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Concept

Molecular dynamics: Numerical solution of Newton’s
equations of motion for N- particle systems (N~103 — 10°)
Periodic boundary conditions

L~10 — 100 nm

Fluid particle diameter:o ~ 0.2 — 5nm
Simulationtime: ~1071% — 107 %sek
Matrix particle diameter/fluid particle diameter~ 5 — 10
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Task

* |lllustrate application of Non-Equilibrium Molecular
Dynamics (NEMD) to flow in porous media

* |s Darcy’s law valid for such small systems?

e Visualize two-phase flow in a porous medium

* How does the porous medium change the Soret effect?

* Connect with theory and experiments

3 PoreLab meeting Oslo 6-8 September 2017 @ NTNU



NEMD-method for fluid flow

3D periodic boundary
conditions

Reflecting Particle Method™:
Wall directional permeability
is controlled by a

probability function
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Semipermeable walls

“):J. Li, D, Liao, and S. Yip, Phys. Rev.E, 57,
72597267 (1998)
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Simulation starts from equilibrium
and eventually reaches steady state




Data acquisition
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Model
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"o for r < (R;+ R;)

W =1,, Kai,- — (R + R,-))“ Ca <ai,. — (R + R,.))6

for r > (Rl- + Rj)

T—(Ri+Rj) T'—(Ri+Rj)
Interactions: fluid - fluid, fluid - matrix particle, particle - particle
One or two fluid components, one or two matrix components.
Parameters: Temperature, density, composition, porosity (matrix number density)
permeability (matrix particle size), viscosity (@fuig—fiuia)
wettability (@f1yiq—matrix), Miscibility, one/two phases (af,iq1- fruiaz)
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Darcy’s law, effect of permeability

Matrix porosity: 40 %
One component
Liquid state, same fluid in all cases
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Effect of wettability

Matrix porosity: 40 %
Liquid state
Matrix particle diameter: 8
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Effect of fluid viscosity

Matrix porosity: 40 %
One component

Liquid state
Matrix particle diameter: 8
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Two-phase flow

Red fluid: Low viscosity, nonwetting
White fluid: High viscosity, wetting

lllustration
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lllustration: Two-phase flow
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Mass fluxes and flow velocities in central matrix
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Saturationsin central matrix

-O-High viscosity, wetting ~ —e-Low viscosity, nonwetting
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Soret effect,
Hot Cold Hot Separation
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Questions?
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System

Interactions Model
Components

Lennard-Jones fluid (R; = 0)
Hard core

Lennard-Jones skin

e forr<(Ri+Rj)
_ 12 6
u;;(r) = e, [(Uij —(R; + Rj)) —a (Gij — (R + R >

for r > (Rl- + Rj)
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lllustration: Two-phase flow

Red fluid: Low viscosity, nonwetting
White fluid: High viscosity, wetting
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