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MCJDELING DDT IN GRANULAR EXPLOSIVES WITH A
MULTI-DIMENSIONAL HYDROCODE -

E. M. KOBER. J. B. BDZIL and S. F. SON
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Subscripts s nncl g refer to the .sdirl and KiIS

phase. rmpectively The state vnrinbles nre den-
sity ( p, ), specific internal energy ( {!; ), prod-
sums [ PI ), particle velocity ( u, ), tempemt ‘Ire
( 1’, ), nnd volume fraction (O, ) where i is s
M g , The mixture wtriables mm the mixture
density ( p = O,P, + dJgPg ) nnd mixture pres-
sure ( P = (b,Pa + qbgPg) . The mturrttion con-
straint is r$~ + @, = 1 . m? Nourcwterm~ tip-
pr+tr]nq nbove are rate of compmtion ( F), intor-
phtuw energy exchange ( &), nnd volumetric rutc
IJfm~ exch~lge ( C ), The LugrnngIan derwnt ive

is D/Dt z i)/ih + F. v .

\VtI IUIVF [uIafyzed th~ structuru of t.wo-pluw.
two-voloclt~ shocks in the limit d’ Iurge (Irng (-1),

BIA 011 thetw results. we IIIIVP dvvelopwl thu M

lowing regulmizntlou fur docks

where the rvgultwlzrlthm r(mstnnt, V, , *ItN thII
prwthion uf energy bctwwn til~ Nollr.fIUId KIM. Q
is the vhcouti prwaurv km t ho nllxturo ( Q is tAn
IUI tlw nrtlliclul vleccwit.y used 1).ythw cmh’)l

‘1’hu HoyeII equathm of Ntnte (EOS) IUNMumerl
fl)r thV N[)hd (f!,~,, (1)).

(H)

1;, (( ,,, p,,) -= ‘/;,1) + + (r,, 1-All) ( 10)

1 (–A /4,) ,+ ypJ ,-—
( ‘,,,,f)R{l/ln{l 1{1 11’J)

InteractIon Tkrma

There me some notn~le inconsistencies In the
form of S. BN’E published expressirxt ia & =

-(P. -/j, (&)) F-H(T, -Tg) , where the first term
is a model for the compaction Awed work and
the second term modefe interphase heat transfer.
The BN maculations (6) USKI ~ = -H(T. - Tg) .
Our suggested form is & = –PJF - ‘H(T, - ~q)
which corr~pcmds to depcaitinK the rwmprwtlon
work with the solid (2). Here wo IMP the former
oxprwslon to maintain cumpotibillty with BN’E
cdculntiom.

‘1’heBN compaction Ittw is (1):

Klnetlcs

Wo IIWt.hu f3N kluvtimr wh{’llw [Iwwrilml III(9),

‘hll ~ iH II lllUdl”l for UIIH@W l“lhllHthMl,

IIIUIIIM with tiwitches ttm nttmpt. to impnrt tho
ilnvor of Ii cINIqJnr:Liun rmpportwl i~nltlon Iu4wh-
IuIiuuI, vin tm iudurtion vnriddw ) Imd n gmiu
surfn[w tlllllljl’rtttlllrt’. ~. ‘1’11!1Ildlll’tion rim’ I’(IUII-

t iull iN

[)1
.— = A,((P - /i, ), D,,)Jll l).
[V

(1:1)
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where (( T,ml,1’~,Ts ) is a function of the interface
tempcrnture T,nt , This t’tmction cnrt be “nvertecl
to give,

T,,,, =
5(< + 1:) + BaTq
(5+ 13i)(l + m)

(15)

Bi (Tm- Bi( + ~22 - IT, - w)
+

(1+ i?i)

where Z z max(Bic/2. 0) + lT~ - ‘Gl) , We U*
Bi s 10k9/ks , us in BN’s wkxhtions (G). Thht
(q:mkm wrts (Icrived nssurning thnt httwphl~
Imt trnrmfer is driven only IV (T9 - l;~!), mld ~1
ueglects the hrmt generntcd by cnmpnctlnn. ‘1’hht
intmfnm temprwnture is u.wd only to t ri~or tht!
principal retictioll in C.

C = -:{ H(T,,,f -
()

‘f’,qn)kp ~
““ fj, /J~( 1 - /)2/3

(t,,

- A’/,((P - 11,)/D,, )2/L(l - O,O)J! (lti)

‘Iltble 1. I’nramrt m [or IJJ.O= (),7:1, Mrntmlar IINIX.

JI1,I,, = 7.7!W a 10” Jlk.I\ (.’,!v = 2:{80 J/h!II Ii

nncl frtlr quantitative comparison with BN’s pub-
lished ctdculatiou (5) wm obtminod. The Ignition
Incus differed by n mtwimum of -1 )~s through
ii 60 US simulation. More ftwmrrthle quantitative

comparisons (to wlthln numerical uccuracy) IMWF

IIISO km nl~e with a 1D MacCormack’a method
based corltt integrating the huge drag limit equw
tions or th~ full BN equationrr (2-vdocity) equa-

t ion~.

