Boussinesq convection in a gas of hard disks,
induced by inelastic lateral walls and gravity
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We study a gas of smooth hard disks enclosed by four i 200
walls that delimit a rectangular region. The gas is subject t J
a constant gravitational fielg. The horizontal (i.e, perpen- sl
dicular to gravity) pair of walls is provided with a kinetic
energy source in its lower (in the sense of gravity) wall. bl
The upper wall is far away and does not provide any en-
ergy input. We label the other two walls as ’lateral’ walls.

The lateral walls do not provide any energy input. When

the lateral walls are elastic (wall-particle collisionggerve N AE

kinetic energy), the system shows a steady base state that hw G0t a e w o

is hydrostatic [1]. On the contrary, if the lateral walls act
as an energy surface sink, the unidimensional steady state
becomes obviously two-dimensional and (not trivially) al-
ways convective [2]. Furthermore, this type of convection
has not been analyzed in the previous literature on fluid con-
vection [3]. We show that, theoretically, this convectioaym
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be described in the context of the Boussinesq equations [4],
adapted to take into account the kinetic energy loss upon
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wall-particle collisions.

Optionally, we consider also inelasticity in particle- Figure 1: Fields from experiments and theory (left & right
particle collisions. This case is relevant since, as it isvim, columns, respectively). Length unit: particles diameten(
for macroscopic particles kinetic energy is partially sgan ~ mm). g = 0.016 x 9.8 m/s*. Top row: flow field. Bottom
ferred into the dynamics internal degrees of freedom; for in  row: the corresponding temperatdfgm (left) and packing
stance, into thermal movement of the molecules that are the fractionv = nx(d/2)? (right) fields. Black stands for lower
constituents of the disk material [5]. Once it is transfdrre ~ and read for higher field value) < T' < 0.2mv3, (vy =
this kinetic energy is not recovered again into the grains dy 370 mm/s); 0.02 < v < 0.15. Experiments: withf = 45
namics. Granular gases can be produced in a straightfor- Hz, A = 1.85 mm. Theory: coefficient of restitution =
ward way in laboratory experiments, if, for example, air flow 0.9 (both for particle-particle and wall-particle collisions
[6] or mechanical vibration [2] are used as energy inputs. In
the case of vibrated systems, no interstitial fluid is nesgss
in order to keep the granular dynamics [7].
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. ) Cambridge, UK, 2013).
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