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What is a granular material?
meration of discrete solid,

cles characterized by a
iever the grains collide.
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Minimeal model of a granular gas:
identical smooth inelastic hard
spheres

Elastic collision Inelastic collision
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http://demonstrations.wolfram.com/InelasticCollisionsOfTwoSpheres/




Simple model of a granular gas:
\"collection of inelastic ~~ = hard
spheres

model unveils an inherent
own of energy equipartition
anular fluids, even In
geneous and isotropic states

N. V. Brilliantov, T. Péschel, W. T. Kranz, and A. Zippelius,
Phys. Rev. Lett. 98, 128001 (2007)
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O It ine of the talk

on rules for inelastic rough

aviel es-Fourier transport
fficients

bility analysis
‘onclusions
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Outline of the talk

1 rules for inelastic rough

1. Na jier-Stoke
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Material parameters:

| | (5

1tion

nt of tangential restitution
o=1 rfectly elastic particles
g=-1 orfectly smooth particles

B=+1ii fectly rough particles
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1S conserved only if the spheres are
y elastic (¢=1) and

« perfectly rough (/7=+1)
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coefficient of normal restitution

coefficient of tangential restitution

relative mass

impact parameter

initial angular velocity of the left particle

time D

reference frame |(|aboratory |center of mass |

energy loss (lab frame) = 0%

Elastic & smooth
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coefficient of normal restitution

coefficient of tangential restitution

relative mass

impact parameter

initial angular velocity of the left particle

time D

reference frame ||aboratory |center of mass |

energy loss (lab frame) = 27%

Inelastic & smooth
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Outline of the talk

0. Collisiof
hard sphere

es-Fourler transport
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Homogeneous Cooling State

T,-(t)/T(t) — const # 1
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(1844-1906)

(Cartoon by Bernhard
Reischl, University of
Vienna)

Boltzmann equation:
o, v.w,t) + v -Vf(r.v,w,t) = Jr,v,w,t|f]

Inelastic+Rough collisions
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N. V. Brilliantov, T. Péschel, W. T. Kranz, and A.
Zippelius, Phys. Rev. Lett. 98, 128001 (2007)

20 30 40

G. M. Kremer, A. S., and V. Garzo, Phys. Rev. E 90,
022205 (2014)
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lmumo ,__- eneous states
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Navier-Stokes-Fourier
constitutive equations

laude-Louis Navier
(1785-1836)

George Gabriel Stokes Jean-Baptiste Joseph Fourier
(1819-1903) (1768-1830)
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Navier-Stokes-Fourier
constitutive equations
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Shear viscosity Bulk viscosity

. Dufour-like coefficient 0
I'— uVn CZC()—fv-u

ctivity Cooling rate transport coefficient
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Navier-Stokes-Fourier
Hydrodynamic equations
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(1844-1906)

(Cartoon by Bernhard
Reischl, University of
Vienna)

Boltzmann equation:
8tf(r7 V) w? t) _|_ R - Vf(r, V7 w7t) . J[r7 V? w? t|f]

Inelastic+Rough collisions
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vs. Rev. E 90, 022205 (2014)
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Imiting cases

Quasi-smooth limit Perfectly rough and elastic

(8 1) (a=p=1)

24 6(1 + k)2

a)(19 — Ta) 6+ 13k
(14 K)?
10k

64

12(1 + k)? (37 + 151k + 50x2)
+a)(9+ 7a) 25 (12 4 75k + 10152 + 1023)
1280(1 — «) . 7
(9 + 72)(19 — 3a)
0 0 0
Brey, Dufty, Kim, Santos Pidduck
(1998) (1922)
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Shear viscosity
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dhermal conductivity
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iufour-like coefficient
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Bulk viscosity
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(800lIng rate coefficient
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A& Fwid Mech. 29, pp 484445, (8 Cambridge University Press 2013
doi: 10,1 Fjlm

Dual role of friction in granular flows:
attenuation versus enhancement of instabilities

Peter P. Mitrano, Steven R. Dahl, Andrew M. Hilger, Christopher J. Ewasko
and Christine M. Hrenyat

Vortices

4 collisions
per particle

100 collisions
per particle

Clustering
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det IM(k) — w(k)l] = 0 = Dispersion relation
- w(k) < 0 = Instability
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V. Garzo, A. S., and G. M. Kremer, in preparation

PDispersion relations

: 2 sound modes
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(vortices are more
unstable than the heat
mode (clusters), except
for high inelasticity and
medium roughness
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Comparison with the pure
smooth case

Medium roughness
enhances instabilities,
while small and high o e B i S
levels of roughness
attenuate it

aljrole of friction in granular flows:
attenuation versus enhancement of instabilities

Peter P. Mitrano, Steven R. Dahl, Andrew M. Hilger, Christopher J. Ewasko
and Christine M. Hrenyat



Bomparison with preliminary
MD simulations

volume fraction ¢ = 0.05

(MD points, courtesy of Peter Mitrano)
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Outline of the talk
0. ColliSione
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onclusions

induces two extra transport
£), not present in the case of a
ooth spheres

i1s weaker than in the case of smooth
es.
‘B Medium roughness enhances instabilities;
small and large levels of roughness attenuate
it.
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