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NUMERICAL MODELING OF
INSENSITIVE HIGH-EXPLOSIVES INITIATION

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

ABSTRACT

The initiation of propagating. diverging detonation is
usually accomplished by small conventional initistors. As the
explosive to b2 initiated becomes more shock insensitive, the
initators must have larger diameters tc be effective. Very
shock-insensitive explosives have required initiators larger
thar. 2.5 ca. VWe have numerically exasined the process of
initiation of propagating detonation ss & function of the
shock sensitivity of the explosive using the two-dimensior.al
Legrangian resctive hydrodynamic code 2DL and the Forest Fire
rate to describe the shock initiation process of heterogene-
ous explosives. The initistion of propagating detonation in
shock-insensitive explosives containing triemino trinitroben-
gene results in lsrge regions of psrtially decomposed explo-
sive even wvhen initiated by large initigtors. Th. process
has been observed experimentally and reproduced numerically.

I. INTRODUCTION

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

Travis' has used the I'C camers to examine the nature of the diverging det-
onation waves forwed in PBX-9404 (94/3/) HHX/nltrocellulooc/Tril-B -chloroethyl
phosphate), X0290 or PBX-9502 (95/5 TATB/Kel-F at 1.894( g/cm'), and X0219 (90/10
TATB/Kel F at 1.914 |/c-') by hemispherical initiators. The geometries of the
initietors vere (1) s 6.)5-mm-radius hemisphere of PBX-9407 (94/6 RDX/Exon st
1.61 g/cm’) surrounded by a 6.)5-mm-thick hemfsphere cf PBX-9404, (2) 8 6.35-mm-
rsdius hemisphere of 1.7-;/c-' TATB surrounded by a 19.05-mm-thick hemisphetre of
1.8-g/ca’ TATB, o- (3) a 16-mm-radius hemisphere of X03%1 (15/5/80 MMX/Kel-F/TATB
st 1.89 g/ca’).

Ve have nulcricallv examined systems with oi.lllr geometries by use of the
hydrodynamic code 2DL’snd ths Forest Fire rate’ to describe the shock initistion
procens.



I1. NUMERICAL MODELING

The two-dimensional reactive Lagrangisn hydrodynamic rode 2DL? was used to
describe the resctive fluid dynamics. The Forest Fire' description of hetero-
geneous shock initistion wes used to describe the explosive burn. The HOM equa-
tion of stste snd Forest Fire rste constants for PBX-9502, PBX-9404, and X0219
vere identicsl to thcse Aescribed in Ref. 4. The Pop plote sre shown in Fig. 1
and the Forest Fire rates in Pig. 2. The cslculations were lone in cylindrical
geometry with Lucite confinement rather than the sir confinement present in the
experimental study. The Lucite confinement prevents the mesh distorrion that

can be fatal to Lagrangian cslculations.
The central 6.35-mm region of the detonator 1s inirially exploded, which

initiates 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 Viscositw
__Initiator Acceptor _ (em) - (us) Coefficient

PBX-9407/PBX-9404 PBX-9404 G.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 5.0

X0351 PBX-9502 0.1 0.02 5.0

The prussure and mass fraction conrours are shown for s PBX-9404 hemisphere
initisting PBX-9404 in Fig. 3, PBX-9502 (X0290) in Fig. &4, and X0219 in Fig. 5.
The experln-entull and calculated position of the lesding wave as & function of
distance from the origin *‘s shnwn in Fig. 6.

The burn can become unmn:.ble when it turns a corner. The instability is
apparert]ly numerical because it can be eliminated by using an average of nearby
cell pressures for the Forest Fire burn rather than the indtvidual cell pressure.

The pressure and mass fraction contours sre shown in Fig. 7 for the 1.0-
g/cm’ TATB hewisphere initiating PBX-9502. Very little undecomposed explosive was
observed e -perimentally, {n agreement with the calculated results. The contours
are shown in Fig. 8 for sn %0351 hemisphere initiating PRX-9502. The experimen-
tal and calculated regions of partislly decomposed PBX-9502 are shown in Fig. 9.

111, CONCLUS IONS

The initistion of propagating detonation in sensitive (PBX-9404) and inmen-
sitive (PBX-9502 and X0219) explosives by hemispherical initiators csn be de-
ecribed numerically using the two-dimensional Lagrsngjan code 2DL and the Forest
Fire rate. Large regions of partially decomposad exnlosive occur even when in-
erensitive explosives are initirted by lesrge initistors.



