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Abstract: In this paper, we propose a novel chaotic micromixer of which mixing mechanism is based upon
magnetohydrodynamic (MHD) multi-vortical flow generation in a simple straight microchannel. In the microchannel of
the micromixer has electrodes patterned on two side walls and bottom wall. Lorentz forces are variously induced by
changing applied voltages at the patterned electrodes in order to pump and mix conductive fluids in the microchannel.
Three-dimensional computational fluid dynamics simulations were conduced to characterize mixing behaviors inside
the MHD micromixer. The mixing efficiencies were also evaluated for the various flow conditions.
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Table 1 Various MHD flow types according to the
voltage conditions''?

Flow type Voltage condition

le > Vw2 and Vbl = Vb2 = O

Axial flow )
(Jbl = Jb2: 0A/m )

V.,>V ,, Vi, >V,
Sinusoidal flow wl 7 Pw2o Vol 7 Vb2
V=V, and V,, =V,

w.

Vit >V, Vi >V, and
VW] < Vb] & sz = Vb2 or
le < Vbl

Multi-vortical flow
Via > Vi

Fig. 1 Schematic diagram of a MHD micromixer
proposed in this study. The micromixer is
composed of a main channel, two inlets and one
outlet. The main microchannel contains two side
wall electrodes and periodically arranged bottom
wall electrodes
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Fig. 2 CFD simulation result of MHD axial flow when
le =40 \], Vw2: 0V and Vb1 = Vb2: ov (Jb1: Jbg
=0A/m*) under B=02T



)
ofy
10,
i
Jo
oift
tlo
o
ofo

Fig. 3 CFD simulation result of MHD sinusoidal flow
when V,,=V,;=40 V and V,,,= V,,= 0 V under
B=02T
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Fig. 4 CFD simulation result of MHD multi-vortical
flow when V,,;=20V, V},;=40 V and V,,,= Vj,=
OVunderB=02T

Fig. 5 Top views of numerical simulation results of mixing behaviors in MHD micromixer at z = H/2 = 100 pum for the
case of axial flow (a), sinusoidal flow (b), and multi-vortical flow when V;,; =20 V (c), V,;=40 V (d), V},;= 60

V (e) and V,;=80V ()

Fig. 6 Cross-sectional views of numerical simulation
results of mixing behaviors in MHD micromixer
at the outlet for the case of axial flow (a),
sinusoidal flow (b), and multi-vortical flow when
Vb1: 20V (C), Vb1: 40V (d), Vb1: 60 V (e) and
V=380V ()
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