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Chuloa L. Madar and Jamw D. Ksrshwr
Los A14momnationalL9bor&tory

La AlaBoa,H- na.xlco

Tho lntoracuon of a shock VW. w:th ● singlo●ir hola and a
matzix of ●ir holas m PETW, ~, and TATB ham Won nUri-
ctll modthd.

Y
TIM hot- ot formation,Interaction,and tho

‘1row ting build up tovu dotormtion-r. cmputad using
thros-dimonslonalnumoricml Eulorian hydrodynamicswith
Arrhonluschcmiml reactionand ●ccurata● ●tlom of stat.

%●ccording ta tho hydrodymmlc hot-spotso 1. TM basic
difforoncosbotwoonmhock ●mitivo ● lomlws PETW, m ) an

7 hshock inmomltiva OXP1OS1VOC(ThTB,NQ may ba ●~cribd usin
tha nydrodymmlc hot-spotmodol. Tho reactlvohd.rodynamiss
of domnsitisation of hm.oroga.~ooumoxplosivms %y ● wotk
prashockhas baon nuwrlcally modolod. Tha preshock doomi-
sitlzostho hotorogansous●xplosivoby closingtho ~lr bolos
and making it moro homogmooum. A hlghar

f
racsurosecond

shock ham a lowor Mmporaturo In rho UUIU
T?

● shockod●xplO-
sivo mM in singlo shockod.xploBlv.. ● multiploshock
to ●aturo my b. low ●ough to caum a detonationwavo to
Tfai to propaqatathrou9btha prashockcd●xplesiva.

INTRODUCTIM

IWtorogmooum ●plomiws, m’lch●s
FBX-94b4or MX-9602, show a diffarmt
bchatior than hmogontous ●XP1OBIVQS
show when pro a atlng ●longoonf’.ning
wrfaoom. {1A t ●oqmoeus Qxploslvo

can turn qharp c.=rmrsand propagam
outwud, and dapandingupon ito sm-
aitivity. it my mhow ●ltlm very
llttlcor ●ch cumtturo whm pr; :sa-
tln

i?
●long t m9tal surface. R

aoc mlm of initiationfor hat@ro-
●nsous UXP1OS1VOSis diffarmt from
L ● SIMPIO Arrhonlul kinotlc modal
found do ●t. for homogmmous ●plo-

.f ~tarogonao~op:~~m:;mti:a~lv~-
lnltlatad and my
procass of shock fntoractlon with
dormitydi~cmti.mitit~such ● void-.
Thcsa lnttractlonsr~sult in hot
roglont that doocqom and produco
increasingprammos that cum mora
and hott~r docompoming rtgions The
ohock wwo incroamas in otrm@h,
tolaasinq mro md ~ro ●m

F
until

it Moms strong moudh tlm ill of
tho UXP1OSIVQrsacts and detonation
baglnm.
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th.odocqmitlon ~in~ ti Arrbon_iuo
rata law and tha qraturo fra tho
KM oguation of ●tAta. ‘

Tha n-rica] ndolirq of *
Jntoractionof ● cWk wav9 witi ●

singlo d4Mit
$

diOCOJltiDtity WU

roportodin Ra . (1 , wtmm an 0.5-QYa
1shock intaractlngw th ● airqloqhaK-

iCAl hole In llitr~thmo VU strdod.
rho Stu

Y
Wt8 ox+~ndod M four~-

r
lar ho cc.] It was d.ouminod tbt
0032-m-radius

7
lirldriod Voiti

would build twu dctorudon m.nd
O.001-rn-radlu#voids would form hot
SFOtS thtt flil~d b

