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Abstract. In this study the granular Leidenfrost effect in the absence of gravity is investigated numerically by
means of the discrete element method. Apart from identifying the phenomena, a parametric study to quantify the
influence of the coefficient of restitution and friction in the packing fraction of the granular media is carried on
numerically. Surprisingly, both the coefficient of restitution and the coefficient of friction exhibit an influence of
the same magnitude in the packing fraction of the granular system, which has not been reported in experiments
and simulation of granular Leidenfrost regime under gravity or microgravity conditions.

1 Introduction

Driven granular materials exhibits different behavior de-
pending on the filling and forcing conditions of the system
[1], and may be classified into granular gases, granular liq-
uids or granular solids, according to the volume fraction
of the system and the kinetic energy of the particles [2].
They may exhibit many fluid-like phenomena such as un-
dulations, wave patterns and convection rolls [3]. Further-
more, granular gas and granular solids may coexist under
certain circumstances [4]. The term granular Leidenfrost
effect was first used by Eshuis et al. [4] to define a re-
gion of dense particles supported by a region of dilute fast
particles (granular gas). The granular Leidenfrost can be
understood as analogous to the original Leidenfrost effect
[5], which describes the effect of a water droplet hovering
over a hot plate, supported by a gas region. This same ef-
fect has also been employed in combination to vaporizable
soft solids to power sustainable bouncing, in the so called
elastic Leidenfrost effect [6].

Recently, [7] published the first experimental evidence
of the existence of the granular Leidenfrost effect in micro-
gravity, through experiments performed during a parabolic
flight campaign. Reports of numerical studies of the afore-
mentioned phenomena in the absence of gravity were not
found by the authors. Howerever, there is an interesting
numerical study of the influence of different parameters
in the clustering transition of a vibration-driven granular
gas system reported in [2]. In that study, the walls are vi-
brated off-phase, and the influence of friction and restitu-
tion in the phase transition is investigated. Here, a numer-
ical investigation of the granular Leidenfrost effect in the
absence of gravity is proposed. A box is shaken vertically
(in-phase), and results are corroborated to those reported
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by [7]. The influence of the coefficient of restitution and
the friction in the packing fraction of the granular media is
investigated. Surprisingly, both parameters demonstrated
to have an influence of similar magnitude in the packing
fraction of the granular system here studied.

2 Materials and Methods

2.1 Simulation method

For the simulations in this paper the discrete element
method (DEM) was employed by means of the software
LIGGGHTS (Version 3.8.0) [8]. In DEM, the change in
particles’ position and velocity is calculated by integrating
Newton’s equation of motion. When two particles "i" and
" j" with radius Ri and R j, at positions ~ri and ~r j are in con-
tact, they interact and are allowed to slightly overlap. This
overlap ξ can be written in the normal direction as:

ξn =
(
Ri + R j −

∣∣∣~ri − ~r j

∣∣∣) ên (1)

with the unit vector ên obtained from:

ên =
~ri − ~r j∣∣∣~ri − ~r j

∣∣∣ (2)

The contact force ~F is divided into a normal and a tan-
gential component. The normal component of the force is
divided into an elastic and a dissipative term, written in the
form

~Fn =
(
~F · ên

)
= knξn + cnξ̇n (3)

The normal force parameters, kn and cn, are obtained
from Hertz theory [9] in the form:

kn =
4
3

Y∗
√

R∗ξn (4)
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cn = −β
√

5m∗kn (5)

where Y∗ is the equivalent Young’s modulus obtained from
1/Y∗ = (1−ν2

i )/Yi +(1−ν2
j )/Y j, R∗ is the equivalent radius

computed from 1/R∗ = 1/Ri + 1/R j and m∗ the equivalent
mass calculated from 1/m∗ = 1/mi + 1/m j. The parame-
ter β is determined from the (velocity-independent) coeffi-
cient of restitution e in the form:

β =
ln(e)√

ln2(e) + π2
(6)

The tangential force, ~Ft, leads to a torque applying to
particles "i" and " j", and is therefore connected to their
rotational movement. The coefficient of friction µs is the
upper limit of the tangential force through the Coulomb
criterion ~Ft = µs ~Fn. A simplified version of Mindlin and
Deresiewicz [10] applies for the parameters in the tangen-
tial direction, kt and ct. See [11, 12] for a detailed treat-
ment of tangential overlap and velocity. Parameters kn, cn,
kt, ct are described in [13, 14].

