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DETONATION REACTLON ZONE STUDIES ON TA'T'H EXPLOSLVES

W. L. Seit:, . l.. 3tany, and Jerry Wackerle
l.o8 Alamon Nal.lonal Lahoratory
l.os Alamos, NM B7545

Interface veloclty hintorlen betwean heteropoencoun detonaling,
exploslves and tranaparent windows, eaepapralad by n thin
(L3 ym) ALuminum ahim, have bhoen obtalned wlth an imape-in-
tonnlCiml rotating-mirror atreak cnmera and a Pabry-Perot
veloclity 1nuterferonmeter nyatem. Seven TATB=baned oxplonlven
wera studled with PPMMA windown forr Lyplenlly three charpe
langtha. ‘Two of the exploslves were alano atedied wlth LK
windown. In each enane n non-nteady dotonat:lon wan chaopved,
wlth each Inereasing charge lenpth showloy o eorvenponding,
lneronne In the Interface veloclty hlsLorien. 'I'Yme resolu-
tLlon and velonolty error nre enotimated to he nhout 6 nn and 2%
reapectlvely. Numerienl almulatlonn for one of Lhe oxplo-
nlven, for which a ahork-ptrengbh modified Arrhentun rale law
(DAOMAR) nnd an anaumed equation of ntate (HOM; had Leon pre-
viounly enlibrated wlith snhock Inttinbion poupee diata, pave

rood agreement wlth Lhe exporimental veloclty hintorlen. _j

INTRODUCT LON

The  detonntiton  venetlon zone In
hetepogencous exproalves han hoen the
nub Jeet, of many rencnrch nladlen,
Numeroun experimentnl Ltechnlquen nuech an
the plate-push 1], oleglromnpnelle
gnupe [ 2], rate stick 3], Fabry-Perot
Intevfrroneter Ihi, and wlde=nangle
Mlichelnon Inteeferoneber |[H] hnve been
uned In oan atbtempt to obLaln GJ deblonn-
Lion pressuren, daoatonntlon reactlon rone
Lhlekneanen. nplke pressurer, amd other
etniln o the detonntlon procenn. In
uplite of Lthe conolderable reacarch on
the nubjecl, many unanawered  gquestionn
coneeerning the flow 1n Lhe prenction gone
remitn,

Wee dencelbe In Lhi: paper an erpepr-
tmentnl ntady ol Lhe detonntlon react.ion
vonen of noven TA''B-baned exploniven by
mennnrng, the Intertner veloelly
hintorien belween Lthe detonntingeg explo-
nlveas and Leanapneenl wlidown, aeparated
by n thin (13pm) nluminum ahim, wilh n
inbhry=l'erot, veloelssber  nyntem, he
noven explonlven woere o Fine and conene
lol.  of 1BY 9402 (9h/h  welpht perceent
TATR/Keel -K), PR ahoy (BO/IW/H welpht
precent TATUVIIMX/Ke L -F) . X-0R07 (T0/00/4%
welht  pepreent. 'PATH/PETN/Ke ) 2F), nnd
Lheeo partielte-nize  dintetbatlionn of
1.8 p/emt (1% poroun) TATH (no antled
nlandnoed priaul, nuperfine, nl
micreronized).,

Numerienl nimulallonn ol the
inteertfanee veloelty hinlorles For Lhe
1.8 p/em!? nuperf ine TA'TI uning, n
nhock=ntLrenglh modified Arvhenlan rene-
Llon rate law  (DAAMAR) and nn nopsamed
oquation off nitate (HOM)  Lhnt. had been
previounly eallbeated Lo Mangan!n—pgaagge
data [ 6] nee alno presented amd fomd Lo
bee 1n pood apereenenl. with experiment,

