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HOT SPOT-DERIVED SHOCK INITIATION PHENOMENA IN HETEROGENEOUS

NITROMETHANE

D. M. Dattelbaum, S. A. Sheffield, D. B. Stahl, A. M. Dattelbaum
Shock and Detonation Physics, Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

The addition of solid silica particles to gelled nitromethane offers a tractable model
system for interrogating the role of impedance mismatches as one type of hot spot “seed” on the
initiation behaviors of explosive formulations. Gas gun-driven plate impact experiments are used
to produce well-defined shock inputs into nitromethane-silica mixtures containing size-selected
silica beads at 6 wt%. The Pop-plots or relationships between shock input pressure and run-
distance (or time)-to-detonation for mixtures containing small (1-4 um) and large (40 um) beads
are presented. Overall, the addition of beads was found to influence the shock sensitivity of the
mixtures, with the smaller beads being more sensitizing than the larger beads, lowering the shock
initiation threshold for the same run distance to detonation compared with neat nitromethane. In
addition, the use of embedded electromagnetic gauges provides detailed information pertaining to
the mechanism of the build-up to detonation and associated reactive flow. Of note, an initiation
mechanism characteristic of homogeneous liquid explosives, such as nitromethane, was
observed in the nitromethane-40 um diameter silica samples at high shock input pressures,
indicating that the influence of hot spots on the initiation process was minimal under these
conditions.

INTRODUCTION

The generation of "hot spots,” or localized regions of high temperature and pressure, defines
the shock initiation sensitivity and initiation mechanisms of most solid high explosives, whether
conventional, insensitive, or non-ideal. The potential origins of hot spots within a material include
dynamic pore collapse, friction or shear along sliding interfaces, wave reflections from in-situ
impedance mismatches, and others.[1-3] However, despite many decades of research into the
physics of high explosives, at present we only have a very basic understanding of the broad
mechanisms underlying shock-induced hot spot generation, subsequent hot spot ignition, and the
confluence of multiple hot spots leading to reactive wave build-up and detonation.

The concept of hot spots as it pertains to explosives initiation is not new.[1-3] There have
been numerous estimates of the “critical” hot spot size and temperature leading to initiation for
various explosive formulations. Estimates by Bowden and Yoffe, as early as the 1950s, placed
values on the critical hot spot size at 0.1-10 micron, temperature >700K, and duration of 10°-10”
sec.[1] A number of studies have since aimed to deconvolute the influence of microstructural
features on explosives sensitivity, revealing that hot spot formation and growth is a complicated
time- and length scale-, material-dependent process. Motivated by the often trial-and-error
process of developing new explosive formulations, investigations linking grain size to either the
critical diameter or run-distance-to-detonation have been performed for formulations containing
such explosives as RDX, PETN, and TNT.[8-11] Further, porosity has been examined as a
different type of hot spot “seed”, either through the study of pressed explosives at varying initial
densities (as percentages of the theoretical maximum density), or by the introduction of glass
microballoons into liquid, slurry, and solid explosives.[12-15] Complicating the analysis of these
experimental studies is that every explosive has its own innate chemical reactivity, and the
outcome is intertwined with the characteristics of the stimulus (shock strength, shock pulse
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duration, etc.), and the number of experimental tests are often sparse due to the cost of both the
formulations and testing.

From a theoretical standpoint, hot spot concepts form the basis of the ignition and growth
model[16], where the model, representing separate hot spot ignition and growth phases, is
calibrated to experimental shock initiation data. More recently, it has been suggested that the
incorporation of geometric term(s) to reactive burn models, representative of the real
microstructures that give rise to hot spots, may improve our ability to predict the shock sensitivity
of explosive formulations.[19, 35, 36] Bouton ef al., for example, have shown that both the critical
diameter and run-distance-to-detonation at a fixed input shock pressure, can be correlated with
the specific surface area of either the explosive grains, or inert additives that are suspected to
give rise to hot spots.[19]

Here, we report the results of an experimental study to further elucidate critical features of hot
spots and their relation to shock initiation mechanisms and thresholds, using a well-defined model
system that allows for tuning of the hot spot number density formed during shock compression.
Solid particles, of relevant sizes in the micron-range, have been intentionally introduced into the
otherwise-homogeneous liquid explosive nitromethane (NM). The tunability of the mixture
provides a system that is useful for interrogating the influence of shock impedance mismatches
as one type of hot spot “seed”. In addition to measurements of the run-distance-to-detonation as
a function of shock input pressures, the application of embedded electromagnetic gauges allows
for in-situ measurement of the reactive flow, giving insights into the nature of the build-up to
detonation. Two series of experiments have been performed for gelled nitromethane loaded with
6 wt% solid silica beads with small (~1-4 um) and large (40 um) diameters. By keeping the
weight percentage constant, the interparticle distance is also varied between the two mixtures.

