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Abstract—Electrorheological(ER) fluid is a material that shows the dramatic change of rheological properties under an
electric field and responds reversibly in a few milliseconds. ER fluid's response to an electric field along with its fast
switching capability allows ER devices to be precisely controlled. The real application with ER fluid, however, has many
limitations to be overcome; temperature fluctuation, moisture, dust, aggregation, precipitation, and low yield stress, for
example. The magnitude and the characteristics of yield stress of ER fluid plays an important role in practical applications.
In this research, a dynamic simulation on the squeezing flow of the ER fluid was carried out. Numerical simulation on
isolated chains was performed to find out the effect of hydrodynamic and electrostatic force depending on the chain location,
the squeezing rate, and the chain structure. Suspension model that is composed of a large number of particles was also
investigated. The increase of normal stresses as well as the existence of a yield stress at an earlier stage could be observed,
and the effective control of the normal stresses could be achieved at an optimal condition of the hydrodynamic force and the
electrostatic force.
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Fig. 1. Schematic view of squeezed ER fluid in cylindrical coo-
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Table 1. List of quantitative properties used in this simulation

GEOMETRICAL PROPERTIES AND ELECTRICAL

CONDITIONS

Electrode diameter D=50 mm
Initial gap distance Hp=1.0 mm
Squeezing rate Ve=0.1, 1.0 mm/sec
Applied voltage V=10 kV

PARTICLE PROPERTIES
Diameter 0=100 pWm
Dielectric constant £~234

CONTINUOUS PHASE PROPERTIES

Viscosity N=0.01 Pa- sec
Dielectric constant £.=7.3
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Fig. 2. Initial configuration of a single chain at r=10 mm in cylind-
rical coordinate.
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Fig. 3. Normal and shear stresses of a single chain at r=10 mm in
cylindrical coordinate. Squeezing rate is 0.1 mm/sec; strain
=0.21(a), strain=0.32(b), strain=0.35(c), strain=0.42(d),
strain=0.44(e), strain=0.51(f).
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Fig. 9. Normal and shear stresses of a suspension with 233(—), 467
(- -) and 700(- - ) monodisperse particles. Squeezing
rate is 1.0 mm /sec.
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Fig. 10. Normal and shear stresses of a suspension with 233(—) and
936( - - ) monodisperse particles. Squeezing rate is 0.1
mm /sec.
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Fig. 11. Normal and shear stresses of a regular suspension arranged
in the r-direction (N=960). Squeezing rate is 1.0 mm/sec.
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Fig. 12. Normal and shear stresses of a random suspension with 934
monodisperse particles. Squeezing rate is 1.0 mm/sec.
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INEZIES

ALPHABETIC SYMBOLS

E applied electric field, kV/mm

€ unit vector in the direction of

€ unit vector in the direction of r

e, unit vector in the direction of z

F‘ijl electrostatic force between sphere i and sphere j
and the electrode surface, N

7 repulsive force on particle i due to particle j and

the electrode surface, N

F*  hydrodynamic force applied to particle i in a med-
ium fluid, N
F, 3 e epB E’in equation (1), N

16
H gap separation, m
H, initial gap separation, m
Hopo hight of POC-shaped space, mm

m, mass of particle i, kg

N number of particles

L. cutoff radius

R electrode radius, m

Ry distance between particle i and j in spherical coo-
rdinates, m

R, mean diameter, m

Ry radius of POC-shaped space, mm

tg characteristic time, sec

A dimensionless time step

\A velocity field applied to a suspension in the direc-
tion of r, m/sec

v, velocity field applied to a suspension in the direc-
tion of z, m/sec

v applied voltage, kV

Vo squeezing rate, m/sec

*

dimensionless squeezing distance

GREEK SYMBOLS
o ratio of the dielectric constant of the particles to
that of the continuous phase

B dielectric mismatch

Y strain

St dimensionless length of no slip boundary condition
€ dielectric constant of the base fluid

£ dielectric constant of the particle

e A 113 A 235, 1999

MY - ol%F
& permittivity of vacuum (=8.8542x10'%), F/m
6; angle between particle i and j in spherical coordi-
nates, radian

Opoc angle of POC-shaped space, radian

Ne viscosity of the base fluid, Pa- sec

G; diameter of particle i, m

<T,>  shear stress of the component rz, Pa

<1,> averaged normmal stress against the squeezing force, Pa
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