A T1idjOr purpose O1 uie 1eclin-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
- report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -%9-372 . .
Recewed by Uy, o v o

APR 0 6 1989

Los Alamos Nanhonal Laboralory s operated by Y Unwvecsity of Galdornia lor 1he Uriled States Depari. \am of Energy unde« canlracl W-7405.ENG .36

LA-UR--89-872
DE89 009387

mrLe SURFACE-BURN MODEL FOR SHOCK INITIATION

AUTHOH(S) Yeh Partom, Jerry Wackerle

suMTTED To  Ninth Symposium (International) on Detonation
August 28 - September 1, 1989
Portland, Oregon

DISCLAIMER

This repurt was prepared as an account of work sponsoced by an agency ol the (Imiled Siales
CGovernment  Neahcr the tinited States Governrent nos any agency Therenl, noe any of thew
cemplovees, makes ANy warranly, exjress ot imphed!. of assumes any legal haluhty o sespons
tohty for the accuracy. wompleleness, ne soselilarss of any :aloraraliom, apteade ediicd, of
process i hned, ot represents Thal tis use would not inlnnge pavately  senel aghiy Reler
enve heron Lir any speailic onaaiers al prlay 1, preess of service by 1ade oame. Tiadearack,
aanulachirer. s othetwoe sloes ot necessarny romhiluly w poply s endnaeniear, fecom-
mendaton. o Lviing by 1The tlodal Stales Cioveoineal oty ageory thecenl  The views
and opmons cf sutheey expeessed hecem dhe ol oaessaoly slale o cellect 1hese ol 1he
timled Stales Guovernment o 4ny agency theceol

By &t eptacn e ot b, :
v wa [ SATC.E Ahe poblheciecognas thal e )) S Govecnmenl (slgins & nonestiusive foymily lcem he:gnge 1o publah 0 rtapcoduce
1he Dublhaded e o) dheg coGiglon g s gliow oliees i lo s lor 11 5 aovarumaecl gprposes

Tr ' NILTIN . cnr e - ] L] " n n n
® ey ALy o NEberead ) oo Aoty uesis gl e golihatige deoidy Ve 400 e Ay wiith pectorenngd araler (e s, 98 ol the 1) Davarinert o] .y
. S [ W1 ¥

Los Alamos National Laborator
L@S A @Lﬁﬁ@ Los Alamos ,New Mexico 8754%

oM dei A DISTRIOUTICHN OF TEISCDOCUME MY 1, DNCINV T


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


SURFACE.-BURN MODEIL FOR SHOCK INITIATION

Yehuda Parte'a
RAFAEL. P. O. Box 2250
Haifa, Israel

Jerry Wackerle
Los Alamos National Laboratory
Los Alamos, N\ 87545

nent.

An investigation of a surface.burn model of the shock.induced decomposition,
initiation and detoration of hieterogeiieous explosives is described. The model as-
sumes a microscale process with hot spots ignited by viscaplastic heating at the
boundaries of collapsing pores. A relatively thin reaction zoue. or burn surface, is
driven by the conduction of the heat of reaction, and has a surface-burn velocity
with an ‘Arrhenius dependeiice on the temperature of the unreacted solid compo-,

: éloba.l reaction rates are derived from the microscale model with an empirical
burning topology function and a macroscopic renctam-grmlurl mixture defined by
pressure equilbrium, ideal mixing of specific volume and intes A
tropic response of the unreacted constituents. With sunplifving assumptions, the
model is extended to treat multi-component explosives, L)I'
into A method of charactenst.cs hydrocode and shown to be effective 1 simulating

several examples of initiation experiments on TATB explosives.

internal energy. and iseu-

he model is mniple:nented

INTRODUCTION

Many reaction.rate correlations sad models hiave
heeu proposed and used for the numenical bydrodynaniic
sunulation of the shock initiation and detonation of het
crogeneous explosives: a comprehensive review of such
models is provided by Referenice 1. Most miodels can be
meciaded in two hroad categories: buik (or bulk-like) re-
achion and surface burning. Here we describe an mvesti-
gitiral with a specifc surface.bum :nodel.

