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SURFACE-BURN MODEI FOR SHOCK INITIATION

Yehuda Partern
RAFAEL. P. O. Box 2250
Haifa, Israel

and

Jerry Wackerle
Los Alamos National Laboratory
Los Alamos, NM 87545

An investigation of a surface-burn model of the shock-induced decomposition,
initiation and detoration of heterogeneous explosives is described. The model as-
sumes a microscale process with hot spots igni‘ed by visccplastic heating at the
boundaries of collapsing pores. A relatively thin reaction zone. or burn surface, is
driven by the conduction of the heat of reaction, and has a surface-burn velocity
with ag ‘Arrhenius dependence on the temperature of the unreacted sclid compo-
nent. élobnl reacuon rates are derived from the microscale mode] witl an empirical
burning topology function and a mncrusc%]nc reactant-product mixture defined by
pressure equilbrium. 1deal mixing of specific volume and internal energy, and isen-
tropic response of the unreacted constituents. With sunplifying assumptions, the
model is extended to treat multi-component explosives. Drhe model is imple:nented
into a method of characteristics hydrocode and shown to be effective 'n simulating

several examples of initiation experiments on TATB explosives,

INTRODUCTION

Many reaction-rate correintions sad models have
been proposed and used for the numernical hydrodynamic
smulation of the shock initiation and detonation of het
erogeneous explosives: a comprehensive review of such
models is provided by Reference 1. Most models can he
meinded in two broad categories: buik (or bulk-like) re.
action and surface burning, Here we deacribe an investi.
gahion with a specific surface-bum :nodel.

The foundetions of the 1n0del were presented at the
Seventh Symposium on Detonation ? That study treated
the growth of hot sputs as a moviny decompomtion front
tsurfaee), with a burn velocity depending only on the
temperature of the unreacted solid phase

Here we report a project at Los Alamos to extend
aud refine the model. First, we deveioped the set of
equations needed to implement the model in o method
of characteristics hydrocode SHIN.' We did the sane for
n bulk reaction madel and for a mixed, sunultaneously
oceurnng surface-burn/bulk-reaction madel By applying
hoth models to the reaction zone for steady detonation,
we were able to conclude that suface burn 1 donunnant
nud appropriate. A more general burming topology fune
tum wan developed 1o connect the burming veloeity and
mactoscopie reaction history. We calibrated the surface

burn model for TATD and used SHIN to simulate differ.
ent kinds of initiation situations, such as sustained shock,
short shock, ramp loading. different densities (porosities),
and different initial temperatures.?

We then extended the model to multicomponent
materials.* This enabled us to simulate the initiation
process of explosive formulations from the response of
their componests  We were aiso able to maodel the ini
tiation of explozives with grain-size distributions and*®
applied rlis to sunulate the experimentally-observed
crossover in reaction-rate effect for granular TATR.A

In a related investigation, we examined the so-ealled
shell model and were able to show that viscoplastic hent
ing. upon pore ¢ dlapse, iv an approp:iate hot-spot igm
tion mechanism for our surface-burmn model *

In the following, we deseribe the physicr] picture
Lelund our surface hurn model, We then outline the
model nud the How equations needed in our method of
charneteristies code, Finally we present some exnuples of
tesnlts with the model.

PUYSICAL PICTURE

We nssutiie thie renaction of heterogeneous explosae.
under prompt presane loading starts at hot spots o o



wimion sites. We further assume that these hot spots are
1.ted to pores in the explosive, and that ignition is
thiegered by viscoplastic heat.ng during c.lapse of the
pores.

The collapse and viscoplastic heating of pores was
modeled m spherical geometry by Carrol and Holt’. and
Lias been used by a number of authors to model hot spots
in shocked explosives.® ~!* In Reference 6 we reexamined
viscoplastic pore-collapse to see if it is &an adequate mech-
anism for hot-spot igrition for the surface-burn growth
model deseribed below. For TATB we found that, above
2 GPa and after about 30 ns of inward motion, the pore
boundary heats up to above 2000 K, sufficient to start
fast reaction there. Within 1 ns the cavity is filled with
liot-reaction products of at least 3500 K.

