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A Study on the Mechanism of Clusters Formation of ER Fluid
Through Visualization
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Abstract

Electrorheological fluids(ERFs) show a rapid and reversible increase in apparent viscosity by applied
electric field. It is called the electrorheological effect (ER effect). The reason for ER effect is the
induction of an electric dipole in each particle, leading to the formation of clusters in the direction of
the field, which resist fluid flow. Generally, the behavior of ER fluids has been modeled on those of
Bingham fluids. But there are some differences between Bingham fluids and ER fluids. The visualization
of ER fliuds are presented and ER effects by the forming, growing and breaking of clusters are
discussed. In the low shear rate area, the pressure drop is measured by a pressure sensor and the
formation of ER particles is visualized by video camera. The reason for the nonlinear behavior of ER
fluids at low shear rate is explained through results of visualization. As result, the behavior of ER fluids
is nonlinear at low shear rate with overshoot area because it is different to form the clusters according
to the strength of electric field. The gap of electrodes becomes narrow because of the cluster layer
occurrence near to electrodes in any conditions.
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Fig. 2 ER particles

Table 1 Distribution of ER particle size

Size Low [gm] Size High [gm] Content %]
140.58 163.77 0.01
163.77 190.80 0.03
190.80 222.28 0.14
222.28 258.95 0.53
258.95 301.68 1.77
301.68 351.46 5.33
351.46 409.45 13.33
409.45 477.01 30.99
477.01 Hdh.71 47.87

37 g

>, O
= T

Ao A7 AL

3.1.1 22{AH g@Mof wist

ERF A dr%e] 71sA " ERY A =54
2 3 2287 #4390 Fig 3+ 7]
- 6ky 718 AEIE 01& Ao JEY A
. ERQlAE o] A A HA uF EEH
Jthot 7)Aol st W Ee e E A
A FE2Ee v ARE 2AE € F

o%

o B o [0

0 Kl 2 O ox
)L?

=

3.1.2 TIIF M2l 2lEt SRlAH E@Y 25
Fig. 4= A713 e A7ld & Say 34
258 JEbd Blojd. ERF A Zhs)lE H7)
dol Aol mel ZEaEEe] FAdo] 2FH
atolE Bola dup whe AU G A
= A=Abelell 2B b 2 REE ¥
Adeta ARt 72 A7 AAME 2HAEHEY
7I7F AF B ople ASFHR BT
dol FrAA HebEE &4+ Ak

ﬂ

313 E2HAH Z9 Y
ERY Aol 5] 7t x| S8 28 e 34,

4 2 sEe gAE ALsA AXA "k
23 A7Ae M7 &4 S50 @A wet
43 F4ol Mt Fig. 5914 ®i= ule} 2o} ER
dare] Fo] A7) F¥ S I frA F AbololA
wodojyng b frme] Fol Fopxy &
% 7 A "k

Fea 2o WAL A%e AFARD FA

f5ol &% ol A2 w dojurh Fig. 68
sy 29 w4 242 UdEd Add 23
of weh BelzE Fol wAHE A% By
A o Ao A AW 1 Fe 1713
o Al7lsk A fel o) ARk o=
Wel Aae FelzE o) w4y 249 3AE
oulgith. mebd FHIANN AEHE 39
A el olelg geaE Fo YHo ¥
@ ugel wEA RelHoiAel & ot



Al B9k ERG A e By rmel o ol 1687

(a) 2kv

(e) 10kv

(e) 0.4 sec Fig. 4 Cluster formation without flow

(h) 0.7 sec

(g) 0.8 sec

(d) 0.4 sec

(hy 0.9 sec )
(e) 0.5 sec
Fig 3 Process of ER cluster formation without Fig_ 5 Formation of cluster ]ayer and flow

flow (6kV / 0.1sec Step) ( 8KV , 5.9cm's )
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Pressure Drop [Pa}

Flow Veloaity [crm/sed]

Fig. 8 Pressure drop of ER fluid

(b)

(©)
Fig. 9 Formation and breaking of ER cluster

(Flow velocity = 2.6 cm/s near)

Flow

(a)

(b)

(©
Fig. 10 Formation and breaking of ER cluster

(Flow velocity = 5.9 cm/s near)
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Flow

(b)
Fig. 11 Formation and breaking of ER cluster

(Flow velocity = 7.9 cm/s near)
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