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NUMERICAL MODELIRG OF
INSENSITIVE HIGH-EXPLOSIVES INITIATION

Allen L. Bowman and Charles L. Mader
Los Alamos National Laboratory

ABSTRACT

The initiation of propagating. diverging detonation 1is
usually accomplished by small conventional initiators. As the
explosive to b2 initiated becomes more shock fnsensitive, the
initatore msust have larger dismeters tc be effective. Very
shock-{nesensitive explosives have required initiators larger
thar. 2.5 c». We have numericslly exasined the process of
inictiation of propsgeting detonstion as & function of the
shock eensitivity of the explosive using the two-dimensior.al
Legrangian reactive hydrodynamic code 2DL and the Forest Fire
rate to describe the shock initistion process of heterogene-
ous explosives. The initiation of propagating detonation in
shock-{nsens{tive explosives containing triamino trinfitroben-
gene results in large regions of partially decomposed explo-
sive even vhen initisted by lerge initigtors. Th. process
has been observed experimentally and reproduced numerically.

1. INTRODUCTION

The iniciation of propagating, diverging detonation is usually sccomplished
by smal]l conventional inittiators; however, as the explosive to be initiated be-
comes more shock insensitive, the initiatore wust have larger Jiameters (>2.5 cn)
to be effective.

Travis' has used the 1'C camera to examine the nsture of the diverging det-
onation waves forwed in PBX-9404 (94/3/) HHX/nltrocellulono/Trlo-B -chloroethyl
phosphate), X0290 or PBX-9502 (95/5 TATB/Kel-F at 1.89( g/ca'), and X0219 (90/10
TATB/Kel F ot 1.914 ;/c-') by hemispherical initistors. The geometries of the
inftistors vere (1) 8 6.)5-mm-radius hemisphere of PRX-9407 (94/6 RDX/Exon at
1.61 g/cm’) surrounded by a 6.35-mm-thick hemftsphere cof PBX-9404, (2) & 6.35-mm-
radius hemisphere of 1. 7-|/c-' TATB surrounded by a 19.05-mm-thick hemisphere of
1.8-g/ca’ TATI. ©: ()) a 16-mm-radius hemfsphere of X03%1 (15/5/80 ¥MX/Xel-F/TATB
at 1.89 g/ca’).

Yo have nulcrlcallv examined systams with oi.llnr geometries by use of the
hydrodynamic code 2DL’and the Forest Fire rate’ to describe the shock initiation
procens.



I1. NUMERICAL MODELING

The two-dimensionsl reactive Lagrangian hydrodynamic rode 2DL? was used to
describe the reactive fluid dynamics. The Forest Fire’ description of hetero-
geneous shock initistion was used to describe the explosive burn. The HOM equa-
tion of state and Forest Fire rate constants for PBX-9502, PBX-9404, and X0219
vere identical to thise Aescribed in Ref. 4. The Pop plots are shown in Fig. 1
snd the Forest Fire rates in Pig. 2. The calculations were lone in cylindrical
geometry with Lucite confinement rather than the air confinement present in the
experimental study. The Lucite confinement prevents the mesh distorrtion that

can be fatal to Lagrangian calculations.
The central 6.35-mm region of the detonator is inirially exploded, which

injtiates the remaining explosive in the detonator using a C-J volume birn. tor
any given mesh size and time step, the viscosity must bc adjusted to give a peak
pressure at the detonation front near the effective C-J pressure. The parameters
used are as follows.

_______ Calculation Mesh Size Time Step Viscositv
_ Inftiator Acceptor _ (em) - (us) Coefficient

PBX-9407/PBX-9404 PBX-9404 6.05 0.02 4.0

PBX-9407/PBX-9404 PBX-9502 0.05 0.02 5.0

PBX-9407/PBX-9404 X0219 0.05 0.02 42

1.7 TATB/1.8 TATB PBX-9502 0.1 0.02 5.6

X0351 PBX-9502 0.1 0.02 5.0

The prussure and mass fraction conrours are shown for s PBX-9404 hemisphere
inftisting PBX-9404 in Fig. 3, PBX-9502 (X0290) in Fig. &, and X0219 in Fig. 5.
The experinentn]l and calculated position of the lesding wave as & function of
distance from the origin *s ehnwn in Fig. 6.

The burn can bacome unsn:.ble when 1t turns a corner. The instablility is
spparertly numerical because {t can be eliminated by using an average of nearbv
cell pressures for the Forest Fire burn rather than the indtvidual cell pressure.

The pressure and mass fraction contours are shown in Fig. 7 for the 1.0-
(/cm' TATB hemisphere initiating PBX-9502. Very little undecomposed explosive was
observed e-perimentally, i{n sgreement with the calculated results. The contours
are shown in Fig. 8 for an X0151 hemisphere initiating PRX-9502. The experimen-
tal and calculated regions of partially decomposad PBX-9502 are shown in Fig. 9.

111, CONCLUS IONS

The initiation of propagating detonation in sensitive (PBX-9404) and insen-
sitive (PBX-9502 and X0219) explosives by hemispherical initiators can be de-
ecribed numerically using the two-dimensional Lagrangjan code 2DL and the Forest
Fire rate. Large regions of partially decomposad axnlosive occur even when in-
rensitive explosives are initirted by large initisators.
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