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Evaluation of performance of micromixer based on vibration-induced flow with PIV
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In recent years, various micromixers have been reported. However, conventional constant flow-based methods
have undesirable dead volume about 10-100 pL in tube connection parts between microfluidic chips and external pumps.
Thus, conventional methods are not suitable for mixing of rare samples, such as antibodies, proteins or exosomes. To
solve this problem, we propose micromixer based on vibration-induced flow. Vibration-induced flow is the localized
flow which is induced around a vibrating microstructure by being applied high-speed vibration to the structure. By
using this proposed method, dead volume which exists in tube connection parts of conventional micromixers can be
omitted. In this study, we fabricated two types of micromixers having micropillar array with hexagonal configuration
or matrix configuration. Then, we quantitatively evaluated mixing performances of proposed micromixers by
calculating variance of distance between microparticles and observing flow distribution and vorticity with PIV.
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Fig.1 Microscopic image of the vibration-induced flow
visualized by fluorescent microparticles.
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Fig.2 Schematic diagram of proposed micromixer with low dead volume based on vibration-induced flow.
Inserted figure is conceptual figure of the proposed micromixer based on vibration-induced flow.
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Fig.3 Design of micropillar array for micromixer.
Design parameters are micropillar pitch and diameter.
(a) hexagonal configuration, (b) square configuration
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Fig.4 Fluorescent images of mixing without vibration-induced

flow at P=180 pum, D=70 um. (a) After introduction of
fluorescent microparticles, (b) 30 min after (a).
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' Fig.5 Fluorescent images of mixing with vibration-induced Iow

at P=180 um, D=70 um. (a) Hexagonal type, (b) Square type.

@ 159
100
80
60
40

20

Variance of distance : Vd/Vd,, [%]

(b

=

120

100

80

60

40

20

Variance of distance : Vd/Vd, [%]

——w/oVIF —4-P =180 pum
-A-P=80pum -®- P =270 um

——w/oVIF —4-P =180 um
-A-P=80pum -®- P =270 um

10

20 30
Time [min]

Fig.6 Quantitative evaluation by calculating variance of distance
between microparticles. (a) Hexagonal type,  (b) Square type.
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Fig.7 Streamline around micropillar array at P=180 um, D=70
pum. (a) Hexagonal type, (b) Square type.
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F|g 8 Observatlon offlow dlstrlbutlon by PIV at P:180 um,
D=70 um. (a) Hexagonal type, (b) Square type.

e - . = mr
(@ Ui’ ) ¥ 2N T
b Wy P ] e r ™
® @
sl CNESEE NG Ul L.
i - 7 Ve
o _.’ . \n < C ) \
’1 v “ Y 1 100 pm
AR J . ',- ‘ -’) | —
_ - ; ~ - - A ~ 2.5
®) p ’ o
Y B B
» iy - AN S = ) e~
¥ f" ' . - D 0.0
- " I - . ’ o8
v . ™ -
N ¢ 3 -

N } AR A el - /i

Flg 9 Measurement of vorticity by PIV at P=180 pm, D=70
pum. (a) Hexagonal type, (b) Square type.
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