EXPERIMENTAL

Nitromethane (NM, CH3NO,) was purchased from Sigma-Aldrich (99+%) and used without
further purification, with a freshly-opened sample used for each experiment. Guar gum (General
Mills 512 Guar, a cyanoethylether of a galactomannan gum), was the same as that used by
Engelke.[4,5] Solid silica particles of 1-4 and 40 um diameters were obtained from Particle
Information Services. Particle sizes were confirmed using both optical and scanning electron
microscopies.

Samples for plate-impact experiments were prepared by weighing out appropriate quantities
of NM, Guar, and silica to prepare mixtures consisting of 92.25 wt% NM, 1.75 wt% Guar, and 6
wt% silica. The silica particles were added to the NM in a high-walled beaker, followed by slow
addition of Guar with continuous stirring to gel the mixture. The resulting white, viscous mixture
was then pipetted into a LANL-designed liquid target cell, shown schematically in Figure 1
(left).[6] A photograph of a partially assembled target cell is shown in Figure 1 (right).

Plate-impact experiments were performed using the LANL 50 mm-bore two-stage light gas
gun described previously.[7] Kel-F 81 (polychlorotriflucroethylene) impactors saboted in Lexan
projectiles were launched at velocities up to ~2.9 km/s at instrumented targets containing the NM
mixtures. Embedded electromagnetic gauges, described previously, [6-8] provided in-situ shock
wave profiles at ten Lagrangian positions, allowing for determination of both the initial, unreacted
shocked state (Hugoniot locus) and run-distance (or time)-to-detonation. A photograph of an
electromagnetic gauge package is shown in Figure 2. The horizontal elements in the center of
the gauge package give the shock wave profiles at nine different positions in the sample, and are
used in combination with a single-element “stirrup gauge” at the PMMA-NM input interface (as
can be seen in Figure 1, right). The finely-patterned gauge elements on either side and at the
bottom center of the package are referred to as the “shock trackers,” which give high precision
measurements of wave arrival at each element, redundantly determining the shock and/or
detonation wave velocities in the experiments.



ASSEMBLED
Figure 1. (lefty Expanded view of LANL liquid target cell designed for making embedded gauge

measurements in liquid explosives under gas gun-driven shock compression, and (right) Photograph of a
liquid cell with the top off, showing the embedded gauge at a 30° angle.
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Figure 2. Photograph of embedded gauge membrane showing the patterned Al gauge elements.

RESULTS AND DISCUSSION

Neat NM is one of the most well-characterized liquid explosives in terms of its equation of
state (EOS), initiation and detonation properties.[4-6, 24-33] NM has a steady detonation velocity
of 6.23 mm/us, estimated Chapman-Jouguet (CJ) pressure Pg,; = 12.5 GPa, and failure diameter
of 16.2 mm in pyrex glass.[24] The detonation characteristics of NM have been previously shown
to be susceptible to both chemical and physical sensitization as shown by either reduction in
critical (failure) diameters, or lowering of shock initiation thresholds.[4-6,17-19] Recently, we
reported detailed measurements of the chemical reaction zone of NM.[24] The reaction zone has
a predicted von Neumann spike particle velocity of 2.7 mm/us, and sonic/CJ state of 1.8 mm/us.
The temporal decay of the particle velocity through the reaction zone is marked by a fast and
slow component. Decay of the fast component occurs within the first ~10 ns behind the front,
followed by a slower decrease in particle velocity over ~ 100 ns. Based on the predicted CJ
condition from the unreacted and product equations-of-state for NM, the overall reaction zone
length was estimated to be ~ 100-150 ns, or 600 to 900 microns in width.