/’
ropaghm t+cauoa

of rar*facUons cool nq th.artactivo
Wavg

Th procors of Ohock initiation
of Lttaroqonoous●x losivoshom hn

fInvcstlgatodsnum.ortally by @tu in.g
%tha int~ractionof shockwavesvi a

cubo of nitro.a-athann containing91
hclcs. An 8.5-Wa -hock intaractl~
with ● singla 0.002-m holo did wt
build toward detonation. Vhon ti
chock wavo Intartctod with a mouix of
0.002-mo holes, it boco.u otrong
enough to build toward d.oton.ation.
Rcduclng tho -lZS of tha holes to
0.0004 m rtsultod in a sufficim~
amount of tho ●x losiva docqmsing to
conpansato for & ● lo-a in ●nor

Ftic flow cauaad by tho interact on &f
the shock WtVO WILh tic hqlcs. TiIa
thock wavo O1OV1Y grow strongar, but
It did not build to detonation in thg
tim of th~ calculation.

A 5. 5-GPa chock w&ve interacting
With A matrix of O 002-m hole- ro -
mulccd in lnaufficlont haatlng of th~
rcsultlng hot m oto to cauoo mignifi -

rcant docompomit on

Tho procoso of doman.sltisation by
pr~thockin

!
wam found to ho m rtmult

of ILIS ho .s being cloaad by the
low-proaturo initial ihock wava with.
out resulting in ●pprcc~o.blo ●viosiv*
clocomposltlon. Tho hlghcr prostura
shock that arrived lattr did n~t have
holoo with vhlch to lntarac* and
bthav~d lika t shock wavo in a noM-
gonoous Qxplonivt until It cau ht up
With LJIQ lowar prosaurc praahoc 1 Wavo .

The baaic procasn~- in tit shook
initiation of h~tarogonoous ●

?
1001VOS

havo bcon numerically ~odolcd n tluao
dimn-ions. TTQ intaractlon of t
chock wave with dtrmity disoontinui-
tico, tho rasulting Ilot-opot foma-
tion, intarlctionr md tht build UP
toward d.tonati~ll or failura ha~ MCCI
nodaled. In this paper the hydrodynom-
10 hot-spot Mdal is used to lnvostl-

:J 3’ot4rDin- th MCh.a.nimmof VM
●KP1OS1VC donm.mitlsation b proohmk-

7ing, w. used t throo-di~ns..ontl reac-
tiv~ hyd.mdynomic mod.] of tho ro-
COC8. with th.o mchaniom dots m! ncd,
it was poooiblc to modify tho docmpo-
aition rat. to inclu~ both tha das~n-
sitisation ond falluro to dcsonoitisc
●ffacts.

~RICAL ~lLItKJ OF IWCK
SRISITIVI~
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19r - n.o Slsll+

Tw W ●quation-of-ht.atacon-
stant-auaod for PCTl uc &ocrtid in
Raf. (l). Tha BKW d~tonationproduct
and tbo solid t ●tlon-of-statacon-
mtanta uood in ‘&

‘T
ation of

stat~uo glvm In Ref. (6 .

A constantvalocit iston Mu

CUB
~p li~d to t.h bttom O fu

3
losiva

c, ●hocklnqthe ●plosiva i Ually
to th+ dasircdproonuxa. Uhan tha
shock wavo intar-etawith a holo, a
hot spot With

-!
cratums mvaral

hundred dagrcorho tar than tha #su-
rrounding●xplotivo in fomad in the
r~ ion &bova tha hola whm it 1s
!CO ltprn*dby tlw shcckW~V~ . TIM hot

rcg+on dtccapoots and contributor
mol

9
to Lh@ shock WtVC, Wtd Ch ham

bttn tgradodby tha bolt lntarmcclon.

For Gxampla,to initiate PBX-9404

1
~=baaad QXD1OS1VC) or PBX-9502
TATB-based OXp]O_lVt) at maximum
prossoddansitywithin 4 m of chock
run r, iros ● shockwava in PBX-9404
of 5 $ a and in PBX-9502of 16 OPa u
dotormntd fr- tho ●xporimuitalPop
plou .i

rO InitiatoPrTN at 1.75 qloms
(aryctaldmaity la 1.770)within4 m
of shouk run rqulrco ● prusura of
only 2 ma, while to ini jata Nitro-

T
ia.nld.lnc●t 1.723 nM

J
(Oryttal

anmityiB 1.774)vi in4nofoock
9run r8quiras● pro8sur8of 25 UPJ .

