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ABSTRACT °

This report presents the analysis of the effects of various parameters on electric field and force on
particle chains in electrorheological (ER) fluid. The ER fluid is a suspension of particles in a
dielectric liquid. An important characteristic of the fluid is the change in its viscosity under a
sufficiently-high applied electric field. The purpose of this research is to study the fundamentals of
electric field and force on particle chains in the ER fluid, which contribute to the change of viscosity.
This research focuses on the calculatiop method for electric field and force which can realize high
accuracy and the effects of the particle arrangerﬁent, profite, and conductivity on the electric field

and force.

For the method to calculate electric field and force, we .have proposed the method of
multipole images, which is a new analytical method for field calculation. The method is applicable for
arrangements where the field may be axisymmetrical or arbitrarily three dimensional. The method
is based on the method of images, but can be used for more complicated problems. We have
presented multipole images for various fundamental arrangements. In addition to the analytical
method, we utilized the boundary element method (BEIV!), a numerical method, to ascertain the

accuracy and estimate its propriety.

Calculation results of the arrangements in which the field is axisymmetrical show that the
maximum electric field increases with the particle number, the particie permittivity, and the degree of
non-uniformity of the appiiea field. The results by the BEM agree well with the analytical results,
However, the results by the BEM become less accurate with increasing the permittivity of dielectric
particles. We suggest the use of the analytical method to estimate the accuracy of the numericai

method.

The study of the arrangements in which the field is arbitrarily three dimensional shows that
the force on a dielectric particle chain in a dielectric fluid depends on the number of particles and the
chain direction. However, the maximal attractive and repulsive forces reach their saturation values at
about 32 and 12 particles, respectively. When the lower particle of a chain is in contact with a plate
electrode, the dielectrophoretic force on the chain becomes higher on the whole, and it always
attracts the chain to the electrode. As a result, the particle chain is stabilized for a wider range of
the angle between the chain and the applied field. Neglecting the interaction between the electrodes
and particles usually gives adequate accuracy in the force calculation, unless the electrodes are very

close to particles.

This research also studied in detail the effect of plate electrodes on electric field and force
by considering the field and dielectrophoretic force on a dielectric particle chain suspended in a host

liquid lying between parallel-plate electrodes. We have investigated the effect of the particle



-

permittivity , the tilt angle (between the chain and the applied field) and the chain arrangement on
.the electric field and force. The results show that the electric field intensification rises in accordance
with the increase in the ratio of the particle-to-liquid permittivity. The electric fleld at the contact
point between the particles decreases with increasing tiit angle, while the maximal field at the
contact point between the particles and the plate electrodes is almost unchanged. The maximal field
can be approximated by a simple formula, which is a quadratic function of the permittivity ratio. The
dielectrophoretic force depends significantly on the distance from other particies or an electrode.
However, for the tilt angles in this work, the horizontal force on the upper particle of the chain
always has the direction opposite to th; shear direction. The maximal horizontal force of a chain
varies as a power function of the permittivity ratio if the particles in the chain are still in contact with
each other. The approximated force, .based on the force on an isolated chain, has been compared
with our calculation results. The comparison shows that no approxjmation model agrees well with

our results throughout the range of permittivity ratios.

We have analyzed the electric field at the contact point of zero contact angle formed by an
elliptic-cylindrical or ellipsoidal particle and a plate electrode. The electric field has been calculated
by the BEM for two dimensional and axisymmetrical arrangements. The calculation resuits show
that the contact-point electric field is intensified by either décreasing the aspect ratio of the dielectric
solid or increasing the ratio of the material constant of the solid to that of the surrounding medium.
Two simple equations are given for estimating the contact-point electric field for a range of the
material-constant ratio with the errors less than 6.6%.

The study of the effects of conductivity on the electric field and force used a particle
composed of a core and a surface film as the model. in the analysis, we use the method of
multipole images with the fundamental solutions given for various types of particles composed of a
core and a surface film. The concept of the apparent conductivity is introduced to clarify the
difference between the particle types. The analysis shows that the response of particle with a
surface film to an external field is unique and generaily cannot be obtained by replacing the particle
with a homogeneous particle. The electric field and force are found smaller on the conductor-core
particte but greater on the dielectric-core particle, compared with the particie without any surface
film. We have calculated the electric field and force by using the BEM in which a surface film is
treated as a zero-thickness medium. The propriety of such treatment of a surface film depends not

only on the film properties but also on the external field.
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