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UNREACTED lIUGONIOTS FOR POROUS AND LIQ~D EXPLOSIVESI

R.L GUSUWSCFsnd S.A. Sheffield
Los Alamos National blmaiory

(houp M-7, MS P952

Numerous nulhors have measured h HugonioLa ~f a variety of granular explosives prcscd to different
densities. Fhch explosive at ach density was Iypi=lly then Ircauxl ss a umque mmcrial having ils own
Ilugonid. II y combining rncthodsusd by I{aycs, ShetTcld and Mi[cheU (for describing tie Nugoniot of
llNS al WII ious dcnsi[i=) with llcrmann’s P-a model, it is only n=smy 10 know some thcrmodynrunic
constants or Ihc Ihqzoniot of tic initially solid matcriid and [hc porous malerial sound speed 10 obtain
accurntc um-caclcd llugoniots for UK porous explosive. We discuss application of this meJmd 10 several
rnaicrials includinc I IMX, PETN, TNT, and Tch-yl, ns well as I{NS. We also show !hal the “Universal
I.iquid llufymiol” carI Ix usedto calcula[c the uurcac[cd 1Iugoniot for liquid explosives. With this method
only the nmbicrit Pressure sound svca! and density arc ncckl 10 predict Ihc 1h.moniot.. Amlications
pr&.mmi include ~ilromclhnnc and jiquid TNT. -

IN-lROI)UCIION

I?quation of stale (MM) infolmalion is
difficull 10 ohlain on porous explosivesas Ihcse
nm[criuls m-c vcly sensitiveto Umshockinitin[ion
of :Iclonalion. I?vcn ●t prrssurcs of only a fcw
kbaro zhoch VLIoril irs cannot be ol)[aincd from
[Inw%ilIimc nlcwmrmncnlsbccaux thecx Iosivc is

Yslnrtin~ 10rruct and accclmatcthewave. n wcd~c
Icsls, owe accclcraliun is oficn npImrcnt well
bcfnrc Ihc ouscl of dclonatirm, 13ccuuscof the
cmIy onsrl of waulion, mrawrcmcnlsof pressure
or [~iiiii~lc vclmcity in Iiansnliuedwaves provide
[mlcliahlc C(lUillion of Milk iufmmaliorrm well.

“Illc hcst Ii( )S infm mnlion hasltcrnoltinilmd in
tlyinfi pla[c cxlwrimcnls usin~ flym mdc ‘)f W!]
chxinclcriz.ml lllillCl ials whose vclorilics wrl C

olmincd hy filling 10 I Iugoniol mcasurcmcnts on
single ciyslals of explosives. Illc.sc arc gc-m-rally
much less scnsiliveIn shockiniliatim

IKII{OIJSEXI)IIISIVE I:QIIAIION 01: STATE

‘Illc fornmlim for Ihc cqunlion of slnlc which
is used in [his paperwasdcvclopcd by 1Inycs, nnd
was first usrd to drscrilrc Ihc

r
MWUSexphmivc,

IINS (Ilcxnl]illtntil[wllc) by S lcfflcld, Mi[chell

Tnylor~ to hc uwd in Ilcimann’s P-rs nmdcl.1
nnd I In CS.I II waslalcr amended by ScIchcll and

.IIUI%,lhC idrm iWCIlot IICW,h mithcr hilVC lIICY
sm.n widt-qurad appliralion.

“IIIC I1)CIII(MI is hilSCd 011 Clmsll uclin~ ●

Cfmlplctc. Ihr[nmdynnmic lrolculial funclitm for
Ihc fully drnw rll,losivr, munrly lhc I klIIIl10117.
I:ltw l!llrl~ym “Ilw h wcific fmln which I Inyrs

Irllt}w for Ihe Ilr!mht} 17.I:lrr I;nr[fiy isl

1[F(r,v) (’V (/’ 10 I 1: (vO v))

(1)



where Cv is the specific heat at constaot voIumc,
y is Gruneisen’s parame(cr, V. is the specific
volume of the fully rlcnsc cx Iosive at zero

{pressure, Kris the bulk modu us at constant
temperature, and N is a constant. This
construction assumes Cv and Y/V arc uxrsta.ms,
while the bulk modulus is

(3

These consmnts arc readily oblaincd from static
thermodynamic mcasurcrncnw and hydrostatic
prc-ssurc - wdume mcwrrcmcn[s.

In order 10 dcscrihc Ihe colnpactiorl d :3c
polous explosive in (I1cframework of IIcnnmrn’s
}’-a modcl,q r~,(1) must bc rccnst in the form
f’(E,V) or E(P ,V). SCtChCll and Taylorz hrIve
shown Ihrlt

E(r,v):=y;ti - ;CVY-,)(VO– v)
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dcscribc the energy at average pressmc P and
volume V in the porous expIosive if modified 10
describe only the solid portion:

E= E(Pa,Vja). [5)

Eqs. (3), (4), and (5) arc now augmented by
defining a as a function of the shock prusurc P.
A simple form for a(f) such as the following

i“one suggested by 1lennan, IS sufficient.

a=]+ (a’. --l)(W/ P,)2M-{P5 P,) (6)
a=! . ..(P2! P.)

