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SURF.ACE-BL’RS MODEJ. FOR SHOCK lXITI.AT’IOS

Yehuda Pacte”a
RAFAEL. P. 0. BOX 225u

Haifa, Israel

and

Jerry tf’ackerle
Los Alsunos National Lahormt ory

Los AISUTNM.S11 87545

.h investi ation of a surface-burn model of the shock-induced decompcmticm t
finiti ntion ~d etormtion of Iyterogermous ~xploaiws is, describ@. The model as-

sumes a rrucroscale pmress wlt h hot spots Igru? rd by vwcpl~~tlc heat ]ng at t!w
boundtics of collapsing porrs A rr]atively thin reaction rime. or bum sut-ftwr, is
driven @ the conduction of tile heat of rcactlon, and hns a surface-burn veluclcy
w! t h ar Arrhenius ,dependence on the temperature ~)f the unrearted +Ad mmfp.
nent. ~lobal react]on rates are acrived from the mimrrsrale model vntl, an em~~;;,l
burning topolo~ fumcticm w@, a macruaco )ic reactant- rmluct mixture define

4pressure ●quilbrmm. ideal nuxlng of spem c volume an $ intmnal cner~, and wm(-
troplc ysponse crf the unreact+ mrwtltuents. \Vith slm Iifying assump(iorw, t!w
model M extended to trent ,mult l-romponrnt explosives. %Iw model is )n]ple!nmrtcd
Into n method of Clmractenst,rs hydrocodc and shown to be elfrctiw ;n simulating
several Fxarnples of initint ion cxpm-iments on TA1’B cxplosiw’<.

I)lrrn m,)rlrl for TAT13 and used SHIN to simuli~tr diffrr
rIIt killcls of initiation situatiouo, such aq nustsinml shock.
s}lt~rt slmck. rrrrnl] loading, rfiffcmnt r-kns ities ( ]xmt)si[ ics ),
nml {Iilfrrent initiml trvnpcraturrs.’

\Yv then cxtendrd thr model tc) I:llllticolllpoll(.tll”
mtitrrirds.’ TIUM mraldrd us to simu.late the iuitintion
pnwess of rxploxivr formulations from t hc responw’ [)f
I lwir clmlpoll-:.t~ \Vf- wcrr nko nblr to mcA4 tlw illi
t inti(m of rxplo:iwh with graimniiw ditMributiomI nml’
nlqdir(l ! ‘.,is t{) .,ImulrIM the cxl~crimrntdly-[~ l~~r~’l’ll
rr-{m~)vrr m rrnct iom rat- cffrrt for grnnular TATII.3

In n related lnvmtigntion, w? Pxmninrd tlwsoC-lllf’ll
●llrll nl(~flrl sml w’m’ nldr to Rlmw that vincoldast”ic !wnt
IIIK. II:)(II1 I)tmr r ,ilnI~~l i~ an apprq)~intc h~~t-sljt]l WI]
Iit)ll Ilwclmlllsm Lm t)tlr w-face-tmm I:IIA’1 “

III I lIr fidl(willg, WV.dwrilw thr I.llysicnl pi~.1!Irp
I,rllill(l t)llr qIIrfIIm I,llrn mIJdf.1. U’r fhr[l (NIlhIIr llIf,

IIIJIIlrl nlI(l tlw film’ rqllnti~n]fi lwwlr(l ill tnlr Illrl)l(l[l ,j[
t.ll~lrl~l,tl,rislit”q c(IIIP, Fllmlly wr Inrw’lltwmIr rxIi IIIIIlf,,. ,11

Ir\IIllh will} Ilw llv~flrl.



. . :Im sites. We further assume that these hot spots are.. .
:1 ;it!ed to pores in the explcmve, and that ignition is
I: Iggcred by viscoplastic heatkg during (.[Jlapse of the
i), m.s,

The collapse and viscoplastic lwming of pores was

[Ilo(ieled [n spk.erical geometry hy Carrel and Holt:. and
!l:LS been used by a number of authors to model hot spots
ill shocked explosives. a -1: In Refrwmcc= 6 we reexamined
vlscoplastic pore-collapse to x if it is ~ adequate mech
:ulisrn for hot-spot ignition for the sulfate-burrr growth
]Imdel described below. For T.+TB we found that, above
2 GPa and after about 3@ ns of inward motion, the pore
boundary heats up to above 2000 K. sufficient to start
fuit reaction there. W:thin 1 ns the cavity is tl.lled with
lmt -reaction products of at le~t 3500 K,

