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Simultaneous mixing and pumping using asymmetric microelectrodes

Byoung Jae Kim, Sang Youl Yoon, Kyung Heon Lee and Hyung Jin Sung

Abstract

This paper presents numerical and experimental works for simultaneous pumping and mixing small liquid
using asymmetric microelectrode arrays, based on AC electroosmotic flows. To this end, four arrangements of
electrode pairs were considered with diagonal/herringbone shapes. Numerical simulations were made of
three-dimensional geometries by using the linear theory. The results indicated that the helical flow motions
induced by the electrode arrays play a significant role in the mixing enhancement. The pumping performance
was influenced by the slip velocity at the center region of the channel compared to that near the side walls.
To validate the numerical predictions, the microfluidic devices were made through MEMS. The flow rate was
obtained by using micro PIV, increasing the applied frequency. The electrolyte was potassium chloride
solution. The flow patterns above electrodes were visualized to see lateral flow for mixing. The experimental

results showed good agreements with the numerical predictions.
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Fig. 1 Side view of the asymmetric electrodes
displaced in parallel on the insulating wall.

Parameter Value  Parameter Value

Vo 3V Up=eVoluG(1+6) 028 m/s
G Sum ¢ 6.94x107"° C*/N - m’
W* 1 7 0.000891 Pa-s

wy* 5 o 0.01468 S/m

Go* 3 Ap 10 nm

H* 5 o) 4

*=G eaVoAp(1+6) 1.12  Pe 5160

Table 1 Detailed conditions. KCl solution (10°M)
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Fig. 2 Three patterns of the electrode pairs (top
view). Each pattern is repeated with period of L on
the bottom wall. a) diagonal shape (type A), b)
diverging shape of a staggered herringbone type

(type B),
herringbone type (type C).

¢) converging shape of a staggered
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Fig. 3 Type A (top view). a) flow streamlines, b)
slip velocity in the x direction. Symbols + and —
indicate some nearby points where the slip velocity
is high and low, respectively.
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Fig. 5 Type B (top view). a) flow streamlines,
slip velocity in the x direction.
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Fig. 6 Type C (top view). a) flow streamlines, b)
slip velocity in the x direction.
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Fig. 7 Mixing patterns. a) type B, b) type C.
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Table 2 Pumping performance ((): flow rate) and
mixing efficiency (e). ¢, is the concentration

when completely mixed.
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Type / UygipdA Uglip, max Ustip, min ’
A 9.174 1.81 -2.60

B 10.07 1.87 -2.64

C 9.978 1.76

2.63
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Table 3 Integration of the x direction slip velocity
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Fig. 10 Schematic diagram of the experimental
setup (micro PIV).
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Fig. 12 Particle motions near the electrodes. a) type
A, b) type C, c) type D.
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