In Reference 2. we found that if threshold conditions
outlined below are met, this hot gas i the cavity would
drive a reaction process into the unreacted grains around
the cavity. To investigate this growth mechanisiz., we
set up a heat-conduction. chemical-kinetics problem in
spherical symmetry. We ignored the influsnce of pressure
fluctuations much as in the ignition pore collapse model,
assuming that pressure equilibration by wave reverbera-
tions is a much faster process. Solving the steady-state
kineties problem (and corraborating the results with
rune-dependent calculations)?, we obtained a physicul
pirture for the growth of reaction from hot spots. When-
ever the cavity size 18 above a critical value d.,, and the
gas temperature in the c~vity is above a critical value
T ,. a steady ontgoing reaction zone develops.

The analyses® shows that the reaction zone is very
thin comnpared to the cavity size, and ean Le regarded ns
& moving reaction surfnce. We eall it a burning surface.
The racher unusua! conclusion of the analysic s that this
burning surface propagates with a veloeity Jp which de
peuds only on the temperature of the unreacted material
ahead of the sarfoce, T,. It does not depend on the tem:
perature in the gas as long as the entieal conditions are
met. The eriticnd tempernture is given by:

T =T Q .. o .
RN SRS T, + 2000 K (1
Cp
where @ is the hirat of renction and Cp the heat capne
ity. The cirtical size d.r nlso s a function of T, vath d,,
derreasing with inereasing T,,.

The bum surface velocity Vi ean be calculated from
the stendy state, heat conduction, chemieal-ginetics prob
lem In Referenee 2. thermal kineties information was
usdd for PETN. and we found that Vi T, for that ex
plosive ean be represented by an Arthemus forn,

Vi = Zne Inil, R (M

where Ty is of the order of 3000 K We assume that

thus would hold for other explosives ns well  As gener
ally relinble data on the chemienl kineties of explosives
nre not available, in the present study we regnad 7y nnd
T an matenial parameters to be ealibrated from shock
mtinfion experinents.

From the burn-surface velocity and topology one can
calculats- the reaction rate. The burn surfaces have a
very complex geometry that hecomes even more complex
as adjaceat burn sufares coalesce. In Reference 2, we
us=d a geometric constraction appropriate for a spherical,
“hol: -burming”™ tonology. but subsequent work showed se-
rious limsitations with that form.'* In the present work
we regard the average burn-surface topology as a ma-
tenial funcrion to be calibrated froun experiments, We
define a dimensionless Burn:-Toyniogy Function (BTT),
y(A). such that

. Vi

A = y(,\"‘—.ll-:-, . (3)
Here A is the mass fraction u{ i uets, the reaction
rate A is the Lagrungian (material) t'n.c derivative of
this quantity. and b s the average cell s1.:¢ or mean dis-
tance between hot spots, whi-h ¢an Le aj:proximated by
the average grain size. A schematic pro- of y(A) is <hown
in Figure 1. The left part of the curve 1. reiated i Lole
(outgoing) buming while the right pest 1s mainly grain
tingning) burniny.

- —
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FIGURE 1 SCHEMATIC OF THE BURNING
TOPOLOGY FUNCTION,

For high enongh temperntures, it is plansible ta as
sume that bulk reaction would oceur e the grains ont
side the moving burn surfaces, as shown schematically in
Figure 2. 1If the rate of bulk reacticd, s found to be s
uificnnut. 1t st be considered simel aneously with the
sutface burn eate. In such n eas we hnve nodouble rare
problem. which s mch more oo mplex, but amennble v
nnnd ysis

In Referenice 3, we imvestigated the relative unpor
tigice of the two rate mechamsims for TATR under ool
detonntion, nn extreme caae in terms of the temperat e
of the unreacted exploye. The mvestigntion compin o
the ategration of 14 stenady state, reactive low equa
tons through the + netion zone from the von Newin,,
(VN spihe condnsae nt the shock front to the Chapunae.
Jongnet (Cly v - ot the end of the renction. Connner,
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FIGURE 2. SCHEMATIC OF SIMULTANEOUS SUR-
FACE BURN AND BULK REACTION.