In Reference 2. we found thtit if tl:reshold conditions
outlined below are met, this hot gas In the cavity would
drive a reaction process into the unrr=~cted grain~ around
the cavity. To investigate this growth mrchsmisn., w
svt UD a heat-conduction. chr=mical-kinetics irrob]enr in,.-–
: phericrd symrnet ry. \Vc ignored t }w irdl~wnrr of pressurr-
tluctuatious mucli ns in the iguiti(m pore collapse model.
,zssuming that pressure eqllilibrutirm by wavr revmbma-
Il,}ns is i much f~ter process. Solving the st?ady-statr
Iimrtics problem ( and corrrrbora[i; lq !lw results with
: :Inr.(ielwnrferlt ridculnti(ms )~. wc (Mnilw(l R phy+icul

i)l,.t Itrr for t l]e growth of Ira(.rion fr[~rr] 11{)1 spors, \Yllflrl

rvt,r tlm cavity SiZe IS shove n crili(. al Value drr, a:]Il tllr

Kas tempr-raturr m tlw c~~.lty is rdmvc ss critical valm,
T , . n strady ol]r,uoin~ rrnc[][m zonr (Icw-lops,

TIIC analysm: shim+ Ihnt t hr rr-iw t ion zone is vm-y
IIirl r(~lnpsued to the cnviry sizr. A rnn !m rrgar(lc(l IN

n nuwillg reaction surfrwr, \!’I’ crdl it a lnlrnin~ stlrf:wt’.
m. rntlwr unusual cotrlusif)ll [If t III. nrmlvsir IS that this

111(.t. Tlw rriticnl trvlllwrntllrr is giwvl l~y:

T,.r = 7m. + # % “T, * 200[) Ii
P

,vl,r,rr Q i+ I Iw III,AI (II rmtctr,m RI)(I C’P t hr Imaf cnpnc

it}, ‘1’lIr rI ltrcaf W17Cd,.. Id.w) Is n fllllrtlfm (If T,. Wit]](Ir,
(I[v. rrnxing with irlrrrrz+irlg “r,.

‘1’lN-I)tlm wrfim w+wity VII rlIII Iw rnlculntml frnrll
!lw stcmly stfltr, hcnt r{)ll(llwli(nl, I llf,]lll(’Hl-kl[lt$til’s llrotl
It,lrl III ]{rfrrrnrr !!. Ilwrrnnl Iiilwti(.s irtf(u.rl)ntio[l wns

lIwI(l L)r PETN. nnd we fl}llllll IIlnt }’)1(7, ) f[n 111111r’x
l)l(fiivr (.nrl Iw rt,l)rrv[llml I)y mI :Irrllrllllls f,mrl.

VII .-: Zflr ‘n’” , (:’)

From the burn-surface velocity ~d copolo~ one can
calcuIiit +. the react ioIl rnte. The burn suS-fac~ have a
very complex ~r=orrwtq: that i]ecomes even more complex
m adjacem hum wl.~ares coalesce. In Reference 2, wr
II*(I a georm=t rir r(][lstr~lrl itm appropriate for a spherical,
“ho], -hucnmg”’ TO!XAOW.but. subsequent work showed sr-
rious limit a[iorrs with that l’cmrn.1” In the Dresent work
we regarxl [II,, averagr bum..;l~rfarc ~opology a9 a ma-

trrial funcri[,rl to Iw calibrat~(i frn.;~ experiments, \Ve
define a dimrl]sioldr=ss 1311rnT,,!:,i(Jgy Function (FITr),
U(.! ). SUCI1 thut

(3)

Here A is the mws fraction ,..[ ~,i,i, ‘l,,l.,, the reaction
rate ~ is the Lagran@rr [materiai ~ t ‘H.c derivative of
this quantity. w]d b IS the average WII SI..C or mean rlis-
tance between hot spots. whi-h catl IJr tipproxirnateri hy
the nvermge grain size. .+ schematic pl,~” ,,f y( .4) is ;!mwrl
ill Figure 1, TIN* left part of the CIA-VP I,, miatm! ; J Imlc

(uutg[~ing) bumirrg whik= the right ~ext w mainly @II
(irlg(~i:lg ) b(u-:lin,~.
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FIGURE 2. SCHEM.4TIC OF SIhlULT.AXEOl:S SL’R-
F.+CE DURN AND BULK RE.AC’TIOS.

