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DETONATLON REACTION ZONE STUDLIES ON TATH EXILOSLVES

W. L. Selt:., Il. I,. 3tany, and Jerry Waokerle
.08 Alamon Nal.lontal l.ahoratory
los Alamos, NM 87545

Interface veloclty hintorlen betwenn heteroponcaun detamnting
exploslvea and transparent windowa, eaeparatmd hy o Lhin
(L3 wm) ArLuminum alim, hinve hoen obtalned wlth an lmagme-1n-
tounifliad ratnting-mirror atreak camern md o Fabry-=Peprot
veloclty Lulerforomeler nyntom. Seven TATH=baned oexplonlven
were atulled with I'MMA wladown For typlenlly theee ochaepe
Longthn.  'Two aft the exploalven were also atedlied wilh LK
winduwn. In onach cune a nan-nteady lotonabli loar win clmopvend,
with eaech nereasiag clinege lenpth ahowlayey o corpenpond D og
Ineroane In the Interfiee veloclty hilntorlea.  Tlae peacin-
tlan miel veloalty ervar are entimetod ta he nhout O un el 2%
respectively. Numervlieal atmuiaklonn 'or one af Lhe oxplo-
nlven, rfme whiech a ahock-ntrength modiflad Avvhenina erale law
(DAUMALO)) ateel o Ananmed equation of alab.e (HOM) Lad beon poce-
vionaly aenllbrated with nhack Inttiatlon pgange daka, pFave

rond agreement with Ll expavimental velaelty hilntaprien. _j

INTHODHCTLON

Ther  debomuntilon prenctlion zone 1n
heloyopeneonn expumalven e beer Lhe
b Jeel of miiy reanenreh nbhudlen,
Numervown experimentn!l techolgien anelh an
Lhe  plate-puah | L], eleal,romtprnebl e
pangee [ 2], eate ablek [ 3], ¥abey=U'sprol
Inteeferometop lul, el wico-anpgle
Mlivheloon Inteelerometer [ S]] hive been
el T A atLbempt Lo obtoln G detoann-
Lion peresanron, dolbomblon poiteblon sone
Lhleknennen, aplke peeonmieer, aml other
detnliin ot the detomblon procean, In
uptite al' the connlderable reneanveh on
Lhe  anbJecl, many  nouaoanwered  gquenb lonm
coneeerning, Lthe Clow In the renction zone
remitie,

We deneeibe o Ll pagere an erpee-
Tmentnl nbtady o Lhe debonab.ion renellon
aoten ol nevenr PATH-baaed explaalven Ly
mene oy Lbe InLernee veloel Ly
hintorlen bebweenr Lhe delourbing oxplo-
nlven mel Leaporenl. wlwlown . neparnbed
by o Wl (1hwn) alumbmw altlm, wilh n
wabpy-'eral. veloolbasber nyalem, The
avven explonlven wieree 0 Floe mnd coanene
ol o' PRY ohnt (/% welphl pereeal
TATIV/Ke ] -K) X 06Dy (BR/Z1G/0%  welphl
peecent CPAUZII/Ke ] -F), X-0R0T (D70
woelehl  pepeent PetR/PEUN/Ked cF), ad
Lhreo pueblete-ntve dinbetbobllomm  off
1.8 p/em? (7% poronn) PATIC (o anlled
ablmnbnml il mpertine, el
mlcronlzed).

Numareienl nimelablonn ol Line
Iauberfree veloelly  hilaleelen For Lhe
1.8 /em! mpeetiae AR unlupg n
nhoek=ibtrenplh aslitled Avehralnn eene-
Llon mtbhe law (PAIMAR) el nn sl
mpil lan o' atnbte (HGM)  Lhinl hitd been
previmimly ealitenbed Lo Mmmaanl a—pgange
duba | b wee nlno prenebod awd Poonel Lo
he 1o pgoad apeeemenl. with rxpeehnent,

