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Immersed Free Surface Method for Simulation of Mesoscale Gas-liquid-solid Multiphase Flows 
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An immersed free surface model for a simulation of mesoscale gas-liquid-solid multiphase flows is presented. Using 
the model, a contact angle boundary condition on particles at a free surface is implicitly satisfied, so that one can 
calculate efficiently menisci and capillary forces among the many particles. A three-way coupling among particle 
motion, fluid motion and free surface motion is accomplished using the immersed free surface model in conjunction 
with a level set method and an immersed boundary method. An accuracy of the present method is validated through the 
comparisons with analytical solutions of the capillary forces exerted on spherical particles at a free surface. 
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(b) t = 1.5 µµs 

(a) t = 0 µµs 

(c) t = 2.5 µµs 

(d) t = 2.64 µµs 

(e) t = 3.5 µµs 

Fig. 1 Free surface deformation caused by a penetrating sphere. 
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Fig. 4 Free surface deformation caused by two protruded spheres. 
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Fig. 5 Lateral capillary force exerted between two protruded spheres. 

Fig. 2 Free surface deformation caused by a protruded sphere. 

Fig. 3 Vertical capillary force exerted on a protruded sphere. 
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