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The System: Inelastic hard spheres
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Analogously, we have microscopic/macroscopic time scales: collision time (t), and
characteristic time variation of mean fields (T).
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The Problem

Does inelasticity alone prevents the existence of a hydrodynamic

solution?
Al
M= — = — <« |l
ISk
— T — C T For a homogeneous system, energy balance tells us that granular temperature
at decreases in time according to inelasticity.
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Classes of hydrodynamic steady laminar flows

A stable laminar
steady flow is
always possible!

(shearing)
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Classes of hydrodynamic steady laminar flows
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Relaxation times to hydrodynamie steady state

Stochastic volume forces

Couette flow
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There is always relaxation to a hydrodynamic steady state in forced

granular gases
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The kinetic equation for homogeneous state

Boltzmann equation for inelastic rough hard spheres
O f(v,wit) = Jlv,w|f]

J [v|f, f], collisional operator, depends on coefficients of restitution <, 3

Collisional rules
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The kinetic equation for homogeneous state

Reduced distribution function

ble,w) = - (‘M?“)B/Q Fv,w).

n mJd

Kinetic equation for the reduced distribution functions
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The kinetic equation for homogeneous state

Reduced distribution function

ble,w) = - (‘mﬂ)m Fv,w).

n mJd

Kinetic equation for the reduced distribution functions
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Numerical solutions to the kinetic equation

1) Solution to the temporal differential equations for an expansion
around the Maxwellian

oo oo oo

¢(Ca W) b ¢M (Ca W) S: S: S: knméanmé(c27 w27 U,Z),

n=0m=0 /=0

1
Using this series expansion in the kinetic equation - 88 <prq > == § (pIU,QO == qlo2 ) <prq > = Hpq;

)

2

—05((c-w)?) + 3 (K20 + poz)((c - w)?) = pp.

2) By means of Direct Simulation Monte Carlo (DSMC) method.
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Magnitudes definitions

as(c,w)wM(c,w)(H%L( (€3) + a0 L (w?) + an1 x LEP ()L (w >+”[< )2‘CQ§PD

We neglect terms beyond second order in the expansion
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Comparison with Monte Carlo simulations

Temporal Evolution.
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Comparison with Monte Carlo simulations.
Relaxation to hydrodynamie state.
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Comparison with Monte Carlo simulations.
Relaxation to hydrodynamic state.
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Comparison with Monte Carlo simulations.
Hydrodynamic distribution function.
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Comparison with Monte Carlo simulations.
Hydrodynamic distribution function.
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An experiment.
Hydrodynamic distribution function.
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FIG. 4. Probability distribution function for a single compo-
nent of the horizontal velocity on (a) linear and (b) log scales.
The solid line is a Gaussian distribution. The data is (o)
I'=1.01, (O) I' =0.80, (&) I' = 0.76 for N = 8000 and
v =75 Hz; (A) I' =1.00 for N = 14500 and v = 90 Hz.
The large population of low-speed particles is evident in (a),
while (b) shows that the tails are approximately exponential.
The data is scaled by vy = (2v3,)"/2.
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Conclusions.

* There are always hydrodynamic solutions for steady laminar flows.
This is not limited by the degree of inelasticity.

* There is always a hydrodynamic solution for the homogenous cooling
state, whether the spheres are smooth or rough. This is not limited by
the degree of inelasticity.

* Furthermore, there is no direct relation between inelasticity and the
ease with which the system reaches the hydrodynamic solution.
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THANK YOU!!




Expressions of polynomials in the distribution
function expansion.

me (2, 0%, 0?) = LY (@) LETH (w0?) x (Pw?) Pa(u)
u? = (¢ w)?/cPw?
Lga)(x) =a+1-—=

(a+1)(a+2)
2

oY 1
L; )(x) = —(a+2)x + 5:1:2

1 1
P (x) = 5(3332 — L 2l — §(35x4 — 30z° + 3)
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Expressions of the collisional moments.
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