EXPERIMERNTAL

An Imapge-tnbenndi Fled robnl hayy-
miveor atereak cwnern mwl n Fabey-Peeol
voelnelly TnberPepomebor ayatem | 7] were
naed Lev  aennngee Inleetfaee voeloelly
hintorlea bebween deblonatlaey exploalye
inmpelen mel Leanagmeent. whinkewn, A
I3-um atlnmlanm alilm waa plaeed belbween
Lhie explonlve mel whinlew Lo proavide o
vret'leall e anelaee. Kxporimenln woepre
perlorme| wlith I"'MMA whinlawa XTI
Lyplteally Lhves eharpe teaglbn ol 1Y,
e, ound 40 mm oy poven expdontven. LR
windown w,. aned Por experlisentn on Lhe
Plue ol oFf  PRX o ol LR p/emt
miperliae TATE with eharge Teagllin ol 13
awl M omm. ALY oxpeelnenbo woers e lven
wilh o PP RO planewave Lean, 6 omm ol
Gompen! Llon 11, il Itt w0l G
alnminnm oo nhown I Kl L., hla
deliving, nynbem ware oloaien Lo gmlvee nopel .
ablively prompl. nlbiablon o stebownl o
Clean Llma 3 owan ol canl Cor each ol Lhe
avven oaplonlyven, wilhenml having an
averdielven okl b, Plinmelly o Lhe
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Fig. 1. Typleal coufimumeatlon l'or ex-

planlve iriver and target nyntem.

Inftinting wnve wnn nhont H0 nn. A
NMumeter/iengih ratin af 2 or gl
win unnd Lo avald edgn effeotn. Exper)-
menta were pavefally coneteracted Lo hinld
neceanary toleenmeea.  inltinl Lempoern-
tur-n were cunteolinmd nle 70 ¢ 1YC, AL
I'MMA wlinlows wirrse sunsteneted rom Nahm
Ml llnns type 11 1IVA lexipins #1th n
deunity of 1,186 ' 0.001 g/em?.  The 10F¥
wlinlowa were X-cul alugle erystnin.

A nohiematie of Lhnr Faley=torat 1n-
Ltopeforometer nyalem [H,9] 1o ahown 1n
Fig. 2. e 1auer wna n 1—wnatt (nil
uen)  Bpeclen=hynlen Hodel L71-07
argon-lon, which wan apeeated  nippgle
Frequirntey nl. H10.0 um with an ankpnt
pawer of aboul 3 wntla. ‘' lnner bam
wat nenl Lo Lhe tieget ad e pofleebod
1ght from Lhe tneget (whileh hutd Deon
eareflly  prepaneed 1o peodeee 1 '
relflectiona) wan collimaloed with leun 10
aued dleeeted Lo Liie Fahivy=-1oeat tulepio-
rameloep, A eyl ludeliond lew, 12
panitinued Juat hefuare the Yaterlreome-=
Lee enntvireged e heam 1 awe dleeecllion.
Freimgen peodneed iy the Fabpy-ovol were
Forited ouler Lthe camera n1 1L wille leae
Li. By uning 2 eylilindelenl L Lo noe -
verpe Lhe lenm In only one dleeetian,
camnberaetive fnbevferener Felugen appene
wn dal. palera nl the atmera alih, ealhep
Livtr Lhe el elugn praditeed by n
Fabry=1'oral,, Gaunbjerabh e tilennl by
galn e attained by wnlmg Lhe oy Dedel -
vl e, Mypleally the MPaeal lenpglh off
Teme 137 wien ehonen Lo peadittes o),
Feluge pmtlen,

A rlelgh Moilel REG- 110 Falbey -P'eval,
Tt erferame Loy wilh H0 H-mm-dinmeter
mierarn wan ined. The mlrcaoern were rlal,
Lo within AZ200 with vefleslivittiesn of
nig.

Figure 1 shows the Llmagn-intensl-
fied rotat lng-mirror atreak CAMAra
(121MG). A JO0-mm—diameter Iutornational
Talephione nnd tYelegraph lmagr-intensifi-
er tulie [10] aud A high aperture lena
(r/72.5) were mounted anch that the lmage
formeil at the ntroni-camern film plane
was proJjealed ontn the lmnpe=iutennifior
tuhe, A magniflenation of 1.316 war uaed
betwenit Lhie ntreeak-camera Flim plane
the longe=1ntenaller Lube. The weltiap
npeml nt the Intonnlfier Luhe was abhant
21 mm/un.

