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THE THREE-DINENS IOMAL HYDRODYMANIC BOT-SPOT MODIL

Charlea L. dader and James D. Kershner
Los Alamos Mational Laboratory
Los Alamos, NMev Mexico

The interaction of s shock vave with a single air hols and a
matrix of air holes in PETN, HMX. and TATB has been numeri-
callY modeled. Tha hot-spot formation, interaction, and the
resulting build up toward detonation were computed using
three-dimensional numerical Eulerian hydrodynamice with
Arrhenius chemical reaction and accurate eQuations of state
according tc the hydrodynamic hot-spot model. The basic
differences between shock sensitive explosivea (PETN., HMX) an
shock insensitive explosives (TATB. NQ) may be described using
the hydrodynamic hot-spot model. The reactive hydrodynamics
of desensitization of heteroge..eous sxplosives %y s weak
preshock has been numerically modeled. The preshock decen-
sitizes the heterogensoua explosive by closing the air holes
and making it more homogeneoua. A higher fretluro asecond
shock has a lower temperature in the uultiple shocked explo-
sive than in single shocked explosive. e multiple shock
tongoraturo may be low enough to cause a detonation wave Lo
fail to propagate through ths preahocked explesive.

INTRODUCTION

A shocked homogeneous explosive
such as nitromethane fira® completely
docongonol at the piston-axplosive
interface and achieves a detonation
with a peak pressure that builds up
towvard the C=-J preasure of the high-
donlitx shocked nitromethene. ]
detonation wave overtakes the ahocCk
wave. ani the pressu.e at the end of
the reaction sone decays towvard the
piston pressure.!

1f one introduces gas bubbles or
grit into a homoganeous explosive such
as 8 liquid or a single crystal.
thorob¥ producing s hetarogeneous
explosive, the minimum shock pressure
necessary to initiate prosa ating
detonation can be dJecreased by one
order of magnirude.

Beterogeneocus explosives, s'ch as
PBX=-9404 or PBX-9502. show a different
beshavior than homogeneous explosives
show when pro*: ating aslong conf<ning
surfaces. A heterogenecus explusive

can turn sharp corners and propagate
outward, and depending uvpon ita sen-
sitivity. it =ay show either very
little or ruch curvature when propaga-
ting along s metal surface. The
mechanism of initiation for hetero-
g;nQOul explosives is different from

e simple Arrheniui kinetic model
found rd.ﬂu.t. for homogeneous explo-
sives. eterogeneous explosives are
initiated and may propagate by the
process of shock interaction with
denaity discontiauities such as voids.
Theaea interactions rasult in hot
regions that decompose and produce
increasing pressures that cause EmoOre
and hotter decomposing regions The
shock wave increasas in strength,
1eleasing more and more energy. until
it becomes strong enouyh that all of
the wuxplosive reacts and detonation
begins.

This process ia described by the
*h drod{EAlic hot-spot” model, which
podels the hot-spot formation from the
shock interactions that occur at
denaity discontinuitiea and describea
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the decompoajition using the Arrbenius
rate lav and the temperature from the
HBOM equation of state.!

The numerical) modeling of the
interaction of a shochk wave with a
single densjt discontipuity was
reported in Ref. (II, where an 0.3-Gra
shock interacting with a aingle apher-
ical hole in nitromethane vas atudied.
The stu wvas extanded to four rectan-

lar holes.! It vas determined that

.0032-mm~-radius lindrical woids
would Dbulld tovard detonacion and
0.00l-mm-radius voids would form hot
erots that failed to propagate because
of rarefactions cooling the reactive
wave.

The process of ahock initiation
of Letercngeneous explosives haa been
investigated? numerically by ltud¥énq
the interaction of shock waves wi a
cube of nitromethan~ containing 91
hcles. An 8.5-GPa shock interacting
with a single 0.002-mm hole did rot
bulld toward detonation. when the
shock wave interacted with a matrix of
0.002-mm holes. it became atrong
enough to build toward detonation.
Reducing the wixe of the holea to
0.0004 mm reaulted in a sufficient
amount of the explosive decomposing to
compensate for e losa in ener to
the flow caused by the interaction of
the shock wave with the h>lea. The
shock wave slowly grew stronger, but
it did not builld to detonation in the
tine of the calculation.

A 5.5=-GPa shock wave interacting
with a »atrix of 0.002-mm holes re-
aulted in insufficient heating of the
resulting hot spots to cause aignifi-
cant decomposition.