10 both burm models are the usual assumptioni of ideal
mixing of specific volumes and internal energies of the
unrcacted solid and gas products constituents and pres-
sure equilibrium between these two constitueres,!12-1
as formulated 1n the next Section. The “isent ‘opie solid”
assumption is used with the surface-bumn reaction:'4 !
the appropriateness of this choice is discussed below.
Also uppropriately, thermal equilibrium is nssumed be
1ween constituents for the bulk burn ealeulat on.'11
nlong with an Arrhenius rate form with cons' ants chosen
eonsistent with reaction - zone measurements on TATH?
Several important conclusions were drawa. For
buik reaction. the reaction-zone thuckness 1s cery sen
sinive to the temperature ot the VN state. This tem
perature cannot be caleulated aceurately and depends
strongly on the initial unshocked state  par icularly
the porosity - of the explosive. On the other hand s
kuown from reaction zone measurements that the det
onntion reaction-zone thickness is not n sen itive quan
uty: for different forinulations of TATB. it « always
of the order of 100 ns.!* Also, temuperature inereases
raptdly in bulk reaction; even if the initinl ' ate 15 plan
sible At some point it increases enormously nnd the
pressure-time P(t) history han an abrupt drop to the
') point. This haa not been observed i reaction zone
mensuretnents '3 In addition, in many enses hulk teae
ton gave a P(\) dependence through the enction zone
that increaned at the VN point before dec easing to €
conditiona. Agan, such anomalous belinvior has net
been observed in reaction: zone mepsurements. We found
thnt thia remulta from enforeing thermal e puhbrom be
tween explosive and products For amsll anounts of e
nction, the products assume a relatively low tempernture
muposed by the dominant unreacted explomivce This lends
to an mitially high gae denaty and anom creasng pres
sute On the other hand, gsing the sunfnee bum model

there is no sensitivity to \'N temperature and the P(\)
curve has the nght shape. We concluded that surface
burn is the dominant reaction growth mechanism and
that simultaneous bulk reaction may be neglected. Nutt
reached a similar conclusion.!?

The macroscopic “mix rules” for the isentror.c-solid
equation of state arc the most appropriate simple rep-
resentation for the microscopic features of the surface-
burning model. The burn surface always separates the
unreacted solid from the gaseous products. Heat conduc-
tion within the burning surfaces is the driving mecha.
nism for them and already is taken into account by their
motion. The unreacted solid is therefore always under
adiabatic conditiuns, and between shocks, undvr isotropic
conditions. Consistent with the microseale level analy-
ses, we assume pressure equilibrium between solid and
gas phases on the macroscale level as well, and for the
same reason. But there is no temperature equilibrium.
The solid and gas phases each has its own temnperature
as dictated by the microscale analysis. The gas phase s
not ediabatic. Newly creaied products behind the mov-
ing burn surfaces are continually added to the existing
products in the growing cavities. In our modeling. we
assuine complete and instantancous mixing of the prod
ucts under the constraint of energy conservation. Con
tra1y to the usual approach at Los Alamos.3~'% we Jo
ot denive a pressure-volume-energy-reaction equation of
state for the two-phase system in the form P(V', E, \)
or E(P.V,\). Instend, we work directly with the sep-
arnte equations of state of the reactant and products,
and ealculate the global equation-of-state variables from
the mix-rule equations. We belirve that in this way we
enhancee our simulation capacity as we do not need o
prepare a new equation of state each time we change the
initinl canditions of the same explosive. Also contrary
to Les Alnmos custom, 1% we account for the hent of
reaction not as a zero point energy of the gas equation
of state. but as an internal heat source. This also ndds
Hexibility to our suuulations.