A Ntoppler ol In wiovelenpglht af
th vefreagted Innee [1ght reand Lo Meon
tarpol motlan, hepglanlay, nt nlinek arclv-
al Lime, pradneer a corveapmueliag ohill't
1o felnge apmelnge, Far ogr clinlee al
whinlaw mnterinin, Laepgel Lnteetnes
veloeltien ave reluted Lo M'eluge apielag
hy U71

|l“' \|"

V = cA . ntm™ Yn _ m| T

'I‘l(l'k, 'l;;”_ |||"|

whore ¢ 1a Lhe yvoloelty o' ight In
vitnrtttm, A i L Inllinl wavelonglh of
Ehe 1apere, 1w 1o Lhe Fabey=1'orol onlepeope
apanhiy;, (1tk) In Lhe eoprecsellon Macteop
For L stlomgge 1 Lidex o' eeleael o
Pat Lhe whtlow maleel: 1, o, mel vy itee
Lhe dinlaneen Lielbween ot palen l-n' L he
Gl wtl pkable Feliggen, il '|'|l|n LK]J
L dymumie Felwyge apacligy Pae |.\u- it
Felwe. Pl antlter o Pelaggen ol Pled
tn, 2l vhaek aeelval Lime wand e odeler-
miwenl FProm doame peevioae koowlodpe ol
Ll Lnpepel. veloelly Ty nominhly
Tdentienl oxpevhmentn ool beo peesPormed
with d1rreeenl. Felage coantanbtae (ed/00L) .

in Liwe jeenenl, work eA/h, wan
V. mn/un/e !l npe mnl Line Lavpel
voeloelbleon wore  Miowny Lo wlthin  one

'l ape connlel.,

A Lyplenl : teenk voecored ol It Liemea
1o nhown In P, 1. Streak pocoedn wors
dipilived wilh an oplieal  compmealop,
al panlbian delt wees Lranalormed 1alo
velael Llen ond Limen wilh cqunlian (1)
and  Lhie  kteowne eomerst owelbing  apeed,
Bt bimthedl Llve peanatnblon muel velaelly
orrort were 6o cunel U2 rerpeelively,
An wattld e oxpoched, Lhe reverberithionn
Tu Lhe Pi—pm nbwwlanm nltdm, ol imnled Lo
be sboul, 4 wn, were nel reaalved. AL
Limen are reloeroneod Lo ook neelvel al,
Llte witdow. b polala were Lyplenlly
troend nueh Ll veloclblien were obhlalned
nL St lubevvieta Par e tleal. 50 e
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Fig. 3. Schematle of rotnling mleror steonk omnera (HRMC).

Plaee I'RK 0y, T purely vmplelenl

e T aneb tomt! Form,
—
—_— —— Vo= oae=ltt g v, ()

witn Vol Lo plve o mood UL Lo Lhe
voeloelly hilnlalen, D Lo o ablrony
Flp. Ao typlen!l oleenk eeeord wlibh o corve lalton bolween  connbinbn and  Lhe
Lalnl nhrenk Lime ol 1.0 4, irferent odaba vangen Far enelt exper! -
menl, compariaomm hebween apeellle con-
nlante Vor Lthe vaerlomn expdonlven e

il al e Inbeevanin Por Lthe romie buder nol meanlngefal. Foe Limen greabor Lhan
al Lhe recomt, Lhe coverapge 9" Lhe dnbe,  Lhe  IIL
praodiela aeblibenelly Teepe negallive oy
RE:PLANT ol ive veloelbliong Lhevolopre, oxbragpm-
Inlloon ontalde Lhe dutn range nhold be

Flpnre & ahown Lypleal aenbbler mnl v lded,

o Foaneldiomm! PLL Lo Lhe daka Fer Lhe
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withh aelnnl
I'MMA wliinlow.

inta for [luna I'BX 9502 with

Funelional fLEts Lo Lhie experimontnl

datn poluts for the nevent exploslven
atndlied Are nhown ln Flg. 0. A
tahuintion of ezploalva densitien nmd
functional rit constants for IMMA and

