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Abstract

We have deigned, fabricated and compared four different types of static chaos microfluid mixers,
including the mixers using straight channel flow, microblock-induced alternating whirl flow, microchannel-

induced lamination flow, and combined alternating whirl-lamination flow. Among them, the alternating whirl-
lamination (AWL-type) mixer, composed of 3-D rotationally arranged microblocks and dividing
microchannels fabricated by conventional planar lithography process, is effective to reduce the mixing length
over wide flow rate ranges. We characterize the performance of the fabricated mixers, through the flow
visualization technique using phenolphthalein solution. We verify that the AWL-type microfluid mixer shows
the shortest fluid mixing length of 2.8mm~5.8mm for the flow rate range of Re=0.26~26 with the pressure
drop lower than 5kPa. Compared to the previous mixers, requiring the mixing lengths of 7~17mm, the AWL-
type microfluid mixer results in the 60% reduction of the mixing lengths. Due to the reduced mixing lengths
within reasonable pressure drop ranges, the present micromixers have potentials for use in the miniaturized
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Fig. 1 Mixing channel for CCW-direction whirls, where
the brighter color indicates the upper plate
structure and the darker color indicates the lower
plate structure
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Fig. 2 Cross sections of the CCW mixing channel of
Fig. 1: (a) Horizontal cross section; (b) Vertical
cross section across the locations at a’-a, b’-b, ¢’-
¢, and d’-d. The brighter parts are the upper
plates and the darker parts are the lower plates
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Fig. 3 Mixing channel for CW-direction whirls, where
the brighter color indicates the upper plate
structure and the darker color indicates the lower
plate structure
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Fig. 4 Cross sections of the CW mixing channel of

Fig.3: (a) Horizontal cross section; (b) Vertical
cross section across the locations at a’-a, b’-b, ¢’-
¢, and d’-d, where the brighter parts are the upper
plates and the darker parts are the lower plates
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Fig. 5 Streamline simulation in CW mixing channel,
showing particle trajectory for laminar and
steady-state condition
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Fig. 6 Dividing channels®, where the brighter color
indicates the upper plate structure and the darker
color denotes the lower plate structure with the
black and white indication of two different fluids:
(a) Horizontal dividing channel; (b) Vertical
dividing channel
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Table1 Test structures*
Schematic view Mixing mechanism
S-type Diffusion
Diffusion,

-type -

L-typ Lamination
CW whirl
channel
\\
AW- Diffusion,
type g Alternating whirl
“ ‘\S‘CW whirl
channel
Vertical lamination
chanuel |
GW whisl >
chamagl Diffusion
AWL- . >
Alternating whirl,
type he Lamination
. Horizontal
. lamination chasnel
Cew
whirl channel

*Total length of 6.2mm
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Fig. 8 Microfabrication process

Fig. 9 Overview of fabricated device
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Fig. 10 Photographs of the fabricated devices: (a) S-
type; (b) L-type; (¢) AW-type; (d) AWL-type
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Fig. 11 Experimental setup: (a) Color intensity measuring
apparatus; (b) Pressure drop measuring apparatus
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