EXI IR ITMERTAL

An Imapgre-tntennifled rotnl npg-
mirvor abrenk cnmera nmel 0 Fabry-Perol
veluelly toberfopromsbor nystem {[7] were
uned Lo ML Inberace veeloel Ly
hintorien between detonnb by oeplow]ye
pamplen oamd Leanaporent. windown, A
Fi—um alumbnmm ahilm win pineed helween
Lhe ocaplonlve nd window Lo provide n
refleclt e nurlface. Kxpertimenln  wepes
pertorae with I'MMA windaowa r'ope
Lypleally Lhree eharpe lenglhn oft 1Y,
2hy, ant Lo mm For neven exploniven. LK
windown w0 anedd Poy egperimoentn on Lhe
Flne ot o PRX 9402 nnd 1R pr/emd
nupeetine TATS with chaepme lenglbhn ot 13
nmd Y mem. ALY expeertimeontn wores derlven
wilh o P.RO plancwave lenn, 29 omm of
Compont Lion IV, nl 1) mm off OO
niuminam o shown  In Kl 1. Thin
driving nyntem wnn chonen Lo pnlve nopre| .-
ntively prompl. Inlttablon of detonnbion
(lenn Lhan 2 mm ol ran) ror each ot Lhe
neven  explontven,  wilthoul,.  having nn
averdelven delomntton.  Plannetty ot Lhe
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Flpg. 1. Typleal confipuration lor ex-
ploaive driver and tarpget ayntem.

IniLinting wave wan about K0 nn, A
diameter/length ratln of 2 or
wan uaed to nvold edge orfectn. 1
mentn were carefually conanbructed Lo hold
neeeasary Lolerancens. inftinl tempern-
tursn were controlled at 270 o 19G,. All
FMMA windows wore constructed From Rohm
and Hans type 11 VA Plextiplas with n
dennity of 1.186 ¢ 0.001 g/cm'. The LIF
windows werve X-cul alngle cerystnln.

A nohematic of Lhe Fabry=Perot in-
Ltoprferometer nyntem [H,9) Ia shown in
Fig. 2. 'The laner wnn a 12-wnatt (nll
1nen)  Speetea=Phynlen Hodel L71-07
argon=ton, which wan opepated  nlngle
Frequencey at %185 nm with an sutpul
power of aboul. § wattn. The laner henm
wan nenl Lo Lhe target and the reflectod
light From Lhe Larget (which had e
cnrefully prepared to produce  dirrane
reflectionn) wan collimntod with lean 1
amd diprected Lo Lhe Fabry=Porot tnterre-
rometer, A eylindrtenl lenn L2
ponitioned Juat helfore Lhe Interferome-
Ler converged Lhe beam In one thLion.
Frlingen proguced by the Fabry-Porol woeps
Focused onto the camera nlitl with Jeno
Li. Ry uning a eylindeionl lens Lo ee -
verge Lhe beam In only one dipceblion,
connt.ruclive Interferenee felngen appone
ny Jot. paten e Lthe eamera olit, erather
Lthan Lhe amaal  rings produaeed by n
Fabry-Ferol. Connldepable inbennity
galn b abbataed by unltng Lhe eyl indel.-
enl lenn. Typlenlly Lhe foeal lenpglh orf
lenn L2 wan chonen Lo produse ahoul, i
Feinge pntea.

A Burlelph Model RC-110 Fabry -Perol,
Interferometepy wilh HOH-mm-d i nmeLope
mirrorn wan aned,  The mlrerorn wepe Fial,
|-ll’U||.|l|II AZP00 with reflectivitien of
91%.

Pigure 3 ohows the Imagn-intensl-
fled rotating-mirror atrenk CAMAra
(1ZHMC). A JO-mm—diameter Intarnational
Talephone and Velegraph lmapge-intensifi-
er tube [10]) and a high aperture lena
(r/72.5) were mounted nuch that the imnge
Fformed At the atreni-camera Flim plane
was projJeaoted onto the lmhpge=inuennirler
tube. A magniflention of 1.36 wna uned
hetween Lhe abtreak-camera flim plane nnd
the lange=intennifier Lube. The wrelling
apeed At the Intonalcier tube was abhout
21 mm/un.