LWILF wlindows nre glveu in Tablen 1 aml 2,
renpectively. All of the lutnrCaor
veloalty lnilatorlen  lLinve the common
Featup:  that  mann anwmt  JdiBeceern nn
anlabawding demaventlon that might  hio
naaoninteml  wikh atktaloluy a Chnrpman-

Jangmel. ntnte, This cowlltlon  l'or
TATO=ltetnel  vxploaiven aml athera, wint
alnn mlael fn Nefe. [2] nnd [5). Au nel-

diklonnl oumnon Fealatera af Lhe neven onx-
ploniverr atudied 1a  Lhe 1ncevenne In
Tuteefnen volanlty linturion with
Turveanlug ran diabamten, Ao d bl
In e, |21, thin L ladlealive o a
allaee Lo athnin o atendy delbouul lon e
Ll vt dintaneen of Lthe expereimenba.

JOMEE CALEINLATIONAL jRESIN Y

Ar n Fieat wbep In exemlalog Line
aala, we hve enleluhed Impediaiee—ml.oh
nolalionn 'or Lhe Inleetface volocibien
unluy L lter elunnlend Zuliduvich-von
Hoenmann-boeeing (Z2ND) modael off o aleady

defaunlion, el rgual lon=n' =gl
vopraeneukal. loun al’ Ll e e e
Hymantat med Fully veneted peoiteln In

ramnon wne nl, on Alrmon,
unll In dlaplayed In

A Lypnlan) pe-
prennnpe-paetiele

velaelly npnee In Plp. . Here  Lhe
tight=bintd ol 1d eneve 1o Lhe ooeoneleed
Miponint ffarp Lthe oxplanive, Lhe
Tellb=hund n11d eneve o Lo peodeala
Tienbeope  theangh Whie Shaepman=donggiet

(G1) alnle, nud Lhe dealed Ve aonneeln
Lhin alnte with the van Nenounn  (VN)

aplke coundition alom; thwe Rayleigh 1lne
of alope p,I) (where p, I8 the Initial
deusity amd D Ln the detonntion
veloelty). "he unrensted llugoniots are
onnt Ln Lhe commott 1lnear shock
valaclty-particie valaclty Form
U= C+ Su. "The nauntints 0 and 8 wore
ohtalned For nll Lthe explosivas hy
leant-miuare filLtiag ta lnltial H-u iintn
ohtninesl from explunlven wedge oxper!-
monln; thenc dutn are ohtaluel mantly a
stnten well bDelow Line td amnlltion, mml
typleally hinve cousldnrahie  scatloer,
Tho CJd isentrope ln enleuaintod with «
Becker-Kiatinkawnky-Wlinon (BKW) equa-
tion of state |J11]. ‘'Mene enleculntlonn
are genernlly well-enlibiraled to mea-
nurad detonntlon valoelllon nund lingaulot
intn.

he upper, daltel envve of Fig. 7
In the uitloninllon of Lhe
reflectoed=nhionk Hipranlet nnd envefactlion
Incotropa 'ar Lthe uanpnacled explonlve,
detepmined anlng v Me<tiranelaon ogqia-=
Ll of stile. e 2anditione of conlbl-
nilly of preanee md pnelilele veloelly
at a vcontart anelnee perovide a peedle-
Lion of the Inltinl Interfuee partisie
veloneltlen at Lhe Llulepvaept of  the
dotted cieve wilth Lhe lpgounlaol. enpven
For 1K (chitlu tittenl) mnl I'MMA (chinln
innhed). I Llm eanbexl. o the ZHR
model, tha erlenlnllon la o 1ngllimnle
Lenl. of Lhe  exteapalitlblion ot aure
terenclhod lnpronlatne.

e Toxloending Tmpedingen n el
nolunblon® ahawn by  Liie 1ower  alabledd
anrve In 1enn Logihbimbe, The laena In
o ovelftentlion ot Lhe G aenbeape, el
miy cunnlderanly aveernloplity Lhe maleh
ul® e 5 alabe eouddbion tala o window,