We hinve used simple equations of state for the solid
nnd gha phases  n Mie-Gruneisen form for the solid, with
a constant product of the Gruneisen ratio and density,
nud, in most cases, a polytropie form for the gas. We are
convineed that shock mitiation siulation is not sensi
tive to the type of cquations of state of the gaa and soivd
phases. Moceover differences experienced by using more
complex equations of state are, n our opiion, insigmfi
eapt compared 1o uneertainties in the reaction rate fune
fions,

The physienl pneture outhined so far relntes to n two
Phinge system of nsimple renctant and its gaseous tene
tion products But common explogve formmlations con
sint of mote than n sangle cotnponent, where different
components are thone parts of the explomve that ditle
i tens of the teaction rate function. Different compo
nenty in at explonve fornmlintion ean he aerts, difivrent
explosive matenals nnd different grain mize finctions o



the same explosive material. The grain size d:stribution
in common explosive powders is between 10 and 100um.
which Equetion (3) shows to be a large factor in reaction
rate. To extend our surface-burn model to multicompo-
nent syslems and still retain its tractability, we made two
approximation which allowed the extension to be made
in a relatively straightforward fashion.

First. we assuine 8 common mean equaticn of state
for all the components. To account for a separate equa-
tion of state for each of the reactauts and products would
call for a rederivation of the entire system of equations
and restructuring of the solution algorithm. This com-
plication seems unnecessary for calculations such as ours,
involving explosives and plastic binders of reasonably
similar equations of state. but would be an inappropriate
assumption. for exanple, for metal-loaded explosives.

Second. we ignore iuteraction among the components
in termis of each one of them influencing the BTF of the
others. This m:ghit not always be a good approximation,
% 15 possible that a fast-reacting cemponent could create
additional 1gnition sites for a slow-reacting component
and in this way alter its BTF and its reaction rate. But
to account for component interaction one has to take into
account the actual nicrostructural geometry of the mul-
ticomponent system. which is beyond the scope of this
work.

REACTIVE FLOW EQUATIONS

We outline here the planar reactive-flow equations for
an inttinhon shock building up to a detonation wave and
the How field hehind it. Additional shocks through the
flon firld nre not tremted.

In temns of the Lagranging coorcinate b and the nin
tenal time denivative defined earlier, the mass and mo-
mentum conservatjon ('(l‘"\' JOlSs are”

: u ap
oy Qe v U
\ \..(,”' 0 nd u o+ 1 o 0 (4
where s the particle celoeity and the sub o denotes the
il (unshocked) state

Tor ehmunate ope of the anknowns, Vou, or P’ we use
the tanster rate . quation'” m the form

V- DPey G )

devived from energy conseryation nnd differentintion of
the nnture equntion of stve, FOI VO D oand 6 jee
thern - lvname functions related to the compie sty
nud thermeity of the explosive, and can he eetared 1,
amilne denvatives of the equations of state FoU, 0 P
and Fooly Vo of the selid tenetant and gins produet s
Reference 3 gives thes e denivations for the assumptions of
el tmixang, of specifie volune an | enerpy,

\ vl \l\'. [ \\',l aned P i LY 2 \I",, L

an1 pressure equilibrium, and shows the mixture thermo-
dynamic derivative fuctions can be expressed ps

D =1\D,+:1-M\D,

and

G

NGy +(1=-0G, +V, -V, . {7)

With the isentropic solid assumption, we have

_ _—WOE /P _ _~(0E,/aP)
D, = D +10E,/dV,) 4 D.= 5 GE. o)
Gg=Q+E,—E,+PH.-i,) and G, =0 . S

AP +10E, j3V,)]

The reaction rate \ is given from the surface-burn
model Equatons (21 and (3). We chose to represent the
BTF iu Equation {3) by a curve made out of two match
ing parabolas with a parameter A, that signifies the max-

imum (y( \|) = 1) depending on the pressure:

VIR (DN WA IR PR T U2 N P B W

_n

! 'A‘—f__—\ Y VR RE
1l = A )

y =l -\

\ Sl P/PO . Py~ 50GPA

To obtun the equations along characteristic iines, we
substivute U from the master rate equation imto Equa
tions )

: du . ar
woovoo- s ] ‘:I-—_-:: \ (R
DI \,,‘”, G\ and wu ¢+ oy 0 1
vwhich lends tor
Al 4, Crdu - pPCHGNdE = Bt (1o
[1M]]
oh
- Y . 1,
T 17y [

Here the Lungrnngan sonnd speed iy given by
'} vin
For ol other vinble< (Vo0 Vo0 B0 B0 Ty Ty we L e

dilferentinl equations ndong, the Lngirangian path ol
fortn wermdan tocthe mnster tate equation

r Dy,



where r represents any of these vanables. Algorithms for
computing D,.G, are given in Reference 3.