The process of desensitigation by
prolhocklnT wvag found to be & result
of the holes being closed by thc
low-pressure initisl ashock wave withe-
out resulting in apprec:able expioaive
decomposition. The higher preasurs
shock that arrived later did nct have
holes with which to interact and
behaved like a ahock wave in a homo-
geneous explosive until 1t caught up
with the lover preasure preahock wave.

The basic procesaes in the ahock
initiation of heterogeneous exploaives
have been nurerically modeled 1n three
dimensiona. Tre interaction of ¢
ahock wave with density diacontinui-
ties, the resulting lLot-apot forma-
tion, interactien. and the build up
toward detonaticn or failure have been
modeled. In thia paper the hydrodynam-
ic hot-apot model 1is uaed to investi-

ate other explosives and other kinet-
cs to study the basi: differences
betvear shock sen3itive and ebeck
insensitive explodives.

It bas been abesrved that pre-
sbocking a betsrugenecus explosive
with a shock pressure too low to cause
gropaqatinq tonction in the time of

nterest can Ccause a propagoting
detonation ip unshocked explosive to
fail to ocontinue pr atipg vhet the
detonation front arrives at the pre-
vioualy shoched explosive. The result-
i loaive deaensitination was
lggol uaing a Forest Fire 8i-
tion rate that was determined by
the initial shock presaure of ti‘
firat abock vave passing through the
explosive. Thia model could repro-
duce the experimentally observed
exploaive desensitization of TAT
(trisminotrinitrobensens) explosives
reviouely shocked by ahort &uration

S and 80-kilobar pulses. It could
not reproduce the cbesrved results for
low or high preahock presaurea that
fail to gquench a propagating detona-
tion.

To letermina the mechanism of the
explosive desensitization bY preshock-
ing. we used a three-limenalonal reac-
tive hydsodynaaic wodel of the pro-
cecs. VWith the pechaniam dete ned,
it waa posaible to modify the decompo-
sition rate to include both tha desen-
sitization and failure to deaensitize
effacts.

NUMERICAL MODILING OF RHOCK
BENSITIVITY

The three-dimensional Eulerian
1eac.lve hydrodynamic code JIDI 1ia
dencribed in Ref. (4). It usea tech-
nigues identical to those d.acribed in
de.ail in Ref. gl) end uswd aucuess-
fully for dascribing two-aimcnsional
Lulerian flow with mixed cells and
multiccmponent eguations of state and
for modeling reactive flow. It has
been uaed to atudy trhe 1ntrr|ct10n of
multiple detonation waves.' the basic
proceas in ahock 1n1t%at10n of hetaro-
?onoou0 axplosives.*’? and the reac-

ive hydrrdynamica of a ?ltrix of
tungsten particles in HMNX.

The Ar_heniua retactive rate lav
was used with the constants determined
experimentally by Raymond N. Rogers
and descritad ir. Ref. (1). 7The con-
atants used are given in Table 1.
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Tne BOM equation-of-state con-
stants used for PETN are desacribed in
Ref. (1). The BKW detonation product
and the solid equation-of-state con-
atants uaed in BOM ation of
state are given in Raf. (t%?

A constant V.IOCIEytE:'tOD was
applied to the hottom o ogsloniv.
e. shocking the explosive initially
to th: dasired preaasure. Wwhen the
shock wave interacts with a hole, &
hot spot with eraturea aeveral
hundred degreea hotter than the sur-
rounding exploaive ia formed in the
region above the hole wvwhen it 1ia
collapead by the ahcck wave. The hot
region decompoaea and contributes
onolqg to the ahock wave, which haa
been degraded by the hole intersction.

Whether thia energy is aufficient
to compenaate for the loas froam the
hole interaction decpendas upon the
magnitude of the initial shock wave,
the hole sixe, and the interaction
vith the flovw from nearest neighbor
hot spo:s. 7The objective of the atudy
was to investigate the nature of thia
complicuted interaction and to deter-
pine if the hydrodynamic hot-spot
2odel waa adeguate to deacribe the
experimuntally observed aenaitivity to
shock initiation of the heterogensoua
explosivea PETN, HEMX, TATB, and Nitro-
guanidire with PETN being the moat
senaitive and Nitroguanidine the least
aensitive.

