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Abstract：
	
Free energy based multiple-distribution-function lattice Boltzmann method for multi-component and multi-phase flow

Zhonghua  Qiao a,∗,  Xuguang  Yang b,∗,  Yuze  Zhang c

a Department of Applied Mathematics, The Hong Kong Polytechnic University, Hung Hom, Hong Kong 
b School of Mathematics and Statistics, Hunan First Normal University, Changsha, P. R. China 
c School of Mathematical Sciences, Nanjing Normal University, Nanjing, China

Abstract: 
Multi-phase and multi-component fluid flow are fundamental phenomena in both nature and numerous engineering applications. In this work, a multiple-distribution-function lattice Boltzmann model (MDF-LBM) for multi-component and multi-phase flow is developed. According to the diffuse interface theory and free energy model, the hydrodynamic equations of multi-component and multi-phase system, which consists of a Cahn-Hilliard (CH) type mass balance equation with cross diffusion terms for each species and momentum balance equation, is obtained. Through utilizing the relationship of total chemical potential and the general pressure, the momentum balance equation can be reformulated as a potential form. To avoid redundant density calculations, an MDF-LBM is developed by considering the CH type mass balance equation and potential form momentum equation as a coupled convection-diffusion system. Several numerical experiments were conducted to evaluate the capabilities of the proposed MDF-LBM method, including the spreading of a liquid lens, layered Poiseuille flow, bubble rise in stratified layers, and 3D multi-component two-phase hydrocarbon mixtures. Numerical results show that the present MDF-LBM can capture the phase behavior accurately and also can guarantee the mass conservation property. The numerical results also show that the calculated interface tension agrees well with the laboratory experimental data.


