I(J I)(]th bum mndrls are the usual assurnptiol] i of !(l~id

Imxmg nf specific volumes smd irltrrnrd eurrgit s of I Iw
uIwrflrtml solid and gas products r(nlstitucuts ,a.n(l I)rrs.
slm= equilibrium betw-n tllp.w two cot:stitum ts,’ ‘i”- 14
m fortmdmed In thenext !Wtirm, Thr “lwnt Iqjic s(di,l””
:Ls+ll]rq)tion is used with tlw w-ufwe-hlm rw t iw:’ 1 ‘ ‘

IlIr npproprintenr=xs of this r+oicr is discussrd IWI(JW,
.+IS[) upptwpriatrly, thrrrmd rquilihium is ruu ImwIl IN,
I$v#wIIrunstitllmts for tll~ hldk burrl crdI-IIlnt O11.1” 4

hll]rlg wi!ll FIII Arrhmiutd ratr f{rrn wit.11 mrls’ nllls I“lltwrll
i.,]rlslstellt with rr=nr-timl Zfmr [lmwurrnwrlts I~rl “r.\Tll.’

!Wrrnl Importlml c,nwlusl(ms wcrr ,Irnw 1 F(II
lIIIIk rww[ion. thr rrmr-ti[mzorl~’ I tllckrww IS wry wrl
\IIIWS I(J thr trlllpe~nturr nt tlw \“X slntr. 1111s t,’111

I)f.rnr Ilrr rluInot I)r cnlvu]sitr(l rrrrllrntrly IUIII {lrlIrII~ls

•rr[nl~!y (m tlm irtititd unshockerl st.rrtr !mr irll]nrly
tlir por(miry .-of thr rx]dosivr. 011 tlh- (Jrlwt llnlI(l. I? is

kIIIIWn frtml rrm-ti{m 7tmc mcnsurrmrnts tlI II I III, II<,!

[,otl(l]tlol)m.” Again, mIrlI nrmrllrd(nm Iwlmvi(m 1111*rlt,t

I,,w.11 I)lmt Ivml III rrnrli,}rlz,lllr l]l,,mitlr~.,]l,,,lt+, \\”r, [11111111

111111llli~ Irwllltn fr!)lll rllf(mrillR t]lrrlrlnl r. Illllll)rllllll II(.
Iwmvl rxl)l(mlv~ IUI{I lmI(i II(’ts F(II wllhll IIll,)ilr)l,i ,,f 1,

,Illrr ( )11 Ilw I)!lIrr IIn;lll, Ilslllg IIIc. MIII fIII.I. 11111II IIIIMI, II

therr is no sensitivity to VY tempernturc and the PI \ )
curve has the right shape. We roncluded that surftrce
burn is the dominant reaction growth mechanism and
that simultaneous bulk reaction may be neglected. Nut t
reached a similar conclusirm.12

The Inacroscopir “mix rules” for the isentro~ic-mlid
equatirm of state am the most appropAate simplr rep-
r~ntation for the rr]ict-oscopic features of the riurfnce-
buxning model. The bum surface always wparates the
l~meacted Wlirf from the grummnr ptmducts. Hmt cmiu~-
tion within the burning surfaces is the driving mecha-

nism for them -d already is taken into account by their
motion. The umeacted solid is therefore always under
adiabatic conditions, and between shocks, undur isotropic

conditions. Consistent with the microacale level analy -
sm, we aasume prmsure equilibrium between solid and
gas phaaes rm the rnacroscak !evel as wA], and (or the
same m-n. But ther~ is no temperature quilihriuru.
The w-slid and gas pb =KWSeach has its own temperat urr
as dictated by the rnicrosctde analysis. The gaq phaw is
not adinhatic, h’ewly creaied products behind t!le ruov -
ing burn surfaces are continually added to the existing
products in t 11s=grnwirlg cavities. In our nmdefing. we
KWIUXWconlp]?tt~ ~d instmltanerms mixing of the prml
lwts under thr constraint of enerpy vonsermt ion. Con
traq to thr usual npproach at LASSAlamos.13- 16 we J(I
ilOt Arrivf n l)mssllrr- vol~lnle-ellrr~ -rrartioll rqunt i(m ~jf
stntc for t l]r two-l )llnsr system in the form P( l“, E, .\)
(m ,!?[P. l“, .\ ). lI]sr(md. WS=work (firrctly with thr srp-

