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Introduction

During the last decade, investigations have been achieved to
determine the physical mechanism which governs particle jet
formation induced by the dispersion of a granular medium
exposed to an impulsive pressure load, i.e., by a shock or a
blast wave. This kind of such physical mechanism is
observed during explosions or in nature as volcanic eruptions
[1]. The formation of particle jets is also observed when a
solid projectile impacts a particle layer [2]. Previous
experiments have been conducted so far in three-dimensional
spherical configurations using explosives surrounded by a
granular layer [3-7]. In these experiments, the particle jet
formation was obtained and clearly observed. The attempt
was to correlate the particle jet distribution to the initial
parameters like the particle diameter and density, the particle
layer thickness and the strength of the incident shock wave in
order to understand the breaking mode of a solid particle
cluster. Even if it has been shown that the formation of
particle jets depends both on the particle material properties
and the ratio between the particle layer and the explosive
mass [3], it was quite difficult to accurately relate the jet
distribution with the initial conditions. More recently, cylin-
drical experiments were performed by Frost et al. [8] where it
was easier to observe the particle jet formation. In spite of
these studies, the selection mechanism is still not understood.
The present experimental study was conducted in quasi
two-dimensional geometry in order to ensure accurate char-
acterization of the phenomenon. We present the concept of
the two-dimensional experiments carried out. Parameters
such as material density, strength of the incident shock
wave, and the initial geometry of particle rings can be
changed in order to find out what parameters can control
the breaking mode of the particle clusters [9].
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Experimental Setup

Experiments were performed in the laboratory without the
use of explosives but using a small conventional shock tube
which produce moderate overpressure. The small conven-
tional shock tube (T32) has a 32 mm diameter. It was
vertically fitted beneath a Hele-Shaw cell inside which a
ring of particles is located. The incident shock wave is
directed onto the center of the ring. This one creates a blast
wave at its exit, i.e., an impulsive pressure jump followed by
a rapid pressure decrease. This blast wave propagates radi-
ally into the Hele-Shaw cell and sets in motion the ring of
particles. The experimental apparatus is presented in Fig. 1.
Thereby, the particle jet formation was visualized with a
Photron SA1 high-speed video camera operating typically
at 4000 fr/s. Moreover, pressure gauges located along the
shock tube (C; and C,) allow the determination of the
incident shock wave Mach number. The C.,; pressure
gauge records the pressure history at the center of the parti-
cle ring.

Experimental Conditions

We conducted several experiments for different initial
conditions summarized in Table 1.

Results

Recorded frames covering the different steps of jet forma-
tion during dispersal of flour particles by a shock wave are
presented in Figs. 2 and 3. This solid particle ring was
subjected to an incident shock wave Mach number of
1.23. The two-dimensional configuration, through the
transparent Hele-Shaw cell, allows the observation inside
the ring during the radial dispersion. It highlights the pres-
ence of various perturbations in the particle layer exposed
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Fig. 1 Sketch of the
experimental setup. The driver
section of the shock tube is
210 mm long and its driven
section is 945 mm long. The Hele-Shaw cell . 190 em
space between the plates is 4 mm
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Table 1 Experimental conditions
Density Diameter Ring diameter D, | Thickness of the particle Incident shock wave Mach | Overpressure
Material (kg/m3) (pm) (mm) layer (mm) number (bars)
Flour | 1500 10 40-90 20 1.1-1.45 0.7-4.5
Polystyrene | 1050 10
PMMA | 1250 10
Talc 12500 10
Fig. 2 Sequence of recorded 75 cm
frames covering the beginning of . S —

jet formation during dispersal of
flour particles by a shock wave.

The incident shock wave Mach

number is 1.23
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to a shock wave. At t = 0, the incident shock wave
interacts with the particle ring and the dispersion of
particles starts. After a very short time (between 0 and
5 ms), particle concentrations appear inside the ring
resulting in regular particle jet distribution around the
inner surface of the ring, as shown in Fig. 2. During the
first moments of the particle propagation, the external front
of the particle ring propagates with a smooth interface.
After a few milliseconds, very thin perturbations appear
around it, as shown in the second frame of Fig. 2. The
dispersion of solid particles continues to grow radially
inside the Hele-Shaw cell. Then, internal jets go on with
the same direction as the particle front propagation which
slows down. Thus, internal jets cross the front and are
expelled outside as shown in Fig. 3 at t = 14 ms. Finally,
these external jets continue to grow outside the particle
front from ¢t = 18 ms to + = 36 ms as shown in Fig. 3.

Fig. 3 Sequence of recorded 1320
frames covering the subsequent -
steps of jet formation during
dispersal of flour particles by a
shock wave. The incident shock
wave Mach number is 1.23

t=24 ms
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Figure 4 shows the number of particle jets, Nj, normalized
by both the ratio of density R and the initial perimeter of the
ring, 7D,y versus the initial ring acceleration y averaged on
the first 3 ms. R represents the ratio between the density of
the used particles and the density of the polystyrene particles
taken as reference in this study. All these points are issued
from several experiments conducted with different shock
wave Mach numbers, particle materials (change in the parti-
cle density), and initial ring sizes (change in the external
diameter, but keeping constant the thickness of the particle
layer). As we can see in Fig. 4, all the experimental points
plotted merge into a single curve following a power law of
the form NR/wD.y = 128.5 + 0.14}/2'6. We can observe
that this relation is valid for initial particle layer acceleration
until 13 ms 2. Beyond this limit, the number of jets does not
increase significantly and logically tends to a maximum
number of jets. This point has to be checked.

=36 ms
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Fig. 4 Number of particle jets, 400
Nj, normalized by both the ratio of
density R and the initial perimeter
of the ring, 7Dy, versus the
initial ring acceleration y
averaged on the first 3 ms for 300
different initial ring accelerations, —
material densities, and sizes of the TE
particle ring = -
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Conclusions

This chapter summarizes an experimental investigation and
the aim is to consider in two dimensions the jet formation
issued from impulsively dispersed solid particles. Several
initial parameters such as the particle density, the strength of
the initial pressure pulse, and the initial geometry of the ring
have been studied. From fast flow visualizations, we notice,
in all instances, that the jets are initially generated inside the
particle ring and thereafter expelled outward. The number of
jets that were generated during the dispersal of solid
particles could be extracted. We showed that the normalized
number of jets as a function of the initial ring acceleration
shows a power law valid for all studied configurations
involving various initial conditions but presents a saturation
for great accelerations.
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