T TubeelMtee veloslLionr calenlalasd
Ity Tmpeditmee anlelt aalatbane o Pkl
T "'nble 1, nlong wilkh Lhe maes Ympopr-
Luul. chnenelectizallon comnlbanlae.  Single
Tialingn e plven o PBX 94500 el
1 A=pZemt PATH beemiae we  lmve  beon
imnblie to dineeiminate 1 0'epronern In
Nuganlol e Fapr dA1Mleprenl,. pnetiale
nizea al' Lheae Lwo companitionn., In
Filp. b Lite enlenlinlg Tibevifnee
velogilien nve Tudlenled by weeawa Pope
malehbmg tula Lhe YN el G0 atiebon, e
VN palnln ave vonpaintbly e inlent with
nhnevvat o,

Wir latve moeditebed e Pew prelimlaney
rampieinl Lonael itimtlalblonn al’ Ll
abuerved veactlion sonen wilh ane mod! M -
tabtlaon ol the PAD 1D unmevieal hydeatode
112 ). Flekebl i previaunly nhawa Ll
meehr unmerlen!  enloninbionn 1nbeoditee
upitetonn amtl L ampt ! bade anel ol loane 1o
n namlunlly nleady reaellon znone profile
[13]. We eventunlly achilovel poriounbly
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TANLE 1
Initlal denslity and constants for the empirical flt, V = ne~bt _ ot + d, for the cx-
plosive configurationa withh PMMA windows. .

FExplosive Charge Initinl n h . ¢ d
Material Length Denalty
(mm) (g/em?) (mm/ua) (us™!) (min/us?) (wnm/un)
I'"X 9502(r) 13 1.89)3 0.91LhTh 5.700M073 0.31886 239794
" 25 1.893 0.3946GA 9.57291 o hyrhy 2.59941
" 50 1.891 0.76128 2.693u7 -0.00616G 2.2h753
I'nX 9%02(c) 13 1.89% o.hn7a 9.8403G 0. hls07 2.50223
" 25 1.890 0.28930 Y.871736 0.5301h 2.67900
" 50 1.892 0.27690 12.69418 0.5176Y 2.7h8h72
rux 9503 13 1.876 0.4h8589 11.82043 0. h2° 750 206706
" 2% 1.872 n.h72N01 6.19190 0.33891 2.531hA
u 50 1.878 2.19192 1.12038 -1.0Bh01 0.51019
X-o0ho7 13 1.859 ©.H0022 6.%8318 0.32077 2.42810
" 25 }.858 0.36162 1.89929 0. 3050 2.61513
" 50 1.8%% 0.39%206 6.12n18 0.331013} 2.67922
Superfine 13 1.800 0.52690 6.00780 0.248%3 2.291%8
" 25 1.801 0.%2713 6.23848 0.18n10 2.31648
" 50 1.780 0.%3319 N.64913 0.12170 2.38998
Jtd. arlnd 13 1.80% 0.%707h h.26%0% DY 22307
" 25 1.807 0.5%h89N H.110110 0170064 2.31207
" 50 1L.799 0.%6060 h.39604% O.1L0N01 ?2.3%296
Mievanized 13 1.810 0.45G821 G.02hg) 0.0 L6310
" 25 1.803 0.6GN30 U.n9368 0.08306 D.23083
| R W A TR I USSR I Ceem —_ . —ud

TARLE
Tulhinl demwnlily nud preaneberos Cor o anllgieablonn with LI windows.