The foundetions of the 11odel were presented at the
Seveuth Symposiam on Detonation.? That study treated
the growth of hot spits as a noviny decolposition front
vorfnee), with a buru velocity depending ouly on the
temperature of the unreacted solid phase

Here we report a pregect at Loa Alamos to extend
awl refine the model. First, we deveioped the set of
equations needed to nnplement the npadel o method
of vhiaracteristiens hydroco:de SHIN.Y We did the same for
o bulk reaction miodel and for a mixed, smmiiatieonsty
ocenrrmg surface burt/bulk reaction model By applving,
both models to the reaction zone for steady sletonation,
we were able to conchide that s face burn 1w donnant
nid appropriate. A more general burning topology fune
ton wan developed to comneet the burng veloeity nud
mneroscopie reaction listory, We calibeated the surface

birn moddel for TATB and used SHIN to simulate differ:
ent kinds of initiation situatious, such as sustained shock,
short shock, ramp loading, different deusities ( porosities),
nel different initial teinperatures.?

We then extended the inodel to mmlticomponent
materials. This enablid nus to sinmlate the initiation
process of explosive forinulations from the respouse of
their compone:-ts  We were also able to madel the ini
tintion of explozives with grain-size distributions and *
applied ¢Lis to aqunilate the experimentally .observed
crossover in reaction-rate effect for granmlar TATH.A

hi a related mvestigation, we examined the so-eatled
shell model and were able to sliow that viscoplastic hent
g, upo pore ¢ dlapse, is an appropsiate hot-spot yn
tion mechanisim for onur sudace-bum model

hi the following, we describe the p.hivsienl pictare
Lehmid our surfuee barn model,. We then outline 1he
mindel nd the fow equations neeled i ovr methed of
ehinrneteristivs code. Finally we present sotne exmnple of
results with the mevlel,

IMIYSICAL PICTERE

We asstine thin renction of heterogencons expheave
inder prompt presaae onding starts nt hot spots o



w:ton sites. We further assume that these liot spots are
to.ted to pores in the explosive, and that igirtion is
ti1egered by viscoplastic heat.ug during volapse of the
JIOTES,

The collapse and viscoplastic lieating of pores was
mnieled yn spherical geometry by Carrol and Holt’. and
s been used by a number of authiors to model hot spots
in shocked explosives.®~'" In Reference 6 we reexaniined
viscoplastic pore-collapse to see if it is an adequate niech.
anism for hot-spot igrition for the sucface.-burn growth
model described 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
hot.reaction products of at least 3500 K.

lu Reference 2. we found that if thireshold conditions
outlined below are met, this hot gas 11 the cavity would
drive a reaction process into the unrencted grains around
the cavity. To investigate this growth mechanisa., we
set up a heat.conduction. chemical kinetics problein in
spherical svnimetry. We ignored the influsnce of pressure
fluctuations much as in the ignition pore collapse nodel,
assuming that pressure equilibrtition by wave reverbera.
tinns is a much faster process. Solving the steady .state
kineties probleni (and ecorroborating 1he results with
rune-dependent calculations)?. we obtained a physicul
picture for the growth of reaction froan hot spots. When-
vver the cavity size 13 above a critieal vadue d.,, and the
gis temnperature in the c~vity is above a critical value
T . a steady outgoing reaction zone develops,

The analvses’ shows that the reaction zoue is very
thin coinpared to the envity size, and ean Le regarded ns
n movinug reaction surface. We call it a burning surface.
The rather vinusua! concltision of the annlvsie 1s that this
Ivrning surface propagates wirh n veloeity Vg which de
pends ouly on the taupernture of the nureacted miaterind
ahiead of the sarfoce, T,. It dewes not depened on the temr
perature in the gas ns loug as the sntieal conditions nre
met. The eritien] temmpernture is given by:

T. =7 Q.. 9 -
e = Ta # = ™ Ty 22000 K thy
Cp
whiere @ is the hieat of renction and Cp the heat eapne
ity. The cistieal size d.r nlso 1s a ftuiction of T, vath d,,
ileerensing with increasing T,