Simulations are performed using a box with dimen-
sions 5 × 5 × 5 cm. The box is filled with particles up
to a packing fraction of 0.35. The surface of the box is
discretized into a triangular mesh prior to be loaded into
LIGGGHTS, and the particle-wall interactions follow the
same contact law of the particle-particle interactions.

To ensure a homogeneous filling of the box, particles
are inserted with 25% of their original radius, and are al-
lowed to grow their size while inside the box until they
reach their final size (1 mm). Afterwards, particles have
their velocities set to a random value, following a Gaus-
sian distribution with average value 0 and variance 0.1 m/s
in each direction. In total, 83557 monodisperse particles
are used in each simulation. The box is shaken vertically
following a sinusoidal vibration with a frequency of 25 Hz
and an amplitude of 2 mm (peak-to-peak) in case 1. In
case 2 the frequency is increased to 35 Hz and the ampli-
tude reduced to 1 mm. In both cases, the coefficient of
restitution is varied from 0.1 to 0.9.

A third case (case 3) using the same setup of case 1
was simulated, but this time the coefficient of restitution
was set to 0.3, which is consistent with experimental mea-
surements provided in [15], and the static friction was var-
ied from 0.1 to 0.9. The same coefficient of restitution and
friction are used for particle-particle and particle-wall in-
teractions. For all the cases, a Young’s modulus of 5× 107

was used. The box and the initial condition for the sim-
ulations are shown in Fig. 1. The parameters used in the
simulations are shown in Table 1.

The virtual experiments were performed for 10 sec-
onds. Data was collected in the interval of 2 points per
vibration and the results presented here are averaged over
the last 50 data points collected.

3 Results

A comparison of packing fraction with experimental mea-
surements for frequency 25 Hz and amplitude 2 mm (case
1) is shown in Fig. 2. A qualitatively agreement with

Figure 1. Numerical simulation setup. Left: box used for the
simulations with the arrows indicating the vibration direction.
Right: Box filled to a packing fraction of 0.35. Particles are
colored by their initial vertical velocity distribution.

Table 1. Parameters used in the different simulated cases.
Frequency is given in Hertz and amplitude in mm.

freq amp coeff. of rest. coeff. of fric.
case 1 25 2 0.1 to 0.9 0.7
case 2 35 1 0.1 to 0.9 0.7
case 3 25 2 0.3 0.1 to 0.9
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Figure 2. Numerical simulation using a frequency of 25 Hz and
amplitude of 2 mm. The coefficient of restitution was varied from
0.1 to 0.9. The corresponding experimental result is also shown
in the graph.

experiments was found. A quantitative agreement is not
expected, as experiments were conducted in microgravity
and the simulations here proposed are performed in the
absence of gravity.

In Fig. 4 simulation results for case 1 using coefficient
of restitution 0.1 and 0.9 are portrayed. Particles are col-
ored by its instantaneous vertical velocity and the images
are shown correspond to the system after 10 seconds of
vibration. There is a clear difference in the size of dense
region (slowly moving particles, colored in green), which
reflects the differences in the packing fraction.

In Fig. 3 the packing fraction values for case 2 (fre-
quency of 35 Hz and amplitude of 1 mm) are compared
to experimental measurements performed in microgravity.
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Figure 3. Numerical simulation using a frequency of 35 Hz and
amplitude of 1 mm. The coefficient of restitution was varied from
0.1 to 0.9 in the simulations. The corresponding experimental
measurement in microgravity is shown in the graph.

As depicted in Fig. 2, a strong dependency of the packing
fraction with the coefficient of restitution could be iden-
tified. By modifying the frequency and amplitude as in
Fig. 3, the same dependence of the packing fraction with
respect to the restitution could be noticed.

In case 3 the frequency was set to 25 Hz, amplitude
to 2 mm, the coefficient of restitution to 0.3 [15], and the
coefficient of friction was varied. The simulated cases and
corresponding experimental measurements in micrograv-
ity are shown in Fig. 5. The coefficient of friction can be
observed to have a large influence in the packing fraction
of the granular media, being this influence in the same or-
der of magnitude of that from the coefficient of restitution.