Explonlve Gl Inlinl n b e o
Materinl PITHAT Denulty
(mm) (r/cm?t) (mm/un) (nn~Y) (mm/un?) C(inm/ner)
"X 94502 13 1.893 L. 16200 J.80397 =007 3060 071914
" 29 1.89: il 2.79%0 =0.h710Y 0.8%117
Sapert lne 13 1.7906 D.82677% RESRY LR =Dl m.heoh
" Y L.H01 0.649%70 1.99018 =030 L0y J
Amooth rerlbn unbiyg abont 20 el 1o /um, nerthed envller anlag 3 am o' Compon| =
n I Laenye comblllon ul I lueny Lion It with bLhe "hot alael® onllion ol
(Landniorf ) wnd  qpuedentle (W ehbmeyer- I'AD, whilah cmmmbienela a G delomtion al
vort Neamtan) nebifieint viavonlLy, ol L1 oxplonlve.aliloy Iut.evtace el
on Lhe myggrentlon ol Ghaelen Farent, Lhe Tmponen e aanalyble Parariablbon ot Lhe
tmponitlon o' 26% o' Lhe campreanive Taylor  wive, Thin aeaullepneallon  wan
nebiflelinl vineanllby on  mretaction, mnel Lo dirtve Lhe anleninblonn o' Lhe
Alllingh Lheae netifleecn were leas Lhun oxperimenta,
anLinfylag, Lhey were Foned La glve I'AD
enleninbloans af abondy detomnl ton rene- tn thiln pnpes, we repoel only ane
Llen zoitenrt In pennosehle ageropment wilh meml witeneninl almulnllonn, for
exnel, ealonlablionn ol prexgbion=-sone Lol gZem® nupeellne TATH, for whleh we
alable hilatorles an Ly svalve along Lhe hed proviannly mned eabedded—gotyge daba
Raylelgh 1lae.  Wo Fanel Lhink we eonld Lo deselop an emplerlenl poeneblon-viloe
whnnlete Bl aludned delviog ayntem de- corvelnlion [6f.  "Mhln corestabllon wan
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developed nslng, the HOM equatlon  of
atnke [11], which aranmen the nnrenctedd
exploalve minl products atate equatlaonn
denerihed oarlloer, ldonl mixhy, ol
apeelfle voelume and Interaal oneegy ol
Lhe Lwo canatlbatentn, awm! that thr Lwo
plumer aee In presnonrve and  Lemperatinee
coqul e Lum, Wwee uned balhh a Newtan'sa
Vheeablon algeeitim [ IR] ool o compubkor
anbironkt e deviaed by Charlen Vocent lMoe
Lhe ammericin!l calentationn.,

he tabe onrpelation 2allberat.ol In
I 6] wan Lhe "Direct Analynla Genneaboed
Modll ced  Arvehientlun nke,™  ar DANMAR,
Fleab Powmed noelal faer vepreenbiag
rex ghoh [1sl. 1L 1a Pormaliabed,

rom :: w Ayl =) ||:!' u""/"'. (3)

where A 1a Ly e Fenelion veaclod, p,
Lhe pregonre al® Lhe Pleat nhack al n
pivern waan palul, " Lhwe cnreonh
Lempertbaee (enleninted Lo Lhe HOM squn-
Lionn o' nbtabte)  and Age Ul TR pan-
ntontn,  Phe amne 1M and BAOMAR  con-
alantan (4, = 0.0015%8, 0 = 2.61, t* -
1801 K, ypreasnee In (0:5) na cmployed In
Ll previonn work [ 6] wers anedd In Lhe
nlmnintliomm. Nlmtintions wikh  Lheaos
comnbantn hiellenbed a 2L=0P' Lapinl ahoek
il npproximblaly o T-am ran dlablaee Lo

detonation, which 1s conalstent wlth
that ouserve!d I'or 1.3-g/ca? TATR [6].
he rdetonatlion 1ucldent on the window
was thus fully inltiated and
scllf-supporting for all thicknesases of
TATD,

The mtmerienl almlitlonn ot
Lnterface velocltien were pecformed for
13- amd 25-mn thicknenses of 'TATH, Por
bath I'MMA and LLI? windown. The renanltka
are vomparcd with data and the omplrlnni
rittlng functlious in FFig. 8. The wnmer-
Leal ealeninblons nepglected the aluminum
roll, and Lhe plothed valnen are 'rom
the TrClrst oaaompitaklional ecell In Lhe
windows. fleactlon hilntorlea catennintoed
In the last ecell of the oxploslve ara
shown as Nashed iluen In Fig. 8, nnl
aerve hettor Lo Lldenbklilly the enlenliabloed
reactlon zore duratlonn. Agrecment; ol
compirted and almerved particle
velocliles dmerlng thiln eencktlon thae Ia
generally pmoaod;  diaagercement at Ialer
tLinen could be the renult of our faul lhive
to properly reprenent Lhiie Jderlver oyatonm
ar the producks equitlon of ntate, ar
lath, Same  Leat  ealeniablana showe:d
that the velnelty hlntarien were aont ex-
tremely semnltlve to Lthe chalee aft eante
canatapts; hawever, cajenlablona wikh 7,
multiplled apr JJivided by 3/2 were In
dlasernlbly paocece agreoment than thaoe
shawn.