In F . (6), a. is the original dis[cnsion,
~ =?m/VO, nnd Vw is [he initial specific
volume of the prous explosive. P, is the prcsswe
at which Ihc mntcrial crushes to solid density.
1Icrnum Ims nlso shown how }3,cm t : dc[crmined
from nlc:isnrcmcn[s of [hc sound .,pccd in [hc
lwrous nlmriat.a Different VIIlucs of P, must lE
used for diffcrcnl initial jsor(}silics,

(liven P rind a(P), 11~. (5) is then illcla[ivcly
$mvcd fix V such that the energy is lhe snmc as
[hat Fivcn by the lIugoniot jump cm]dilimr
E P/2(V~ - V). GiVCll lhc qualily of Inuch of
[hr cx~<’linlcll{al 1;0S daln, fullhcr Wjlhistic;lti(m
in m 1;OS is unwmlantcd.

Jw)l{(jlJS I:XI’1.OSIVR DATA

l“;ll~lcI. Iifil$ IIIC Ihcfmmlynamic cofh[:inls fm
11.c rx~~li~sivrs 1IMX, I INS. 1’IH’N, ‘l’N”I’,OIId

‘rwyl. IJricf c(m~mcnts nlnu)t Whcrr lhcsc
Wll!;lilll[sWelt (d)[li!!::(1,Ull(l Ilow V!’rllIllcy !i[ [Ilc
(1;113follow, ”

KIO NIKI ~ Iiw I’I.H.N wrIc IdI[aiIId I.syfit[inp
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We have also used [he values of Y , and Cv
contained in Ref. 5. Using these values and (he
crysml density of 1.775 g/cm3 reproduces Shwk
[Iugoniot mcasurcmcnts at 1.775, 1.75, and 1.71
g/cm36 fairly well, as shown in Figure 1 and 2.
Using the /’ a formalism wilts values of P, = 15
and 3.5 kt.m.r rcs ctivcly, also reproduces the

f1.60 and 1,40 cmq data shown, which were
sclcc[d from [he reports of Wackcrle and
cowcsrkcrs.7!B These da[a were obtained using x-
cut quatiz and manganin pressure gauges. As
porous explosive Ilugoniot data go, these arc
cxucllcn[. As k typicnl there is more scatlcr in
lhc P-V thanLheU,- u plmc.

Kro and N for llhfX west ol)[aiml from fits
to [he hydrostatic pressure - Vt~lUIIIC diita of
Olil~gcr, Roof and Cndy.9 Y :ind ~v me as
rcpt)ltcd in Ref. 9, as well. Thcsc c~mst:lnts,
icpmhcc the 1.891 I@ 1IMX 1luxonidl~ qui[c
WCIIUp IO prc~sulcs of alxw[ 100 kl)iir. AIWVC
I(KI ktmr, m.i[hcr lhc 1HOI n(lr the sin~lc cfyslitl
IIMX IIu~~jllioll 1 is rcl~rodllcrd vcly well,
l~~ssildy !XhCiiIISCof n plmc [rans~fi(m in tl]c 1IMX
al a pressure nc:lr 100”Iibnr. [2 “IIICWCollSlilrltS
wilh P. SCIc(lt]ill w 2.5 klmr nicely ICI)I(M!IICC tmr
1Ill f,ollh Il)c;l’!wwlcl)l!l 011 I .24 & 1iMx.
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LIQUID EXPLC)SIVES EQUATION OF STATE

Liquid ex losivcs and many other liquids have
!equations o state, which for the Purcmse of

(7)

lrr rq, (7), UJ and UPnrc, as usual, Ihc sllc~k
rind particle velocity, while Cp is the st){ind
velocity at zero pressure. Flgurc 3 shows
measured sllwk and particle vclr)ci[ics for [hc
explosives liquid TNT17 and nitromcthmc. 18-20
ll~c solid curves were calculated using F4. (7)
rind C+ = 1.55 mn@ for liquid I?NT21 and CO =
1.30 ~nntijls for ni[rome[hane. Rcprmlucti(~n of
IIlc cxlk’[ilncn[al da[n is exctllcnl, [lllftJllllll:ll~.ly,
Virfu:illy nrr 1lu~oniol inf~mnil[ion cxisls for (I[llcr
liquid explosives. Ilowcvcr, wc IILSVCfou]]d [Il;it
Fq. (7) winks well for cvrry rrllmr Iitlllid UC lI;Ivc
[ricd.
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