
£8

~66( f.(n{ £0 P~S!A~J '~66( f.J1!nJq~d U P~A!~J~H

uo!1!sodwo:) QqJ.. 'PQ1U[nWJoJ SUN. XQ~ 1U~:) J~d 09

q1!N. UO!1!sodwo:) p~suq-XQ~-QSO['1nQ:)OJ1!U V

}lHOM 'IYJ.N:!1WIH:!1dX3 't

.p~!pntS ~J~M

1UeII~doJd ~q1 JO S:)!1S!J~1:)eJeq:) SU!UJnq ~q1 Uo ~Z!S

~1:)!1Jed xa~ U! UO!1e!JeA JO S1:)~JJ~ ~q1 '~wes ~q1

p~U!e1U!ew. SU!~q SUO!1!PUO:) ss~:)OJd pue SUO!1!sodwoJ

le:)!w~q;) .uo!1e:)!ldde unS JOJ 1UeII~doJd e SU!1elnWJoJ

~1!qA\ p~J~P!SUO:) ~q 01 sJ~1~weJed 1Ue1JOdw! OM1

~Je (X» 1U~UOdx~ ~Jnss~Jd ~q1 pue (, {) 1U~!:)!JJ~OJ ~1BJ

SU!UJnq Je~U!'l .1ueII~doJd ~q1 JO (X» 1U~UOdx~ ~Jnss~Jd

pue .~1eJ Su!uJnq ~q1 Uo ~Z!S ~1:)!1Jed xa~ Jo UO!1e!JBA

JO 1:)~JJ~ ~q1 ,(pntS 01 seA\ ~JOA\ 1u~s~Jd ~q1 Jo W!B

~q.L .1! U! p~sn xa~ JO ~Z!S ~1:)!1Jed ~q1 Uo 1u~pu~d~p

,(lqS!q ~Je 1U1JII~doJd ~q1 JO S~!1J~doJd :)!1S!ll1!q

~q1 ',(ISU!pJO:):)V .uO!1snqwo:) 1UeII~doJd SU!Jnp

eu~wou~qd J~,(el 11~w JO ,(1J~doJd ~q1 S1!q!qX~ xa~

'(~1!J:)!d) ~u!p!ueIT80J1!U se q:)ns 's~u!weJ1!U J1!~U!1

~~!lun 1eq1 UA\OU~-II~A\ S! 11 .sunS ~:)U1JWJoJJ~d

qS!q JOJ p~sn 1UeII~doJd ~q1 U! 1U~!P~JSU!

'(SJ~U~ qS!q le!1u~10d e S! 'xa~ se UA\OU~ ,(IUOWWOJ

'(~u!WeJ1!U!J1 ~U~I,(q1~W!J101:),(:) ~u!weJ1!u :)!1:),(;)

NOIJ.:>flaO1l.LNI .1

U! P~U!B1qo .~AJn:> ~~nss~Jd SA lP/dp ~q1 WOJd .gU!J!J

~JOJ~q q v'l JOJ JO L'l1B P~UO!1!PUO:> ~J~t\\ S~IdwBs IIV

.:>:>/g 81.0 SBt\\ S~SB:> ~q1 IIB U! A1!SU~P gU!PBOI ~q1 pUB

:>:> OOL SBt\\ A1!:>BdB:> I~ss~A ~q.L .S1S~1 8u!J!J (AJ)

1~SS~A P~sOI:> 01 p~1:>~rqns ~J~t\\ S~q:>1Bq 1UBII~doJd

~q1 IIB .Jno!ABq~q ~1BJ gU!UJnq ~q1 Apnts °.L

.i ~IqB.L U! P~10U ~JB P~S!IB~J SB 1UBII~doJd

~q1 JO S:>!1S!J~1:>BJBq:> IB:>!sAqd ~q.L .1 ~IqB.L U! U~A!g S!

.p~sn Xa'M JO S~Z!S ~I:>!1JBd .1:>BX~ ~q1 q1!t\\ guoIB .p~!pms

UO!1!SOdwo:> ~q1 JO UO!1BInWJOJ IB:>!W~qJ 'IB:>!1U~P!

~J~t\\ S~q:>1Bq ~q1 IIB JOJ SUO!t!puo:> gU!ss~:>oJd ~q.L

.S1S~1 Sno!JBA 01 p~1:>~rqns U~q1. .paB t!W!I .W.A p~J!S~P
~q1 01 p~pp pUB q1gu~[ p~J!nb~J 01 tn:> ~J~t\\ SpUBJ1S

1UBII~doJd .ss~Jd :>!InBJpAq IB:>!1J~A B U! S~!Iqw~ssB

u!d/~!P J~doJd gU!Sn UO!1BJng!JUO:> JBInqmBtd~q pUB

pJO:> U! P~pnJ1X~ ~J~t\\ SpUBJ1S tUBII~doJd .J01BJOdJo:>U!