A means of judging the shock sensitivity of explosives is through the development of “Pop-
plots" or the relationship between the shock input pressure and the run-distance (or overtake
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time) to detonation.[7] The Pop-plot for neat NM has been well-established by numerous
sources, and the data is collectively shown in Figure 3.[28-30] Compared with the conventional
plastic-bonded explosive PBX 9501, a mixture of 95 wt% HMX with 5% Estane/nitroplasticizer
binder,[37] NM is less sensitive to initiation by shock compression, requiring almost twice the
shock input pressure for the same run distance. The shallow slope of the data in the Pop-plot
also reveals the high dependence of the initiation behavior on temperature. A small change in
the shock input pressure, and therefore small change in temperature, results in a large difference
in the run-distance-to-detonation, as seen in Figure 3.
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Figure 3. Shock input pressure vs. detonation overtake time (Pop-plot) for neat nitromethane.

Engelke has previously shown that the addition of rough (uncontrolled particle morphologies,
5-75 mm diameters) silica at 6 wt% to NM, gelled with guar gum, results in a dramatic reduction
in the critical diameter compared to neat NM.[4] In addition, the failure behavior was found to be
more similar to that of heterogeneous explosive formulations, such as plastic bonded explosives,
in which a large velocity deficit could be sustained prior to failure (e.g. the detonation would
propagate in smaller charge radii but at lower velocities compared to the large diameter steady
velocity). For 92.75/6/1.25 wt% NM/silica/guar, the failure diameter was reduced to 9.6 mm
compared with 16.2 mm for neat NM. To isolate the influence of particle size, Engelke further
performed a series of failure experiments, varying the number density and diameter of controlled
silica beads in gelled NM. He found that reductions in the critical diameter were most profound for
small (1-4 mm) silica beads, and that there is a correlation between the reduction in critical
diameter and mean interparticle separation.[5] Similarly, Bouton has suggested that critical
diameter can be correlated to specific surface area of added particles for a wide variety of
explosive formulations.[19] The reduction of critical diameter is posited to be tied to the influence
of hot spots affecting the chemical reaction zone length, and enabling detonation propagation in
smaller charge radii. It has been suggested that the critical diameter is related to the chemical
reaction zone length by:

A
D, -DN(I-E)



where Dg is the steady detonation velocity of a two-dimensional detonation traveling in a
cylindrical charge with radius R, D is the infinite diameter steady detonation velocity, and A is a
fitting parameter, which may be related to the steady one-dimensional chemical reaction zone
length.[31-33] Engelke et al. found that the relationship between critical diameter and reaction
zone length was not linear for samples of nitromethane containing the chemically-sensitizing
diethylenetriamine at varying concentrations, albeit there did appear to be a relationship between
the quantities.[31-32] The failure characteristics of nitromethane-silica mixtures established by
Engelke provide a foundation for the work presented here. To gain an understanding of the
influence of hot spot number density and type on initiation characteristics, some of the same
mixtures studied by Engelke have been investigated here using well-defined shock wave inputs to
initiate the NM-silica mixtures.

Gas gun-driven shock initiation experiments have been performed on gelled nitromethane
samples containing solid silica beads at 6 wt%. The diameters of the silica particles have been
chosen to be 1-4 um or 40 um, and are the same materials used by Engelke.[ref] From each
experiment, numerous details about the shock-to-detonation transition are gleaned, including
measurements of the initial unreacted shocked state or Hugoniot locus, shock and particle
velocities associated with the initial shock, reactive and detonation waves, and run-distance or
time-to-detonation as a function of shock input pressure for population of the Pop-plot. To
ensure that gellation of the nitromethane did not affect its shock initiation properties, a single
experiment was performed on gelled nitromethane (1.75 wt% guar) with the Pop-plot point falling
within the data for neat liquid NM.

The results of two series of shock initiation experiments are summarized in Table 1. Variation
of the projectile velocity using the same projectile-impactor combination results in variation in the
initial shock pressure imparted to the target cell, and thus the nitromethane-silica mixtures. The
input shock pressure was determined by the measurement of the initial shock and particle
velocities and application of the Rankine-Hugoniot conservation equations to calculate pressure
(initial density = 1.15 g/em®) or by impedance matching methods using the measured initial
particle velocity and Kel-F 81 Hugoniot-based equation of state. The time to detonation was
determined as the time from the initial shock at the target front-NM interface to the observation of
leading detonation wave at one of the nine embedded particle velocity gauges (or Lagrangian
positions). Comments pertaining to the initiation mechanism, as described below, are also listed
in the Table.

TABLE 1. Summary of shock initiation experiments on heterogeneous NM with controlled silica
particle diameters. Py, is the input shock pressure in GPa, t is the shock-to-detonation run time in
microseconds.