For example. to initiate PRX-9404
HMX-based exploaive) or PBX-9502
TATB-based explosive) at maximum

preased denaity within 4 mm of shock
run requirea a ahock wave in PBX-$8404
of & s and in PBX-9502 of 16 GFa as
dotorn*nod from the experimental Pop
plots.

Tfo initiate PETN at 1.7% g/cmt
(cryetal density ia 1.778) within 4 mm
of shock run reguires a preaaure of
only 2 GPa., vhile to 1n1§1|t0 Nitro-

anidine at 1.723 g/cm' (crystal
ensity ia 1.774) within 4 mm of shock
Iun requires a presaure of 25 GPa‘®.

The hole aise present in such
presaed losives varies from holes
of 20 to 600 A in the TATB C{E:tnla to
holes as large as 0.5 mm in explo-
sive~binder matrix. MNost of the holes
vary in aise from 0.05 to 0.00% mm in
diameter. so wve examined holes in that
range of diameters.

As shovn in Ref. (1). tho Lot
spot formed vhen a shock wave inter-
acts with a s rical hole acalea with
tha radius of the hole as long cs no
cbemical reaction occurs. al
hot-spot ratures in the calcula-
ted range of 700 to 1300 K and Qal-
culating the adiabatic explosion
timss, one obaervea thes ordering
according to aensitivity (time to
(& loaionl showvn in Table 2. The
ordering i1a identical to that observed
experizentally.

mer el T

The interaction of shock waves of
varioua preisurea wicth single cutical
air holes of various sizes in PFIN,
HMX. TATB, and NQ waa inveatigated.
The calculaciora 30del the hot-apct
exploaion and fallure to propagate
becauae of rarefactionas cooling the
reactive vave. If i‘he reaction be-
comea too faat to humerically reaolve
the cooling by rarefactiona, the flow
?uilda toward a detonaticen too quick-

Y-

A aunmary of the resulta of the
etudy is shown 1in Table 3. Tae
ordering of shockh senaitivity of the
explosivea ia again observed experi-
nontlllg correlating well with the
obaerved Pop plot data.®

To avaluate the aunaitivity to
shock more roalilticallg, we studied
the interaction of a 5-GPa sahock wave
in BMX with & n1tx1x of spherical
holea of 4 x 10 "=mm diameter. The
computational grid contain!d 24 x 22
b{ 36 cella. each 1 x 107 ma on a
side. The 26 air holes were deacribed
Ly 4 cella Eor sphere diameter.
Numerical testa with 2 to 6 cells g:r
aphere diameter showed the reaul
wvere independent of grid aize for wore
than 3 cells per asphere diameter. The
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air holea were located on a hcx:a:fnl
cloae-packed lattice (BCP).

cloavst diatance for the BCP matrix
between holes was 3.8 x 10" mm. The
time atep was 1.0 x 10°* pa. The void
fraction is 10Y. While a aingle hole
faila to build toward a detonation as
shown in Fig. 1, the matriz of holes
builds toward a detonation as shown in
Fig. 2. The experimental rur to
detonation for a S-GPa shock wave in
"1.71 g/cm® BMX ia 0.17 cm. While a
yropagating detonation wouid not be
ox?o ¢4 to oc~ur experimentally in
this geometry (the uted detonation
is the reault »f insufficient numeri-
cal resolution to reaolve the reaction
at high pressures and temperature),
the enhancement of the shock wvave
would occur.
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The interactio- of a 12.5-GPa
shock wave in TATB with a aingle
spherical hol, of 4 2 10 %-mn diameter
ia shown in Fig. 3. It faiis to build
toward s detoracion. The interaction
of a 12.5-GPa shock wave in TATB with
a matrix of apherical holea of 4 x
109-am diamater with a void fraction
of 10X 1s shown in Fig. 4. The flow
builda toward a detonation. The
experinmental run to detonation for a
12.5-GPa shock wave in 1.71 g/cm® TATBE
ia 0.30 cm. The cnmputed deronstion
occury too quickly because of inauf-
ficient numerical reaolution when the
shock wave is enhanced to high enough

reasures and temperatures by the
nteracting hot apota.

"he interaction of a 2.0-GPa
shock wave in PLTN with a single
apherical hole of 4 x 107 ?-ma diameter
was calculated. Build up toward a
detonation did not occur. The inter-
action of a 2.0-CPa ahock wave in PETN
with : matrix of apherical holea of 4
X 10°°-ma diameter with a void frac-
tion of 10X waa valculated. The flow

builds toward a detopation after the
hot spots interact.