A Doppler shift. in wavelenplh of
the refieoled Inner Hight renalting From
Ltargnl motlon, heglnning al shock arelv-
nal Lime, prodancen a corvceaponding ohift
tn Fringe npnelapy. KFor our cholee of
window materinin, tarpel, interfnoen
velocltliea are rolnted Lo Felnge apaelng
by 171

L Ps

V = ¢A . S

-ml , (1)
hlL(ik)

j) p)
Uyyy= ty

whnre ¢ Ia the veloelly of light. In
vaciuim, A i Lhe fnitial wavelength ol
the 1aner, L In Lthe Fabry-1'orol. mireore
apacing, (11k) In the coprpeecklion Factep
for Lthe change e Twdex of relractlion
Ffor Lhe wirdow materel:s 1, o) nmd gy aee
Lhe dinbancen bhetween dol palen l-n' Lhe
ol ndl ostatile felogen, amd Q80 1a
Lhe dynamie Celwgge apacingg For I.\u- nim
feinger. 'he mumbee of Fetngen abhlfled,
m, al shock arrlval Lime punl be detee-
mined From some peeviosan knowledpe of
Lhe Laprpet, veloel Ly or nomlina ly
Tdentienl experlmentn munt e perlformed
with different felngege conatantsy (eA/8L).

In L.he preaent work DYLIR win
Y8 mm/nn/l e g e Lhe Laprpgel
veloelLien were bnown Lo within ope

Fetnge connbant..

A Lypleal  Leeak record o' Fr Ligge:n
In nhown In Fipge 1. BLeenk recordn wore
digitived with an opbienl compneatop,
and ponition dnla were Lrannlformed nbo
veloe!Lion and Limen with equatlion (1)
Al the  known enmera welling,  apeed,
Entimnted e peagolublion amd veloelly
errort Wwere O i oaneldl 2, reapect.lvely,
An woitld w: ogperelod, Lhe peverbepeationn
In Lhe Hi—pm nluminum nhim, enlimabled Lo
be nbhoul. Hh nn, wepre pol, penolved,. AL
Limen e relforeneod Lo nhoek neelval ol
Lhe whivlow,  Dabn polnts were Lyplenldly
rond nneh Whate veloetblien were obbnlned
nl h-ns tnteevaln for Ghe fleal. H0 nn
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Flg. 2. Schem tle of the Fabry-Perot Intovierometer nsyntem.
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Fig. 3. Dchemabtie of robtnting mleror atreak cmmera (17RMG),

Flne PRX unop, The purely oempletend

T me—— T fanel. fonnl form,
—
—_ —— e Vo~ oaebb oy d, ()

winn found Lo plve n o pood L Lo Lhe
veloatty hinboeten, aue Lo a nbrong
Flr. ho Typleal ntronk precord with coreelntion belween  conntantn aml  Lhe
Lotnl ntreak time o 1.9 4n. Wirterent. danba tsuyyen For ench exper! -
ment.,, compartoonn hebween apeeltie son-
nlanta For Lhe vartoun explontven nee

nnd at s0-nn tantervaln ffor the remninder not meaninglfal, For Limen greanter Lhan
ol Lhe recomd, the  coveprapge 9" the dala, the 'L
predieltn nebitenelly tnepge nepnlbive  ap
RESUL ponitive veloeliblien; Lherolopre, exbrapo-
Intlonn outnlde Lhe data range nhould bhe

Flpure % nhown Lypleal nenbbee and avalded,

A fanetionnl 't Lo Lthe daka f'err Lhe
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Fip. 5. Comparison of tunctionnl form

with actual datn Cor rine PFRX 9502 with
PMMA window.