TIM IMlo miso prammt in Sclch
prwsd lo’sivasvu14’a fra klon

%of20t04 Aintbs TATB
x

tilt to
ho14’au lu~ u 0.5 m in
&iva-blm&r Mt.rix. tit of W%%
vuy in sise fr~ 0.03 to 0.005m in
dirnt.or.co ~ axaml~d bolosin that
r- of dimtarm.

M shown in Raf. 1). UXl hot
\spot fornd when ● #kc Wava in~r-

P
●m Wltll● s ricalhola scalomvlth
* radium o tho hol~ as lon m no

!Ch9mical r-action ocmrn. ai
hot-spot

?
Yraturemin ti.wCalcua-

tod ran~ o 700 ta 1300 K and Qsl-
culating tlM adiabatic ●wlosion
m-, orb9obra-v~a ths ordarinq
mccording to mncitivitr (tin to

:%::#’l
ish7wn in Tab t 2. Tha

B idantictl to that obooned
exp+rjmntally.

Tho intumctlon of #hock uwos of
oLs praoaumfi wi* slnglo cubical
bolos of varioun SIZOS in Pm,
TAiB, mnd NQ wao invootiatad.Fcalculacionomodol tht ho -spct

omlon ●nd ftllure to prepagate
uSC of rarcfactionacooling the
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air holu wra l~atod orI● -a
clono-

r
cm latt.ic8(Hc’P). e

closes dictxnca for tha EKZPmatrix
b,t~ klcm Waa 3.8 x 10-1 D. ThO
tin stop was 1.0 x 10-t PS. = void
fration lb 10%. Uhila ● Singlobla
failo b build towaxd● datanatlonU
ah in ?iq. 1, tha D.atrh of bolos
~ilda toward● detonationu mhownin

?“ 2“
llM ~rktal n.r to

da onationfor a S-ma shock w~va in
‘1.71 g/as EMXI- 0.17 a. Wlilo ●

--- ‘“E- 7X7” tit I

Th9 intor~ctio; of ● 12 .5-clPa
shock wava In TATB with ● oinglo
spharicalhol~ of 4 a 10-S-M diamatcr
io ohownillFig. 3. It faiitto build
towhra a deter.aiion. The intartction
of a 12.5-OPa shock wavs in TATB with
a matrix of sphtrical bolos of 4 x
10 ‘J-mm diamator with a void frhction
of 10% is shon in Fig. 4. Th@~!ow
builds toward & detonation.
@xpsrimcntalrun to detonation{or a
12.5-GPa chock w-v. in 1.71 g/cm TATB
is 0.30 cm. Tha cmputod detonation
occurs too quicklybocautt of innuf -
ficiont nu.mrictlrotolutionwhen tho
shock wtv~ iB ●hmccd to hi h mough

!
rsnsurarn and tamporaturo - t y tho
ntolacting hot spots.

“1-m intcraotion of ● 2. O-UPa
-hock wavo in PtTld with a cinglo
sphericalhola of 4 x 10-’-M diamator
wt~ cslculatad, Build kp ward ●

datonstiondid not occur. TIM intu-
actionof a 2.O-UPa nhock wavo in PETN
;i~.t •~trix of spharicalbolosof 4

-M d.i~t~r with m void froc-
tion of 10% wat ualculatod, Tha flow

builds ~ G datanatim afW -
hot speti intuact.

m~imnmrclrl~
dd.ollatimm.lwuotitb w
for 8 12.S+?a * wa70 intar~
with = vitb 10% voi&, for m
5.O-u?a * urn Intuti with
Rawithl

%
7voids, ard for a .0 ma

dmck wam taractl~ with ?EIW vith
la voids.