Shot # Projectile Particle Pin (GPa) Time-to- Comments
velocity loading/size detonation
(km/s) (us)
28-312 2.045 6 wt% 40 um silica 5.8 >35 Did not turn over
2S-314 2.308 6 wt% 40 um silica 71 2.26 Mixed mechanism
25-317 2.721 6 wt% 40 um silica 9.5 1.15 Homogeneous-like
25-356 2.904 6 wit% 40 pm silica 10.7 0.65 Homogeneous-like
25-357 2.909 6 wt% 40 um silica 10.5 0.62 Homogeneous-like
2S-358 2.485 6 wit% 40 um silica 7.8 1.75 Mixed mechanism
2S-319 2.669 6 wit% 1-4 um silica 9.3 ~0.38 Early turn-over
25-359 2235 6 wt% 1-4 um silica 7.0 1.66 Growth in and behind front
2S-361 2.468 6 wt% 1-4 um silica 8.5 0.96 Growth in and behind front
25-397 6 wt% 1-4 um silica
2S-
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The Pop-plot points derived from the shock initiation experiments on the two mixtures are
shown in Figure 4 overlaid with the data for neat NM. It should be noted that the initiation
mechanism is not necessarily the same for either the type of mixture or the input pressure, and
the overall turnover time, despite the differences, is used to populate the Pop-plots. As seen in
the figure, the addition of silica beads at 6 wt% has a measurable effect on the shock sensitivity.
The mixtures of 40 um silica in NM show non-linear behavior, with a shallow slope at high
pressure paralleling the neat NM data, evolving into a steeper slope at lower shock input
pressures. The lowest pressure point for this figure, from shot 25-312, did not turnover during the
1-dimensional time of the experiment, and is thus a lower limit for turnover time. The mixture of 6
wt% 1-4 um silica in NM shows that the smaller particles are more universally sensitizing, as
shown by a decrease in the shock initiation pressure for the same run distance/time compared
with neat NM over a large range of shock input pressures. Furthermore, there may be evidence
that at low shock input pressures, the data for this mixture begins to deviate even more from neat
NM with the initiation threshold for the NM-silica mixture being lower by up to 2 GPa over the
measured pressure regime. The slope of the data for this mixture appears to nearly-parallel the
Pop-plot for neat NM to ~ 7.8 GPa, or to a run distance near 1.5 us before appearing to turn down
in this plane.

Incorporation of the silica beads into the gelled nitromethane results in hot spots through the
interaction of the incident shock with the higher impedance (the shock impedance Z = ¢4 x p, or
the bulk sound velocity times the initial density) particles (e.qg. impedance mismatches). Non-
reactive simulations of the hydrodynamic flow in a nitromethane sample containing 20 um silica
beads shocked to 10 GPa indicate that the mechanism for hot spot formation is a combination of
adjacent nearly-head-on wave collisions occurring between the beads, as well as Mach
reflections at the bead-NM interface.[35] Shock reflections normal to the NM-bead interface were
not found to appreciably raise the temperature of the nitromethane behind the front.
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Figure 4. Shock input pressure vs. overtake time to detonation (Pop-plot) for neat and
heterogeneous NM containing 40 mm silica. See text for references.

The Pop-plot data are in general agreement with Engelke's findings of the dependence of
critical diameter on bead addition. No or little reduction in the critical diameter was observed for
the large 40 um diameter beads at the same weight percentage (likewise for even larger 100 um



particles). However, a measurable reduction in the critical diameter was observed for mixtures
containing the smaller 1-4 um beads, indicating increased “sensitivity” under failure criteria.
Varying the distance between the smaller beads, achieved by variation of the weight percentage,
further influenced the decrement in the critical diameter (d.), with d. decreasing even further as
the interparticle bead separation was reduced. In the Pop-plots above, the large particle samples
deviated from neat NM only at shock input lower pressures. By contrast, the samples with the
smaller particles showed an overall lowered shock initiation threshold.