Funellonnl flts Lo Lhe experimental
dntn polnts Cor the neven exploslven
atedied Aare nhown In PFlg. 0. A
tabulation of ezploalva densltien aml
functional rit econstanta ror I'MMA and
LK windows nre glven tn Tablea 1 aml 2,
renpretively. All of the IintnrCaoe
velonalty  hlatorlen have the  common
feature  thAt  one annnot  dleeern  an
outatanding demarentlon that might bo
aaaocilated with attalulng n Chapman-
Joupuel.  natnte, Thisa conditlon for
TATU-baned  cxploalven and othoern, wnn
alno noted tn Refn, [2] and [H). An -
ditional aommon featura of the neven ex-
plontven atudled 1o Lhe nereane 1n
fnterrace veloolty hintorlan with
Increaalng run diatancon. An discunnod
In Ref'. |2], thimn tn Imdleatlve o
Fallure Lo atlaln A atealdy detonnllon in
the ren dintanees of Lhe orperimentno.

SOME CALCULATTONAL RESULTYS

Ar n firat atep In exambulng Lhe
data, we have enlenlnbed Ympodanee-mat.eh
nolationn ror Lhe itntberface vonloeillen
nanlng Lhe clannienl Zoldovich-van
Heumann=boering (ZND) model of a nlendy
defonnt.ton, nnd oquat lon=or=atnte
roprencnbnt tonn ol Lhe uneeaetod
Huponiot and rally rencted producls In
copmon ine nl o0 Alnmon. A Lypleal pe-
nult in dlaplayed In pressure-paeticele
veloelly npaee In Rlp. . Here  Lhe
right-hand nolid ecurve In Lhe anreenctod
Huponiot ffor Lhe oxplonive, Lhe

lelft-hnnd n1id eorve 1n Lhe |n-m||m|.u’

Tnentrope Ltherough  Lhe Chapman-do 1"
(GJ) ntate, nnd the daohed ine sonnects
Lhin atnte with the von Neumann  (VN)

aplke conditicn alony the Raylelgh line
of alope p,D (where p, 1a the initial
denslty and D in the detonation
veloelty). The unrencted llugoniota are
annt In the common 1Llnear shock
valoclity-particic valoclly Fform
U= C + Su. The eonntants ¢ and { worae
obLtatned ror nll Lhe explosives by
leant-aquare fitting Lo initial U=u data
obtnined from explonlven wedge oxperl-
menbo; Lheae Jdaka nre obtalned moatly nt
stalten well below Lhe GJ gondition, and
Lypleally hive consldernble sentlier.
Thae GJ isenbrope in enleulntod with a
Rrcker-KiaLinkownky-Wllnon (RKW) equn-
tion off state |[11]. 'Theae cenlculationn
are genernlly well-enlibented to mea-
nurad detonabtlon velocltlon nnd llugnnlot
dntn.

The upper, dobled curve of Pilg. 7
in the enlenlntlon of the
reflectad-=shock Hupgonlot and rnrefaction
tnentropa Ffor Lhe unpeacted explonlve,
determined anlng, n Mie-Urunelnon oqun-
tLlon of stale. The comiitionn of contl-
nulty of presasare and particle veloelly
nt a contnel murrace provide n predice-
Lion of the Inltial iInterrtaee particle
veloeltien nt Lthe lulepeept of Lhe
dotted curve with bLhe llupgonlol curvep
Ffor LIF (chaln doLLed) and PMMA (chaln
danhed). In Lha eoanbert off the “ND
model, Lhe cealeulatlon 1o o logitimnte
Lent. o Lhe oexbpeapolation ol our
unvenckod Hyonloln,.

The Bexlonded fmpedanee mrueh
nolntion™ nhown by Lhe  lower  dobtesd
curve In lean leplbinnbe. The locun In
n prelleetion of the G Taentrome, and
may conslderably oaveeslmpiify Lhe maleh
off Lthe GJ nlate condiblon Tnto A wlinlow,.