nmtr r(llmtinns I)f statr of thr- r~vtctrurt rutd Imj(lllcts,
nml rrdrlllntc tlw glolml rquntion-of-stntr Vnnnblrs fr~~rrl
lhr rllix-rlllr cqu:lli(ms. \Yr brlim’4= thnt iu Cllis why wr
cll]larwr mlr Hillllllatltm r-qmrity [U wr (1(1rn)t rmvl II)

ptrpnrr n rww rqlmtion of state rach limr w rhnngr !Iw

illitld rilmlit i[ms t~f t III. wmw cxphwivr. AIMI r(mt rnry
II) L(,.~ AIMIN)N cllsttml, 11-16 wfs acr,)(l[lt for tIw 1:(”111,If

rr.nctiorl Ilot nq n zrrr) point rnrrty of thr UN rqm~f i~m
of stntr. but ns nrl illtmrinl Irnt +{llmtr. This RIW)Iul~ls
tfrxibility t,) (]!lr wlulllntiinls

\l,:P llnvr IIW,I ~jr]l[jlr rflllnlllnls of !411~t{’fl)l till’ ~tdi(l

1111(1glLi ]dlnws H \lir. (;rlult.ir4rn ftwrri for thr wdirl, wi!ll
n t.{nmtnt)t lm(xltwt I)f tlIr (;rllrwi.ww rntli) mltl (Ir;lsity.
rui(l, ill rll(wl crews, n I)fdytnq)lt f(mtu fill thr KM. \fio nr~,
r[lll~,irlcetl thnt slitwk Irli(mti[nl silntdntitnl N+IN)t WIISI

tive to rhr tylw of r(l!mliflll~ (If ntnte (If t]w gas rul(l w)illl
lIlIIU4rs \lf);mn,rr, ,lifr{.rrrlrrs rxlw-rimlrril I)y IINIIIK rllol i.

r~)lr)l)l~x etllmlit}}l~ of slILte nrr, II) lnlr (qnnltnl, insl~luli
cnr)t (’l)rll]nwr(l 10 Illwrrl nll)tl-~ 111llIr rrnctlt)tl rnlr flllll,

Ill)lls.

‘1’1,1.l)lIyWhnl lItI!IIIr (nlll,rlml w) fn, rwlntr~ t,, II !wi,

]’1111.4~’●Y*l(’111 (If n %1111111(’rrn(’lrult IUI, I lr~ gIW.,HIq rf.li(.
11{.rlIut)cllwt+ 1111! rrIttlIII,)II rxldIJ-Ivr f,mllllllntlilll~ it,,,

+I~t (If llll)rr Illnlt n *IIIFJr r(nlllnuwl)t, wlmr illl[vri.rlf

t.olllllttrwv)l~ mr tlIImr Imrln (If llIr rxld~mvr flint IIIII”vI
III tf-rllm (d llIr tm.thm rnle ftllwlhul I)itfnr-rll mulll,l~
th-IIIu ill nr rxllllmlve folrltlllmlllul (rut Iw Ilwrtn, (llli!v~.111
C.Xl)](WI VI.lllnlrllnl~ 111111~llhrd grrur) film [I IwINIII”. III



I IW wue mqdosive material. The grain size chtribution

III (wmnmn explosiv~ powders is between 10 and 100pm.
ivhwh Equ~,tion ( 3) shows to be a large fnctcn in rc-nctifnl
xme To exrend our surface-btlm model to mulr ironlpo-
IFIII s} ~l~ms and still rcttin its tractability, we made tww

~jwox]lllation wh]ch allowed the extension to he nla(le
III a relatively straightforward fashion.

First. we assume a common mean equati~m of stnte
for all the components. To account for a aepara~e equn-
tirm of state for each of thr reactimts and products would
cal! for a rederimtiort of the entire system of equations

and rest ructuring of the solution dgont km]. This com-
plication seems unnecesseuy for cnlcrdations such a9 ours.
inwd .-ing cxplasivrs and pl~tic binders of reasonably
similar eqllations of state. but would be an inappropriate
assumptio[l. for example. for met d-loaded explosives.

