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Figure 1 nhodm tho lmngn-lntnnoL-
rid rotntlll~-mlrrt.ar mtrt?nk twimnrn
(121H:). A 41bmm-dlnmnLi!r Intnrtlatlonnl
TnLephono nml ‘1’f+lnRrnph lmnEe-lnt@nelrl-
cr tube [10] mid n hllth npnrturn lelln
tr/2.5) worw muutttml nuch hhnt the lmnRe
rnrmrd nh Lln? ntrt!nL-t!nmorn rtlm plnnn
wnn proJoaLd ntllx~ LIM! lmi[qn-l llLPltnlrlmt’
twhm . A mn~ttlrltmtlntl cjr 1.16 wnn und
hetwt?t?ll Lh@ nLrunk-cnmt*rn rllm plnnt? nml
tltr! l,mnRn-l rlLt*~ltlLrlnin LuIM*. TIw! wrl Llu~q
Hpellll llt tslt~ lntottnl~lmr LIIIW wan nhimL
21 M/lIn.
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nl Lltnr, pt”llllllwll n l:ctl’t”l~lllllllllllllc l!hlrL
l~t rf~llt~l! ll~l~ll!illlt. WOI” (N:P l:hlll~~~ cjr
w I Illhli{ mnLf’rl#llfl. Ln tvm~L lnLorf’nno
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wilt?Iw c In Llw’ VI* IIII!ILY Or 1!1!111. Ill
vnuuum. h in I,ttu 11111,1111- w:tvr~lolitqt,h Ilr

l.111~ Innl!r, 1, Ill 1.111’ lfftlll’y- l’1~l’111, Inlrr’llr
Ilpitl:!ll[t, (Ilk) Ill Llto iw)t,l..~rl. 11111 [’:ti:Li, t.

rttt” I,htt I:hIIIIKIS II! II IIIPX lIr IWIIIIYII:LIII,I
rt)l~ LIIO wluIhIw m:tt.t~rl: I , 1111ntiil II ,1 NIIII
Lhr Illnli:inc:vn 111.l,uvi~tl ~l(IL p;l 11.11 Pot, Ll,o

Ii 111111 1111 lll,sll .11’ l“t”lll~:l’lt, 111111II’ ,,”
1,111’ Ilylulmlc: I’rlttl:v 1111:11~1111: rl~l~ IYIIS ftll

rf~lli:;t~m ‘h IIIIIIIIWIO III. rt”llll:i~illlhlrbd,

m , :tl. nlw)uk :ll’ICI VII I 1.Imts 11111111.IIIS Ilol, 1~11-
111111011I’rnm II IIMI” prvvl:lllll Illlllwllull:o III’
LIW IJIl’~1’1. Vr. 1111.I Ly Ill, 1111111111:1I Iy

lllc*it Llvrtl l~Rpl.l’lmllll Llt 11111111, III* pl~f”rtlllllll~cl

WII. h dlrrt!t”l~llt. rt”ltl~ii l~iillilwht (l: A/ JIIl).

I II 1.110 prlvllvll. wt)llk l. A/hi, w:111
l.ti lmn/1111/rl’lllW :11111 1,111~ Lnll~Ol
vt~llll!ll. 11.11 wl~l~l. Iillllwll LI1 Uil. tllll 91111U

rt~ltip,f~ I! 1111111,VIII..

A [.ylllWll : Lvtm:lk rIortDtIll ill’ 1“1ltij:c~:l
Ill nllllwtl Ill PI1:. ‘1. ::1.lw,nk 11C,11C)1911NWIOllI~