To integrate along the shock path we use the shock-
rhange equation:

F+~.C} Ut - 0P

(‘—3-}:) = ! (14)
ok )s = FICh 0T < 10T/

where [” is the shock velocity, 1dP/dh)s 15 alouy the
shock path and Cy is defined in terms of the derivative
along the Hugoniot curve, Py(l’),

Ch = —‘;’d—ﬁ’." . (13)

For steady detonation we use the steady flow rondi-
tion: 8f/0h = - f/'p for any flow variable f. where U'p

is the detonation velocity. The flow equations transform
to:

L . Vo .

Ve—u=0and u- —P -0 116)
Un Up

which leads to

Ve 2P=0 . (17

which is the equation for the Rayleigh line. Substituting
fromn the mas °r rate equation we get:

G . .
= e \ =k, \ . 18
D+ Vi U} r ‘s
s0 that
or .
LAY SV (19)

which means that one can integrate for Pi\) without
having to specify the rate function \.

For a multicomponent system we define a fixed mass
frnction w, for each component so that Yw, = 1. and
a pactial degree of reaction V(0 < ] 1), so that
M= w AL The global mnss fraction reacted and reaction
riates are thus

A= Z _\' [ E...‘..\:
LI W VIR VR KA, QAT ST L A B 1)

I'he mmumptions of an average equation of state nnd of
no interaction between components, as aseussed nbove,
allow the detnls of the mults component maodel to hean
corporated entirely with Equation (201, winle retuning
the simplicny of a single component formalism i ealen
lnting the global renctive hydrodynnine response of the
multi component materinl.

We describe below several exa.mg)les calculated with
the model using the SHIN nrogram.’? 7 his program
solves the charactensitics relations of E juations (10) 1o
(15) above. in a computational mesh constructed at con-
stant Lagrangian position increments and with the other
coordir:ate taken on pathlines parallel to the shock front.
This so-called “Shock Path Net” and the computationai
algorithras are described in a paper on elastic precur-
sor decay.’® Tormally, the principal difference in the two
treatments is that the function F in Equation (10) aud
(14) 18 here related to cheracal reaction kinetics rather
than the dynamic elastic-plastic properties studicd in
Reference 18.

EXAMPLES

The capabilities of the model were assessed by the
computation of examples of the initiation and detonation
properties of several material-variations of TATB-based
explosives. We determined the buming velocity parnme
ters Zg and Tg from the sustained-shock buildup curve
from gauge data on 1.8-g/cm?’ (7% porous), “superfine”
granular TATB.!'® and then used this bum velocity cil-
ibration for all the subsequent modeling of TATB-based
explosives. A grain-size dimension b = 0.02 mm and a
burning topology specified by Py = 30 GPa were used
to represent the superfine TATB. Trial values of Ty
and Zg for the calibration were chosen such that their
linear Arrhe. ius plots (#nV vs 1/Tp! passed throupgh
a common nigh pressure point that reproduced th -
proper characterization of reaction zone for a steady
detonation.'® “Experimental” pressure histories fron
Reference 16 ure shown in Figure 3; the first six of tle
profiles are fitted to NManganin-gauge data and the subse
quent records are calculated with a DAGMAR rate form
demonstrated to give detonation reaction-zone structires
ngreeing with interface velocimetry observations.'' The
upper dotted curve indicates the SHIN caleulation of
the shock-front lecus the lover dotted curve the full
reaction locua, the large dot signifies the run time to
detonation — arbitrarily chosen where the shock from
attauns CJ pressure- and the inset label indieates the
same information for the run to detonation (RTI)) dis.
tance. These ealculation were with Zp = 10.7 nun nnd
Ty = 3800 K. The ftont buldup history s in good agiee
ment with both the gauge observations and the result . of
explosives wedge experiments  Gauge- presaure histortes
from the SHIN cnlculation are shown in Figure 4, along
with the front buildup histories for three other chowes
of Ta. The values of Zy for the four different temper
ature are 9.4, 10,3, 11.0 and 12,0, The results a1e wen
to be quite sepsitive to the choice of the parmneter o
(Zp. Ty, and the gauge data disenminate well anee
ditfereat choiees that all give n proper reaction zone

