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Analysis of Microstructure of Particle disper sed Fluid by Particle
Simulation Method

Satoru Yamamoto
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Abstract

A particle simulation method (PSM) is proposed for computing the dynamics of particle dispersed systems.
In this method, a particle is modeled by using arrays of spheres. Two adjacent spheres are connected with
three types of springs; stretch, bend, and twist for the deformability of the particle. The motion of the
particles in flow is followed by solving the translational and rotational equations of motion for each
constituent sphere. The hydrodynamic interaction among particles is considered by decomposing into intra-
and inter-fiber ones. In the former, the many-body problem is solved by calculating the mobility matrix for
each particle to obtain the hydrodynamic force and torque exerted on each sphere. In the latter, only the
near-field lubrication force is treated between spheres of a given particle and another. The method was
applied to predicting the microstructure of fiber and platelike particle dispersed systems, their rheological
properties, and the motion of fillers in an injection molding flow.
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Fig. 1  Schematic illustrations of fiber and platelike

particle models.
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Configurations of a pair of connected spheres
for deformation: (@) stretching, (b) bending,
and (c) twisting.

Fig. 2
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Fig. 3  Schematic illustration of the fiber suspension
in shear flow. Fibers constructed from N
spheres of radius a are dispersed into a unit
cell with periodic boundaries.
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Flow direction

Fig. 4  Snapshots of the microstructure of therigid
fiber suspension at an early stage of strain 10.
Fibers strongly align in the shear direction.

Flow direction

Snapshots of the microstructure of therigid
fiber suspension at an equilibrium state of
strain 1000. The planar orientation of fibers
parallel to z-x plane is observed.
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Fig. 6  Transient changes of relative viscosity for
rigid fiber suspensions of aspect ratio 5.
Smoothed data are indicated by dotted lines.
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Fig. 7  Relation between relative viscosity and

concentration for rigid fiber suspensiions of
aspect ratios 5 and 10. Data are average for
last 100 strains.
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Flow direction

Microstructure of the flexible fiber suspension
at an equilibrium state of strain 1000. Fibers
are deformed and stretched in the shear
direction.

Flow direction

Microstructure of arectangular platelike
particle dispersed system. The planar
orientation of particles parallel to the z-x plane
and the orientation of the major axis of the
particlein the shear direction (the x axis) are
observed.
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Fig. 10 Cavity model and snapshots of fiber mationin
injection mold filling.
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Fig. 11 Injection molded dumbbell specimen and

calculated microstructure of square platelike
fillerson A-A cross section.
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