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Fig. 1. Numerical results of the WB-LBE and YG-LBE models for the planar interface: (a) Time evolution of the total kinetic en-
ergy; (b) distribution of velocity obtained by the WB-LBE model at steady state; (c) distribution of velocity obtained by the YG-

LBE model at steady state; (d) distributions of chemical potential.
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Fig. 2. Results of the WB-LBE and YG-LBE models for the steady-state droplet problem: (a) Time evolution of the total kinetic
energy; (b) velocity distribution obtained by the WB-LBE model; (c) velocity distribution obtained by the YG-LBE model; (d) dis-

tributions of chemical potential.
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Fig. 3. Numerical results of the steady-state droplet problem using different forms of surface tension: (a) Time evolution of the total
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Fig. 5. Distributions of flow velocity of the layered Poiseuille flow with different viscosity mixing rules.
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Abstract

Compared with the lattice Boltzmann equation (LBE) model based on incompressible phase field theory,
the LBE based on quasi-incompressible phase field theory has the advantage of local mass conservation.
However, previous quasi-incompressible phase-field-based LBE model does not satisfy the well-balanced
property, resulting in spurious velocities in the vicinity of interface and density profiles inconsistent with those
from thermodynamics. To address this problem, a novel LBE model is developed based on the quasi-
incompressible phase-field theory. First, numerical artifacts in the original LBE for the Cahn-Hilliard are
analyzed. Based on this analysis, the equilibrium distribution function and source term are reformulated to
eliminate the numerical artifacts, enabling the new LBE to realize the well-balanced characteristics at a discrete
level. The performance of the proposed LBE model is tested by simulating a number of typical two-phase
systems. The numerical results of the planar interface and static droplet problems demonstrate that the present
model can eliminate spurious velocities and achieve well-balanced state. Numerical results of the layered
Poiseuille flow demonstrate the accuracy of the present model in simulating dynamic two-phase flow problems.
The well-balanced properties of the LBE model with two different formulations of surface tension ( Fy = —¢Vu
and Fy=uVe) are also investigated. It is found that the formulation of Fy=puV¢ cannot eliminate the
spurious velocities, while the formulation of Fy = uV¢ can achieve the well-balanced state. The influences of
viscosity formulations of the fluid mixture are also compared. Particularly, four mixing rules are considered. It
is shown that the use of step mixing rule gives more accurate results for the layered Poiseuille flow. Finally, we
compare the performance of the present quasi-incompressible LBE model with that of the original fully
incompressible LBE model by simulating the phase separation problem, and the results show that the present
model can ensure the local mass conservation, while the fully incompressible LBE can yield quite different
predictions.
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