The burm surface veloeity Vi ennt be ealeulated from
the stendy state, heat: conduction, chemienl-gmeties prob
i Iy Reference 2. thermal kineties information was
nwed for PETN, and we found that V(7,0 for thnt ex
plesive can be represented by an Arrhemus formn,

Vig o Zpe 1ol "

wiiere Ty is of 1the onler of 3000 K We assuine that

Hus wouald hold for other explosives ns well - As gener
nlly relinble duta on the chemienl kieties of explosives
nre not available, in the present study we 1egant 7y nud
Tn annaterial parmineters to be enlibted from shock
NItINLION eXperienls.

From the burn-surface velocity and topology one cau
calculat, the reaction rate. The burn surfaces have a
very complex geometr: that hecomes even more complex
as adjacenn burn sufares coalesce. In Reference 2, we
us~ a geometric construciion appropriate for a spherical,
“hol: .burnmg”™ 1onology. but subsequent work showed se.
rious limitations with that forin.!? In the present work
we regard the average burn-an:face topology as a ma.
terial function to he calibrat=d frou experiments. We
define a dimcusionless Brurn-Tiyw4ogy Function (BTT),
y(A). such that

'A.—.y(,\;l-'- _ (3)

Here ) is the mass fraction o pive’iwts, 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, whih can Le ap:proximated by
the average gram size. A schematic p1o of y(A) is shown
in Figun: 1. The left part of the curve 1. ruiated - hole
(outgoing) burning while the right pest s niainly grain
(imgoing) byurniney.
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FIGURE 1 SCHEMATIC OF THE BURNING
TOPOLOGY FUNCTION,

For high enough temperatures, it is plansible to ws
suae thnt bulk reaction would oceur v the grains ont
side the moving burn surfaces, as shoan sehematiendls
Figure 2. I the rate of bulk reactio:, s found to he s
mfient. 1t unst be considered simal: aneousty with the
siface bhurn rate, i sueh a eas we hnve n double e
prebban, which s meh more complex, but amennble o
il vsis

In Reference 3, we anvestigated the relative nigua
tgiee of the twa rate arechusis for TA'TB aneder w0
detommtion, ni extreme case i terins of the temponotne
of the unreacted explosor. The mvestigation compay ai
the miegration of 11 s1eady state, reactive low cogna
twars throngh the + weton zone from the von Newn,.,
tVN) spihe conetivens mt the shock front to the Chapanae.
Jovgnet (Che o - o the endd of the reartion. Connen,
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FIGURE 2. SCHEMATIC OF SIMULTANEOLU'S SUR.
FACE BURN AND BULK REACTION.

10 both burm models are the usual assumption of ‘deal
mixmg of specific volumes and internal energics of the
unreacted solid and gas prodhicts constituents atied pres-
sure equilibrium between these two costituerts, 1214
as fornmlated 1 the next Section. The “isent ‘opic solul”
assinption is used with the surface.burn reaction:!< !
the nppropriateness of this choice is discnssed below,
Also uppropriately, therrual equilibrinm is assumed be
vweell constitnents for the bulk burn enleulnt on, 114
alomg with an Arrhenius rate form with cons nuts vhosen
eomsistent with reaction-Zoue wmeasuyretuents on TATH?
Several nuportnnt conclusions were drnw 1. For
Initk reaction, the reaction-zote 1lnckness 1s cery sen
siive to the temperature n the VN state. This tem
perature cannot be caleulated aceurately nd depends
sirongly on the mitial unshocked state  par ienlarly
vhe porosity - of the explosive. On the othet hand, 1 s
kuown from reaction zone measurentents thit the de
cintion reaction-zone thickiiess is not n semitve gunn
tuy; for cifferent forinulations of TATB. it s always
of the order of 100 ns.' Also, tetuperature itereases
ropidly in bulk reaction: even if the initial © ate 15 plan
sible at some point it increases enortmonsly and the
pressure-time P(t) history ian an abrupt drop 1o the
1 point. This has not been observed 1 peaciem zone
mensuremnents 3 b addition, in many enses balk 1eae
1t gave a0 P(N) dependetce through the enction zone
that mereased nt the Viv pomt before dee camg to O
conditionn. Agan, such anomalous belinvior hns
lewny obscrved tn reaction:zone wenpowenents, We founed
tlmt thia results from enforving thernml ¢ puhbown e
tween explosive pnl products For sidl nmonats of 1
netion, the prodhicta assiane a relntively low temperatine
unpeosed by the dominant unreacted explmive Thi leads
1o a1t nntially high gare density and an o reasimg, pnes
sie On the other hanl, nsmig the s fare nan mdel