Srcm]d. WP igmm= imernction nmong the components
ill temls of IPnch one of them influencing the 13TF of thr
(~[]lrrs, This rmgl]t not nlways be n good approximation,
,.s is possible chat n fast .rmwlirlg cc’mponent could Crtwtc

mlditiomd ignition sits-s for ~ W)w-rr-nclmg component
illl(l in this way altm IIS BTF WI(1 Its rrvwtmn r:tt(’. But

l? E,4(.TI\”E FLOW EQ!”AT1OSS

,IlllvrmlI rl. )lll ,.llrmlgv f.ollqf.l Wll).l Id ,Iltrl.ll.l ltllltl(lll (If
IIv, 11)1.tlllr rtllintl,nl ,jf ●t l’r, }Tl/’. l’, i] f) nllil (P”III,’
Illrll, .I1’llrullll’ fllllf’l loll% Ir.lntrvl Ill !111, I.llllllll r.*h:l)lllf}

111111I Ilwllilcltv I If t IIF (,x}ll(mlvc.. nli~l !.nil III, II,IIIIIV! fIl
.tIIIIIIILI (\,.llvntlvrx (If lilt. f.flllntl[)ll< IIf slllff. 1,~.1l“. , /’, 1

1111(1/.’,1 I’p. 1~) t)f Ilir WSIIIIlrnctnl)l 111111Kit+ 111,IIIIIrl,$

1{,,((.! t.1111. :1 y,)vrx t IIr,:r ,Ir.1 lvnl 11)11..fill tlw W.llllll )11(,,,> !)1

I(!r IIl tIIlXIII~ IJ .Il]cv.l!ir VI II II IIIr 1111I ~QIIVtJ,LV,

an i pre:,sllrr r=ql:ilihrium. and shows the mixture them](}
(i}-narltic dorlvative fuctions ran Iw expressed ~s

D=\ D,i-1-\)D,

nlltl

(;=.\ c;y+(l-A)G. -k\; –I;

The rmrti(m rntr .1 is giwn from the swfncr-lmrll

Imdel E(lII:II I(IIIS ( 2 I nml (3). \Ye chos~ torcl)rcsrrlt t 11(,

BTF in Eqlmt ion ( 3 ) hy a curvr made out of [w() mnt <h
Ing pnrnlmliu with a psirrimeter -XI that signifies the max

l–2A,4\
!/:: (l –\) ———— , \ :: i, .

ll–.ll)~

\, - :(1 P/r, ) , PI - 50CII-’n

V:!ll(.11IW15 10

Ill’ t ,1,,( ‘/ dll - /J”:t-; f:Llt = I’”(II

111)

till

i
i (’/

(t

11111

11,

1’1!11111,11111,1 Vlllllllllw. [ l;, 1’,, }:v, 1’,, “Tv. ‘T,). WI 11:1,~

,1111’!,ll’llllnl IVlllnl 11111~Illl)llp, tllv l,ll~lllllulllll ]1111II Ill ;1

Ifulll ,,1’IIIIII! II, Ill,’ 11111.+tt’l Iiltf’ l’~1111111~,11

1 II \ll’, I \lv ,I,,il !’ II \’/’. , \/’u 1(;1



\rhere z r~presents any of these vwiables. .+lqxithms for

~.omputing Dr, Gr are ,givtm in Reference 3.
To integrate along the ●hork path w-r=use the shock-

,-hsmge equation:

where L- is the shock velocity, , dP/dh )5 is a.hm< the
shocl path and CH is detinecl in ternls of rhr tirriwative
rdoug the Hugoniot curve, PH~~’),

I15)

For steady detonation we IISe the stea{ly flow m-mrfi-

j/ L’D for any flow m-iable j. where C-Dtion: ~f/dh = -
is the detonation velocity. The How eqllations trrmsf(xm
I0:

\’+~il=Omd id-
\-
4P-I)

c !)
1!6)

L
which leads to

which is thr equation for the Rnyleigh Ii:w. SIIIA Itllting
fr{UII II:F rnu . ‘r rnt~ rqllation we get:

i 19)

lVe describe below seveml exam les ( dculilt~[t wi Lh
Ythe model using the SHIN :mnam. ‘4 7 his program

solves the charactmrsitics relatiom (If F ,uatims \ 10 t 10
115) above. in a comput:itiona] mesh ronstrurtd tit c(m -