IIIKILIWI’11 M1l.11 1111 11111,11,111 l!lllll llllt~:ll,lll~ ,
‘Itlcl plllll Lllltl II IIL”I nl,l’1~ i,tcmltllll’ttlilmt. cl I 111,11
Vc.ll)l!il.loll Iltlll Lllllf,ll WILII Pqllftl.llltt ( 1)
111111 1.111! kiumtl ttnmi~tvi WI”IL IIIP, II IIIVII,
Itlll.llnlll,t*ll l.llw~ 1“1~11111111.lt~tlflll,l Wllll.ll, y
1*1”1’111”11wF~l’1* h 1111illlll ;’ %, t“t~lllll~l’1.lvr~ly.
All WIJII III ;,,: ISRII-SVLIQII, 1.110 t’l~vl~l’lll~ t”:ll,lllllll
Itl LIII~ I l-llm nluwlllllm nlllm, tinl.lmftl.rul Lit
IW 1111111111II 1111, W1*IW1 IIIIL l,IIIII)IV,.,1. All
Iilmtmn hrv rt~l’t~r,tlnwul Ltt nlMM!h nrrlvnl ill,
LIII* Wlllllllw. IMLII pllllll.11 wltl’1~ iiypll’lllli
t“lvlll Illlrll Lllnf. V1-llll!l l.11~11 wl~l~l~ 1)111.llltloll
II L %-tin ltil,t’t”v~ilfl rlJI” IIhli rll~fll. Ilw 1111
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FIK. %. (!mrrpnrlflotl U1’ I%llctlnllrll h~rm
wlLtl ncl. unl dntn for ~lnn l’llx 950? wILII
I’MMA Willclnw.

Puncl.lmml ritfl L{) Lllr! r?XIW!ImlIrr(!IILnl

dntn PrIIIILn ror thu III?VCII wxplonlvcn
n t.llfl I ml Rre nhown LII PIR. 6. A
tnhulntlun Or e:plonlvn dorlaltlpn nIIll
rlifl[:t.ln~l~l r~t mmntfllltfl ror IIrnMh ~fllI
IIIV wlI}down nro glvc311 In I’nhlcn 1 aml 2,
rcnpnctlvnly. ALJ nr the Lntnrrnm
vnlnfllty Iilfltnrlun lmvu till? Cl)lml)ll
l’c:lLurv~ thRk nnl! nnlilu~t II Lnfx!l”ll 1111
r~uLnf;mnllltilq di*m:lpc#lLLnll Lhat mlfqllL hn
Iln:ll)l! lllttrll WI Lll aktdilllttl~ n clllllrlm’lll-
,1l)ll~~lu!l. nLntr!. TIIln 1:1)11111tlllll ror
l’A’l’11-l]nnntl c~apll}nlvf!ll Illul flhht!l’11 , Wlln
:11110 IIULOII ill lu~rll. [? I nllll [%]. AII nll-
dl t.lttrui I rmmmtlll rOnht~tl tlr LhP IIC!WII lqR-
lIIIInlVOII nLlllllmcl In Lhts I Ill: Pt’nill! III
I llL1’rrn(!l: VI: II)(II Ly llIn Lt)r Lnfl WI Lll

llmrtmnlil~ tVItI Illntntu:un. An II II II: IIIIIIIWI
III ibr. [2], LIIl~ 111 IWIIIXII,IW llr II
~nl Iut’u Lo nLl#nlII n !ILIvIIIY II,!L,MMLLIcM1 In

I

et .nl (U-108)

mplkm aoIIdililGtI nlonl; LIIC Ilrhylolgh llnm
Or nlope Pnl) (whmro pm In the ln~tlnl
(h?llmlty and 1) in the detonnLion
velnolty). ‘1’ho ufirrmdtcfi lluRunlote nro
onut Ln t ho common Ilnf’nr nhock
vnloclty-pnimLlo kc vnlf]clLy I%rm
u.~+su. ‘1’IIc cntint:ultH C nnd S worn
ol]Lnlrw!d rt)r Ill I L Ilf! oaploelvnm 1)y
leant-nqunru rlLtltig Lc} ltilLlal U-u dntn
c9hLnLrled l’roWi r!xplilnlvcn WPIIW! waporl-
mnnl.n; Lhcno llnk:i nrmrr uhtnllml monlily nl.
ulmLt.rr Mull Irmlou Lho [M oordlklon, nrd
typlt%illy hllvl? tnlrlnllh?rrllll~ ucntLur.
I’hn Cil lnr?rlLrol}o Ln cnlculnLt]d with n
llmckor-KlnL lnkownky-Wl Inorl (NKW) Cl~Ull-
hlnrl t,r aLnb? [Ill. ‘1’ticnn cnlculnt~ntin
nrn ~nnnrnlly well-criLll}r~lll.ctl to mcn-
nurml dr?LorWILlull vnlocll,lon nrul llu~onlnL
dnLn .

