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Objective: Framework for
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* Coupling fluid with
particles for
multiphase flows
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* Including
polydisperse
particles
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Including

microstructure
based drag laws
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Able to couple other
fields: temperature,
electric etc...
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Applications: Molecular Dynamics, Continuum solvers, ...

Fluidized bed, porous media, colloids, mixing&segregation,

multi-phase/field, suspensions, medical inhalers...
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[ Il': Coupling fluid with particles for multiphase flows ]

Use Delaunay triangulation for

¢ Contact detection
¢ Fluid Solver Grid

Natural multi-scale framework accounting for different densities

Idea

Approach
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Vertices of triangulation are particle locations
Flow solver based on Finite Element Method on moving mesh

Particle motion described using Discrete Element Method (DEM=MD)

Momentum exchange based on empirical drag laws
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[ Il : Microstructure based drag laws ]

Objective: Microstructural model for permeability (drag) for a wider range of density
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Approach: Finely resolved FEM simulations

Accurate and efficient coupling requires
physically based drag laws, accounting
for microstructure and applicable to
wider range of densities
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Microstructural model (random)

Microscopic, normalized
channel length:
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Permeability is a power law function of micro-structure?

Lubrication theory works astonishingly well.
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[ Il : Polydisperse particulate systems ]

Challenge: (1) Efficient contact detection for discrete particle method and MD
(2) Model polydisperse systems by simpler bi-/tridisperse ones

Approach: (a) Hierarchical data structure
(b) Kinetic theory
(c) Particle simulations
(d) Multi-scale modeling

MSM

Simplest example: 2 levels grid

How many grid-levels?
Which particles in which level?
... optimal performance?

X (a.u.)

V. Ogarko, S. Luding, Comp. Phys. Communications 183(4), 931-936, 2012
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lll.1 Optimal hierarchical multi-grid parameters!
Analytical prediction vs. DEM simulations
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Analytically predict the optimum number of levels and cell sizes for any particle size distribution

+ Simulate polydisperse systems as fast as monodisperse ones at the same density

V. Ogarko, S. Luding, Comp. Phys. Communications 183(4), 931-936, 2012
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lll.2 Mean field approximation of polydisperse systems

Gibbs' phase rule (1870): = C — ¢ + 2

Fis the number of degrees of freedom

= 1: mono-disperse
= 2: bi-disperse ¢ is number of phases in thermodynamic
3: tri-disperse equilibrium with each other

C
C
C=
C

= 00: poly-disperse

Can correct physics / behavior be reproduced
with much less Components?

C =1 can not (trivial)
c=27?7?
CcC=37?7?
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lll.2 Mean field approximation of polydisperse systems

Equation of state (Kinetic theory): Moments of the size distribution:
3
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« Multi-scale map any polydisperse system to a simpler bi-/tridisperse one.
Works perfectly well for multi-scale fluids!

» Higher densities (glass-like)?
Crystallization, fractionation, phase-transitions, ...

V. Ogarko, S. Luding, J. Chem. Phys. 136(12), 2012, 124508.

415nm & 165.7nm Andrew Schofield Size ratio=2.40




1.2 Results: Bidisperse versus Polydisperse
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» Checked for many different size distributions (multi-scale)
» Avoid crystallization by using equivalent tri-disperse systems
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Summary

» A coarse-scale numerical framework coupling high order FEM with DEM
for multiphase flows (using empirical drag laws) has been developed.

The triangulation serves multi-purpose: contact detection and mesh for FEM.
* Flow in porous media (coarse) shows correlates with resolved simulations:

Coarse model for drag law based on microstructures of
random and ordered media, valid for a wide range of density.

« Efficient contact/neighbor detection scheme based on a
multi-scale hierarchical data structure.

* Mean field approximation of multi-scale, polydisperse systems allows
their representation by equivalent bi- and tridisperse systems.