The use of embedded electromagnetic gauges allows for in-situ measurements of the shock
and detonation wave profiles, and offers unprecedented insight into not only the shock-to-
detonation run distance, but also the initiation mechanisms of explosives. It is well known that
liquid, or homogeneous, explosives exhibit different initiation behaviors compared with solid,
multi-phase explosives. The initiation mechanism of neat nitromethane, like other homogeneous
liquid explosives, is characterized by thermal explosion that occurs behind the incident shock
front after an induction time, and resultant growth of a superdetonation wave traveling in the
shock compressed material behind the shock front.[25-27] The superdetonation wave has been
observed to travel at high velocities, exceeding 10 km/s, and eventually overtakes the initial
shock, leading to an overdriven detonation that settles down to a steady detonation with distance
(x) or time (). This process for homogeneous liquid explosives is shown schematically in the
time-distance diagram in Figure 5. The thermal explosion occurs at some time/distance from the
shocked boundary after an induction period T4, and the reactive wave or superdetonation builds
from the thermal explosion over a measurable distance. Eventually, the superdetonation
overtakes the initial shock front, as shown by the intersection point in Figure 5.

Superdetonation

Time

Detonation

Initial Shock

Thermal Explosion

Distance

Figure 5. Time-distance (t-x) diagram illustrating the initiation process for homogeneous
explosives such as liquid nitromethane.

“Heterogeneous” or multi-phase explosives, such as plastic bonded explosives, by contrast,
typically show reactive growth in or near (in time/distance) the shock front, with gradual,
continuous reactive growth eventually leading to detonation, see for example reference 37. The
specific features of the reactive flow for heterogeneous explosives are dictated by the explosive
formulation, e.g. type of energetic crystals, porosity, and related features of the microstructure.

Figure 6 shows the wave profiles associated with the shock-to-detonation transition for shot
28-361, 92.25/6.0/1.75 wt% NM/1-4 um silica/Guar, with an initial shock input pressure of 8.5
GPa. From the figure, the reactive flow associated with the build-up to detonation is marked by
growth in or near the front, as well as growth temporally and spatially behind the shock front. The
particle velocity growth associated with the reactive build-up is continuous, similar to what is
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observed for heterogeneous explosives. In fact, remarkably-similar wave profiles have been
observed for the shock-to-detonation transition for PBX 9501.[37]
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Figure 6. In-situ wave profiles showing the shock-to-detonation transition for shot 2S-361,
92.25/6.0/1.75 NM/1-4 mm silica/Guar, with an initial shock input pressure of 8.5 GPa

Over the range of shock input pressures sampled, the characteristics of the build-up to detonation
were found to be similar. This type of behavior is indicated as “growth in and behind the front” in
Table 1.

Interestingly, a range of initiation behaviors was observed as a function of the shock strength
for gelled NM containing the 40 um patrticles. At low pressures (< 6 GPa), reactive growth closely
behind the shock front was observed, but the material did not turn-over to detonation within the
time/distance of the gauge elements and 1-dimensionality of the experiment. At intermediate
shock input pressures (7-8 GPa), some reactive growth was observed close to the front, followed
by a the appearance and growth of a reactive wave behind the front, reminiscent of a
superdetonation. This could be due to a thermal explosion behind the front, or a phase velocity
associated with initiation from a point outside of the centerline behind the shock. This wave,
traveling from behind, eventually overtakes the front, leading to an overdriven detonation. An
example is shown in Fig. 7, for shot 25-358, 92.25/6.0/1.75 NM/40 um silica/Guar, with an initial
shock input pressure of 7.8 GPa. Inspection of the wave profiles in Figure 7 reveal a drop in
particle velocity in the gauge records associated with the Lagrangian positions ahead of the
reactive wave, indicative of a possible thermal explosion similar to that observed in homogenous
liquid explosives. This behavior is recorded in Table 1 as “mixed mechanism.”
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Figure 7. In-situ wave profiles showing the shock-to-detonation transition for shot 2S-358,
92.25/6.0/1.75 NM/40mm silica/Guar, with an initial shock input pressure of 7.8 GPa. (reprinted
with permission, AIP)

At high shock input pressures (>9 GPa), homogeneous-like behavior, similar to that of
neat NM, was observed with the transition to detonation occurring before any growth was
observed near the shock front. This behavior is coincident with a “kink” or bending over of the
data in the Pop-plot to parallel the data for neat NM. The wave profiles reveal the existence of a
superdetonation wave traveling in the already-compressed material in all three experiments in
this pressure regime, see, for example, Fig. 8. Inspection of the Pop-plot shows that the points
for the heterogeneous-NM approach the Pop-plot for neat NM with a large slope, then bend over
and parallel the neat NM data, coincident with the wave profiles reflecting a homogenous initiation
mechanism for the three higher pressure points. So far, this behavior has been demonstrated at
shock input pressures exceeding 9.5 GPa. This initiation mechanism is indicated as
“homogeneous-like” in Table 1. To our knowledge, this is one of the few (if any) direct
observations of a homogeneous initiation mechanism in a heterogeneous explosive formulation,
and may be indicative of a limit in the critical hot spot size and/or temporal characteristics for
interaction and growth during the timescales of the high shock input pressure regime for this
mixture.