there is no sensitivity to \'N temperature and the P(\)
curve has the right shape. We concluded that surface
burn is the dominant reaction growth mechanism and
that simultaneous bulk reaction may be neglected. Nutt
reachec a siniilar couclusion. '?

The inacroscopic “mix rules” for the isentror;c-solid
equation of state arc the most approrriate simple rep.
resentation for the niicroscopic features of the surface-
burning model. The burn surface always separates the
nnreacted 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 unieacted solid is therefore always under
adiabatic conditions, and between shocks, undor isotropic
conditions. Consistent with the microscale level analy.
ses, we assume pressure equilibrium between solid and
gas phases on the iacroscale level as well, and for the
same reason. But there is no temperature equilibrivu.
The solid and gas phases each has its own teimnperature
as dictated by the microscale analysis. The gas phase is
not edinbatic. Newly creaied products behiind the mov.
ing burn surfaces are continually adde to the existing
products in the growing cavities. In our modeling. we
assie complete and instantaneous mixing of the prod
ncts tinder the constraint of energy conservation. Con
trary to the usual approach at Los Alamos.!3'% we do
ot derive a pressure.volume-energy -reaction equation of
state for the two.phinse systein in the formn P(V, E, )
or E(P.V,\). lustend, we work directly with the sep.
arute equations of state of the reactant and products,
andd enleninte the globul equation.ofistate variables from
the mix-rule equations. We helieve thnt in this way we
enhanee our sinmlation capacity ms we do not need o
prepare n new cquation of state each titne we change the
initind canditions of the same explosive. Also contrnry
to Les Alunos custon,' 1% we account for the hent of
reaction 1ot as a zero point energy of the gas equntion
of state. but as an interual heat source, This also ndds
Hexibility to our suuulations,

We have ysed simple equntions of stute for the solid
aned g phases  a Mie-Gruneisen form for the solid, with
a coustnnt product of the Gruneisen ratio and density,
and, i most eases, a polytrapie form for the gas. We are
convineed that shock mitiation siinuilation s not sensi
tive to the 1ype of equations of state of the gaa and soiid
phases. Maceover, differences experienced by usmg more
complex equations of state are, w onr opuion, insigiml
eant rompired to nneertninties in the reaction rate fone
tiolls,

The physical preture onthined so fne relntes to n twe
I'hteae system of o sunple reactant and 1ts gaseons tene
tyea products [t vommmn explosive forimtatims vea.
sist of e than o single component, where hifecem
componeits are those parts of the explostve that dhile
ay tetmn ol the temrtion rate function. Different conngo
neuts in n explonive foramtation ean be merts, dhlivimn
explosive matetials mnt different grain wize finctions o



1he saine explosive material. The grain size d-stribution
11 common explosive powders is between 10 and 100um,
whirh Equetion (3) shows to be a lerge {actor in reaction
rate. To extend our surface-bum model to multicompo.
nem sysiems and still retain its tractability, we made two
approximation which allowed the extension to be muade
in a relatively straightforward f{ashion.

First. we assuine a8 common mean equaticon of state
for all the components. To account for a separa'e equa.
tion of state for each of the reactauts and products would
cal! for a redenivation of the entire system of equationy
and restructuring of the solution algorithm. This com.
plication seemns unnecessary for calculations such as ours,
involving explosives and plastic binders of reasonably
sunilar equations of state. but would be an inappropriate
assumption. for exanple, for metal-loaded cxplosives.