DIKCINRILON

The preaolnllon ol onre Fabpy-erol
Iitner veloe lmebor appstea Lo be adogqinee
Lu poalve Lhie prelallively wlide ceaellon
zvane In PATH=baaed exploonlven. An owan
canciunded tn n previann atidy an one af
Lhete  caploalvea  (IPRX 95030)  wibkht =«
petter Llme vrepolnllon |[H], debonablon
waven el e explanliven we abtidLed
nppesar La have a ANR ahineaelber. Shineply
vlalay, nureaellve ahockn aee Pollowed
hy decreanliny punebliale velaelblien, pron-
utere, o denalllen, and Tnbevans! enevglen
Lhrangh Lhe eeacklon vonen., Thin view
1 In good wggeeeement la neiterly ovoepy
e with Lhe lmpedinnec—nbeh aolnl tonn
rov Lhe VN aplke abale; whove agreecomend,
Ia nol, an pood, Lhe Lmpeeclalon ol Lhe
exlalling Megontat data wlll ndmlb o oel-
Junbmoent;,

The experimenln!l pratfliren Por the
noverr axplonlven aree ralhee almline In
canmmbor, reflecling Lhe Paet thet Lue
IitbeeMee velaelby menanvemenla nee uob
highly ascanlbive La wmodenl eliragen i
raiteblan raben. Ml wan nlao anbedd In
Lhe nttmerlenl nimelallonn., aublte,
unkuown  JdiUfereceen 1o veacklon rale
mapgnd bivden mnl Porm,  generally aahon)-
nlked with poeblicole-pnlize Jdlabefbnblonn,
uee aneh nore anonl et o hiligh=preommngee
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TADIE 3
Faploaive Constants and Inte:face Veloacltles
PMMA 117
Explosive Ny c ] Ug g n VN Cid VN GJ
(g/om?)| (mn/us) (m’.-s) (om/ps) | (om/ys) ] (mm/us) | (um/us) | (mm/ps)
PRX 9502 1.890 ~.hoo 2.050 1.953 7-.695 3.1 2.6 2.2 1.7
PBX 9503 1.875 2.ho0 2.200 NA 7.840 2.9 NA 2.2 NA
X-0407 1.866 3.000 1.800 2.002 T-7T73 3.1 2.7 2.3 1.7
Pure TATB 1.800 2.054 2.357 1.984 7.552 2.9 2.6 1.8 1.6
4 ™ T ™ T BO
‘ T I T j L] ' L § I "" T l T—F
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¥ig. A, omparigony of wumerleal almuinlionn (nolld envve) with hath adnte (aymhaln)
atd thie omplirienl Flttiug Caneklon (ohiafn dotted) Far | d=mm ruan Wik PMMA (2), 1 3-nmn

v with LLF (L), 25-mm vun with P'MMA (e), aud Mh-mm vcun wilh LI (d).  Calenialod

vroietinn tate hilntorlon are nilon almwn for each crse with a dualiml cneve.

phwart=nhock “xp rimenbs [ 16] and detoun-=
tlan wave-n) 1inug ohinmvationn ) L7 |.

With au'rhetent modifieallon of Ll
A numarieanl hydveoaons, wo were able to
wimninate, ropnounhly wall, the velaelly
Riaturlen far L.B=pg/Zu2m? aupeetine TATH
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(the one TATB-based explosive for which
we have a rsaction rate calibration).
The previous correlation was used with-
out modification, desplite belng call-
brated at pressures less than halflf those
encountersd wlth the de%tonation incident
on a LIiF window. In fitting the 1indi-
vidual velocity histories at different
run distances numerical calculations

succeeded in simulating the non-steady

character of the detonation.

