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HIGH EXPLOSIVES REACTION MODEL AND
ITS APPLICATION TO BOOSTER PERFORMANCE

Pier K. Tang
Los Alamos Nationza! Laboratory
Los Alamos, New Mexico USA

SUMMARY

Initintion of insensitive high explosives requires a boosting system using more sensitive
aud usually more energetic explosives. However, problems arise if the booster materind
is too energetic. The initiability of some insensitive but less energetic high explosives
can be enhanced by lowering the density and decreasing the grain size or by adding a
sensitive component; thus these explosives can be used a¢ booster materials. This paper
presents a unified initiation and detonation reaction model and then the simulation of
the development of the detonaticn wave in a PBX-9502 main charge using three booster
explosives: low-density superfine TATB, low-density ultrafine TATB, and X-0407. The
last two are found to be acceptable for hooster applieation.

I. INTRODUCTION

In many high explosive (HE) systems, a snmll detonator 1s needed toinitinte the mnin
shovs e 1f conventionnd explosive is used. With TATB bmsed HEs suelt as PBX 9502 (95%
i, 5% Kel-F 800) that are generally, but not necessuily, less sensitive; that sune siall
detenator cannot support a st-ong shock with sufficient duration to initiate the main chnrge
beenuse of the longer run distance required for the shock to detountion trunsition, The
diverging wave configuration weakens the shock strength further and makes the situntion
evenn worse; the detonntion wate may eventually vanish. Witl a stuging appronch, for
exanple, using & booster, we can initinte insensitive high explosive (IHE) mnin charge
without ditliculty. Of course, the explosive in the booster should be more sensitive nld
nsunlly more energetie than the IHE main elmrge. "The bhooster is typiendly hemispherieal
aed should be ige enought to support a detonation with suflicient intensity und long,
cnough duration to be the wnve propagnting into the nmin clge. For sufety, on the other
hnnd, we do not want to use too Inrge a boostor; thnt would defeat the purpose of using
HE as the nmin chwge. Therefore, determination of hooster performance is erneinl.

I some applientions, the energetic aspect of conventionnl hooster HE, (MY hased,
for exnmple) is undesicnble simee it tends 1o overdiive the systems, Booster explosives
with softer push wre preferable. We find that low density (1.8 g/em®) TATB has hipher
shock sensitivity than regiba density TATB (19 g/em®), sl ultrafine grein (uithimetic
mean diang, 10 g i mach more seasitive than superfine (mithmetic mean dinm, 20
pm)  Beanuwre low density 'TATB w less encigetie thnn PBX 9502, 1t does not averdhive



the system. The use of low density TATB for booster HE seems quite attractive if the
sensitivity is adequate. Another way of enhancing mitiability is to add some sensitive HE
to the basically insensitive main component. X-0407 (70% TATB, 25% PETN, 5% Kcl.F
8000) belongs to this class of HE. The energetic aspect of X-0407 is quite compatible with
PBX-9502 with no significant overdriven evidence.

The seiection of booster explosive and size relies usually on experiment. A class of
experiments, commonly known as onionskin, has been conducted to examine the divergence
of the detonation pattern as the wave emerginfrom a hemispherical surface recorded by
a streak camera. With better modeling of HE hehiavior, it is now possible to perform
numerical simulations and to prediet performance,

Hydrodynunic caleulation is becoming routine in guiding designs of HE systems. We
are concerned not only with detonation, but also with initiation. A unified model thnt
can handle both phases without user intervention is not only of academic interest, but
also of practical importance, A model contnining both initintion and detonation features
considers the special characteristies of physics and chenistry in detenmining renction rates
for initiation as well as detonation. Such a model in definitely nseful heenuse of its asmootl:
transition from one phase to another.

Iuitiation and detonation of HE involve many complex mechaniend, thermml, and
chemieal processes, some of which defy desersjtion. However, in hydrodynnmie simulntion,
characteristic time can be used to estimate the significanee of the process, regaedless of the
origin. In the simplest theoretiend treatment, characteristic times are considered extremely
short in comuparison with the wave trunsit time wied are therefore ignored completely in
calculntion.  The consequence is a renction model ealled progrommed burn (Clinpannn
Jouguet burn), in which a constant detonation veloeity is preseribyed,