The Inteel'nee veloellion ealeniatoed
by tmpedance mabteh nolablon aec 1inked
In Table §, nlong with Lhe more tmpor-
Loanl. ehapeactepelz2allon connbanta.  Single
1intingn  we glven For PRX 9502 nnd
1.8=/em?  PATH hecnnse we hive  heep
nonble Lo diserimlaate AV Preponeen 1n
Ihapontol.  data For dirtspept, partlale
nizen ol Lhepe Lwo componilionn, In
Fip. b Lhe enlenlnbed Intertace
velocltien are tnllenbed by arrown fop
mal.ehing 1nto Lhe YN el G platen.  The
VN polntn nre reanonably connintenlt with
aobnervation.

We Linve eonduebed 0 Pew prelimionry
caomputnl lonn | nimulallonn of Lhe
obnersved pencbion sonen with onr modry -
antion of the PAD 1D nimeprteal hyderocode
1120 Flekell, han previonnly oshiown Ghat,
nuch  mmerlenl  enlenlnbionn tabrodues
npurtoun small nmplitude onetlinbione In
n nominndly ntendy preactlon wone wile
[13]. We evenbtunlly nehloved peasounbly
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TANLE 1
Initial density and constants for the emplirieal fit, V = ae"Pt _ ot + d, for the ex-
ploaive configurations with PMMA windows. .

FExplosive Charge Initinl n b ¢ d
Material Length Denalty
(mm) (g/cm3) (mm/un) (ua~1) (mn/us?) (mm/un)
"X 9502(r) 13 1.893 0.5147h 5.708h3 0.11886 239794
" 25 1.893 0.39464 9.577291 o N1 hy 259944
" 50 1.891 0.76128 2.653h7 =-0.00016 2.2h7%3
PRX 9%02(c) 13 1.895 0. 4076 9.84%036 0. hinoy 2.50223
" 25 1.890 0.28930 9.87736 0.5310 2.67900
" 50 1.892 0.27690 12.69448 0.5176Y9 2.Th8h2
PBX 9503 13 1.876 0.h8589 11.82413 042750 2.06726
" 2H 1.872 0.A7241 6.19196 0.33801 2.5314h8
" 50 1.878 2.19192 1.12038 -1.08h01 0.54019
X-0ho7 13 1.859 1.%0022 6.58318 0.320771 2.42810
" 25 1.858 0.36162 71.89929 0.390%06 2.601513
" 50 1.85% 0.39526 6.12678 0.33013 2.67922
Superfine 13 1.800 0.52690 6.00780 0.2h8n3 2.29058
" 25 1.804 0.92713 6.23808 0. 18610 2.316 48
" 50 1.780 0.5331% h.64913 0.12170 2.38998
Jtd. drlnd 13 1.80% 0.5707h h.72640 0. 17297 22307
" 25 1.807 0.5h8914 5.11110 0. 172068 2.31207
" 50 l.-799 0-'56()()0 'I-’()(’()“ U. ll(”ll 7. jl');)(’(,
Micronlzed 13 1.810 0.56821 6.02049 0.261h1 D203 4
" 2H 1.803 0.66h30 h.h93068 0.083006 2.23083
| NN S SR e e b —— _ e

TARLE P
Initinl denslty and parameteros For confipguratlonn with LK windows.