The experimental run toward
detonation values are about the same
for e 12.%-GPs shock ware inter
with TATS with 10X wvoids, for a
S.0-GPa shoch wawve interacti vith

X with 1 voids, and for a 2.0 GPs
shock vave teracting wvith PETH witd
10X voids.

The ha:..rodynnic bot-spot model
deacribea basic difference betwesa
shock sensitive and shock insensitive
explosives. The interaction of a
shock waves with air holea in PETN,
BMX, TAT®, and WQ, the resulting
hot-apot formation, interactivn, and
the build up toward detconation or
failure have been modsled. Increased
hole aize results in larger hot spots
that decompose more of explosive
and add their anergy to the shock wave
and reault in increamsed sensitivity of
the explosive to ahock. Increased
number of holea also causes more hot
spots that decompuse pore exploaive
and increaae the sensitivity of the

loaive to ahock. The interaction
between hole size and number of holeas
ia complicated and requires numerical
modeling for adeguate evaluation of
specific caaea. The hole site can
become sufficiently small (the criti-
cal hole aize}! that the hot apot is
cooled by aide rarefactionas before
ngprocinblo decomposition can occur.
$ince increasing the number of holes
while holdin e percentage of voida
reaent constant reaults in soaller
oles, we have conpeting processes
that may result in either s more or
leaa a*ock sensitive expl.osive. 1If
the hole size is below the critical
hole aire, then the exploaive will
become leas senaitive with increassing
number of holea of decreasing dia-
meter.

To evaluate the tential shock
sernaitivity of an explosive for engi-
nwaring purposea, one needs to deter-
nine experimentally the Arrhenius
conatants. One then calculates the
adiabatic explosion timas for several
asaumed hot-spot temperaturea to
determine the relative sensitivity of
the explosive compared with explosives
of known sensitiv tg. A more detailed
evaluation can be obtained froa calcu-
lations using the hydrodynamic hot-
spot model.
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STUDIES OF DEIENSITIZATION BY
PREIEOCKING

Dick® performed a PEEMEX radio-
’;gphic of detonation vaves in
-9302 (93/3 Trimminotrinitro-
bensens/Xel-F binder at 1.894 g/ca’)
prooood.tnq uwp a 8.5- by 15.0-ca blochk
of explosive that was preahoched bgaa

0.635-ca ateel plate moving at 0.
{Shot 1698) or 0.046 cm/pua (8hot
1914). The static and dynamic radio-
grap for shot 1598 are shown in Fig.
. The preshocked PBX-9502 exploaive
quenches the detonation wave as it

propagates into the block of explo-
sive.

To inveat gate the mechaniae of
explosive desensitization by pre-
shocking, we again uaed the reactive
hydrodynamic code, 3DE.*

A constant voloc1t¥ Filton vas
|Ep110d to the bottom of TATB explo-
sive cube shocking the exploaive to
the deaired presaure. Wwhen a highar
presaure eecond ahock was to be intrc-
duced. the piaton velocity wvas in-
creased and other filton atate values
chlngod as appropriate for s muitiple
ahock of the required pressure.

A aingle ahock presaure of
290 kbare in TATB has & density of
2.8388 g/cm?, particle velocity of
0.21798 cm/va, energy of
0.02376 mb cc/g. and temperature of
1396 °K. A aecond ashork presaure of
290 kbars in T..TB initially mhocked to
40 kbara has » denaity of 2.878 g/cm?.
ener of 0.0177%9% =CcC/g, parliicle
velocity of 0.2040 cm/us. and tempera-
ture of 804.2 °K.

when a 8,,0ck wave interacts with
8 hole. & hot apot with temperatures
hotter than the aurrounding sxploaive
is formed in the region above the hole
after it ia collapsed by the shock
wvave. The hot region decompcaes and
contriputes onorgy to the shock wave.
which has been degraded by the hole
interaction.

Whather this onorg{ is sufficient
to compsnaate for the loaa from the
hole interaction depends upon the
magrnitude c¢f the initial shock wave,
the hole sime, and the intaraction
with the flow from nearest neighbor
hut spota.

The interaction of a 40=-kbar
shock with a single 0.004-cm-diameter
air hole in TATD was wodeled. After
0.025 ua, the 40-kbar shock had col-
lapsed the hole and a 290-kbar shock

wave was introduced whicn paased
through the 40-kbar preshocked region
and overtook the 40- shock wave.