Initintion of HE, a aonsteady process, requires time nnd trnvelng distuee for the
itindly wenk shock that is usimdly below Chnpunanan Jouguet (C1) vressare to develop into
a detonntion. Obviously, the time required for such n teansition is enused by soipe finite
churnreteristie tiimes in the initintion process. Feen after the explosive is initinted, the
question remnins of whnt should he used to desaibe the detonation behavior, genernlly
believed to be execedingly fist. Recent studies indiente the nesd to inclde o relntively
slow process near the end of the reaction, probnbly cansed by slow, exothennie enrbon
clastering, As noresult of these studies, even the detonntion enmmot be regnrded as very
fast. The objective of this paper is to snmnnrize aoanified model ther climaeterizes the
renction processes in initintion and detonntion of heteropeneon higli explosives. "Then,
we npply the model to the esndaation of booster perfornumce “The fiast modeling effiat
reported is given in Ref. |



II. REACTION MODEL

We only present a surmmary of an HE reaction model here. The detail has been docu-
mented extensively,27® and the model has been usesd in some applications.” ™® More on the
model will be presented in the forthcoming detonation symposinm.? Most heterogencous
HEs« consist of a main constituent, usuadly i granular forin, plus some binding material,
and perhaps secondary explosive. Although adiabatic compression can inerease the inter-
nal energy and therefore raise the temperature in general, dissipation associated with the
irreversible processes is even more effective under the dynamic effect of a passing, shock in
some highly local regions near the surface of the grains. The internal energy, and subse.
quently the temperature, becomes higher than that of the surroundings. The locally hot
condition initiates decomiposition much sooner and thus is called a “hot spot." A quantity
known as the hot-spot mass fraction, representing the fraction of the HE susceptible to
the shock action, is related to the exposed specific grain surface arcn and depends on the
degree of compaction and therefore density. It is treated as an empincal constant param
eter that is typically small, The region exclusive of the hot spots is called the badanee of
explosive. After the reaction in the hot-spot region has reached a certain intensity, it will
propagate into the balance of explosive through some form of energy transfer. The najor
part of the reaction is controlled by this mechmnism. We recognize that although the chem
ical process in the bulance of explosive is mainly decompositions], some reenmbinntions
oceur, particulurly near the end of the reaction. A most prominent one is solid earbon
congulntion; the proeess is exothermic and slow. The process tine enn be gquite long nnd
therefore ennnot be ignored. Rather than aceepting the decomposition produets as tinal,
we assunie them o be transitional (or partially rencted) and of two different kinds: one
goes to the final product forin rather guickly, but the second takes considerably longer to
rench the final state. Eventundly, we obtain three rate equations that govern the hot spot,
propagation, and slow reaction for the initintion and detonntion of heterogenconus HE; each
of the equations is characterized by a process time for that particular stage.

The totnl reaction (or product) frnction A consists of three purts:

A AT A VA N ] k")\li (1

Ap 1o the renction fruetion in the hot spot region; Ay and A, represent the fast and show
tenetion irnetions in the bulanee of explosive 1egicen 5 is the hot spor mnss fraetion niol o
the mue fiaction contiibuting, to the slow renction. Both g nnd ¢ wee eonstunes; i depends
on the giain size and density wherens 3 is relnted to the amount of enthon in the HE. The
hot spot reaction finction is detennined by the hot spot procens
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with 7, being the hot-spot process time. The fast reaction Ay is controlled by the energy
transfer between the hot-spot product and the reactant, and the rate is

ﬂé_l_ = '—’(1 _ \!)(’\h — fu/”)

T (3)
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where 7, is the energy transfer characteristic time. f, represents the threshold value which
the hot-spot product fraction Ay must exceed in order to support the reaction propagation.
Finally the rate of the slow reaction fraction A, is given by

d\, 7
i -T—'(A,-A,). (4)

where 7, 18 the slow process time. The hot-apot process time 7, 1s 1elated to the shock
state and the chemical kineties properiies of the region, whereas the energy transfer time
7. in the propagation phase depends on the lbeal hydrodyvnamice condition through the
current pressure. Because the slow process time 7, is believed to be insensitive to the
actital thermodynamice state, it is tuken as a constant. The correlations of 74 and 7, and
additional detail ean be found in Ref. 2.

To illustrate the ability of the model to reproduce the mitintion behavior, we choose to

Pop plot as an example. The experimenatal Pap plot behaviors of low- density superfine
IATB, low-density ultrafine TATB and X 0407 are given in Fig. 1 (curves), along with
the calculated results using modeling (markers). At Ligh shock pressure level, heennse of
the lnrger hot spot mass fraction eaused by the greater grain surfaes area, ultvafine TATB
15 more densitive than superfine; however, the cooler Lot spot vemperature assocint ed with
the smadler gruin of ultrudine TATB leads to lower sensitivity when the shoek is wenk, The
sensiivity of X 0407 is baosteld by the prer nee of PETN. In general 1t fulls between those
low density TATBs exeept in the low whock pressure mage, but X 0407 is more energetic
becanse of its higher density (187 g/em®) mel PETN content as caanpured with low density
TATH. The nominal Cl pressuve of X 0407 is 290 Khar versus 270 kbur for low density

