Lattice Boltzmann method
for the simulations of miscible gases

Dun~/uid Lucien VIENNEY Simon MARIEY? Francesco GRASSONC

Fluid Dynamics Laboratory

1| aboratoire DynFluid, Conservatoire National des Arts et Métiers, France

PhD student. Assistant professor, “Professor

Abstract

he model proposed here is derived from an alternative theory of multicomponent fluid diffusion by Kerkhof [1] based on an expansion of the legacy theory of
Hirschfelder, Curtiss and Bird [2]. In contrast with the previous lattice Boltzmann models, the diffusion force is directly added to the momentum
equation through a Guo's forcing scheme [3]. In addition the corresponding transport coefficients, viscosity and diffusion coefficients for each species, are
computed according to the molecular proprieties of the components. Then some numerical simulations are presented for validation purposes.

A new multicomponent lattice Boltzmann model
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As a multi-fluid approach of the mixture, the density and the momentum of = I ”
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Transport coefficients Limit expression: decay of a sinusoidal density wave

1 For binary equimolar mixture with negligible convection, the flow dynamics
(u7) = [Pag]_l 5 are essentially governed by diffusion and equivalent equations reduce to a
diffusion equation. Measured diffusion coefficients is then compared to
the theoretical values [4].
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Where kg is the Boltzmann constant, T the temperature, m, the mass of the component * o
o, x, the mole fraction and -integrals have the same definition as in [2] and depend ,
on the temperature and the molecular proprieties based on the Lennard-Jones potential. T T T T T S T
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Simulation of the viscous fingering instability

Viscous fingering instability occurs when a less viscous fluid displaces a more viscous one.
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Pore-scale simulation:
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MRT formulation [6]

» Emergence of asymmetric
patterns in the mixing zone

Macro-scale simulation:
Ax > pore length
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Figure 5: Pore-scale
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