~tant Lagrangian posit; on incrrrnents and wl:h thr m IIrr
~wordir:ate taken on pat Nines parallel tu the shock front.
This so-railed “Shock Path ~et”’ and the romplltaci(mtii
;i!gorittm.. are r%cribed in a paper on FIMI ic prrclw-

]E rom~lyq the principal difference in t lie t~rl)sor decay, .

tceatment9 i~ that the function F in Equation ( 10) mid
(14 ) M here related to chemical reaction kinetics rather
than the dynamic d~tic-plaatic properties studied iil

Reference 18.

EX.+MPLES

The rapabi!ities of the model were aasrssecl by the
computation of ●xampies of the initiation and A*I(NM i(m
properties of several material -variationg of T.+TU -Imsrfl
explosives. U’e detcrmir.erl the burning velocity lmrnlll~,
tcm ZB and TB from the sustained-shock buih-fl]p cllrvr
from gauge data cm l. S-g/rmJ ( 770 porous), %uperiinr”’
grstnulsu T.ATB, 16 and thctl USA this burn vrlocity cid -

ll~rar ion for all the subseqlwnt modeling of TATB. LwMml
,wplosivrw. A grain-size. dimension b = 0.02 mm and n
Imrning topoloqy specified by P1 = LO G Pa were IKWI!

to represent the superfine T.ATB. Trial values of TIJ
rmd ZB for the crdibratmn were chosen such tlmt tlwir
lit-mar Arrhe. ills plots ( ~nV VS l/TB ! passed thrmldi
a conunon nigh pressure point thnt reproduced th ,
l,ml)er charactmization of reaction zone frrr a striul)
, let(lllRti{jn, I~ - Experi~c[ltnl”’pressure hiStnrirS fr~~nI

Rrfmence 16 11.w shown in Figure 3; the tirst six ,,f I l,r
I)mtilrs are fitted to Xlnnganin-gltuge data nnd tlir KIIlhr

t~urrlt rrcordq MC r-alrdntrd with a D.+ G\IAR rntr f,mll

,Irnl(mstrated to givr (Iet{nlation reaction-mm= ~t t 111.I 1111.\

ngrreing with inter-fnrr vrlot-imetry olwrvntions. 1 ‘ “fl II,

Ilppm dottrd CIUVF imlir~tsw the SHIN calrulnti{m (d’
the qhock-front Irrus tlw hwrr (lotted rut-w I IN. fllll
rcncrion Iorlm, thr Inrqe dot signifim tlm run tiIIw !{)
(h.tflnati~m - whit rnrily ch~rrwn whrrr tl)c sll[){.k frxull,
nttrrins CJ prenaure. nml thr iruwt 181)01indicnlm I IN’
srune information for the rut] to ~lrtrmatinn ( llT’1)) [Iis
t.arwr. Thrse ctdrulntion wrre with Zn = 10,7 111111IIIltl
“l.H= 3800 K. ‘rh~ flont Imd.lilp lli~t~wy is in K(NN1;IXIIY.

IIwllt with t)oth thr ~ntIgP t~lmf.rvnticmr+ nnil thr rr~lll! . , II
r,xl]lf)siwq wp,lqe rxporinwllts (;nll~r-prrrumrr lIlSlIIIIIL\

fr(m] thr SHIN rnh.ldntitm nrr dlown in Figtwr ,4, nl, IIIL

willl I IIF [rimt I}llil(lllll hist(~rmri for time othrr ch(m’f-.
,~f Tll, ‘1’lw vnllnw i~f ,Zfl for I.lm fmlr fliffrrent trIIIIII, I

ntllrr me lJ.4, 10.3, 1 1,() nll{l 12,(), ‘rhr rrwtllts ;III, .lII, I1

II) lM. IIIIII,r w[lsllivf. tII ttlr ,.li(~irr (If Ihr Imrnllwl(.1 I ‘
f Zfl. “r/J!, 111111 1111.Kllll~F (Inlrl [Iiw”nltlllwttr W.11 ~11111,!1,

,,

I, Ilfrrrul CINJICCHt lml Idl Klvr n Imywl rwwt iin~ .PI1111,



plot data ( RTD vs input prmswe ) from explosives-wedge
experiments. 10

40 1

RTD - 945 mm

0.0 to 2.0 3.0 4,0

17me (i~s)

FIGURE 3. PRESSURE HISTORIES FOR l. S-G/’C\ll
GR.+NCLAR TATP IN A GAS-GUN EXPERI\IEXT.
L.+BELS ON CURVES ISDIC.ATE G.ll-GE DIST.+XCE
FROM THE IMPACT FACE, IX \IILLI\[ETERS.

