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Dynamic Simulation of Electro Rheological Fluids

Satoru Yamamoto
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Abstract

Electro-rheologica (ER) fluid is a suspension of particles
dispersed in a nonconductive medium, whose apparent
viscosity isincreased by addition of an electric field. In
generd, it is believed that the electro-rheological effect is
caused by formation of particulate chains due to interaction
through dipole moments of polarized particles. The propriety
of amodel for polarized particles was discussed based on the
result of acomputer smulation of the electro-rheological
fluid. Two- and three-dimensional molecular-dynamics-like
simulations were carried out to analyze principal properties of
the electro-rheological fluid, such asformation of particulate

chains, short response time, and the dependence on shear rate,
electric field strength and electric field frequency. The
calculated results were compared with the measured ones for
the suspension of poly(sodium methacrylate) particles
dispersed in silicone oil. This comparison clarified that the
polarized-particle-model can qudlitatively explain the most
aspects of the electro-rheologica effect except for the
property at alow shear rate, though the calculated shear stress
was one-fifth of the measured one. The el ectro-rheological
effect obtained by the three-dimensional simulation was
comparableto that of the two-dimensional model.
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Fig. 1 Genera mechanism of electro-rheological effect.
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Fig. 2 Interaction between polarized particles.
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Fig. 3 Schematic representation of the sphere pair
interaction.
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Fig. 4 Unit cell geometry for two-dimensional
simulation.
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Fig. 5 Unit cell geometry for three-dimensional
simulation
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Fig. 6 Simulated configuration of spheres under no
flow.
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Fig. 7 Measured configuration of spheres under no
flow.
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Fig. 8 Simulated configurations of spheres under a
shear flow;
time= (a) 0, (b) 5ms, (c) 10ms, and (d) 20ms.
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Fig. 9 Simulated shear stress versustime.
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Fig. 10 Simulated shear stress versus shear rate under a
DC field of 3kV/mm (e ) and no field (dashed
line).

0000000 R&DODOOOOVO.29 No.1 (1994.3)

000000000000000000000Fig. 11
000000000000000000000000
0000000000000000000000000
00000000000000000000000
O0Fig. 12000000000000000000
000000000000050000000000
000000000000000000000000
000000000000000000000000
oooooooo

0oooo0O0oO0O0o0oo
00000000000000000000000
000020000000000000 (0@00)0
000000000000000000000000
0000000000000000Fig. 130000

R

Fig. 11 Simulated configurations of spheres,
shear rate= (a) 10s ™, (b) 50s ™, and (c)100s ™.

1.0

=

& 08 /3K Vfmm
2 06

s

Z 04f

E O 2 -

7 No field

0 ./ L

0 20 40 60 80 100
Shear rate (s™')

Fig. 12 Measured shear stress versus shear rate.
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Fig. 13 Simulated dependence of ER effects on the
electric field strength.
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Fig. 14 Measured dependence of ER effects on the
electric field strength.
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Fig. 15 Experimental dielectric dispersion of PMA-Na
particles;
dielectric constant (e ) and dielectric loss (o ).
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Fig. 16 Simulated influence of electric field frequency
on ER effect.
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Fig. 17 Measured influence of electric field frequency
on ER effect.
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Fig. 18 Configuration of spheres simulated by two-
dimensional simulation.

Fig. 19 Configuration of spheres simulated by three-
dimensional simulation.
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Fig. 20 Simulated shear stress versus shear rate.
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