In part, the successful simulation
actually may result from the propertiles
of the DAGMAR form. In particular, this
rate correlation combines multiplicative
factors 1in depletion, 8shock strength,
and current state. Such a form has been
repeatsdly demonsatrated to be effective
in simulating a variety of shock
initiation problems, and is beginning to
be c¢haracteristic of more physically-
based rate forms, such &s Krakatoa [18]
and fthe explicit hotspot model of
Johnson, Tang, arnd Forest [14].

In simulating detonations colliding
with inert windows, DAGMAR sets the pg
factoe with the nearly constant VN splke
pressure before the collision, and thus
differs from A simple-depletion rate
only in the modification due to the
temperature dependence. With our WIOM
reprssentation for 1.8-g/cm?3 TATH, the
2050 K VN splke temperature 1increases
about 12% throurth a detonatlon reaction
zone, Iincreases 15% with the shock
reflected fromn a LLF window, and
drcreases 10% with the rarefaction [rom
PMMA. These condltions lead to 1llttle
difference In the shape of the rate
historles for PMMA and I.LF windows seen
In Fig. 8, with the hlgher 1nitinl rate
valite from the higher LImpedance-mntch
temperature for the L1iF windows belng
the most promlpent feature. ‘The reac-
ft.lon rate hilstories for each of thie cal-
cttlatead casea have about the anme 150-tis
duratlon. With the Impedanca-mntch
solutions 1indilcating n 37-(Pa 1inltinl
prensnre for the LiF wlndow and n 22-0Pa
initial pressure for the PMMA window,
onle would not expect to obtain so small
a difference In prates aml Ln scaled
interface veloclty hlatorles wlth a rate
form aAtrongly depetrlent on ourrcnk
pressure.

The DAGMAR and UOM representatlons
nlno hnave properties leadlng to mmerl-
cn! Aimulations wlthont 1t ilistlnet CJ
point Ln theo veloclty profile and an
1nereaslng Luterficve veloalty with run
illatance, apr are connistently obnerved.
Banll aml Davin Lave made a detalled
throroticnl atidy of unntaendy,
utrlardrelvett letonnttion [19). They oon-
sldored an exploalve witlich la driven hy

a two-step heat-release rate. About 90%
of the energy release 1im [fast; the
remainder |s slow. Thelr analysis shows
that the release of the last 10% of the
energy 1s what controls the translients
that precede the establisiiment of steady
detonation. The physical basis for
their results can be traced to a simple
property of ZND detonation; the tangency
of the fdayleigh line and totally reacted
Nugoniot curve. Because of the tangency
condition, the final 10% of the energy
release controls about 50% of the
pressure proflle in the reaction =zone.
In addition, the flow 1s sonic At the
polnt of tangency. A8 A consequence,
the energy released near the end of the
reaction zone is transported towards the
sliock very slowly. The rerult 18 an
unateady detonation wave for run dis-
tances of many tens of reactlen zone
thickneasas, withi a bullding up of the
veloclity historlea muchh as we observe
and simulate numerically. 1n our case,
the DAGMAR first-order depletion factor
approacites full reactlon asymptotically.
In detonating 1L.3-g/cm? TATH, HOM indl-
cates that ove,, B0% of the reactlon
occurs 1in less than 50% of tlhie state
chauge from the VN to the GJ state,
characteristic of most solld explosives.
Our numecical simulation of unateady
detonalions 1s thus n intural couse-
quence =r' the propertles of our rate and
equntlon-nf-state form aml the general
characteristics of an almoat 7ZND detonn-
tlon.

e veloclly proflles ohserved Ln
the other slx exploatven are all simllinr
to those for L.B-g/cin? superflne TATH.
They cottld probably be slmulated wlth A
rate form having n peak value of a few
tenn of reclpro:nl wlerosecounds, 2
firnt-order depletlon factor, Awml very
l1ittle other dependettce on  citrreunt
atate. ''o nxteml the vrnte to treatlug
Lnltiation problems Ghe rate shonld
have, 1like NAGMAR, more current-state
dependerncae us pressures are reduced.
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