40

RTD” 945mm

30

20

10

~

37, 3s,
38. +t)kK

. . . ..-

o“dp

T

q~

,, .

i ,.

,., ,

‘<’
,,”

,.- 1~

00 10 20 30 40

17me (~~.s)
FIGURE 4. V.AIUATION OF DI-11.131”1’ \Vl 11{ 1{.$ 1“!-:
cONSTANTS TH AND ZtJ FOR 1 S {i/(’Ji’ l“:~ru
(“PPER LABELS INDICATE TIJ \(\!.lES

The rrite dhratmr drsrnhml Illl[,ixm ,.V:ISI* IIIIII,ly
with +Ilstfillm]-qll[wk (Intn, lmt +Im ●11111.k II;II;I ;lr~.

kmrwll toprovide much morr strlngrllt trwr~ ,,( rvn{! IIM1.
rntr rnodeln Nd wrrr Iwd in 5111X I. IilI-IIl; If II III* I)f 1(,.4

I’xkmpla. [n Fipm .5 W show ~m-m,lrc, lll.t II, Im for m
10 CPn Awk tJf 0.? /In ~llmntl{m 111111I III. ,.ll)ll*-IVI, \~r
wv tlm hllildup rIIrvr first I lsi~lg, !111’11fdllllu :111(1tllfql

risinK n@I tt~ (Irtonntion, .41111{lllg11 Illr ,.:llr-lllnlulll ,Iill
llt)~. Imvr thr 5MW input M n .qMIrI!ir I,YIIOI 11111.llt , I II(.

fl (mt nld “gnll~r” Imrwrllrr Ilist,mrs nrr l), II1, IIIIItV ,.(UII

parab!e to those reported in Rrference 16. The rlm to
detonation versus shock duration IS shown in Figure 6.
These csdculationa emphasize how sensitive the buildup
procms is to shock duration, with the trrmsition from
ftilure to detonate to sustained shock behavior ocrlms
within 0,1 ps. Such sensitivr behavior is a well- kuown
qualitative rharuteristic of T.iTB explosives.1b1920
and the calculations we present nre in specitic quantita-
tive agreement with obsertmtions on 1.S-g/cm~ superline
T.*TB with ●lectrically-dri ven. 0.5-mm. \lylar flyers ( see
Figure 10 in Reference 19).
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FIG L’17E 5. TYPICAL C.ALCULA”rI(.JX OF A SHORT
SIIOCIi EXPERIMENT ON T.4TII.
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abut 5 mm. The remaining run distance of about 5 mm
is only slightly less than the 6-mm RTD for a sustained.

l&GPa shock. This is so because little reac:ion starts
before the shock reach= the 10-CPa led. Although
we are unaware of any ramp-wave studies on T.ITB m-
plmives, the suppression of reaction {commonly cnllrd
desensitization] of the explosive by preshrwking in rmn-
plex geometries is well known.: 1 lVith planar Keometry,

the plastic-bonded H\ IX, PB.S 9404. displays cxtenderi
run distances resembling those calculated here with both

pmshocks8 and ramp-wave inputs. 22 This consequence of

gradual loading is believed to result from the remowd,
or healing, of the density Cfiscrmtinuities that supply
hot-spot sites. This phenomenon is simulated well by

our surface-burning model becallse it depends strongly

on the solid temperature, whmh in cum is s]gni!icantly
!~er for i*ntro~ic, r~m~-wa~e c~]mpre~sit,n []l~n for an

RTD - 993 mm

00 10 20 30 40

lTme (Iis)

FIGL-RE 7. T}’ PIC.+L SI\l[-L.+TIOX OF A 1{.4\IP
I.O.l DIXG EXPERI\IEXT OX I < G:(_’\l) “r.\TD.