c bot-spt -1
dascribas basic diffu- b9*
shock aansitivo and ChOCk iMafMitiv’a
qlosim ~ TIM intuaction of ●

shock waws with ●ir bolos in ~,
m, TATB, and H), tho r-mlti%
hot-spot formation, intmration, and
tba build up tows-rddotonatioaor
failurobsva b’aulWd91d. Incrotaod
I301osixo rasulti in la or lm&I:
that dmqsa mm of &
ud ●dd tbir armrgyto ~ shoukwava
and roaultin incraaxads~~tirJiU~dof
tht uplosiva to -hock.
numbar of holu ●1OO caus~s moro hot
Ypoti that dwcqusa mor- OXP1O-1VQ
and imroana tha oanaitivit of tb

T
10tiVO to -hock. !Tho in ●action

ba -an bolo S1lQ and numbarof holoa
i- cqlicttcd and rquir~s numarical
modoling for adquatc ●valuationof
#pecific Caocfi. TbQ hol~ @iz* can
kc- sufficiently-all (Utccriti-
cal holo sis@) thtt tho hot opot is
coolod by mld~ rarofsctionsbforo
● prociablodaa~eition can occur.
!/S nco incrtasin tha nubar of bolos

whi:o holdin
1

d ● parconta● of voids

R ?rooont cons ant rotula n amallor
olaB, wa havo comptinq procgooos
that ■ay raoult in ●itlmr ● norm or
1O-S ctock sm.aitiva●xpl.aivo. If
th. holo siso i8 bolou tho critical
holo sirs, thm tic ●x losivo will

fbacoR4 lo-m sonritiva w th incr.minq
nubor of holoo of dccraazing dit-
Mter.

To ●valuato tho
r

tmtial shock
sonaitivityof an Qxp osivo for ●ngi-
ntiaringpu

7
osan, ono noodo to dator-

m.inc●xpu Mntally tho mrhaniuo
conota.nti.Ona than Calculatestbt
●diabatic ●xplosion tiwm for tovual
●caumod hot-spot tmportturas to
tit~mino tho ralativa smaitivity of
tho Wplosivo co

T
usd with ● 100ins

of known monaitiv t .
i

YA Mr. ●ttilcd
●valuation can ba o talnod frca calcu-
lation using tho hydrodynamicbot-
spot nodol.
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&!Zlil!lil!&’$%r?%k!!!!G!&!”g
-mna/Kal-~ b= ●t 1.894 WC+)

%’%%XV%WL’%%%’:;:
o.635-a sta’olplati W’vbg *t o.
f:~ 169Q) Or 0.046 ~ps (Shot

A
Th8 8c.atic &nd dynamic radio-

F
ap -for Shot 169. u. mh.ownin Fig.
Tbs pruhockd PBX-9502 u@ooiv@

qiudm tha *tonation wav9 u it
propagatu into tha block of uplo-
81V0

To invomrqato tho machm.lomof
axplooivo dssenmitizitionby prc-
shocking,w. aqain umod tlm roactlvo
hydrodynamic COd9 , 3~ .‘

A constantvoloclt
{f

istan vu
a Fliad to tho bottom o
T

ATS ●wlo-
s vo cube mhocking the OXpl OSi VO to

tho deairad prossuro. When s hlghor
g::::uro oocond shock was to bc inUc-

thc pi-ton v~locit was ln-
{cross.d and othar ioton # ●te values

!than ●d as ●ppropr ate for ● muitiple
!-hoc of the rtguirad prassuro.

A aln lo shock prosouro of
290 kbar- ?n TATB hts ● donsltyof
2.8388 g/ems, particlo veloc;;y of
0.21798 cQ/blm, an~rgy
0.02376 mb CC/’Q, ●nd tc~araturo of
1356 ‘K. A oacond sho~k prassuro of
290 kbars in T.,TB lnitlall

1
?hockod to

4G kbars bao @ danoit of
ml

.e7e
!

