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Optimum Design of a Y-channel Micromixer for Enhanced Mixing

Yong-su Shin, Hyung-il Choi, Dong-ho Lee and Dohyung Lee
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Abstract

Effective mixing plays a crucial role in microfluidics for biochemical applications. Owing to the small
device scale and its entailing the low Reynolds number, the mixing in microchannels proceeds very slowly. In
this work, we optimize the configuration of obstacles in the Y-channel mixer in order to attain maximum
mixing efficiency. Before the optimum design, mixing characteristics are investigated using unstructured grid
CFD method. Then, the analysis method is employed to construct the approximate analysis model to be used
in the optimization procedure. The main optimization tool in the present work is sequential quadratic
programming method. Using this approximate optimization procedure, we may obtain the optimum layout of
obstacles in the Y-channel mixer in an efficient manner, which gives the maximum mixing efficiency.
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Fig. 1 Schematic of the Y-channel micromixer

Table 1 Properties of the two working fluids at 20C

. Viscosity Diffusivity Density
Fluid -1 - 2.-1 -3
(kgum™s™) (um<s™) (kg tm™)
Water 9.0E-10 1.2E+3 9.998E-16
Ethanol 1.2E-9 1.2E+3 7.89E-16
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Fig. 4 Locations of obstacles

Table 2 Cases for high mixing efficiency
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Table 5 Comparison between the initial and optimum
values of design variables

Design variables  Initial value Optimum value

x; (ym) 350.00 264.75
yr (um) 112.00 62.00
71 (um) 55.00 80.00

. Optimization : 36.50
Effi %
iciency (%) Validation : 3538
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Fig. 8 Two configuration cases for initial design.
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Table 6 Comparison between the initial and optimum
values of design variables for case 1

Design variables Initial value  Optimum value
x; (um) 233.00 238.23
X, (um) 467.00 459.94
Y1 (um) 56.00 70.97
y2 (um) -56.00 -65.70
r; (um) 55.00 71.03
r» (um) 55.00 76.30

. Optimization : 42.11
0,
Efficiency (%) Validation : 40.42

Table 7 Comparison between the initial and optimum
values of design variables for case 2

Design variables Initial value  Optimum value
x; (pm) 233.00 236.00
X, (um) 467.00 461.03
yi (pm) 112.00 71.54
y2 (um) -112.00 -64.89
r; (pm) 55.00 70.46
ry (um) 55.00 77.11

. Optimization : 42.12
0,
Efficiency (%) Validation : 40.44
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