Second, we ignore interaction among the components
in termis of each one of them inHuencing the BTF of the
others. This m:ght not always be a good approxiunation,
s 18 possible that a fast rencting cemponent conld create
additional ignition sites for a slow.reacting coniponent
aud in this way alter its BTF and its reaction rate. B
10 account for comnponent interaction oiie has to take inte
acconit the actual yuicrostriucturnl geometry of the nml-
teomponent systemn. which is beyoud the scope of this
work.

FEACTIVE FLOW EQUATIONS

We outline here the planar reactive-low cquations for
s i mtion shock building up to a detonation wave and
the How ficld helund it. Additional shocks through the
flon field are not treated,

I tenns of the Lagranging coorcinate h nnd the noa
terial time denvative definedd eathier, the mass and me.
HICRNOHT CONServaton equations are’

.t aor

o N . | ST 4
\ \.(,”l 0 med v+ ok (

where 1w the particle celoeity and the suby o denotes the
nuniad (unshocked! stare

To chinmmate ope of the anknowns, Viou, or ' we use
the tanster rate  quation'” w the form

vV Dy G tht

devived from energy conservanoe wird differentintion of
the taure equntion of st Frit Vovy I nad 10 are
therse -Ivianne functions related 1o vhe vompie sthihny
nod teruneity of the explosive, aned can be pebinet 1o
sipnlal denvatives o the equations of stare el P
aned Py Vo of the sehid 1enctaat nned gns prodnets
Iteference 3 pives ther e denvatiomes for the assumngtuar, of
wlenl mixang of spectliv volnme o b enerpy,

\ v Al \\'q el 11 LY \l-"’ It

an 1 pressure equilibriuni, and shows the mixture thermo-
dynamie derivative fuctions can be expressed ps

D

\D, i+:1-M\)D,

aned

G = NG+ (1= NG, + V=1, . )

With the isentropic solisl assumption, we hiave

__—(0E,/oP__ _ —(JE,/aP)
D=5 +tAE,/0Vy) d D, = P +(3E,/dV,)
~ C
G =9rEE+ P by dG, =0 .

AP +10E, /8,

The reaction rate \ is given from the surface.burn
model Equations (20 aud (3). We chose to represent the
BTF in Equation (3) by a eirve made out of two mateh
ing parabolas with a parameter A, that signifies the niax-

i (yl \;) = l) depending on the pressire:

v A+ 1/2- MN1/2-A4 3 L N

-9 + \
! -Al—-—..— A N T YR (th
tl =\ )¢

g (1 -\

\; '-_!)(l P/Pl)

Pl‘\':)OCpﬂ

T obtmmn the equntions along characteristic tnes, we
subistivte U from the mnster rate eguation into Equa
s 104)

: it . ap
ywoov, - o -G\ ! “,- - =) . t]s
DI ‘..()h v\ and a4 VS o
vilieh lends ter
It o he PRGN = Rt tl.
ey
b
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Here the Lagrauginn sonnd speed ) is given by

o vin
Fea nll cahey vanobles 0V, 0 V0 By B0 Tyl Ta) . we b e
htlentmlb eqnations nboug, the Lagmngian puth ol o

Fant asnbie v the mmster e epatem

r I).I‘t(u‘,\



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

To integrate along 1he shock path we use 1the shock.
change equation:

(Q) _ F«CjU'-0'P
Oh/s ~ UiACHICH+ ACT U

114)

where [ is the shock velocity, 1dP/dh)s is along the
shock path and Cy is defined in termis of the Jerivative
along the Hugoniot curve, Py(l'),

CH = -t;,‘dl—F;’_i : t13)

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

is the detonation velocity. The How equations transform
to:

. v
\.'+L‘,—°|}=0 and |'|—L,;'P-t) t16)

0D D
which leads to

Ve 2P=0 . V171

which is the equation for the Rayleigh line. Substituting
fromn thy 1nas* °r rate equation we get:

« . .
T e —— \ = k .\ .
DV T Hs)
so that
)
5? 2hV Vi PN i19)

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

For a mmlticomponent systein we define a fixed mass
fraction w, for each component so that Yw, = 1. and
a parctial degree of peaction A4 (0 < )+ 11, o that
A\ = w A, The global ntuss fraction reacied and reactian
rates are thus

A\ = Z .\, B2 E..,‘,.\:

\ o Z .\i A \(_‘:*'l'\: - l:“'ll."lL‘“l/:‘I.l/l"") . (:)())

The nsmunptions of an nverage equation of state nd of
wo interaction between components, as csenssed nhove,
allow the detals of tie nmlts component moldel 1o be
corporated entirely with Equation (201, while etnining
the sunpliciey of a single vomponent frmalsm m ealen
Inting the global rective hy drodyimmie pesponse of the
mmlti component materinl.