was the principal parruneter in -ieterrnining the buildup
behavior.4 An examination was made of the crossover
in reaction rate observed for superfine and micronized
T.+TB—specificaUy that in wedge experiments the rela-
tiv~ly small-particle micronized T,+T!3 displays smaller
RTD at higher ( *M GPa) input sl ~ck strengths and
larger RTD at lower ( +10 GPa) pressures than the SII-

20 To mode] this example. we fmlrld itperfine material.
necesswy to impose the previously-mentioned require-
ment of a critical hot-spot sl~e for ignition of the smfact.
burn. and chose a critical size dC, depending inversely tnl
the exponent of the solid temperature. With this modifi-
cation, the model gave excellent agreement with experi-
ment. This result is detailed in Reference 5, and will ti(]t
he oiiscussr+ here.
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SUMMARY

\Ve have developed a .surface-bttm model for shock
initiation of solid explosives. It has been described in
great detail in several reports and papers.:’6 lye aP-

plied it in a lD. Lagrangian. method-of-characteristics
hydrocode called SHIN and computed many examples,
Several examples are presented in this paper.

In the reports we concentrated on detailed deri~atirm
of the equations and algorithms and detailed analysls of
the computed results. Here we concentrate mainly on

the outline of the phystcal picture behind the model, The
essentials of the picture are:

On the Acroaca!e (grain) level, initiation takes
place through a twwscage process. ignition and
growth. Ignition occurs at hot gpots [or ignition
sites ) related to pores in the explosive.
The ignition mechanism is through pore crdlApse

and viscoplastic heating of pore boundaries, .+
few tens of n tmoseconds after pressure is applied,
the pore boundary material reacts. the (.avity is

filled with hot reaction products, and a hot spot
is formed.

The hot gas in the cavity drives into the unr~-
acted solid a thin outgoing reaction zone. This
moving bum surface is driven by heat comluction
and fed by the heat of Ieaction.
\Vhen threshold conditions for the cavity are Ilwt
the moving bum silrfacc aLtains a ~i:,atl~ vehN-

ity that depends on the tempern[ure of thew~lid
ahead of it but not on the temperncure of I he gM
behind,

The hot-spot threshold conditions i-ire a (.riti-
crd tempemt u.re, typically above 2300 K. nnd R
critical hot-spot cavity size, tvhirh also ~lrpenrls
on the solid temperature, l.”SImIIY a !.:I,:”*Y size

nbove 1 pm is needed for wenk shocks. imi n size
above 0,1 pm is sufficient for stronx shork,q.
The bllm-.wrrf’ace velocity rlepenrlwrr ,NI soli[i
t~hmperdure can be described I)y nn .ilrhcnius
relation with an activation ternpr=rntlue of t ho (Jr-
der of 5CMMK. Calibration of rrrwt ]rm rnro frl ml
rxpm-imentd data includm (Ietrrminutif)n of lm-
rrunetem in this Arrhenius rrlnti(m,
.~.q the topology of the moving I)IUTI *Iiti”iwwi IS
romplex Md hard to de[ermine. it IS (Imcrlt w, I t)v

II bum-topology-function ( 13TF) with lmtiuIwlc,rs

rdjkatpd from ●xperinmntal drtrn,

The muface-hrn model r!NI he IX IOIIIIw1 t() 1111d
tirornponent materials by usill~ tw~~ n[~l]r(>xlnla-
tions, m common average rqlmtllm [If .tnfr. ;UId

no interaction among the mnnIM)iuuIt~ III !m-m.q of
(me dftwting the BTF of {)tht=rs,

“Wough the qxvid case of qtrn(ly ,Irto!mt I(UI. W(I
wr=rrnlj]e to Nllrjw that, at Iemt for “f’.~TU, ●111f;i,. t. Illlrll

IX IIIC rwrrri{ling rract ion process, a.rld l~lllk rvnt.t.loll III.
twren the nuwing bum n!lrfaces ran Im +hfoly III@v.1 I,(I.

Dy n[qdying the wmfnre-lmrn m,)drl t (~ i:IrNNIS sit !m
ti(][ln, w co[lclude thnt it tmn n wIi Ir r;lllWr ,If IJrr,,ll{,t11111

capability. More work of comparisons with the results of
m-iticd experiments is, of course, needed.
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