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CONTINUOUS MEDIUM " Gasaripion of ramular matier N Rivas

“...any small volume element in the fluid is always supposed so large
that it still contains a very great number of molecules.”

“...very small compared with the volume of the body under consideration,
but large compared with the distances between the molecules.”

—FIluid Mechanics, L. D. Landau and E. M. Lifshitz, p.1.
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—J. M. N. T. Gray, M. Wieland, K. Hutter, 1998
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A sin(wt)

—J. S. Olafsen et al. Phys. Rev. Lett. 81, 4369-4372 (1998)
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Binary Mixture

Na = 1000
Ne = 500
OA = 1
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—N. Rivas et al. 2011 New J. Phys. 13 055018
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—N. Rivas et al. Phys. Rev. Lett. 106, 088001 (2011)
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VIBRATED BED
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—N. Rivas et al. Granular Matter, 2012

Macroscopic consequences of microscopic phenomena
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Order parameter(s)

GRANULAR HYDRODYNAMICS

Here it works

Here it doesn't

Control parameter(s)
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3

A sin(wt)

Quasi-2D: L, << L~ 100

Number of particles, N = 6000
Dimensionless acceleration ' = Aw?/g € (1,50)
Low frequency w € (1,5), high amplitude A ~ 4
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FINGERING STATE
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LEIDENFROST STATE
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CONVECTIVE STATE
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Transition

Approaches:
Experimental
Analytical
Simulations:
- Molecular Dynamics (ED, DEM)
- Granular Hydrodynamics Solver
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Transition

Approaches:
Experimental
Analytical
Simulations:
- Molecular Dynamics (ED, DEM)
- Granular Hydrodynamics Solver <&—— Work in progress



“From colliding particles to a hydrodynamic
description of granular matter” N. Rivas

VIBRATED SHALLOW BOX

ED SIMULATIONS
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background from P. Eshuis, et al. Physics of Fluids, 2007
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ED SIMULATIONS

ED is FAST — ALLOWS US TO EXPLORE PHASE SPACE
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ED SIMULATIONS

VERTICAL DENSITY PROFILE
12 T T '

Lx =10 solid,
Lx =50 dashed,
Lx =100 points
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ED SIMULATIONS

1.0 1.0 v v ™ 1.0 S
B N \
XMM w‘\/\(«/\/\'\/\f'w/\.r’h —}""\’"-\J»—FA’\-' A%
N A AT e VA kNfbxh/“\h/mAMJ““’“*W\ﬂxfWM“/
0.8 0.8 \/‘”V\’V\/‘AW\W 0.8 W
06F 06F L 06
3 3 3 i
3 3 '3
04 04} 0.4 U H )
02f VAV VMY, ,. . 0.2 WM\A/\/\/W"’\—\/’\'\N’V\A 0o W
FAY gl A L | Ao N AN e N ]
[V, NN v"f\“_/ \ I'r/ . fo A A AP AAAA A AAAN A A A A WA
00 A A WA A A M N'\)'\f""fw:“f\ﬁ-f“-i

1000 1200 1400

1600 1800 2000

1.0

0.8

0.6

X/Ly

0.4

0.2

e
A r

>
=
)

0.0 . v
1000 1200 1400 1600 1800 2000

1.0

0.8F

0.6

04

0.0 . <z 2 At
1000 1200 1400 1500 1800 2000

A A TSN T AANSIA NNVNIA

1éb0 18b0 2000 2200 2400 {ng 1é65 2660 2556 24b0 0.0 . . — 1 -
1600 1800 2000 2200 2400
tT T T
Figure 7: Convection: Several density spatio-temporal diagrams for dif-

ferent L.

{20, 40, 50, 60, 90, 100}

Black is low density.

From top left to bottom right. L.
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ED SIMULATIONS

Segregation with Binary Mixtures Event Driven Discrete Element Comparison
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FUTURE WORK T esatblon of garar mate . s

* Solve Granular Hydrodynamics equations:

= Take part in the development of the differential equation
solver software hpGEM.

* Further collaboration with experimental studies of the granular
Leidenfrost effect, using ED simulations.

* Explore further the system phase space, using the speed
advantage of ED simulations:

= Study further the low frequency oscillations in the column
geometry.

= Explore the binary mixtures case, and try to explain the
segregation with previously known mechanisms.
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