We describe below several examnples (alculated with
the model using the SHIN program.’* 7 his prograim
solves the charactensitics relations of E juations « 101 to
t13) above. in a coniput:tional merh constricted at con.
stant Lagrangian position increments and with the other
voordiiate taken on jathlines parallel to the shock frout.
This so-called "Shock Path Net™ and the comnputationai
a'goritliras are described in a paper on elastic precur.
sor decay.'® Tormally, the principal difference in the two
treatments is that the function F in Equaticn (10) aid
{14) 1s here related to cherical reaction kiuetics rather
than the dynaniic elastic-plastic properties studicd in
Reference 18,

EXAMPLES

T'he capabilities of the model were assessed by the
computation of exampies of the initiation and detonation
properties of several material.variations of TATB based
cxplosives. We determired thie bumming velocity pnrone
ters Zg and Tg from the sustained-shock buildup curve
from gauge data on 1.8-g/cm?’ (7% porous), “supertine”
granular TATB.'® and then used this bum velocity ¢id-
ibration for all the subsequ'nt modeling of TATB-base!
explosives. A grain-size dimension b = 0.02 inm and a
burning topology specified by P, = 40 GPa were usec
to represent the superfine TATB. Trial values of Ty
and Zpg for the calibration were chosen such that their
linear Arrhe. ius plots (#/nV vs 1/Tg! passed throuph
a comumon nigh pressure point that reproduced th +
proper characterization of reaction zone for a steady
sletonation.!® “Expernimental™ pressure histories from
Ruference 16 nre shown in Figure 3: the first six of 11e
profiles are fitted to Mangauin.gauge data and the spbse
quent records are calculated with a DAGMAR rate form
denionstrated to give detonatian reactionzone stoueiires
ngreeing with interface velocimetry observations.'* The
upper dotted curve indicates the SHIN ealenlntion of
the shock-front lecus the lover dotteil enrve the full
reaction locus, the large dot signifies the run time to
detonation - arbitrarily chosen where the shock from
attains CJ pressure- and the inset label ndientes the
sane inforination for the run to detonation (RTI) dlis.
tance. These enlenlation were with Zp = 10.7 1 nndd
Ty = 3800 K. The fiont buiklap history s in good agiee
went with both the gauge observations aml the result o off
explosives welge experitnents  CGange:pressure histopies
from the SHIN caleulation are shown in Figure 4, aliaig,
with the front builddap histories for three other choee
of Ty. 'The values of 7y for the four different temper
nture are 9.4, 103, 11.0 aud 2.0, The results ape wen
to be yqaite seusitive to the choice of the paramerer <
(Zp. Tyt mned the gruge dnta disenminate well e
different charces that all geve n proper reactinb soe

The rate vahbrntion apevified nbove was tesied
SHIN ealeulations using different tuput shock strene:
aned wis fornd to gne exeellent ngeeement ! w18



plot data (RTD vs input pressure) from explosives.wedge
experiments.'®
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FIGURE 3. PRESSURE HISTORIES FOR 1.5.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 NUHLDUP WITH RATE
CONSTANTS Tw AND Z, FOR 18 G/ONM FATD.
UPPER LABELS INDICATE Ty VALLES,

The rate calibration deseribed nbove was eprely
with austained.shock data, but short <hoek data are
known to provide inuch more stringeut tests of reaction-
cate models and were used i1 SHIN cnleulationns of 1ot
exaples. hn Figure 5 we show pressire histones for a
10 GPa shock of (L2 g8 durntion into the exploaave. We
see the buildup curve first nsiog, then falling snned then
rising again to detouation. Although the cidenlanion il
it hiave the same iuput as a specitie experiment, the
fiout and "gauge” pressire histories are healy qene com

00 10 20 30 40

parable to those reported in Reference 16. The run 10
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 TATD explosives 151970

and the calculations we present nre in specific quantita.
tive agreement with observations on 1.8.g/cm’ supertine
TATB with electrically.driven, 0.5.-mm. Mylar flyers (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
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SHORT SHOCKS INTO TalD.