The rate eahbiration specified nhove was tested
SHIN ealenlanions using ditferent input shock strene:
atel wha found o e exeellent ngreement ' wich 1%



plot data (RTD vs input pressure) from explosives-wedge
experiments.'®
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FIGURE 3. PRESSURE HISTORIES FOR 1.8-G/CM?
GRANULAR TATR IN A GAS-GUN EXPERIMENT.
LABELS ON CURVES INDICATE GAUGE DISTANCE
FROM THE IMPACT FACE, IN MILLIMETERS.
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FIGURE 4. VARIATION OF RUILDUP WITH RATE
CONSTANTS Th AND Z, FOR 18 G/OM' TATD.
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The rate calibration deseribed above was runely
with austained-shock data, but short <hock datia are
known to provide much more stringent tests of reaction-
rate models and were used in SHIN caleulations of rest
examples. In Figure 5 we show pressure histones for a
10 GPa shock of 0.2 gs durntion into the explosve. \We
see the buildup curve first osing, then falling and then
rising again to detonation. Although the calenlation did
net have the same input as a specific expernnent, the
front and “gauge” pressure histones are both goe com

00 10 20 30 40

parable to those reported in Reference 16. The run to
detonation versus shock duration 1s shown in Figure 6.
These calculations emphasize how sensitive the buildup
process is to shock duration, with the transition from
failure to detonate to sustained shock hehavior occurs
within 0.1 us. Such sensitive behavior is a well-known
qualitative characteristic of TATB explosives,!®17-2

and the calculations we present are in specific quantita-
tive agreement with observations on 1.8-g/cm? superfine
TATB with electrically-driven, 0.5-mm. Mylar Hyers (see
Figure 10 in Reference 19).
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FIGURE 5. TYPICAL CALCULATION OF A SHORT
SHOCK EXPERIMENT ON TATB.
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FIGURE 6. VARIATION OF RUN.-TO DETONATION
DISTANCE WITH PULSE DURATION FOR 10 GI'A
SHORT SHOCKS INTO TATD.

Another exnpmple is for ranp loading. Pressnge bevo
ries for a 0.5 pn rnmp to 10 GPaoare shown in Fagnee
We see that the shock hulds up to 10 GProat o depais



about 5 mm. The remaining run distance of about 5 mm
is only slightly less than the 6-mm RTD for a sustained.
10-GPa shock. This is so because little reaciion starts
before the shock reaches the 10-GPa level. Although

we are unaware of any ramp-wave studies on TATB ex-
plosives, the suppression of reaction (commonly cndled
desensitization) of the explosive by preshocking in com-
plex geometries is well known.?! With planar geometry.
the plastic-bonded HMX, PBX 9404. displays extended
run distances resembling those calculated here with both
preshocks® and ramp-wave inputs.’® This consequence of
gradual loading is believed to result from the removal,

or healing, of the density discontinuities that supply
hot-spot sites. This phenomenon is simulated well by
our surface-burning model because it depends strongly
on the solid temperature. which in tum is significantly
lower for isentropic, ramp-wave compression than for an
equivalent-amplitude shock.
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FIGURE 7. TYPICAL SIMULATION OF A RAMP
LOADING EXPERIMENT ON 15 G, CM' TATB.

