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Hydrodynamic description In

normal gases

» Conservation equations (mass, momentum, and energy):

atyi(rat) + V- Ji(rat) = 0

J

Y Y

Hydrodynamic fields Fluxes Closed set

L ] > of equations
 Constitutive equations: q

Ji(r,t) = Fil[{y;}]
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Hydrodynamic description In
normal gases

E.g., Navier-Stokes:

J;(r,t) = J(r Z \j(r,t)Vy;(r,t

.. but a hydrodynamic description is not restricted to the Navier-Stokes
constitutive equations (non-Newtonian behavior, rheological properties, ...)

Ji(r,t) = Fi[{y; }]
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“Ading” to hydrodynamics In
normal gases

Hydrodynamic
description
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Low-density (normal) gases:
the Boltzmann equation

of +v - Vf=JIf, f]

f(V,I',O) — fO(V7r) } — f(V,I',t) — f[fO;Varvt]

boundary conditions

1. Kinetic stage (t ~ 1 mean free time):

Sensitive to the initial preparation

2. Hydrodynamic stage (£ > 1 mean free time) =
“Normal” solution: f(v,r,t) = F[{y;};V]
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o = —gany = T'(t) monotonically increases

- 7
Y

Viscous heating

Scaled shear rate: o™ = (decreases in time)

v(T'(t))
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(41 . 1) -
AJINA 1O hvaroadvhamics

f(v,r,t) = Flfo;v,r,t] = Fl{y; }; V]

™m

3/2
USF = f(v,r,t) — n {—} £*(C(t):; a*(¢))

2T (1)

N u(r)
V2T (t) /m
P;i(t) = Fijlfos t| = nT'(t)P;(a™(t))

C(t)
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DSMC
simulations

J. Gomez-Ordoiiez, J. J. Brey, and A. S., Phys. Rev. A 39, 3038 (1989)
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e Kinetic model (BGK)

avier-Stokes

Super—‘Burnett

Hydrodynamic curve

A. S. and J. J. Brey, Physica A 174, 355 (1991)

Granular Fluids - A Proving Ground for Nonequilibrium Statistical Mechanics. September 26-29, 2007




Divergence of the Chapman-Enskog

A.S., J.J. Brey, and J. W. Dufty, Phys. Rev. Lett. 56, 1571 (1986)
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“Ading” to hydrodynamics In

granular gases?

e Does the conventional aging scenario
(short kinetic stage followed by slow
hydrodynamic stage) still apply to normal
gases externally driven (e.g., by a

thermostat)?

e And to granular gases?

e Energy is intrinsically not conserved!
0T (t)
= —C(t)L'(t

coll
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L. P. Kadanoff Built upon sand: Theoretical

|

Phys 71, 435(1999)

e Can a

granular material be described by

hydrodynamic equations, most specifically those
equations which apply to an ordinary fluid?

e It seems to me that the answer is “no!”.
e The study of collisions and flow In these

materials
those In

requires new theoretical ideas beyond
the standard statistical mechanics or

hydrodynamics.

e One mig
NEEHES

nt even say that the study of granular
gives one a chance to reinvent

statistica

mechanics in a new context.
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Uniform shear flow of a granular gas

Up = QY
n = const

VI'=0

2

0T = —gany — (T = T(t) reaches a stationary value

\ . ~ 7 \ )
Viscous heating Inelastic cooling

a

v(T'(t))

Coeflicient of restitution: o = const

Scaled shear rate: a™ =
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DSMC simulations
a=09a=4=T()"1

“Homogeneization”
of the hydrodynamic
profiles

-04 -02 00 02 04 0608101214 123456738

u/u nlit T

A. Astillero and A. S., Phys. Rev. E 72, 031309 (2005)
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Simple hydrodynamic solution
of a simple kinetic mode|

0T = ——aPuy(t) — ((T)T

1+«

5 2 q _1
S (1= a®w(T), w(T)ocnT? g=
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Simple hydrodynamic solution &

of a simple kinetic model|

n*(a*, a;q9) = n*(a*,0;0) [1 - h(a*,a)g+ O(¢?)]
n*(a*, a;0)

Numerical solution
Analytical approximation

&
=
2
o
S
5
%
3
©
3

1.0 15
scaled shear rate, a*
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scaled shear rate, &
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“Phase diagram”. Competition %

T(t!
cooling region heating region
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For each one of the 12 pairs (a’,a), 5 different initial conditions
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temperature, T(t)

shear viscosity, n(t)
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A. Astillero and A. Santos, Europhys. Lett. 78, 24002 (2007)
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scaled velocity component, C.'”
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A. Astillero and A. S., Europhys. Lett. 78, 24002 (2007)
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IHS, a=0.1
IHS, a=4
EHS, a=0.1
EHS, a=4
Kinetic model

:
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EHS, a=4
Kinetic model]

Normalized cooling rate

Fourth cumulant

Sixth cumulant
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coefficient of restitution, o coefficient of restitution, o

A. Astillero and A. S., Phys. Rev. E 72, 031309 (2005)
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A. Astillero and A. S., Phys. Rev. E 72, 031309 (2005)
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Conclusions

The conventional scenario of aging to hydrodynamics seems
to remain essentially valid for granular gases, even for non-
Newtonian states and even when the time scale associated
with inelastic cooling is shorter than the one associated with
the irreversible fluxes.

At a given value of o, the (scaled) nonlinear shear viscosity
n’(@) moves on a certain rheological curve, the steady-state
value n*~n’(a’y) representing just one point.

A good agreement is found by an (analytical) approximate
solution to a simple kinetic model.

The high-velocity tail of the velocity distribution function is
consistent with an exponential overpopulation.

The main nonequilibrium and transport properties of the true
granular gas are satisfactorily mimicked by a driven gas of
elastic particles.
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