The shock rature in the bulk
of the TATBE and adiabatic explo-
sion times are given belox:

First Shock (kbar) 40 290 40
Second shock skbu) 299
. ratuzs (°K) 362.5 1396 804.2
Exploaion Time (ps) 10! 1079 3,85

The dsnsity and burn faction
surface contours are shov~ in Figs. 6
and 7 and the crosi sections through
the center of tn> hole are ahown in
Fig. 8.

The 40-kbar shock wave collapsed
tha hole and forned a small veak hot
spot which waa not hot enough to
reault in appreciable decomposition of
the TATB.

The 290-kbar ahock wave tempera-
ture wac not hot enough to cause
exploaion during the time atudied in
the bulk of the explosive previously
shocked to 40 kbara:; however, the
additional heat present in the hot
apot formed by the 40-kbar shock vave
ufter it interactel with the hole was
sufficient to decompuse some of the
oxglon;ve after it was shocked by tle
290-kbar wave.

Propagating detonation occurred
immediately after the 290-kbar shock
wave caught up with the 40-kbar
preahock.

To investigate the effect of the
intera~ction of a matrix of holea with
a multiple ahock profile. a mstrix of
10¥ air holes located on a hexagonal
cloae packed lattice in TATB was
rodeled. The apherical air holes had
s diamater of 0.004 cm. The initial
configuration ia shown in Fig. 9. The
three-dimenaional computational adrid
contained 16 by 22 b¥ 36 cella each
0.00]1 cm on a eide. he time atep vas
n.0002 us. r1¥uro 10 ahows the den-
eity snd mass fraction croaa aections
for a 40-kbsr shock wave followed
after 0.045 pa by a 290-kbar shock
wave interacting with a matrix of 10%
;1%3 holes of 0.004-cm-drameter in

ATB.

The prechock desensitired the
exploaive by closing the voids and
made it more homogeneous. The highar

reasure gsecond shock wave proceeded
rough the preshocked exploaive until
it caught up with the preshock.
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The three-dimensional modeling
study demonstrated that the desensiti-
gation occurs by the preshock inter-
acting with the holes and eliminating
the ity diicontinuities. The
subsequent higher pressure shock vaves
interact vwith a more homogeaneous
explosive. The nultitglo shock tempera-
ture is lower than the single shock
temperature st the same pressure,
which is the cause of the observed
failure of a detonation wave to pro-
pagats in preshocked losivea for
some ranges of preshock pressure.

The modification indicated by the
three-dimensional study to the Forest
Fire decomposition rate being limited
bz the initial shock pressure was tc
add the Arrhenius rate law to the
Forest Fire rate.

The Forest Fire rate for TATB is
shown 1in Fig. 11 along with the
Arrhenius rate calculated uaing the
temperatures from the HOM equation of
atate for the partislly burned TATB
sasociated with the preasure as deter-
mined by Forest Fire. Wwe will proceed
uaing a burn rate determined by Forest
Fire limitad to the initial ehock
grelaure and the Arrhenius rate using

ocal partially burned explosive
temperatures.

The experimental geocmetries
atudied using PHERMEX shown in Fig. S
were numerically modeled using a
reactive hydrodynamic computer code,
2DL, that solvaa the Navier=Stokes
equation by the finite difference
techniques deacribed in Ref. (1). The
usera manual for the 2DL code 1is
described in Ref. {(10). For oxflo-
aives that have been previous {)
ahocked, Craig® experimentally ob-
served that e distance of run to
detonation for several multiple
shocked explosives was determined
primarily by the distance after a
second shock had overtaken the lowver

reasure shock wave (the preshock).
o approximate this experimental
obssrvation, we programmed the cal-
culation to use Forest Fire rates
determined b{ the first shock wave or
the rates determined by any subasquent
release wavea that result in lower
pressures and lower decoxposition
rates. As suggesteld by the three-
divensional study, we added the
Arrhenius rate using the local par-
tially burned explosive taxperatures,
The HOM equation of state and Forest
Fire constants used to deacribe PBX-
9502 (X0290) sre given in Ref. (1).

' fraction contouras for PERIOEX

The calculsted pressurs and mass
shot

1698 are shown in Fig. 12 along with
the radiographic interfaces.

The 2DL calculation had 50 by 33
Cells to describe the PEX-9502 50
b{ 5 calls to describe the steel
gh:to. The mesh size was 0.2 am and

time step was 0.04 ps.

