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A STUDY ON THE CONTRIBUTION OF SLOW REACTION IN DETGNATION

P. K. TANG, W. L. SEITZ, H. L. STACY, and J. WACKERLE

Los Alamos National Laboratory, Los Alamos, New Mexico 87545

Interface velocimetry and plate push experiments of the TATB-based explosives investigated so far show the
presence of nonsteady detonation; namely, the initial velocity history increases with increasing explosive charge
length, a condition generally attributed to the variation of effective CJ pressure. A multistage reaction model is
used to simulate these experiments. For these expiosives, we find that the reaction must include a slow procesas
stage so that the numerical results can be brought into good agreement with experimental observation.

1. INTRODUCTION

It is known that in cylinder tests the initial motion cf
the metal tube is very sensitive to the Chapman-Jougue!
(CJ) pressure used for calculation;! and also that the
equation of state (EOS) calibrated based on the cylin-
der test cannot be lppﬁed to another system in general.
The problem can be demonstrated by the inability of
the same EOS to predict plate push experiments.? This
dilemma loads us to conclude falsely that there is no
universally acseptable FOS for a particular high explo-
sive (HE), end tL'1s forces designers to manipulate the
EOS to fit the emperical result instead of making pre-
dictions. The difficulty, we believe, is not entirely from
the EOS, but rather from the simplification we make of
the reaction process in detonation,

It has been observed that some explosives exhibit
norideal or nonsteady detonation bebavior, showing in-
creasing CJ pressure with respect to increasing HE
charge length, contrary to the simple detonation theory
with unique CJ pressure ? This condition arises from the
presence of an extended reaction rone, the consequence
of slow reaction (or delayed energy release) found in
some HE. The presence of a long time scale in reaction
provides the opportunity for moic intimate interaction
between reaction and bydrodynamica and therefore the

effect of detonation ia more sensitive to the system con-

figuration. This sensitivity explains why we have to
fudge the EOS to reflect such a condition for different
applications when we use programmed burn, in which a
constant detonation velocity is used to construct a burn
map in the HE region and the reaction rate is deter-
mined by the sweeping spee.. i 1o detonation wave,
For sorar HE, the origin of the slow reaction pro-exa in
believed to Le caused by molid carbon congnlation.* In
the presence of a slow procezs near the ei:d oof reaction,
the apparent CJ pressure reflects the condition of the
partially reacted (although almost completed) state of
the explosives rather than the final product. This paper
shows the significance of the slow reaction in contribut-
ing to the overall detonation behavior as demonstrated

in two types of experiments and related simulations.

2. MODELING INTERFACE AND PLATE PUSH EX-

PERIMENTS

A unified reaction mode! for initiation and detona-
tion of heterogeneous high explosives has recently been
developed,® replacing an ed Aoc time-switching tech.
nique reported previously .* Using the model, we can
obtain the reaction rate for detonstion as a limiting case
because both the hot-spot process time and the eflec-
tive energy transfer time are much shorter than the alow

process time. The total reaction fraction A is therefore



A=(1=-¢)+ ¥, 1)

with

da, 1 .
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where ), represents the reaction fraction of the slow pro-
cess, v the mass fraction of the explosive going through
the slow process, and 7, the slow process time. Both y
and 7, are taken constant. In the absence of slow pro-
cess, ¢ is set to zero. For calculation, however, the com-
plete rate equations given in Ref. 5 are actually used;
and Eqs. (1) and (2) represeat only the asymptotic char-
acteristics of the complete rate relations in detonation
condition.

Experiments were reported using Fabry-Perot inter-
ferometry to measure interface velocity between explo-
sive and transparent window.” The experimental system
consists of a plane-wave lens (P-40), 25 mm of Composi-
tion B, a layer of 10-mm aluminum, the test high explo-
sive, 0.013-mm aluminum laser reflector, and the tran-
parent window (see Fig. 3 of Ref. 5). The results show
increasing initial interface velocity history with increas-
ing explosive charge length for PBX-9502 (95% TATB,
5% Kel-F), X-0407 (70% TATB, 25% PETN, 5% Kel-
F), and pure TATB, i.ndic.:ating some sort of nonsteady
behavior. To illustrate the effect of the slow process in
detonation, calculations using ¢ = 0.15 and 7, = 75 ns
can reproduce the experimental results.®® Additional
e idence to support the presence of slow reaction using
lithium fluoride (LiF) window is given in Figs. 1 and
2 for 13- and 25-mm PBX-9502. Calculations without
the slow process are also presented iu the above fig-
ures. The improvement of the simulations with slow
process over those without is quite striking. The sec-
ond set of experiments is plate push, using similar ex.

perimental setup as in the interfuce experiment, ex:
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FIGURE 1

Interface velocity between 13-mm PBX-9502 and LiF
window.

cept that the aluminum shim and the transparent win-
dow are replaced by a thin metal plate (see Fig. 3).
The metal surface velocity is measured and also cal-
culated using identical parameters for the interface ve-
locity simulation. Figures 4 and 5 show the results of
13- and 30-mm PBX-9502 pushing 0.5-mm aluminum
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FIGURE 2

Interface velocity between 25-mm PBX-9502 and LiF
window.
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FIGURE 3
Piate push experimernt

plates Agarn sunulations with the inclumon of slow
process match the experniments much better. particu-
larly 15 the earlier phase and for the thicker explosive
charge case Here we see a alight overestunate of the
surface veloity 1o later time The reason 1s probably
due to the product component 15 the HOM EOS used *
The advantage of the HOM EOS s that 1t can be ob-
tained independently. but 1t 18 usually more energetic
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FIGURE 4

Surface velocity 13- mm PBX-0502 pustunig 0 §-mm alu-
MuG.Jn plate
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FIGURE 5

Surface velrcity 50-mm PBX-9502 pushing 0 3-mm alu-
munum plate

than other types of EOS in the low pressure region. and
the thin aluminum plate cannot hold up the pressure
for long after a few reverberatuions The calculations of
13- and 50-mm PBX-9502 pushung 0 56- and 0 46-mm

tantalum plares respectively duplicate the expenments
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FIGURE 6

Surface velccaity. 13-mm PBX-9502 pushing 0 5C mn:
tantalum plate
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Surface velocity, 50-mm PBX-9502 pushing 0.46-mm
tantalum plate.

much better even at late time, as shown in Figs. 6 and 7.
3ince tantalum bas much higher density than aluminum
and can maintain the high level of pressure longer, the
behavior of the EOS is expected to be more accurate,
justifying the contention we 1ave made eauiier on the

aluminum plate result.

3. CONCLUSIONS

Without resorting to ibe manipulati~n of the EOS,
we are able to simulate two types of experiments show-
ing nonideal detonation behavior and we conclude that
the phenomenon is caused in detonation by the pres-
ence of a slow process near the end of the reaction. In
combining with the initiation stage, the unified resction
mode] has been validated further in different configura-

tions, and should be a useful tool for many applications.
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