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Internal structures of clusters in driven granular gases
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Numerical Approach 
The study is based on Soft Spheres Discrete Element Method (SSDEM) 
simulations. Grains of radius               , restitution coefficient            and 
friction’s coefficient             are placed in cells of dimensions      .
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Abstract – We numerically and theoretically investigate the internal structures of a driven granu-
lar gas in cuboidal cell geometries. Clustering is reported and particles can be classified as gaseous
or clustered via a local density criterion based on a Voronoi tesselation. We observe that small
clusters arise in the corners of the box. These aggregates have a condensation-like surface growth
until a critical size is reached. At this point, a structural transition occurs and all clusters merge
together, leaving a hole in the center of the cell. This hole becomes then the new capture’s center of
particles. Taking into account all structural modifications and defining a saturation packing frac-
tion, we propose an empirical law for the cluster’s growth and deduce packing properties such as
the random loose packing of granular aggregates in microgravity environment, �RLP = 0.55±0.02.

Introduction. – The behavior of granular matter,
composed of non cohesive particles, depends on a wide
variety of parameters. In dense systems, the grains can
gather and form a cluster in which the energy is dissi-
pated due to the collisions between the particles. These
clusters have been studied intensively [1–11]. They typ-
ically appear during the so-called cooling of a granular
gas [12, 13]. In this case, the kinetic energy of the system
decreases down to zero following Haff’s law [12]. If the
system is continuously driven [8, 14], the formed cluster
is permanently excited by impacting energetic particles.
At stationary state, the system keeps a constant non zero
kinetic energy and the clustering is then said to be "dy-
namical". Even though the dissipation of energy, due to
the collisions between the moving particles, triggers both
cooling and dynamical clustering, the physical processes
are different.

Previous work, based on the balance between the cool-
ing time of a system and the time of energy transmission,
proposed a criteria describing transition from a gaseous
state to a dynamical clustered one on the basis of the di-
mensions of the studied system and the size of the grains
[14]. Further work, based on a hydrostatic description of
the granular materials can also lead to a prediction for
the transition [15]. Despite the large scientific interest, a
lot of questions concerning the dynamics and the statisti-
cal mechanics of clusters remain open. Amongst others,
the possibility of segregation or convection in low gravity
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Figure 1: Sketch of the simulated cell in the case of the
VIP-Gran (short for Vibration Induced Phenoma in Gran-
ular materials) experiment used in the simulations. The
length and the width of the cell are noted, respectively L
and l. The length is measured between the average posi-
tion of the plates. The parameters of the oscillations are
an amplitude A = 1 mm and a frequency f . The clus-
tered grains are colored in blue while the gaseous particles
are in orange. The total number of particles in the cell is
N = 7000.

environment that is submitted to an external agitation is
today always unanswered. The European Space Agency
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(ESA) launched a program called the "Vibration Induced
Phenomena in Granular Materials" (VIP-Gran) project
[16] in order to give some answers to these fundamental
questions.

In this paper, we study numerically the internal struc-
tures of dynamical clusters. Although the properties of a
diluted granular gas as well as the gas-cluster transition
are nowadays well described, some questions concerning
the physical properties of dynamical clusters persist. We
try to answer here the questions of the driven mechanism
of the cluster growth and the packing fraction of clusters
on low gravity environment, notably.

# L(mm) l(mm) f(Hz) N
1 40 15 20 [500; 6500]
2 40 15 40 [600; 5000]
3 40 25 20 [3000; 15000]
4 50 15 20 [1000; 6000]
5 60 30 20 [1000;30000]
6 90 15 20 [1000; 10000]
7 150 15 20 [1000; 19000]

Table 1: Parameters of the seven sets of simulations. Fig-
ures 2, 3 and 4 are issued from the third line in bold. The
fifth line corresponds to the VIP-Gran cell. In all cases,
the amplitude of the plate oscillation as well as the phase
shift between these latter were respectively fixed to A =
1 mm and ' = ⇡.

Numerical approach. – In order to quantify the bor-
der effects on the properties of dynamical clusters, several cells
of different geometries were designed. All cells have a length
noted L and a square section of side length l. The injection
of energy is made through two opposing oscillating plates (col-
ored on the figure 1) which have an amplitude noted A = 1
mm and a frequency f . The phase shift between the plates is
' = ⇡. A sketch of the VIP-Gran cell is given in figure 1. The
position of the pistons at time t are given by
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z1(t) =
L
2
+A sin(2⇡ft+ ')

z2(t) = �L
2
+A sin(2⇡ft).