‘1’11(? Hl!xl,l!lllh!ll lmlll~llilllM! 111:11,1!11
nl)llll, llnl~ Iltlllwll Ily 1.111! lllwl~l~ II I} LI. IsII
l!llrvf’ In 11*1111ll!~qll, lmnl.c!, ‘1’llt~ 11)1:11:1Ill
n rl’1’li”l!Lllnl 1}1” LIM! [:.1 l:Ir*IILrt}sIn, ,Irl,l
m:ly I:tIIilILIlt*IDIIIIly ftvf!iwlmlll I I“y LIIO III: ILUII

c)I’ I.IIIS [;.1 IIL:ILIS coli(lll,lilrl 1111,11 n WI III IIIW.
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Flfq. 7. lmpcdnnct?-mnLcl) nolutlotm ror
J.IIL(.rracc vcLocltles.

dl’vl?lupf:(l Iln I 11~ t}l(? II(IM Cqu:lkl.ull or
nLIttr [lJ], wlIl cl] nr :IIIIIIOrr the II IIrnnct, nIl

~xplnflivv 111111 pro~luctri nL,ntc I?lluilt lonll
tll!ncrl 11{.(1 l~:lpLlor, I (If?:ll ml XIIIK () r
npf?cI rl{: VCJ]Ilmf!iltlll llltl”l’llill l!ll(!l,~y 01”
Lt)[* I,WU colln LLtlll?llt:l , rlII(l Ll];lt LII(! I,wo
pllfllll!u :lro 111 I]rcn[iuru :111[1 I, f?lll]l(:l’:ltllllc
1?11111I I.hrl.llnl. #r! 11111:(1 hoLII N Nf!wLoII ‘n
ll,f:f~:ll,l.~~fl ill~f!l’ll,lwn I IJI I illltl II i!lwnlllltol’
nIIIIr~)IIklIIO II(:vI :1(1(1 I)y Ullnrlon l~[Jri!JIL I’or
LIIt* Illlllll?l’l(:fll (,:IIcII L:ILIoIII1.

‘1’lw? tw 1:1! {:~~l’ts(?I :IL 11)11 I:ril t.l)rn LI!tl I ti
[ (, ] w~ln Lll(! ’11)I rI!(:L hfrl l,ynlrr Oelw!v:ll,e(l
Mo(I I 1“.(!(1 Arrllf ’1111111 II:ILI* , 1! () r I) AIIMAI1 ,
r I I’ll 1; r(lllllll Illll?f’11 1. [“or r(!prl!’l(?tlk I Ilp,
llllX 9hOll I l’) 1. [L In I’t)rmlllnl, f!il ,

1 - ) ) p:~ l?-[Wflp , (3)

fl rrlll!t,ll)ll I’f!:l(!l.l!(l. l)..

LIIII 111’ISII:lIIIW! I)f’ LIIC rl rrr L IIIIt~I:H ~i’t, ‘ ~~
~~lvl,ll In:lnn I)f>l Ill, , ‘r t,tll~ I!llrlw!lll.
tc,.illl)i!f”:ll.111~,, ( [!n I I! III I~LI!Il in I.IIP IIOM l!{~llJl -

L 11)11 or IILII Lo ) JIIIII ~ ,, !1 1111,1 ‘I’m I!l)ll-
11t,[lllt.l! . ‘1’IIIs urlm!! Id :Iflll IIAII MAN (!llll-
nl.:lllt.fl (Z,, F f).111’,tt, fl M 2.(,1 , ‘1’~ =
IN(11 R, llrl~lll!lll”l~ III 111’:i) nn f:mljloyf.~1 I II
Ltlf’ 111’I!VI l~lln work I h I Wf,lw! II IIIT, I 111 Lll,s
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(!l)llrll,:llll:ll 111111l!rltio!l :1 ;) 1-111’:1 I.llpllt, Illlllck
1111[11111111.oxlllllll,? sly n 1+111111,1111{Illll,llll(:l! 1,()

dctormtton, which in collflletent with
thnt ohscrvctl ror 1.fl-g/c,n3 TATR [6].
‘1’tm detonation Iflcldent on the winrtow
wan thufl rully lnLtLated and
nel r-supporting ror al,l tl~lcknesses or
‘rA’l’11.