lD IMPACT SIMULATIONS

!lheffleld et af. (8) IIIWOpcrfornwd shock load-

ing twperlmertts on @mjJ = 0.73, conrtw grnined,
rhttw A HMX (mvnn l.mrticle Hizuof’ 1.5x 10-4 m ).
‘rht!nominal Hlllllllh! thicknwut WItN 4 x 10-j m ,

which is oboutl N pnrticle dinummm. A snlld-
wlch ueometry wnN UH4, where thv HMX WIWtiur-
roumkd hy thick pioctw of KP1-F or PMhl A, ‘1’he
pnrtlcl~ vthity wIu4 mtuutured nt hot h Intmfaces.
A MIWRun wus U~ t(> Hho(mkhad th~ tUUIIp]tZI,
with the Inlthd purtlrlc w’lrwlt,y nt tlw intcrfnce
rwnglng from 20[)- S00 m/.~, Our 1L)wlculnthma
wed n grid dzc of Ax = ?J3 x l()-r’lll , Thu conl-

pnrhum for Kd-F/HMX/PMMA WIIVIIthv lnklul
[m)jw!tih! Vdrxky IN :!~) ?II/#1 k NhOWtl h Fig,
1, For thle ctwt!, I of Eq. (13) IWPWIN (M M
7.5 IM ( !).3 ILS ) for h Mt (right) wmw. ‘h
(lwhlhg of tlw ‘wwumrv {hI~II(J wuvv r~4i@hm
(Idt) Iui(l hnprdH’Im’ nmtchlng (r~uht,), hrln to

\4KornuN rm(’ti(m j~tj nlxmt 10 IJN, ‘MI t rmdt

I imv {Jf tht’ (’[i’ll~llCtlOll lvnvr’ m’rwx thl! Wlllple

it! .I IM. A tiD rihnuhhhm thowd tiw Ihw hP-
I’OIIIIIJM W Im tlw rvutvrlhw nt, ulmut OIM , ‘1’ho

nMrownont# of rnlmlntlml with vxpvrimvnt INgood.
Wllwl rho MM hll)llt \’A)(’lty Is Iucrww.wl to

4[H)m/,~, tho oxpwlnwtnl 1111~1WNIJWWI whlt,v
(Ilnplnywl h Fltio UNhow pmr nurwmmth ‘1’lwrd
fruudt, tlmo IN ‘2jIPJ, lhlrltl~ whh’1) 1111111IIN iuurh

rwwthm I)rrm m4 in .III.IJ li)r Imdlh’111 ), ‘1’hh rw

Ilvthi t Iw hlghvr prwlmw IIIIhi’M,vRt(Ire, Ihmwvr.
t Ill’ lixpdmvtitm Nh!lW 1.11!1ronct hlllN t!) 1)1’l’xplJ-

mmt hilly fmttvr hlr t IIINmmlpnrwl t~j IhII provlour4
IIUU’o‘1’hlwI111’uj!rvrwwut lr4p[~{)r.()1hvr w411Min
1hlMwlltv i]f vxptwhntmtrn MhIIWdmllnr l~t~llrIIMrrw-

Int’nt,with lJN, ‘1’IIIIHtlIII HFI ronrl IIm MIIIIIIIIIII 1111111.
vquutily rqmwontH t III’ IIXpIWhIIIIIIIM, Slmihw rw
NUhNwr’HI IIhtIIhIml lldllK thv IJN IIIINIIIIllIt I’qHil Id

II14111M u IIIIIt,hIMl I It’ lhw nlu~wit11111[!)),
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FIGURE 1. A comparbmn of expnrimentri (dottml Iinm)
nnd computed (uolid Ii[l-) interface velocititm. Thn com-
puted compaction wavEin tno thick. ‘rhe rounding of Lhd
computed velociLY mt thn Id interftw i# due to h lima
IALI uauxlattxf with LIIOrmnpuxtlnn prumzIMI,I Imw+mr,
LIIHovmrfdl comparuwn iu ~mul.
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FIGURE 2, A ILnnlfwhwn or wqwrimenta (domd Ihwa)
IIIKI cnmpukf (KIM Ilnm) Inh’rlom vvlm’ltim. “W wtrw
mnnt h poor.

2D “TUBE TEST’*

A dtdnt.hm uf thv “tldw rtwt” vxpt’rhnvut
ptwhmttxl IIY !hndttnky & Bmtdwr ( 10) h dInWII
hI Fig, :1, ‘h t uhv WltS 1,{ ’XIIII (,](IIIIIw-( ‘I)l]k
HhtW@.h Illofh’1) Id t.b IIIIIJIU!ILN rllll, Wllkll lld-

thdly wntt trnvr4hlH lit. 2(J7 m/N t WIIS PMMA
(fluld)l Yl@h:dyl ~IWIww 2D ~’lfl!~:trnl~~lw
hlh] flllt!ttth)h1D Wl]l)rllt.kJllN Id’ IIIII[khI t,!) Nlldl

oxpdintmtw MOIIAI Ilku 13N wow rdllmtud tU
1411A(’xpdnwnt~ udn~ 1D Anuhdunrnl

tE3fr~ O PMMA pialon e

( J
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FIGURE 3 A mdculatlnn of Sandueky ’n 2D tube t-t.
The pramro contoum ore nhown.

CONCLUSION
The pulditdmd BN “klntwicd’ scheme iH fully

(Ieacrilmd in this pnper. It is Imth overly cr)mpl~x
imd rfoes not provide M Itdequuw rqmwentntion
of grnnulnr HXIX. In ndtiltion to the dittcrepanciex
shown Imrc, the “plug” that him km ofxtmml
oxptwirnentitlly irnnot oht rdned, Work IM ongoing

in nur group to develop Wtor rnt~ IIIIXIPIIIIEAn
Inithd dfort III tld~ dlrectlon IH found in (1 I ),
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