p—— e —— -~

Intttnl n b ¢ ' d

lixplonive Charpn
Materinl Lengtih Denolty
(mm) (p/cm?t) (mm/pn) (un™1) (mm/un?) Cnm/pes)
PIX 9502 13 1.893 L.16204 2.80407 =0.067 160 07917
" 24 1.492 15112 279590 -0.67106M 084717
Superftne 13 1.796 0.820°74 R LY/ =0.20712 090906
" D) 1.801 005970 J.9m018 0.2 307 1.2160¢ J
Amooth resultn uning anbout 20 cel lo/mm, nerlibed enrller unlog, $1 mm o Compon -
n ITneap combinntton of* I lnear Lion IV with the "hol ntaert" ootiopn of
(Landoholt) amd quadentie (H1ehtmeyer- I'AD, whiloh conntenatn o G debonntlon at
vor Neumann) aretiticinl vinconlly, amd tLhe explonive-nlioy Intevtnen nned
on the napgentlon of Chaeles Forost, Lhe Tmponen an analytle Formmlantlon off the
tmponitlon of 24% of Lhe compresslve Taylor wave, Thin  confipneatlon  wan
nrLiflietal vinconlty on  rareraction, unod Lo derlve Lhe enleulabionn ot Lhe
AMLhough thene nrtifleen were lenn Lhan experimentn,
anlinfylng, Lhey we:re found to glve PAD
enleatntioan off nbeady detonnbion renc- Iin Lthin paper, we report. only oonre
Lien zonen In reasonthle agrooment: wibh mont nueceenatnl dtmlntlonns, for
oxael, cnlenlntionn  of renctlion-zone 1.0 gZem? nupertine TATH, tor which we
alnte higtories an Lhey evolve nlong Lhe hind previounly aned embodded=gmyme  data
Rnyletlgh lne. Wi found Lhat we coulbd Lo develop an emplelenl penction-peate
sinulnte Che standaed detving aynlem de- correlntion [ 6!}, Thin coreelatlon wan
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Lntieeface velocltlies.

developed uslng the 1HOM equatlon of
atnte [11], which atagumenr the unreacted
exploalve and products astate equations
deseribed mirllier, i deal mixing or
apeelfle volume and Lnteenal enerpy ol
Lhe Ltwo conostLltuents, amd that Lhe Lwo
phanes are n presaure and Lemperature
equllibrium. Wwe uned bolh a Newlon's
Heeatlon algorithn [ 18] and a computor
aunbhroutine devined by Charles Foresl lor
the numerleal calceculatlonn.

The rnte coreelation eallbrated 1n
[6G] wan Lhe "Direcl Anitlynla denerated
Modilr.ed  Arrhenlun Rate," or DAOMAR,
fleat found useful  ror  represcnting
PRX ghol [1n]. LY 1o rformulnted,

r- ::. AL =) l’:gl "—l'l/'p’ (3

wheee A In Lhe mnnn feactlon reacted, p,
the pregasure off Lthe rteat shoer nb n
plven mans point., T the cureaent,
Lemperature (ealeulnbod Ln Ghe HOM equn-
Lion of natate) and 7,, n and ‘M con-
ntantn, The  nnme lll)ﬁ andl DAUMAR con-
atantn (A, = 0.01%8, n = 2,61, T* -
1861 K, preasure in (0P4%) na employed 1n
Lhe previoun work [O] wero unod tn the
nimulatlionn. Stmmlattons  with  Lhean
conntanta fndliented a 2L Lnpnt. nhoek
nnd npprogimntaly o l=nm run dintanee Lo

detonation, which 18 conslstent with
that observed ror 1.3-g/ecm?3 TATR [6].
The detonatlion 1incldent on the window
wan thua fully initlated and
acllf-supporting for all thlcknesses of
TATB,

The nuameriecal A lmulatllonn .
interface veloclticen were performed lor
13- and 25-mm thlcknenses ol 'T'ATH, for
both PMMA and L1 windown. The reoults
are compared with data and the emplrical
ritting functlons in Flg. 8. The numnr-
feal ealeulatlons nepglectod the aluminum
rotl, and the plotted values are (rom
the flrst computational ecell 1in  the
windows. Neactlon hintorles calenlated
In the last cell of Lthe explosive ara
shown as dashed 1llnes In Kig. 8, nnid
serve better to ldentify the calenlaled
renctlon zore duratlonn. Apreement. of
computed and obnerved partlicle
veloclties durlng thien reactlion tlme 13
generally pood;  diaagreement at  latere
times could be the result of our fallure
to praoperly rvepresent: Lhe drriver system
or the productn equatlon of ntate, or
hoth. sSome Leat calenlntlons  showe:l
thnt the veloelity hintorien were aot ex-
tremely sennltive Lo the cholee of rate
conatants; however, ealeulationa with 7,
multiplied or dJdivided by 3/?2 were I
dincernlbly poorer apgreement than those
shown.