me nilmcr~cnl n Lmul:.Llolwr {. r
lnterl%ce velocltlcrr were pcrrormcd I’or
13- nnll 2~-mm thlckrmlluf:fl Or ‘l’A’l’Ii, I’or
both PMMA nn(l I,LI? w lllllt~wn. The rcnllltn
arc compared wltll [Int:l nnd Line omp.lrtcfi L
rtttlng runcblons .ln Fig. fl. The llllmnr-
lcnl cnlculnLlonFr Iwlrlnctu{i Lhe nlllmlnlwu
rOLL, and tll(? plotl; f:ll vnlllf~rr arm I’rum

the rlrnt J?l)mplitnt I 0!1:11 CI?lL Ill Lll(?
w~n{h~wn. llci~ctl.on Illrrtorlcfr calcIIlnLntl
in hhe lfIHt neLl, nr Lhc f!xI)Loslvc :lr’i?
shown flfl dnnllcd LLncn in Plht. 8, nll:l
nerve I]ett!:r Ln lrtmlltll.y tllr ciLlclllnLf:ll
renctLorl ZOIW- {Iurntl.nrln. A~recmcnt nl
complltcd ,nlld f>l!rrnrvf!(l pnrLlclo
vclncLtlcH !lur.111~ Llllrr rvni:klon time In
~n:mrally I\(MIIl; illrrrr~~l’l?l!mnllt nt lnLcr*
tlmn could hc LIIC rnflu I.t f)r nur r~ll I 11110
to Ilrnpcrly r’r])rcuulll; LlI17 ~11’tver oyllL[*m

or Lhc pro~luctll t!quntl.nu Or rrtntf’, or
lIOLII. S onw! I;f:u ti (::1 Lclllnl; lolln f:llowl!:l

tlmk tllc vclf)clty lIlnLorl.cn wcro ,I{Ih 17x-
t rcmnly UCIIII [t lvc to I,l)c clInl cc Or rrlto
colintnrltH; howcvor, I:ulr:lllmt. loll:l W1Lll z,,
mulklplicfl nr IJIvIIII!(I II,V “3/? WPI’I-! Ill
dLncurlllhLy IMMJ[’CI- ilt~r~~t?mctl~ LI]uI1 Lllooo
olluwrl.
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(the one TATB-baaed explosive ror which
we have a reaction rate calibration).
The prevloue correlation wan umed with-
out modlrioatlon, deepite belnu cali-
brated at presauree lesn than half thone
encountered with the de%onatlon Incident
on a LIF window. In rlttlng the lndl-
vldual velocity hlatorlea at dlf’rerent
run dlr3tancee numerical calculntlone
Bucceedetl In emulating the non-eteacly:
character of’ the detonation.

In part, the eucceeerul emulation
actually may reeult from the propertlem
or the DAOMARrorm. In particular, thin
rate correlation comblnea multiplicative
ractore In depletion, shock strength,
and current etate. Such a rorm hne been
repeatedly demonstrated to be erl%ctive
In r31mulRtl~g a variety Or shock
Initiation problcme, and Ie beglnninu to
be oharacterlatlc of’ more phyelcally-
based rate forme, euch an Krakatoa [18]
and the explicit hutapot model of
Johnson, Tang, and Forest [14].

In elmulatlng detonation colliding
with Inert wlndow~, DA(lMAR ante the p~
ractor with the nearly conetant VN spike
preaaure bel%re the colllalon, ~nd thue
dlf’rera rrom a olmplt?-depletlon rate
only in the modlftcatlon due to tht?
temperature dependence. With our IIC)M
repreeentntlon for 1.8-g/cm3 TAT13, the
2050 K VN aplke temperature Increanea
about. 12% throuf;h a cletonatlon reaction
zone, Increasea 15Z with the shock
rerlected rrom a I,IF window, and