REFERENCES
1. James R. Travis. Los Alam ‘ational Laboratorv, pevsonal commu ication.

2. J. N. Johnson, C. L. Mader, and M. S§. Shaw, "2DL: A Lagrangia. wo-
Dimensional Finite-Difference Code for Reactive Media,”" Los Al.nos
National Laboratory report LA-8922-M (August 1981).

3. C. A. Forest, "Burning and Detonation, "

report LA-7245 (July 1978).

Los Alanwos Scientitfic Laboratery

4. Charles 1. Mader, Numerical Modeling of Detonations (Universitv ot Callternia
Press, Berkele, 1979).



(cm)

Distance To Detonction

[ T | R L L L 77}' 0 | LR 1
B o *
Py -] o *
— > @]
_‘pvo-f; < v o
% & o v
\
.00~
=
-
0.10
-
o \
’—
i \
ooll—t 1 11 sl o i

10 100
Fressure (kbor)

Fig. 1.

T

LR

| I

J

Lol ]

1

l

L

-

1000

The distance nf vun tn detonation as a function of tnhe shock pressure.



103

102
T W
(5]
[ ]
W
4
.g-—
© 109
‘_|;
]
[ ]
»
c 10!

10-2

10-3

= 1 =
e anay
- -
— »
- —
p— -
v ~—
p— —
- —
- 3
: —
- -
— -
p— —
— —
o —
= 3
p— —
- —
P -—
- -
— -
— -
e —
-
p— —
— -
—
-y
E o~
- ——
— —
- -y
— -
- B -
= PBX- ]
- 9404 B
b—
- —
= X0219 —
— =
- —
- -
- X0290 a
= Comp. B 3
P —
- —
e -

10 100 1000

Pressure (kbar)

Plg. 2

The Forest Fire decomposition rates as a function of shock pressure.



[ 1,' < 1 S 1 )
PRESEUAE B s$ RRACTICH
4 +
Lucite ! -
?,I 2 - +
9 —t - gi»— 3 ———
pBy-bads T 1| L
et
n 0 JT —
Ll{g] [ e J
BRI
! T
—$ e ——g ‘——JL - — — —— 0-— -
: BLE N LI o S . ,
FITET T :rq;:f% ) F—=— 732 j-}.ﬂ:
— i— —— 4 —-«IL~4| - —-4~——io-— —+ —4'———+-——0-——4
|—-1— - ——— 4 -l -+ —L -4 %‘ + 0—; —e
N | IL |
—— -T. _$ —A———-}-——-‘ — e
-+ — - 4 — - ]
H JF 1 — g4 -—%- T—_f:4 H TI ‘ —
% S / ( - L — 4 - .T--_‘f - -l"] T —+ _T _'7_—
: = +-+ = —
0 L__ 0 l
N —
- L] i
‘ T 7
e ——
-2 % J J Z_._p_is H l I i .
« 4 2 ] ¢

4 LT : :F—:»--- -_~ _ - - - 3 L] F%q 4— 1 _:*“ 3 : ':' ; * ; A
- j - -— 4 ot A e g
— } -+ oot T +
- ' 4 ‘
p—— p— e~ 4. — +- -+ —¢ + ’ +-—
sy 44 4 ‘—J'——f .
i Sl st ol - 0—4 BRSPS
H 3 v — ? J‘,J - f
4 -+ —4 ~—~L_—? -
Va4 r! i
- =4 - _
— — —p— *
04—+ - 04 b~
peupury
4 4
T
——r l
—— - n
I 3 M ws i A
2l J 2.y . - *.l__{
Fig. 3,

The pressure and mass fraction contours at varifous tim2s for a hemispherical ini-
tiator of 6.35-mm-radius PBX-9407 surrounded by 6.35 mm of FBX-9404 initiating
PBX-9404. The pressure contour interval is 50 kbar and the mass fraction con-
tour is C.1.
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The pressure and mass fraction contours at various times for a hemispherical ini-
tiator of 6.35-mm-radius PBX-9407 surrounded by 6.35 mm of PBX-940(  nitiating
PBX-9502 (X0290). The pressure contour interval 1is 50 kbar and the mass frac-
tion contour 1is 0.1.
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Fig. 9.
The calculated and exper imental region of partially decom-
posed PBX-9502 when inftinted by an X0351 {nitiator,