Another expmple is for ranp loading. Pressine feoos
ries for a D3 pon ranp to 10 GPa nre shown i Frevae
We see that the shock butlds up to 10 GPnoat o depais.

0
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about 5 mm. The remaining run distance of about 3 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 tcommonly called
desensitization) of the explosive by preshocking in com.
plex geometries is well known.<! \With planar geometry,
the plastic-bonded HMX. PBX 9404, displays exiended
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-buming model because it depends strongly
on the solid temperature, which in turn is significantly
tower 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 1.5 G, (\M! TATB.

Oue of the examples we did for nmlbticomponent,
svsteins was for PBX 9502, w 1.89g/cm’. 93/5 pereent
unxture of TATB and Kel.F 800. Pressure lustonies for
the 10-GPa sustamed shock are shown 1w Figure 3. The
RTD obtained for several vahies of inpmn pressires nre
shown on a Pop plot i Figure 9. On the snne plot we
show the experitental Pop plot abtpuwed fran wedge
cxperiments.’? We see that agrecnrent i very eond.
Note that in this simalation we apphed the rate param
cters calibrated from the 1.8 g/vm' pure FATE dnta ns
escribed above to TATB mixed with 3% wert lagder,
pressed to a nich lowsr porosity (357 msteos] of 740,
and having a uniech higher RTD.

The mdticoraponent model wins also applied 10 1he
stidy of the initiation properties of pure FATB explo
sives with a distribution of particle sizes A porameter
stindy of variations of these distiibations aboat a vom
ol mean porticle size dewonsieated the mean ynhie

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 ck 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 hiot.spot size for ignition of the simface
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 not
he liscussed here.
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FIGURE 8. CALCULATED EVOLUTION OF A SI's
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.’~® \We 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 maiuly 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, lgnition occurs at hot spots (or ignition
sites) related to pores in the explosive.

® The ignition mechanism is throngh pore collapse
and viscoplastic heating of pore boundaries. A
few tens of nanoseconds after pressure is applied,
the pore boundary material reacts, the cavity s
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 burn surface is driven by hcat conduction
and fed by the heat of 1eaction.

o \When threshold conditions for the ravity are met
the moving burn surface attains a sirady veloc.
ity that depends on the temperature of 1he solid
ahead of it but not on the temperature of 1he gas
behind.

e The hot.spot threshold conditions are a rriti.
cal temperature, typically above 2500 K. and a
critical hot.spot cavity size, which also depends
on the solid temperature. I'sually a env 'y size
above 1 um is needed for weak shocks. aud a size
above 0.1 um 19 sutficient for strong shocks.

¢ The burm-surface velocity dependence on solid
te mperature can be described by an Airhenins
relation with an activation teniperntiure of the or.
der of 5000 K. Calibration of reaction mte from
experimental data includes determination of pa.
rameters in this Arrhenius relation.

e As the topology of the moving burn surfiees is
romplex and hard to determine. it 15 deseribed by
a burn.topology.function (BTF) with pnrameters
calibrated from experiinental data.

¢ The surface-burn model can be »xtended to ml
ticomponent materials by using two approxina.
tions, a common average equation of state, ad
no interaction among the compoues su herms of
one affecting the BTF of others.

Through the special case of steady detonatinn, we
were able to show that, at least for TATB. <wifaer burn
i the overrvling reaction process, and bulk reaction he
tweenl the moving bum aurfaces can be safely negleered.

By applying the surface.bum madel ty varons <ihm
tinus, we cotichide that 3t has a wide ronge of predietiens

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