DISCHUSSLON

The reasolut.lon off our Fabry-I'erot
lTaner veloclmetor appears Lo be adegqunte
Lo reasolve Lhe relatively wWwlde reaction
zone An TAT'B=-banced explonives, An wan
concluded In n previons ntady on one of
thene  eaploslvea (PBX 9502)  wlith &
better Lime reanolutlon |[%], detonallon
waven In nall Lhe explontven we nbudbed
nppear Lo have a AND character.s Shaeply
rising, uneeaclive ahockn ape Followed
by deereanting pnrblicle veloaillen, prop-
sure, , densltlen, and internid enereglen
through Lhe preaction vonen,  ‘Thion view
in In pood npreonent In neavly evepy
cane wilith the tmpedance-mabeh nolutinnn
ror Lthe VN aptke atate; where agreoment
In nol, an pood, Lhe laprectaton ol Lhe
extating llngontol data will adnlt to ad-
Justment,,

The experimental proftien for Lhe
noeven explonives are pather olmiline In
charactor, reflecting Lhe ract that Lhe
Int.erface veloelty mensureomonts nee not,
highly nsonnitlve Lo wmodent. chaagen 1n
reaction eaten. oo wan alno nobed In
Lthe numerienl nimelatlonn. Sublbile,
nuknown Al ferencon In renction  erate
mugnl taden and form, generally annoc!-
nteld with ponvtlcle<olze dinberibuatlonn,
nre much moee manilfestl tn high=-pronpupee
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TADBLE 3
Faploalive Constauts and Inteiface Velocltlen
PMMA L1F
Explosive Ny G 3 Ug g D VN (+1} VN CJ
(g/om?)| (mmn/us) (m’.-a) (om/un) | (om/pus) ] (mm/us) | (mum/us) | (mm/ps)
PRX 9502 1.890 r.h00 2.050 1.953 7.69% 3.1 2.6 2.2 1.7
PBX 9503 1.875 2.100 2.200 NA 7.840 2.9 NA 2.2 NA
X-0407 1.866 3.000 1.800 2.002 T7-7T73 3.1 2.7 2.3 1.7
Pure TAT3 1.800 2.054% 2.357 1.984 7.552 2.9 2.6 1.8 1.6
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Klg. A, Jomparinon of numerleal almulatlonn (nolld curve) with both data (nymboln)
and the ampliriceal fltting functtion (chaln dotted) for Li-mm run with PMMA (a), 13-nm
run with LLF (b), 2%-mm run wilth I'MMA (e), and H-mm run with LI1F (d4).  Caleniatod

ronction rate hintorlons are nlno nhown For ench erpe with a danhod curve,

nhort=nhock “xp riments | 16] and detonn-
tLlon wave-n) 1Lng vbhanrvatloun 117].

With ourrietent modiriceatlion of the
PAD numapriaenl hydroaode, wo were able o
nimulnte, roensonnbly wall, the veloelly
historles rfor L.8=pg/cm? nuperfine TATDH
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(the one TATB-based explosive for which
we have a reaction rate calibration).
The previous correlation was used with-
out modification, despite belng call-
brated at pressures less than half those
encountersd with the detonation incident
on a LiF window. In fitting the indi-
vidual velocity historlies at different
run dilstances numerical calculations

succeeded in simulating the non-steady

character of the detonation.