,/clna ,
●nor

Y
of 0.017759 -cc./g, par lclQ

VC1OC ty of 0.2040 m/uz, and tompara-
turo of 804.2 ‘K.

m~n a #iJock WaVa Inr.eractt with
t hole. m hot spot with tomporatures
hotter than tha surrounding mplosivo
is formal in tho rcglon abov~ tho hole
●ftar it 10 collapm@d by tha shock
Whva, Th@ hot region dacomposco ud
cont?ibut~t ●ntr

r
to tho shock wtv-.

which ham bean tgradad by tho hole
interaction.

Wha~@r ~i~ ●n*r
?

in aufficlant
to compmoato for t.h osm from the
holo interaction dopmdo upon tho
●tgnitudo cf tho lnitizl shock wtva,
tho holo oimc, end “~a Interaction
with tho flow from n~arcscn~ighbor
hut -pots.

Th4 intaraationof a 40-kbar
shock with a sirqlo 0.004-cm-diamtt~r
●ir holo in TAT3 wao Mdolod. Aftir
0.0?S u-, tic 40-kbar shook had oo1-
lapstd ths holo and a 290-kbar -hock

WW9 WO titlXdKQd WbiC.h pumd
tiou# tlba 40-kba_trosbockadraqion

Lamd ovutaok b 40- mhock WW9.

Tkw shock
%

ratum lU tkm bulk
of th TATB ad &dimbatic●Xplo-
Siorl tin a.ro glvul bglow[

Fir-t Shock (kbu) 40 290
8020Lld shock \kbar) 2:;
+ ratura ( K)
~Yomlon Tti (p-) 3~~i? 13~~-a80~”~~

Tba dmsity utd burn faction
surfacocontoursare shm in FIqs. 6
and 7 and tha trots sccUons through
tho canlxr of th> hole arc mhown in
Fig. e.

The 40-kbu #hock wave collapsad
ma hole and fomad ● small weak hot
repotwhich wat not hot ●nouqh to
ronultin approclabledacmposition o!
the TAT%.

The 290-kbar-hock wave tempera-
ture waE not hot ●nough to cause
●xplosion during the time ●tudiad In
the bulk of tha e~loslva previously
shockod to 40 kbarnl however, the
●dditional h-at prsnont in the hot
repot formed by tha 40-k.bar -hock wavo
kftor i: Inttractej witi the hole was
mufficlont to decompvse -me of the
ox loEive ●fter lt was shocked by tie

!29 -k.bar vaVO.

Propagating detonation occurred
immod!atsly ●fttr the 290-kbar shock
W*VQ cauqht up with the 4G-kEar
pr~shock.

To tnvactigata the aff-ct of the
Interaction of ● matrix of holeo with
● multiple shock proflla, a m~trix of
1!3% air 401oB locitod on a haxaqonal
Closo

J’
ackod lcttic~ in TATB was

modalt . Tho tpharical air bolos had
● dimtcr of 0.004 cm. Tho initial
configuration 1s shown in Fig. 9. The
thru-dirmsional computational qrid
containod 16 by 22 b 36 ~ollD Gtch
0.001 cm on ● oid~. Tha time atop vt~
0.0002 #a. Fi ra 10 mhowm tho den-
City md mtss Yrtction crooo ooctions
for ● 40-kbar shock wav~ follouad
after 0.045 us by a 290-kbar -hock
wava intartctin

I
with m mhtrix of 10%

●ir bolos of .004-cm-dla.mttor in
TATB.

Tho proahock dason~itit~d tha
●xplooivo by closing tho voids tnd
mada it mora homo Qnaous. Tho highar

L
Ir~ssuro nccond a ock wsvo procaadad

ro~gh tho promt,ockod ●xploalvo until
it uaugt.t up with tho prashock.
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The tJirM_di.nMiol@ Bodeling
study ~natratad thmt tJM du@nsiti-
a~on occurs by the proehock intu-

U/&e
with tln bolos and 91 Wal*a

it di~cohtinuitiam.
&mbmquent *r premum ●boek wms

interact with s mm.
QXplosiva. ~ Bultl 1- diock t&ra-
ture is lowor than & ● singla shock
~eraturo ●t tlm ●an praam.ra,
tich iB the CtUSa of tb obsorVd
failureof ● detonationwave to pro-
pagate in pramhockad

?
lacivot for

oome raagoa of proshoc pr-ssure.