(1)

Table 1 gives the parameters of the studied containers.
The VIP-Gran instrument is equipped with a "bead feeder"

that allow to increase automatically the number of particles in
the cell. The bead feeder consist in 8 slots which are filled with
a chosen number of grains. These grains can be sequentially
released into the cell. We have increased the number of parti-
cles in each studied cell in order to be able to experimentally
reproduce our simulations using the VIP-Gran cell. The cells
are also filled with different amounts of bronze spheres which
have a radius R = 0.5 mm and a density ⇢ = 9500 kg/m3. The
typical parameters reporting the mechanical properties of the
bronze are the friction’s coefficient µ = 0.7 and the coefficient
of restitution e = 0.9. Based on these parameters, we are able
to predict the dynamics of the system via Soft Spheres Discrete
Element Method (SSDEM) simulations [11,14,17,18]. The SS-
DEM model computes normal and tangential forces based on

�

0.063

0.105

0.147

0.189

0.231

0.273

0.315

0

1

2

3

4

5

6

7

8

9

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

PDF

�loc

Figure 2: Probability Distribution Functions (PDF) of the
local packing fraction �

loc

of the grains in the case of cell
number 3 (see Table 1). Different colors correspond to
different numbers of particles. The vertical dashed line
�

loc

= 0.285 corresponds to the minimal local packing
fraction of a caged grain used as a criterion to distinguish
gas particles from cluster ones.

the relative positions and velocities of the grains. Normal forces
are given by a linear spring-dashpot model that takes account
of the energy dissipation between the grains. Tangential forces
are proportional to the relative velocities of the particles and
bound via Coulomb’s criterion. Integrating these forces, both
positions and velocities of the particles can be computed. A
complete description of the SSDEM algorithm is given in [19].

Results. – We investigated the mean packing fraction
of the dynamical clusters as a function of the total density of
the material in the considered cell. The latter is defined by
� = NVsph/VCell, where N is the number of particles in the
box, Vsph is the volume of a grain and VCell = Ll2 is the mean
volume of the cell. We designed the first three boxes in order to
study the influence of the width of the cell and the frequency of
the plates on the mean packing fraction reached by the cluster.
The other cells were devoted to the study of the influence of
the box’s length.

In order to determine wether a grain is in the cluster or
not, we performed Voronoi tessellations in our simulations. A
Voronoi tesselation consists in partitioning the space in Voronoi
cells which are delimited by the points always situated at the
same distance of a grain as its neighbor [20,21]. By measuring
the volume of each Voronoi cell occupied by the particles, we
obtained the local packing fraction of the grains, �loc simply by
dividing the volume of the considered particle by the measured
volume of its Voronoi cell.

The Probability Distribution Functions (PDF) of the local
packing fractions for different fillings of the box 3 (see Table
1) are plotted on the figure 2. For each filling, these PDF
are averaged over the time, starting from the apparition of the
stationary state. For a low density of particles in the con-
tainer (i.e. � = 0.063), a single and broad peak is observed
around �loc ⇠ 0.05, suggesting a collective gaseous behavior of
the grains. For an increasing number of particles, this peak
becomes less intense and a second peak appears at high �loc

values. The first maximum disappears at high total density
(� > 0.189). We observed in these cases a uniform distribu-
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Structure of the clusters 
A Voronoi tesselation gives the volumes occupied by each particle. 
Dividing the volume of the grain by its Voronoi cell’s volume gives the local 
packing fraction of the particle       .

If                     , the grain can not leave the cage formed by its neighboring 
and is considered as clustered.

'
loc

'
loc

� 0.285

Model 
Assumption :
- The gas has to keep its constant packing fraction [1].
- Only the cluster is compacting

Abstract 
We numerically and theoretically investigate the internal structures of a 
driven granular gas in cuboidal cell geometries. Clustering is reported and 
particles can be classified as gaseous or clustered via a local density 
criterion based on a Voronoi tesselation. We observe that small clusters 
arise in the corners of the box. These aggregates have a condensation-like 
surface growth until a critical size is reached. At this point, a structural 
transition occurs and all clusters merge together, leaving a hole in the 
center of the cell. This hole becomes then the new capture’s center of 
particles. Taking into account all structural modifications and defining a 
saturation packing fraction, we propose an empirical law for the cluster’s 
growth and deduce packing properties such as the random loose packing 
of granular aggregates in microgravity environment,                                 . �RLP = 0.55± 0.02

The RLP in microgravity conditions 
Extrapolation of the maximal packing fraction reached in each cell at 
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- The nucleation arises in the corners of the box at            .
- The cluster cages grains on its surface only.
- The cluster surface has the form of a truncated elliptical torus.
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Snapshots (SSDEM) :

Simulations vs model :

� = 0.039 � = 0.068 � = 0.097 � = 0.136 � = 0.175

Given the independence on   , this result is universal.
Similar values of RLP can bet found in literature [2,3].
Can a granular surface tension be deduced ?
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