The insights gained from the embedded gauge measurements are consistent with
Engelke's critical diameter work.[4-5] Here, we see that, at high input shock pressures, the silica
beads appear to have little effect on the time to detonation (run distances) or reactive flow
characteristics. From Engelke,[5] the beads are expected to be nominally 2 diameters apart. By
increasing the number density and thus the distance between the particles, in the samples
containing 6 wt% of 1-4 um silica beads, the initiation behavior becomes more consistently
“heterogeneous-like” at least over the input shock pressure regime sampled to date. Clearly, the
nature of the shock-to-detonation transition is determined by the length and time scales
associated with the confluence of hot spots formed from the shock wave interactions with the
higher impedance particles in the mixtures, setting up a complex interplay between the innate
chemical reactivity of the explosive, the shock strength, and hot spot evolution relative to the
shock front. Here, we show in a simple system, that the reactive flow can be “tuned” through the
variation of the number density and size of the particles, up to a limiting condition where the hot
spots have no apparent influence on the initiation process.
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Figure 8. In-situ wave profiles showing the shock-to-detonation transition for shot 2S-317,
92.25/6.0/1.75 NM/40mm silica/Guar, with an initial shock input pressure of 9.5 GPa. (reprinted
with permission, AlP)

Further examination of the wave profiles illustrates additional features of the detonation
behavior of the mixtures. For the smaller silica beads, the detonation wave profiles show a
“notch” in the wave near a particle velocity of u, ~ 1.8 mm/us. The notch is clearly visible in the
profiles shown in Figure 6. This notch may be related to the kinetics associated with the chemical
release of energy through the reaction zone, and the position of the sonic locus behind the front,
or it may be related to the interaction of the detonation wave with the silica beads as they enter
the flow field. Based on our recent measurements of the features of the chemical reaction zone
for neat NM, and previous embedded gauge measurements on the neat liquid, it is also clear
from the profiles that the von Neumann “spike” is being clipped by the temporal response function
of the electromagnetic gauges (which is estimated to be ~ 10 ns). The peak particle velocity is
lower than expected (for both neat NM and the mixtures studied here). Future work should
include independent measurements of the chemical reaction zone associated with the steady
detonation using VISAR (Velocity-Interferometer-System-for-Any-Reflector) or PDV (Photon
Doppler Velocimetry). The detonation velocity for the mixture of 6 wt% 1-4 um silica in gelled NM
could also be estimated using the data from shot 2S-319. In this experiment, the turnover to
detonation occurred near the impact interface, and the detonation appeared to be nearly-steady
as recorded by the gauges located farther from the interface. The detonation velocity was found
to be 6.152 + 0.017 km/s from the response of one of the shock trackers, which compares well
with the 6.167 + 0.002 km/s reported for NM:silica by Engelke.[4]

SUMMARY AND CONCLUSIONS

We have examined the influence of shock impedance mismatches as a source of hot
spots on the initiation characteristics of “heterogeneous”-NM. The reactive flow characteristics,
and run distances-to-detonation for gelled NM with 6 wt% silica beads of two discrete sizes have
been reported. The smaller beads, which are at a higher number density and closer interparticle
spacing, were found to be more sensitizing than the larger beads. The resuits were seen as
consistent with the failure characteristics observed for the same mixtures by Engelke. For the
samples containing 6 wt% 40 um beads in gelled nitromethane, a range of initiation behaviors



were observed for the first time. As the initial shock strength was varied, the behavior
transitioned from “heterogeneous”-like, with growth in the front at low shock input pressures, to
initiation via thermal explosion, and build-up of a reactive wave more characteristic of
homogeneous explosives, at high pressures.

Future work will include additional variations of the size and number density of glass beads,
and incorporation of hollow glass microballoons as a second type of hot spot. Measurements of
the chemical reaction zone features will also add insights into the temporal attributes of the
chemical energy release associated with detonation.
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