
11th World Congress on Computational Mechanics (WCCM XI) 
5th European Conference on Computational Mechanics (ECCM V) 

6th European Conference on Computational Fluid Dynamics (ECFD VI) 
July 20 - 25, 2014, Barcelona, Spain 

 
 

 

Phase field-lattice Boltzmann simulations of liquid-solid two-phase flows  
 

R. Rojas1, and T. Takaki2 

1 Graduate School of Science and Technology, Kyoto Institute of Technology, 606-8585, Matsugasaki, 
Sakyo, Kyoto, Japan, E-mail: rcrmroberto_rojas@hotmail.com 

2 Graduate School of Science and Technology, Kyoto Institute of Technology, 606-8585, Matsugasaki, 
Sakyo, Kyoto, Japan, E-mail: takaki@kit.ac.jp and www.cis.kit.ac.jp/~takaki 

 
 
Key Words: Phase Field Model, Lattice Boltzmann Model, Liquid-solid two-phase flow, 
Solidification. 
 
A coupled phase-field-lattice Boltzmann method (PF-LBM) is used for the simulation of 
liquid-solid two-phase flows. The lattice Boltzmann method (LBM) has been used as a 
numerical tool for predicting fluid flows due to its computational advantages related to 
parallel computing. On the other hand, the main feature of the phase field model (PFM) is the 
formulation in terms of an order parameter which gradually changes and defines the phase of 
the system. Since LBM and PFM use Cartesian grids for flow prediction, a combination of 
these two methods is suitable for solving problems with phase transformation. The governing 
equation of the fluid flow is given by the lattice Boltzmann equation with external forces 
which incorporate the effects of the liquid-solid transition depending on the phase field, e.g. 
the no-slip boundary conditions at a diffuse interface. The liquid-solid interaction is defined 
by the time evolution of the phase field including the effects of moving boundaries. Initially, 
two benchmark problems with stationary boundaries have been used for validation of the 
method, i.e. Poiseuille flow and flow past a circular cylinder. The results confirm that the no-
slip boundary condition is well satisfied at the diffuse interface. Then, the simulation of a 
solidification problem is carried out to analyse the influence of fluid flow on the solidification 
process. The results are compared with available analytical solutions. 
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