One of the examples we did for multicomponent
svstema was for PBX 9502, a 1.89-g/cm?. 93/5 pereent
uuxture of TATB and Kel-F 8300. Pressure histones for
the 10-GPa sustamed shock are shown in Figure 3. The
RTD obtained for several values of input pressures are
shown on a Pop plot in Figure 9. On the same plot we
show the experimental Pop plot obtpmed from wedge
experiments.‘® We see that agrecment s very eood.
Note that in this simalation we applied the rate prrn
eters calibrated from the 1.8 g/em® pure TATE datn ns
described above to TATB mixed with 57 mnert bider,
pressed to a much lowsr porosity (3 57 wistend of 740,
and having a much higher RTD.

The multicomnponent model was also applied to the
study of the initintion properties of pure FATB explo
sives with a distribution of particle sizes A parnmeter
stindy of variations of these disttGhutions about a com
mon mean particle size demonsteated the mean vnlne

was the principal parameter in determining the buildup
behavior.! An examination was made of the crossover

in reaction rate ohserved for superfine and micronized
TATB-—specifically that in wedge experiments the rela-
tivoly small-particle micronized TATB displays smaller
RTD at higher ( ~20 GPa) input st ick strengths and
larger RTD at lower (~10 GPa) pressures than the su-
perfine matenal.?® To model this example. we found it
necessary to impose the previously-mentioned require-
ment of a critical hot-spot si.e for ignition of the surface
burn. and chose a critical size d., depending inversely on
the exponent of the solid temperature. With this modifi-
cation, the model gave excellent agreement with experi-
ment. This result is detailed in Reference 5. and will uot
he liscussed here.
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FIGURE 8. CALCULATED EVOLUTION OF A SUS
TAINED SHOCK WAVE IN PBX 9502
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SUMMARY

We have developed a surface-burn model for shock
initiation of solid explosives. It has been described in
great detail in several reports and papers.?~® \Ve ap-
plied it in a 1D. Lagrangian, method-of-characteristics
hydrocode called SHIN and computed many examples.
Several examples are presented in this paper.

In the reports we concentrated on detailed derivation
of the equations and algorithms and detailed analysis of
the computed results. Here we concentrate mainly on
the outline of the physical picture behind the model. The
essentials of the picture are:

e On the microscale (grain) level, initiation takes
place through a two-stage process, ignition and
growth. Ignition occurs at hot spots (or ignition
sites) related to pores in the explosive.

® The ignition mechanism is through pore collapse

and viscoplastic heating of pore boundaries. A

few tens of nanoseconds after pressure is applied.

the pore boundary material reacts, the cavity 1s
filled with hot reaction products, and a hot spot
is formed.

The hot gas in the cavity drives into the unre-

acted solid a thin outgoing reaction zone. This

moving bumn surface is driven by heat conduction
and fed by the heat of 1eaction.

e \When threshold conditions for the cavity are met

the moving burn surface attains a sirady veloc-

ity that depends on the tempernture of the solid
ahead of it but not on the temperature of the gas
hehind.

The hot-spot threshold conditions are a criti-

cal temperature, typically above 2500 K. and a

critical hot-spot cavity size, which also depends

on the solid temperature. Usually a cnv'yv size
above 1 um i3 needed for weak shocks. .nd a size
above 0.1 um 18 sufficient for strong shocks.

o The burn-surface velocity dependence on solid
tenperature can be deseribed by an Arrhenius
relation with an activation temperature of the or-
der of 5000 K. Calibration of reaction rate from
rxperimental data includes determination of pa-
rameters in this Arrhenius relation.

¢ As the topology of the moving burn surfaces is
romplex and hard to determine. it 15 descrihed by
a bum-topology-function (BTF) with paraumeters
calibrated from experimental datn.

e The surface-burn model can be extended to mul
ticomponent materials by using two approxima-
tions, A common average equation of atate, and
no interaction among the componeuts i terms of
one affecting the BTF of others.

Through the special case of steady detonation, we
were able to show that, at least for TATB. «iniface hurn
i3 the overriding reaction process, and bulk reaction be
tween the moving burn surfaces can be safely neglected.

By applying the surface-burn model to varions situn
tions, we conclude that it has a wide range of predictnion

capability. More work of comparisons with the results of
critical experiments is, of course, needed.
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