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Abstract： 

We present a novel computational framework to numerically 

investigate fluid structure interaction using the phase field 

embedding. Each solid structure or soft matter structure immersed in 

the fluid, grossly referred to as the particle in this paper, is 

represented by a volume preserving phase field. The motion of the 

active particle is driven by the surrounding fluid velocity and its 

self-propelling velocity. A repulsive force exists between each pair of 

particles and between a particle and the boundary. The particle also 

exerts a drag force to the fluid. When the particle is solid, its state is 

described by a zero velocity gradient tensor and a phase field that 

defines its profile. A thermodynamically consistent hydrodynamic 

model is then derived for the fluid-particle ensemble by the 

generalized Onsager principle. Structure-preserving numerical 

algorithms are developed for the thermodynamically consistent 

model. Numerical tests are carried out to verify the rate of 

convergence and some numerical examples are given to demonstrate 

the usefulness of the computational framework for simulating 

fluid-structure interactions for self-propelling active particles. 
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