~PBIq BWg!S B U! ~JmX!W 1U~AIOS IOqo:>IB-~U01~:>B Aq

~pBW SBt\\ qgnop 1UBII~doJd .UOJ:>!W O'l pUB 01 .~ .£ 01

~sOI:> ~J~t\\ s~!pmS ~q1 JOJ P~1:>~I~s S~Z!S ~I:>!1JBd 1U~J~!J!P

JnoJ ~q.L .q:>1Bq q:>B~ U! Xa'M JO ~Z!S ~I:>WBd JBIn:>!1JBd B

gU!1BJOdJo:>U! Aq p~ss~:>OJd ~J~t\\ tUBII~doJd JO S~q:>1Bq

1U~J~JJ!P JnoJ ~q.L .uO!1!UnWWB JBIn:>!tJBd B JOJ p~J!nb~J

I~A~I A~J~u~ ~q1 1~~W 01 UO!1BlnWJOJ 1UBlI~doJd
p~SBq-~U!WBJ1!U B JO UO!1Btndwo:> IB:>f1~JO~q1 U(j p~SBq

S~!pmS ~q1 JOJ P~1:>~I~s SBt\\ Xa'M 1U~:> J~d 09 q1!t\\

lU~uodx~ ~Jnss~Jd ~qt s~ lI~N\ s~ ~~J Su!wnq ~qt

s~S~~,1:)U! Xa"8 Jo ~Z!S ~I:)!p~d U! ~s~:)J:)U! ~~qt ~t~:)!pu! Ap~~I:) P~U!~tqo ~t~p ~~ .:):)ra 81.0 Jo At!su~p
SU!P~O{ ~ t~ {~SS~A :):) OOL ~ U! Su!JY {~SS~A P~SO{; Aq St:)~s~ :)nS!lI~q JOJ p~~n{~A~ ~J~N\ AJt~wo~S

pJO:) pu~ J~{nqnt~d~q U! StUUll~oJd p~qS!U!d .xa"8 Jo ~Z!s. ~I:)!}J~d SU!AJp.A qt!N\ p~ss~:)oJd S~N\ UOn!S

-odwo:) ~qt U! tU~:) J~d 09 Jo tU~tX~ ~qt Ot Xa"8 SU!ti!~uo:) uo!t~InWJoJ tU~lI~OJd .p~!pntS S~N\ tU~lI~dOJd

unS ~qt Jo- tu~~odx~ ~Jnss~Jd pu~ ~t~J Su!wnq ~qt uo ~Z!S .~I:)!}JVd Xa"8 Jo t:)~JJ~ ~~ .p~sn Xa"8
. Jo ~Z!S ~I:)nmd ~qt uo tu~pu~d~p AlqS!q ~JP. StU~lI~doJd ~s~q-Xa"8 Jo s~!}J~doJd ' :)!tS!lI~q ~~

.L:JV1I.LSUV

l'lO IIP-aunJ '.{.lolo.loqo7 1f".loaSaH SIO!.laIOW .{8.1au3' 1(8!H -

l!le)l .S.f

pue le~uoeglud .S.S '!qsof .W'W 'uepueueAea .'H.J '!en!d .S.O.V

sJDuIlado.ld DoD Jo aJu}l ~DJD.lOg
aqJ DO azJS a(Jn.lUd XO}l Jo sJJaJJ3 aqJ DO saJPDJS

:JOOISgO '9661 O
98-(8 dd '9661 l!JdV , oN '9t loA '1uwnor ~:>u~!:>S ~:>u~J~a



DEF SCI I, VOL 46, NO 2, APRIL 1996,
t

cy firing tests, the ballistic parameters such as linear

burning rate coefficient ( j}l) and pressure exponent
«(1) wcrc complllcd liS pcr illlctlllll hlllli~lic SOlllliollsl.2.

RDX PROPELL.1-NT (MfT)

Table I. Chemical formulation and actual RDX particle
I

size used I
,

Contents. %

30.00

60.00

4.00

5.0

1.0

Constituent

~
a.

~

:0 1
-a.
"0

Nitrocellulose (N % 13.1)

RDX

Dioctylphthalate (DOP)

Dinitrotoluene (DNT)

Carbamite

Experiment II

RDX Particle 3 .4.6
Size micron
(Determined by Fisher subsieve sizer)

III

10

IV

21

PRESSURE (MPa)

Table 2. Physical characteristics of the four propellant
batches :FIgure 1 Pressure lIS dp/dt curves for RDX propellant

In multltubular (M/T) form.

Experiment II III IV

Geometry CORD Mrr CORD
Ballistic

size(mm) 2.54 1.34 2.62

Density 1.64 1.64 1.64

(g/cm3)

Mrr CORD Mrr CORD Mrr
,

RDX PROPELLANT (CORD)
.1.37

1.64

2.63

1.60

1.39

1.60

1.72 1.43

1.57 1.57

60

21 ~
M/T, multitubular (heptatubular)

Table 3. Closed vessel firing results

Propellant
geometry

Ballistic

parameters

Average particle size of RDX (micron)

'iii
E
~
a.