In part, the successful simulatlon
actually may result from the propertles
ol the DAGMAR form. In particular, this
rate correlation combines multiplicative
factors 1n depletion, shock s8trength,
and current state. Such a form has been
repeatedly demonatrated to be effective
in B8lmulating a varlety of shock
initiation problems, and is beginning to
be c¢haracteristic of more physically-
based rate forms, such &s Krakatoa [18]
and the explicit hotapot model of
Johnson, Tang, and Foreat [14].

In simulating detonations colliding
with inert windows, DAGMAR sets the pg
factor with the nearly constant VN splke
pressure before the collislon, and thus
differs from Aa simple-depletion rate
only in the modification due Gto the
temperature dependence. With our HOM
representation for l.B-g/cm? TATH, the
2050 K VN s8plke temperature 1increases
about 12% throuizh a detonatlon reaction
zone, 1ncreases 15% wlith the shock
reflected from a L1F  window, and
drncreases 10% with the rarefaction fronm
PMMA. These conditiona lead to 1llttle
difference 1n the shape of the rate
histories for PMMA and I,LF windows seen
in Flg. 8, with the higher 1nitial rate
value from the higher 1mpedance-mntch
temperature for the LAF windows belng
the most promlpnent feature. The reac-
tlon rate hiatorles for each of the cal-
culataead casea have about the same 150-ns
duration. With the impedanca-match
eolutions 1indicAating a 37-0Pa Initinl
preasure for the L1F window and n 22-(iPa
initial presgure lor the PMMA window,
one would not expect to obtaln so small
a difference Iin rates and Ln scaled
interface veloclty hiatories with a rnte
form atrongly dependent on current
pressure.

The DAGMAR and OM representatlona
also have properties leading to numeprl-
cnl simulations without 2 distinet CJ
polnt 1n the yerloelty proflle and an
inecreasing Lnterface veloolty with run
diatance, ar are connistently obnecrved.
Nazll and Davis have made a detalled
theoreoticnl ntudy of unntendy,
underdriven detonation [19]). They oon-
sldered an exploalve which 1la drlven by

a two-step heat-release rate. About 90%
of the energy release 1im fast; the
remainder is 8low. Thelr analyasls shows
that the releanse of the laat 10% of the
energy 1s what controls the transients
that precede the establishment of steady
detonation. The physical basis for
their results can be traced to a simple
property of ZND detonation; the tangency
of the layleigh line and totally reacted
llugonlot curve. Because ol the tangency
condition, the final 10% of the energy
release controls about 50% of the
pressure profile 1in the reactlon zone.
In addition, the flow 18 sonic at the
point of tangency. A8 A consequence,
the enevgy relcased near the end of the
reaction zone 18 transported towards the
shock very B8lowly. The rerult 18 an
unateady detonation wave [or run dis-
tances of many tena of reacticn zone
thickneases, with a bullding up of the
veloclty historliea much as we observe
and simulate numerically. 1n our case,
the DAQMAR first-order depletion lactor
approachea full reactlon asymptotically.
In detonating L.3-g/cm? TATH, HOM indi-
cates that ove. B80% of the reactlon
occurs 1n less than 50% of the state
change from the VN to the CJ state,
characteristic of most solid explosives.
Our numerical simulation of unateady
detonalions 1s thus a nntural conse-
quence =r the properties of our rate and
equation-nf-state form and the gencral
characteristics of an almoat ZND detona-
tion.

The velocity profllea observed Ln
the other slx exploalves are all simllnr
to those Cor 1.8-g/cind superlClne 'TATH.
They could probably be slmulated with A
rate Corm having a peak value ol a fcw
tenn of reclpro:al mlecroseconds, a
firat-order depletlon fnctor, and very
l11ittlie other dependence on current
ptate. To cxtend the rate to treating
inltiation problems the rate ashould
have, 1ike DAUMAR, more current-statoe
dependence ns pressures are reduced.
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