dncreaaefl 10Z with the rarefactlon rrom

PMMA. Thcae condltione lead to llttlc
ril.frerencc In the nha~m Or the rate
hlntoriea ror PMMA and l,LF windows aecn
In Fig. 8, with the higher Inittnl rntc
vnluo rrom the hlghcr Impedance-rnntch
tcmperaturt? ror the lJtF windows bclng
the mont prom~rmnt renture. The reac-
tlofi rate hlntories ror each Or the cal-

culated caaen have about the rinme 150-IIa
durnt ion. Wlttl the lmpedancs-mat.ch
mr)lutlonfi lndtcattng n 37-(lPa lnltinl
prcneure ror the lJiF window llrld n 22-flPa
lrlltlal preeoure ror the PMMA window,
onc would not expect to obtain so small
n fllrr’crencc Ln ratea ;lnd in acalcd
Intnrracn vnloclty hlntorlce wl.th n rnte
form fltrongly dependent on ourrcnt
preot3ure.

The DAfiMAR nnr.1 IIOM rcpreeentntLorirr
nlno have propcrtlra l~rdlng to rlumnrl.-
cnl nlmulatlono without :L difltlnut C,J
polllt in thu vmlnelty pl’OrLh nnd nn
lnf!rnanlng l.rlt~!l’r:m vcloalty w.lth ruIl
(11.ntnncn, mm nre connlmtently obnr?rvcd.
Ilnxll nnd I)avlfl have rondo a (Ictnllnd

thnnrotlcnl n tudy unnt(!mly,
unrltyrdt-lvcti dctormtt.on [~~J. They uoll-
aldored an nxplonivo which lri drlvmn hy

a two-ntep heat-relemee rate. About 90~
or the energy relenme In rast; the
remainder Ie E1OW. Their analyeio ehowo
that the release or the last 10S or the
energy la what controln the tranaientm
that precede the eetablinliment o!’ eteady
detonation. The phymlcal baela ror

their results can be tre.ced to a simple
property or ZND detonation; the tanE$encY
or the ,layleigh line find totally reacted
llugonlot curve. Becfiuac or the tangency
condltlon, the rlnal 10% or the enerKf
releaae controls about 50$ Or the

prefmure prOrlle ~n the reaction Bone.
ln add~tlo~, the rlow la aonlc Rt the
point Or tnngency. As n connequencr?,
the enel”gy relenaed nnar the end or the
reaction zone la transported towarda the
nhock very slowly. The reuult la an
unsteady detonfltlon wave ror run dta-
tnrlcea Or many tens Or rcfictlcn zone
thlckl)emnea, with a building up or thu
velocity hlstorlen much aa we observe
Rnd eimulnte numerical.ly. In our cqne,
the DAoMAR rlrat-order depletion rilc:or
npproachea run renctlon asymptotlcnl.1.y.
In dctonattng 1.3-g/cm3 1’A’J’11, IIOM lndt-
catea that ovefi 80Z or the reactLorl
occurs In leao tl)an 50% Or the atnte
chnnge rrom the VN to tho CJ a~ate,
char~cterlatlc or moat aolld exploatvcn.
Otir numeljlcal simulntlon Or unntefldy

detona:iona in thus n rmtural collaO-
quencc st” the propcrtlr?a or our rate aud
e,{untl.On-nr-9tate rorm and thm gencrnl
cllarmcterlaticH or an almoot ZNII dctonn-
tlorl.

The vclncity prorllnfl ohrrcrved Ln
the other aix cxploflt.vcfr nrc nl.1 nlml.1.nr
to thl)flc ror 1.11-g/c;n3 flupnr’rlne ‘l’A’l’l\.
‘1’hrry could probnbly bc ulmulatcd wltll m
rate rorm hnvlnR n pcnk vnlue nr a rcw
tcnn Or reclpro:nl mlcroflccorlda, a
rirnt-ortlcr dcl)lctlon rnctor, am] very
IILLLC other (h!pcll(lr?llcrr u n curr”cllt

fltatc. ‘po t:xbcrl[l tllc rvlte to treatln~
.lnltiatton pl”oblmma tllc r’ntc rrholl ld
hllvo , like l)AtlMAll, more current-atato
depondcllco ua preanureo nrc rcduccd.
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