In Fig. 6 simulation results using a coefficient of fric-
tion of 0.1 and 0.9 (case 3) are presented. Particles are
colored by its instantaneous vertical velocity and the im-
ages are shown correspond to the system after 10 seconds
of vibration. Similar to cases 1 and 2, there is a clear dif-
ference in the size of the clusters formed, which reflects
the differences in the packing fraction.

4 Conclusion

The granular Leidenfrost effect is characterized by a a di-
lute region of fast moving particles supporting a region
of dense particles. This effect has been demonstrated by
under the effect of gravity [4], and recently demonstrated
experimentally in the condition of microgravity [7]. Ev-
idence of the granular Leidenfrost effect in the absence
of gravity was demonstrated here by means of numerical
simulations for the first time. Furthermore, the influence
of the coefficient of restitution and friction in the packing
fraction is demonstrated.

Here an interesting dependence of the packing frac-
tion with respect to the coefficient of restitution, as well
as with the coefficient of friction, was identified. An in-
fluence of the coefficient of restitution in the solid fraction

Figure 4. Simulation results of case 1 using a coefficient of resti-
tution of 0.1 and 0.9. In a) is depicted the full simulation box and
the respective slice through its middle plane is shown in b). In
c) is the full case using a coefficient of restitution of 0.1, and in
d) its slice taken from the full case. In e) is the full case using
a coefficient of restitution of 0.9, and in f) is the corresponding
slice taken from the full case. In a) and b) the view is in perspec-
tive, while the other images are in front view. See the coordinate
tripod for reference.
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Figure 5. Numerical simulation using a frequency of 25 Hz and
amplitude of 1 mm. Coefficient of friction was varied from 0.1
to 0.9. Corresponding experimental result is also shown in the
graph.
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Figure 6. Numerical simulation results of case 3 using a coef-
ficient of friction of 0.1 and 0.9. In a) is the full case using a
coefficient of friction of 0.1, and in b) is a slice taken from the
full case. In c) is the full case using a coefficient of friction of
0.9, and in d) is the corresponding slice taken from the full case.
See Fig. 4 a) and b) for correct spatial location of the slice plan.

was already expected, as studies of vertically shaken gran-
ular matter under gravity take the inelasticity parameter
ε = (1 − e2) into consideration [3] when phase diagrams
are discussed. The coefficient of restitution have shown a
direct influence in the packing density. However, no di-
rect influence in the formation or absence of the granular
Leidenfrost effect could be identified.

Surprisingly, the coefficient of friction seems to have
a direct influence in the packing fraction, in a very simi-
lar fashion as the coefficient of restitution. The maximum
packing fraction increased from approximately 0.5 to 0.6
when the coefficient of restitution was increased from 0.1
to 0.9. In a similar pattern, the maximum packing fraction
increased from approximately 0.5 to 0.6 when the coeffi-
cient of friction was reduced from 0.9 to 0.1. Nonetheless,
the coefficient of friction is not mentioned to have a di-
rect influence in the packing fraction of vertically vibrated
granular media under gravity [3] or in low-gravity environ-
ment [16], and is therefore firstly identified in this study.

The numerical results greed qualitatively with mea-
surements performed under microgravity. The experi-
ments, as mentioned in [7], may have spurious gravity ac-
celeration due to some imperfections in the parabolic flight
which may have a large influence in the solid fraction dis-
tribution inside the vibrated container. Additionally, re-
gions near the walls (below 0.5 and above 4.5 cm) may
incorporate interference of the vibrating container’s walls,
which would generate artificially darken these regions and
explain the larger packing fraction measured through X-
ray near the walls. This assumption is, however, not dis-
cussed in the experiments. Another possible source of
error is the velocity-independent coefficient of restitution
model adopted in DEM simulations. This, however, does
not invalidate the study here demonstrated, as the whole
range of coefficient of restitution was investigated in this

parametric study and vertical velocities do not exceed 0.9
m/s in all cases simulated.

Further studies should identify the sources of the de-
viations from experimental results, as well as investigate
the influence of different operational parameters, e.g. the
global solid fraction in the cell, frequency and amplitude.
Nevertheless, this study inspired the authors at thinking on
this experiment as a suitable to investigate material proper-
ties. With advances in X-ray tomography, similar experi-
ments to the one proposed by [7] could be performed, e.g.,
in a drop tower [17], as an alternative to investigate elas-
tic and frictional properties of granular materials, as the
behavior seems to be quite sensitive to both.
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