, which takes
account oI kinetic energy of the powder pgas and also of the
work of the passive resistance and ¢ is the velocity. It

may readily be shown tnat if' G is the weight of the projectile,
L the weignt of charge and if the pressure e uivalent to the
forcing resistance is given by

o, Gde
g4 ik 1’

tnen the reduced weight of the progjectile (' is given by

G = G(1 + R +-1—3‘—.—).

o

Wwe accordingly also obtain

da = = cdc = pav. (3)

oince the velocity is the werivative of the travel with respect
to the tiue the Tollowing relations are easily obtained:

% In othir words, p 1is the ratio of the pressure equiv:lent to the forcing
resigtance to the vressure =ffective for the acceleration of the projectile.
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By means of the snhstitution of these relntions in (2%
one obtains
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to.a translation of taragracih 2 of "ieje PLEgramns Tur Dhe
dngewendte Innere Rellistik, Thecrie ung Reisofeole.n

In cur simolified trectment we assuie thet the totsal
burning surfece of the charge is SRASICES a2 F e
which is aparoximately realized in the esse of stris and
tubular dowder. ‘ ' i ||

Tnus Roéggla's enuzticn nonlies moroe PEC LB 6 Eraine
with constant burning surface wnd nrt o gigsup e el cn t

Jrogressively burning grains. However, for the lutier momwc
r . d

it mey be used as an snproximation

Let 9 = jt, so that 4 = j 30
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The Iirst of these conuiticas Bolcs b definiticd, the
second exprasses the fact tmLt Ehey e e il TelmeEsa be f Aenn
whils the third is undsubtedl TANE SRS T i Al it L e R
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the density are wicnanged

If the commositiong afthésnptider anewillso
3 EEAE
ecustion (1) hecomes

* e distinguish between <y, and¥y in this expression is

<@ 3 LSl b 23 = 1
R @ SRS T 215 B F) HOR T iRe Rl VoG il (e S
oo :
IS

chat diiesal shiat e i

e ey At Tt I

gpite of our

assumption thatq/l = ry because a relatively small change inwy will

produce a relstively large change in (y - 1).
* ¥ C is the weight of churge, w is the web thickness.
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ceversl interesting deductinns may he made divectly

nis P”””thﬂ, ane~is tnat if shefweb thichndss te-

redses while “the paximun Dressage 135 teoti'Cho sewme tha
e Wik

d"

nosition of the »oint of mavimwn oressure will hHe at s
greater distance from the breech then Formerly,

It faollow

divee thp Lrem Bouatlgn AN RIS AL o
lass thoen w oand 1

ho aressure remains unchanged, e

(o7 U.‘

1L
nust be greater then v . 4s {g shown on »age T the ves
is & function of the fPfee Spage ratic. Sence it BRalatas Lo i
free volume is inecreased it {-llows that the travel for
glven free shace ratio will be grester. Eence since the

S

sure
(ot s

b2}

nosition of the point of waximum npressure dencnds directly

on the free snuce “t‘u, i1t follows that for the guicker
vowder the noint of msximunm oressure will be further
removed from the breech.

s equetion gayvoazl'se.be used . fTar: de riving the differ-~
ential ceocefficients for the maximum oressure which are used
in ecorrecting maximum pressures for weight of nrojectil £ e
chumber Pﬁp,city, 2 L&

we write {See Hitchcock's "Differentisl Coefficients
fer InterforBalld 2 ticsin MMhe Wiz

’(j "\'T d‘l 1
53_-_7:0( _C‘__’p (14v4~1’] ‘L;-i-K a
] L C iyt B gLl Y e
the

wnere p recresents the meximum sressure sné V renresents
champer capaeity.

Tf wme now 1ot

G, = C 7 dCy

o i + dw, etec.,

we obtein from (11)
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In case the charge is “eost constont while the chamber volune
varies, :
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Fgquation (L2) for the differential coefficients thns
hacones

dp iz s 5 4 10 TR 14 & Gl 2 dw
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oS pUTrNNSes af canbec IBSen, ~thel value s dfadhd nmffelent &1
coefficlents have been computed for tws guns from
cquetion, teking r = .7, .8 and 1 snd slaced i
together with the values ven in Hitcheock's =g
are deduced from the Inte PO S o U o Mt o A o T
some experimentsal values.
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Gun v
75 mm 84
Mod.
1837
2nMl 296
1917

In ths

Table the values computed by Roggla's equation are

headed by R, Hitchcock's values by H, and the experimental
values by k.

Wt.of  Wt. Exp. * o9
Froj. et r . o T
Cha, I H B
11.72 1.316 .7 1.48
8 1.69% 1.43 2.01
1.0 2,37
15 4 .61 ST 149
B2 L1700, ", 57T 86T
1.0 2.38

By
r‘*‘”’”‘""“ﬂ
~-.98%-.75 -.92

-1.37
~-.98)-.77
-1.37

B R
.625
.715%.63
1.00
.625
.715Y .65
1.00

NOTE: The few cxperimental values are obtained by the use of coppers, the
coefticients might be appreciably different if they were determined
by the piezo-electric gauge.

3¢

* The coefficients have been computed as shown above for various values

of the exponent, r, of the pressure in the rate of burning law.



In conclusion we proceed to solve some problens by
means of 1bdggla's eguation und check them by the firing
results.

1lst Problen

clven

Chamber capacity - 84 cu. in.
welght of churge - 1.316 1bs.
Density of powder - .057 1b/in®
Welght of projectile - 11.72 lbs.
Maximun pressure - 23,350 lbs.

Bl

Reguired: to compute the maximuam pressure in the
Same gun with the following conditions:

Chamber capacity - 84 cu. in.
Weight of charge - 1.551 1lbs.
Welght ol projectile - 15.96 1lbs,
The powder is of the same lot.

he results obtained by the computations are the following:

=)

=

iE© Tmars =R Py = da s 00

For r = .8, py = 38,600
Boa g =0 Py = 56,960

Observed pressure, 35,200

2na Problem

Given

It

202 @
DA WEIT S Sy
F0 0 Mg i

o< G

Fequired: to compute Py 456 Cl = 18 eozw, 20l obher
variables are unchunged,

Result of compututions:
pl = 250540

Py observed = 25,300.
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Regulred: to compute Py ey
Cl = .;y45 _L.Dd.
Vl = 35 cu. in., z=nu other veriables unchurnzed.
™

Lha [ resulit «e il ico bl heitomy:

py = 16,000 Lb/in®

De M@ e a2 1) S 0L 507
1 s

'

Troa chie above exumplces, it may be seen thet very satis-
factory results are obtained, using r = .7. fence in spite
of the fact thet we know that the rate of burning of the

pure orgunic povder in the closed chamber is unity, in

view of tae more satisfactory results obtained by the ex-
ponent .7, such an exponent shoula be used in applying
nogslats equation to ordinary problems. ‘“here is evidence
taat the reduction of the exponent below unity serves to
compensate for the coatrary to fucl wussumptions thut the
sterting pressure is proportionzl to the maxXicum nressure and
that the forcing resistance is proportional to Lhe acceleration
of 'the prolectile.

I am indebred to Miss B. I. Hart for nhelp in the revision.
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#* The lust two examples were computed by Mr, Lane, using r = .7,
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