~

~
"0Heptatubular Burning rate

(r) at 140
MPa (cm/s)

Linear burning
rate coeffici-
ent (PJ )

(cm/s/MPa)

Pressure

expohent
(a)

31.5

I. ., , ) .

100 t 150 200 .250 300

0.095 0.11 0.15 0.21 0
0 50

PRESSURE {~Pa)0.74 0.80 0.96 1.04

f
Figure 2. Pressure )IS dpldl curves for RDX propellant In

cord form. f I
Cord 16.6 19.8 27.3 36.9Burning rate

(r) at 140
MPa (c~/s)

Linear burning
rate coeffici-
ent ( 111)

(cm/s/MPa)

Pressure

exponent
(a)

0.12 0.14 0.19 0.24

3. RESULTS & DISCUSSION I

Curves of dp/dt, vs pressure for the propellants

in heptatubul~r and cord geometry are given in Figs I
.\

and 2, resp~ctively. Graphs for log p vs log r for

,heptatubular and cor~ geometryl are given in Figs 3

anq 4 respectively. The ball\stic properties

,determined' by CY firing evaluatiqn are given in
f I

II 1.19 1.23 1.33

84

40

20



PILLAI, et Dl: STUDIES ON THE EFFECTS OF RDX PARTICLE SIZE
I

GRAP-H OF: LOG(P~ ys LOGI(r)
FOR ~UL TITUBULAR PROPELL.:ANT

I I

21~

10~
NO

/4.6~
'3~

1.5

of holes of the multitubular propellant. Separate study
is proposed. to be carried out to investigate this

phenomenon.

Various mechanisms have been postulated for the

burning behaviour of RDX by different authors. The

melt layer phenomenon is wid,ely agreed upon.

Finer particles result in thicker melt layer while

coar~er particles give thinner melt layer, thereby
resulting in slow and high burning rates. This

mechanism of RDX-based propellant combustion is

reported by Cohen a1ld Strand4. TaylorS attributed

the apparent high burn rates to convective combustion.

According to him at I high pressures when the melt

layer is no longer continuous hot gases may flash

into the porous solid and cause convective burning.

Different authors have reported the dependence of

RDX particle size on burn rate exponent and

burning rate coefficient6-II. U se of higher particle

size reduces the solid density of the propellant
which is reflected in the density variation of the

propellant. Infer,ior solid density in the case of higher
particle size RDX may cause more chances of

porous nature of the solid thereby increasing the

chances of convective burning. As compared to the

smooth surface the porous surface exposes more area

for burning; accordingly, Pioberts law of burning

may not be strictly applicable for deciding the

ballistics. Also, at high pressures the coarser particles

may eject out of the burning molten surfaceI2. These
particles. will start burning separately whereby more

chances of convective heat tranfer to the, sub-Iayer
will ~Iso result. The burning rate of a propellant is

dependent on chemical composition and physical
nature of ibgredients. According to Vi~lles' theory
r = PI pa or r'7 PI p when a is I. The burning rate

constants p I and a .are dependent on the chemical

composition of the propellant. fit is predominantly

dependent on initial temperature of the propellant

wherea~ .a does not depend on initial temperature.

Therefore, increase in burning rate (r), for a particular

composition, due to particle size variation increases

the a value.

1.3

s 1.1

~
O-l 0.9

0.7

0.5 I I .1 I I. I. I
1.0 1.21 ~.4 1.6 1.8 2.a 2.2 2.4

I

, L?G(P)
Figure 3. Log p vs log r graphs for RDX propellant in

multitubular (M/T) form.I
I

1.5

1.3

:5: 1.1

~

9 0.9

0.7

0.5
2.0 2.21.6 1.8

LOG (P)

,2.41.0 1.2 1.4

Log p vs log ,. graphs Cor RDX propellant In

cord Corm.

Figure 4

Table 3. The maximum pressure up to which the present
,

study was conduct~d was about 260 MPa. The data

available fr~m the CV test clearly indicate the

considerable dependence of propellant burning rat~ on

RDX particlb size3; ~1 increlased fronf 0.095 cm/s/MPa

for 3 micron RDX to 0.24 cm/s/MPa for 21 micron,
I

and the a value rose from 0.74 to 1.3 under the same
I

conditions. However, the values of :131 .a and r for

cord and hept~tubula~ geometry were found to vary, the
cord-shl,red prorellunt giving higher values in all the

cases. Thi~ difference appears to be due to appro-
(

ximation in the fprm I function for multitubular

shape and also ignition I and burning characteristics

Even though separate study was not conducted

to evaluate the burning behaviour of HMX-based

propellant, according to informatiqn available from
the literllt\lre, b\lrning behaviour of H;MX is more or less
similar to that of RDX. For both I~DX and HMX,
higher particle size increases the exponent and burn

rntel3, Linear nitramin~s like nitr,oguanidine follow

85
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lowcr thethe conventional burning behaviour, i.e
o I o h o h o h b o 14

partlc e SIZe, Ig er IS t e urnlng rate o

I ,

6,

74. CONCLUSION

Burning characteristics of RDX-based propellants
are dependent on the particle size of RDX and therefore

for high energy propellant formulation for gun

application the particle size control is very important. 8
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