Granular fluids driven by a scochastic bath with friction
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Granular systems are constituted by macroscopic
grains that collide inelastically so that the total energy of
the system decreases with time. Thus, in order to main-
tain the granular medium in a fluidized state, an external
energy input is needed to compensate for the collisional
loss of energy and achieve a steady nonequilibrium state.
In most of the experiments, energy is supplied through
the boundaries causing spatial gradients in the system.
To avoid the difficulties associated with inhomogeneous
states, it is usual in computer simulations to heat the sys-
tem by the action of an external driving force (thermo-
stat). Nevertheless, in spite of its practical importance,
little is known about the influence of the thermostat on
the properties of the system!.

The goal of this contribution is to analyze the homo-
geneous steady state of a driven granular fluid described
by the Enskog-Boltzmann kinetic equation. In order to
reach a steady state, the particles are assumed to be un-
der the action of an external thermostat composed by two
different forces: (i) a stochastic force where the particles
are randomly kicked between collisions? and (ii) a viscous
drag force which mimics the interaction of the particles
with an effective viscous “bath”. One of the main ad-
vantages of using this kind of thermostat® with respect
to others present in the literature? is that the tempera-
ture of the thermostat T}, (different from the temperature
T < Ty of the granular fluid) is always well defined. In
particular, for elastic collisions, the fluid equilibrates to
the bath temperature (T" = T}). Moreover, some recent
results? suggest that this thermostat is the most appro-
priate to modelize some experiments.

Our study follows two complementary routes: (i) an
analytical solution obtained from a Sonine polynomial
expansion and (ii) a numerical solution of the Enskog-
Boltzmann equation obtained by means of the direct
simulation Monte Carlo (DSMC) method. Our results
are also compared with recent molecular dynamics (MD)
simulations performed by other authors®. Comparison
at the level of the (steady) granular temperature Ty and
the fourth cumulant of the velocity distribution function
shows in general a good agreement, even for strong values
of dissipation. As an illustration, the (steady) tempera-
ture T is plotted in Figure 1 as a function of the solid
volume fraction ¢. It is quite apparent that the agree-

ment between theory with MD simulations data from3
is very good. In addition, as expected, at a given value
of density, the granular temperature decreases as the gas
becomes more inelastic.
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FIG. 1. Plot of the (steady) granular temperature T (mea-
sured in units of the bath temperature T5) versus the volume
fraction ¢ for a two-dimensional system and two different val-
ues of the coefficient of restitution: a = 0.8 (solid line) and
a = 0.6 (dashed line). The symbols are the simulation data
(circles for o« = 0.8 and triangles for @ = 0.6) obtained by
Gradenigo et al.3.
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