The PHERMEX shot was numericall
modeled using varioua velocity stes
latea. The results are shown iL
able 4. The results agree with the
experimentel evidence that detonation
vave failure occurs in preshocked TATB
shocked by ateel plates with veloci-

tiea of 0.046 and 0.08 cm/ps.

4
9502 mlm- Calcalatioas

Steal Plate Preshook Mesglt Upon Arrival of
Velooit Pre ion Wave

1 2] -y

(am/ya (kbar)
¢.320 L} Detomatas presboched EE
3/048 H Falls {n breshocked M

. ' [
0.080 %0 l:ﬂo preshocked I
0.100 70 rails preshoched BB
0.120 9o tes preshoched EX and

after 1.0 o run

0.160 130 Detonates preshoohsd EX
0.200 190 Detonates

The desensitirzetion of hetero-
eneoua explosive by preshocking may
e attributed to the preshock closing
the voids, thus making the explosive
more homogeneoua. The failure of a
detonation wave to proplglto in the
reshocked exploaive may be attributed

the lower temperature that occurs
in the multiple ahocked explosive than
in the singly shocked explosive.

A rate lawv that combines the
Forest Fire rate limited to the rate
determined by the initial shock prea-
sure and the Arrhenius rate lav per-
mits a description of multiple shocked
sxplouive behavior for many engi-
neering purposes.
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Fig. 1 = A 4 x 10 %-mm diameter splaerical eir hola
in BMX. The initial shock preasurs is 5 0 GPs
The density and burn fracticn croaa sactions
througn the center of the hola are shovn at ver-
10us nag It does pot build toward detonation.

[FTEERETNITYY]
S

F1 2 - A matrix of 10X air bholes in HMX. The
Bg_’ncll air holes hava ¢ diameter of 4

1 Ba. The initial shock pressurs 1is 5.0 GPa
The density and sass fractioh Cohtours ars shown
for a cross section thr-ugh the center of the

Batrix Tne flov Dbuilds toward s propagrting

detonation



Rader, Kershner (G-042)

i Sy - - T [ oclding]
7 E :
‘g ® :r.—; 3 P.
B Y e
- T e Sy - T
3 ! U
Cige] s
G B

- e - -—-

.;G

—h'" : e G -

"%‘, 9 = A4Xx 10 -ma diamster cal bola in
The initia)l pressurs ia GPa. The
density ard burn fraction cross ucuom through
the center of the hola ars shown at variocus times.

The flow does not build toward a Jdetonation.
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4 = A matrim of 10¥ air hcles in TATB. The
g’ncn air holea have a dismetar of 4 x
The

initial shock prassurs is 12.5 GPe.

Th| dlmlty and mass fraction contours ara shown
for a croes eaction throa the canter of the
satrix. The flov builds wrds a detonation.

Fig. 6 - The density aeurface contours f-r
40-kbar shock interacting with a single
0.004=-Cm-diameter air hole in TATB follo.sd after
0.025 pa by & 290-kbar shock wava.

Fig. 5 - Static and dynamic radio
35-ca-thick ttael plate going
of TNT and a P-40 lens.

gngh 1698 of PAX-9502 shocked by a

cm/us and initiated by 2.54 c»
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Fig. 7 - The burn fraction contours for the aystes
shown in Fig. 6. ‘
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Fig. 5 - The density and burn fraction crosa
sactions through tha center of tho !sla for the
ayatem shown in Fig. 6.
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Fig. 9 - The initial configuration of
s matrix of 10% air holes in TATB.
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Fig. 10 - The density and mass fractions crosa
asctions ars showvn for s 40-hbar shock wvava fol-
lowad aftar 0.045 ys by s 290-kbar shock vave
interecting vith & matrix of 10Y air holes of
0.004-cm-diametsr 1n TATB.
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rig. 11 - Tha burn rsta ss a function of pressure
for tha Foraat Fires burn modsl and ths Arrhenius

rats lev using tha BOM temperatures sssociated
with the Forast Fire prassuras.

Fig. 12 - The prasaure and masa fraction contours
for a detonstion wvave in PRX-9%502 intarecting with
axplosive that had besen pravioualy shocked to

%0 kbsra. The PHENMEX radiograph interfaces are
shown by atars. Tha masa fraction contour intarval
is 0.1 and ghown as a thick almost so'id line.

The presaure contour intarval is 40 kbara.



