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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. 



26
 C04-6

Copyright © 2012 by JSFM 3 

Fig. 4
# = 60˚

L
Fig. 5 d/2 << L

Eq. (10) (12)  

F
l
= 0.5!"d2 cos2# L   (10)

L
L

 

2011

http://nanotech.t.u-tokyo.ac.jp/  

(1) Fujita, M. and Yamaguchi, Y. "Simulation Model of Concentrated 
Colloidal Nanoparticulate Flows," Physical Review E, 77 (2008), 
026706. 

(2) Kajishima, T., Takiguchi, S., Hamasaki, H. and Miyake, Y., : 
“Turbulence Structure of Particle-Laden Flow in a Vertical Plane 
Channel Due toVortex Shedding”, JSME Int. J. Ser. B, 44 (2001), 
pp. 526-535. 

(3) Brackbill, J. U., Kothe, D. B. and Zemach, C., "A Continuum 
Method for Modeling Surface Tension," Journal of Computational 
Physics, 100, (1992), pp. 335-354. 

(4) Landau, L. D. and Lifshitz, E. M., "Fluid Mechanics," Pergamon 
Press, London, (1959). 

(5) Chang Y. C., Hou, T. Y., Merriman, B. and Osher, S., "A Level Set 
Formulation of Eulerian Interface Capturing Methods for 
Incompressible Fluid Flows," Journal of Computational Physics, 
124 (1996), pp. 449-464. 

(6) Tsuji, Y., Tanaka, T. and Ishida, T., "Lagrangian numerical 
simulation of plug flow of cohesionless particles in a horizontal 
pipe," Powder Technology, 71 (1992), pp. 239-250. 

(7) Israelachvili, J. N., "Intermolecular and Surface Forces," Academic 
Press, London, (1992). 

(8) Fujita, M., Koike, O. and Yamaguchi, Y., "Computation of 
Capillary Interactions among Many Particles at Free Surface," 
Physical Review Letters, (submitted). 

(9) Jiang, G. -S. and Peng, D., "Weighted ENO Schemes for Hamilton 
Jacobi Equations," SIAM Journal on Scientific Computing, 21 
(2000), pp. 2126-2143. 

(10) Shu, C. -W. and Osher, S., "Efficient Implementation of Essentially 
Non-oscillatory Shock-Capturing Schemes," Journal of 
Computational Physics, 77 (1988), pp. 439-471. 

(11) Amsden, A. A. and Harlow, F. H., "The SMAC Method: A 
Numerical Technique for Calculating Incompressible Fluid Flows," 
Los Alamos Scientific Laboratory Report LA-4370 (1970). 

(12) Kralchevsky, P. A. and Nagayama, K., "Particles at Fluid Interfaces 
and Membranes," Elsevier, Amsterdam, (2001). 

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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