TATH.
1L BOOSTER PERFORMANCE

Figuie 2 shows the configurntion for numeerienl sinmulation of n hoosting system, eona
mon in omonskin cxperiments nond i many applicatiens, "The booster dinmeter is 50 nan.
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A 10-mm-thick layer of PBX-9502 envelopes the booster. The unified reaction model and
HOM equation of state!® are used. The booster is initiated by a small detonator that
1s represented by a region of explosive with 8-mm diameter and 4-mm thickness. The
counter .rore is 2 mm. The reaction model used for this detonator is the programmed
burn with a fraction of surface on the bottom of the detonator used for initiation. The
detonator explosive is LX-10 (95% HMX, 5% Viton A) with JWT, equation of state used.!!
For computational convenience, the system is bound by layers of Plexiglas (PAMA) to
provide some pressure boundary and to prevent excessive mesh distortion. Computation
is done on DYN A2D code.'?

Figures 3-a through 3-e show a sequence of reaction fraction contours at different
times using three different booster materinls: low-density superfine TATB, low-density
ultrafine TATB, and X-0407. A detonation front is represented by closely packed contour
lines; the extended reaction zone is depicted by wide line scparation. At 1 us (Fig. 3-a).
the detonation front is well defined except for the slight rarcfaction on the side in the
ultrafine TATB and X-0407 boosters. On the other hand, in the superfine TATB booster,
the detonation propagates inainly along the axi: of symmetry in a planar fashion, reflecting
the effect of the detonator without significant divergence. There is shock-induced reaction,
but no significant sideways detonation. The detonntion wave, in fact, reduces its frontal
arca somewhat with the shock-induced reaction zone extending further at 2 pjs, as seen in
Fig. 3-b: the other two boosters perform quite well at this time. With the inelusion of =
nonsteady detonation feature in the model, the effective CJ pressure gradually becomes

wrher as the detonation propagntes farther. This condition helps the superfine TATB
‘ter tremendounsly, re-establishing the detonation wave as shown in Fig. 3.c at 3 pus,
aprovemment over the earlier study? without the benefit of foree field enhancement
1. agh nonsteady behavior of detonation.  Even so, the performance of the superfine
TATB is far from desirable. The other two booster explosives continue to develop in
nearly hemispheriend wave pattern; the X 0407 booster shows a larger partially reacted
region around the detonator, whereas the ultrafine TATB hns a stnldler, but more definite
dead zone. At 4 pus (Fig. 3 d). the detonntion front is well inside the main charge region.
The shape is quite close to hemispherical when X 0407 or ultrafine TATB is used in the
booster, wherens the front just barely passes the interface between the booster and the
main charge if the booster nmterind is superfine ‘TATB. Finally, the detountion front hns
pussed the computation region at 5 s with X 0407 or ultrafine 'TATB hooster explosive
(Fig. 3 ¢). but the detonation front with superfine TATB hooster linx just renched the
pole, and the shape of the front is G from hennispherieal.

By examining the pressure at the interfuce between the PBX 9502 main chiage mul
the Plexiglas layer, we ean construet the breakout patte;ne of the detonation wave ns
observed in ontonskin experiments. The result s presented in Fig, 4. The zero time s
lined with the time of the first brenkout; consequently, we ean compare the uniformity nl
the divergence of the waves using those three hooster explosives, hmuoedintely we can see

t
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Fig. 3-a. Reaction fraction contours at 1 ps.
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Fig. 3-b. Reaction fraction contours at 2 us.
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Fig. 3-d. Reaction fraction contours at 4 ys,
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Fig. 3-e. Reaction fraction contours at 5 ps,

that ultrafine TATB and X-0407 arc quite sumilar in developing a good divergent wave, The
slight lack of uniformity using ultrafine TATD is causcd by a slower detonation velocity,
but the deficiency can be overcome by moving the detonator farther inside the booster. On
the other handl, the performance of the superfine TATB booster is quite poor, as evident
by the slow spread of the detonation wave. The divergence pattern is unacceptable for
practica] purposes. Some onionskin experiments using X-0407 booster explosive have been
conducted; Fig. 5 shows one particular calculation (curve) that agrees quite well with the

experiment (markers), considering that the lot-to-lot variation in material properties is not
uncommon.
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IV.

CONCLUSIONS

We have demonstrated the great potential of using a modeling approach to evaluate

the boosting system performance; the agreement between calculation and experiment is
guite good. We have also used numerical simulation to investigate booster size, detonator
explosives, size, and location effects. Costly experunental programs can, therefore, be
substantially cut back in scale.
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