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ABSTRACT

We developed a general method for computing the motions of hydrodynamically interacting particles in various
host fluids such as colloidal dispersions. The method follows the standard procedure for performing direct
numerical simulations (DNS) of particulate systems, where the Navier—Stokes equation is solved consistently with
the motion of the rigid particles, which defines the temporal boundary conditions to be satisfied by the fluid
motion. The smoothed profile (SP) method, where the sharp boundaries between solid particles and the host fluid
are replaced with a smooth profile function with a finite thickness, provides an efficient numerical scheme for
coupling the continuum fluid mechanics with the dispersed moving particles. In this short article, the high degree

of versatility of the SP method is demonstrated by introducing several successful examples.
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Fig. 1 Schematic representation of the cross section of a
spherical SP particle represented by a smooth
profile function ¢ with the particle radius a and the
interfacial thickness &. The particle surface now
has a finite volume supported by several grid
points on a fixed 3D Cartesian grid.
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Fig. 2 Schematic illustrations of the dipole moment
between two particles aligned (a) parallel and (b)
perpendicular to the external electric field. The
former induces an attractive inter-particle force
and the latter a repulsive one.
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Fig. 3 Simulation snapshots depicting the time-evolution
of 12 free particles, initially configured as two
stacked linear chains aligned parallel to the
oscillating electric field.
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Fig. 4 Trajectories of particles against a bubble. (a) The
effects of os. (b), and the effects of ¢s.
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(@e¢ 1 (parallel)

(c) € = 1.5 (parallel)
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(b)e=0.1 (perpecular)

(d) € = 1.5 (perpendicular)

Fig. 5 Velocity field around particles in a compressible fluid. The simulation results were obtained at the same time for
different compressibility factors with the values of 0.1 for (a) and (b) and of 0.6 for (c) and (d). The divergence of
the velocity field V-u is described by a color scale, which goes from negative (darker) to positive (lighter) diver-
gence. In (a) and (c), the right particle is kicked in parallel to the direction in which the particles are aligned. In (b)
and (d), the particle is kicked in the perpendicular direction. In the case of small compressibility (a) and (b), the
sonic momentum is quickly transported to the neighboring particles, whereas in the case of strong compressibility

(c), (d), it takes longer due to the slow speed of sound.
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Fig.6 The traveling wave of the Squirmer particle
density found only in the dispersions of weak
pullers (time: left to right).
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