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Fabrication and Performance Evaluation of the HVM Micromixer using Horizontal and
Vertical Multi-mixing (HVM) Flow Motion
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Recently, the biochip which is a prime representation of NT, IT, BT, as an example of
convergence technology, has been frequently mentioned. With the recent rapid advance in
biotechnology, these compact devices, such as lab-on-a-chip or u-TAS, have been developed,
and more research is needed. These compact devices typically use the micro-channel in order to
shed or detach and mix a variety of materials. Specially, in micro-fluidic systems, a mixer is
necessary to produce a mixture because only laminar flow occurs at a low-Reynolds number. To
solve this problem, HVM a micromixer that induces a horizontal and vertical multi-mixing flow
motion, is proposed. The mixing performance was analyzed and verified by optimizing the shape
through the CFD analysis and evaluating the structural analysis and the soundness with material
properties that are obtained through the basic experiment.

Key Words: Micromixer (A}0| 2 28! A{), Microchannel (Ft0| 224 &), Mixing Ratio (2 & & &), Horizontal and Vertical
Multi-mixing Flow (HVM, &5t X% S&53)
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Fig. 1 Shape and dimension of the micromixer that

inclined side view without side-wall and cope; (a)
Full view of the micromixer, (b) Enlarged view
of the mixing region and design parameters:
a=30’, b=250 pm, ¢=100 pm

oo molaz Ad 9 uAMe FAe V-
Ad Fx2Z M3 dod, AT H(nle)d &
1000 ym 2, &7 (Outlet)2] & 1500 ym = &}
Q. EgEE A 6000 um = 3T 1A
A ETolE 200 pm 2 FI wlolaw A9
Ao o]FE Zh(a)E 30, AW Z(b)e 250
um 2 T3 AHE ] Eo(c)E 100 um 2 3T}

o] A2 WA Fo AFHALS A dolH
2 BE (mold)E AlZe ¥ @Wo] AL&H = PDMS
(Polydimethylsiloxane)= ©5<] wlo]aZ EAE
Azete] AFH stees HFshe AR A%

A

2 ATolA AHEE HAl AA"HE E(replica
casting mold)y= A& ol dd XEZ AT
4L ol-g3to] Fig. 2(a)9t ol Azttt

PDMS & o]&3lo] Jlx®oez  FA|(Sylgard
184A)9} 7 3} (Sylgard 184B)E 10:1 & A A u]&
2 Asts sto] At w©F] wlelaE €A
SEM ARXS Fig. 2(b)F 2th 183 A &td G
9] mlolmE WAME ZFERrE FTUHAYE o
A A%s 8 Fig. 3 % 22 WRe® A g
e g
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Fig. 2 SEM images for the micromixer single layer
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Fabricated the HVM micromixer

Plasma treatment Chamber

Fig. 3 Schematic diagram of manufacturing process of a
micromixer; Fabrication of one-side PDMS mixer
layer, plasma treatment, alignment of both mixer
layers, and then bonding two layers
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Table 1 Experimental parameters and levels

Condition 1 2 3
Microwave power (w), (A) 50 100 | 200
Exposure time (sec), (B) 50 100 | 200
Gas flow oxygen (ml/min), (C) | 50 100 | 200

Table 2 Orthogonal array table for L9

Control factor Value
No A B C Contact angle ()

1 1 1 1 90.10
2 1 2 2 50.74
3 1 3 3 54.29
4 2 1 2 58.28
5 2 2 3 81.88
6 2 3 1 94.92
7 3 1 3 90.63
8 3 2 1 100.11
9 3 3 2 95.58
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MAEE o] &3 Seh=vt A7 2o e {1
24e melFm vk 2 AdAE 499 oF
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Fig. 4 Graph of the contact angle according to the surface
treatment conditions. (A : Microwave power, B :
Exposure time, C : Gas flow oxygen)
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Fig. 5 Graph of the contact angle depending on the MW
power with fixed exposure time and gas flow
oxygen
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Fig. 6 AFM image of the PDMS surface having plasma
treatment in 200 W microwave power condition;
(a) large view of the PDMS surface, (b) trimmed
the partial PDMS surface, and (c) surface profile
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Fig. 7 Image of the contact angle; (a) Non-treated PDMS
(114%), and (b) plasma treated PDMS (24)
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Fig. 8 Schematic diagram of the tensile test for plasma
treatment on the PDMS specimen; Fabrication of
one-side PDMS mixer layer, alignment of both
mixer layers, and then bonding two layers
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Fig. 9 Graph of the O, plasma treated PDMS tensile test
result
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Fig. 10 Pressure distribution and mixing rate on the side
of HVM mixing part

Table 3 Properties of PDMS used in numerical analysis

Material Properties (unit) Value
Young's modulus (kPa) 750
Poisson's Ratio 0.5
Density (g/m’) 0.970
Coefficient of friction 0.83
Tensile yield strength (MPa) 2.24
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(b)
Fig. 11 Mesh on analysis model; (a) Full model an

boundary condition, and (b) full model of a
bottom layer without a cope
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(b)

Fig. 12 Structual analysis results; (a) Stress distribution

and (b) displacement distribution of flow
direction
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Fig. 13 Experimental setup; (a) the evaluation system, (b)
enlarged view of scanning the part of mixing
region
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Fig. 14 Mixing result; (a) Experimental result, (b) CFD
mixing result (middle layer)
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Fig. 15 Define the reason of stagnation by structural

problem (a) schematic diagram, (b) Contour of
the velocity magnitude the bottom layer(z = 50
um), (b) Contour of the velocity magnitude the
upper layer(z = 150 pm)
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