The modificationIndicatedby tho
Ume-dimnaional ●tudy to the Forest
Fire decompmitlom rate being limited
b the initial shock resmm was t-o

i ?a d the mrhen.ium ra e law to tbe
ForestFire rate.

The Forest Firo rate for TATB IS
shown in Fi .

!
11 along with tho

Arrheniuora e calculatedumin the
Jtemperaturesfrom the W ●qua on of

state for the partiallyburnadTATB
●nnociated with the prawm ●m deter-
minedby ForoatFirti.w will procaod
usinga burn rate determinedby Forast
Fire limited to tha Initial shock

f
rescureand the Arrhmium rate Wing
ocal partially burred explosive
temperatures.

The axporimontal geometries
ntudiedusing PHERMEX shownin Fig. 5
wera numerically modaled using ●

raactivehydrodynamiccomputercodo,
2DL, that SOIVZB the NaviGr-Stokts
equation by the finite difforonco
techniquesdotcribadin Ref. (l). Tha
users ❑anual for tho 2DL codo is
d~scribad in Ref. (10). For lo-

Yiivcs that have baon pravious
%shocked, Crai a ●xperimentallyo -

semad that J!● distancs of run to
detonation for sovoral multi 1.

!ohock~d ●xplooiv-s wao detcrnnod
primhril b tho distance ●fter ●

Hcecond s oc had overtakon tho lowor

!
ransuro shock wava (tha praskock).
o ●pproximate tMB ●xporisental
obsmvation, wc programmd tho cal-
culation to us. Forost Firs ratis
dctorminodb tho first shockwavo or

!th~ rates do crmimd by any mubs@guent
r~loaso uavos that result in low-r
prasturas and lowu decomposition
rates. Aa #U gmtd by tic three-

?dimensional s tidy,w. ●dded tho
Arrhoniusrati using tha local Par-
tial] burned ●XP1OBIVOt,@m@eratursa.

I& ●quationof stat. and Fmo-t
%. cbnstant.a unod to damcribaPBX-
9502 (X0290)sra given in Raf. (1).

Tk calculated pm9mre sudmn
‘ fraction conWm for ~ ShOt
1698 Ue shwn in Fig. 12 dqwith
the radiographicintarfmces.

The 2DL calculationhad 50 b 93
cells to *m* * m-9s02 J 50
by 5 calls u deocriba the stMl

late.L Tb9-ah Sim
tin ●tapwu 0.04

me~ahot
~del:d um&g&ur&a

! ablo 4. The rwulta

wa.ao.2aarbd
ps.

was nrnricell
voloci~ SK f
ero shown iti

experinntil evid9nco&=tadZti*MtiWn
wavs failuraOccurmin promhocked TATB
shockedby steelDlates with veloci-
ties of 0~046and-O.OBcm/pn.

!●ncour ● Loslva by prosnocRlnQmay
%● ●ttribu d to tho preahockclosing

tho voidz, thus ●aking tho ●xplosive
more h-ogcn~out. Tho failura of a
detonationwava to propa ●ta in the

L
Ereahocked●xplociv~■ay ● ●ttributed

tho lowor ten ●raturc that occuro
%in t.homultiplao ockod ●xplosivethan

In tlw sinslyshockod●xplosivo.

A rat. law that combinos th~
Forast Fire rata limited to tbo rat.
detarminadby tho initialshockpras-
tur~ and tho ~rhoniuu rate law par-
mits a domcrition of multipla●hockad

1!●xploMivo M ●vior for many ●ngi-
nooringpurposts.
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