Key Words :

g AEE=%4 BE, A31A A8%, pp. 711~717, 2007

(=

AD

HYE v ER7) e Y] BLS AL HAIAAAES
ofsf= eiatalt . 2 &
(20074 5€ 29 RA4,2007d 79 99 AAMER)

Shape Optimization of A Micromixer with Herringbone Grooves
Using Kriging Model

Mubashshir Ahmad Ansari and Kwang-Yong Kim

&), Navier-Stokes Equations(L}H] 0]-2 52 v} A1) Kriging Model(Z 27 2 d)

Abstract

Shape optimization of a staggered herringbone groove micromixer using three-dimensional Navier-Stokes
analysis has been carried using Kriging model. The analysis of the degree of mixing is performed by the
calculation of spatial data statistics. The calculation of the variance of the mass fraction at various nodes on a
plane in the channel is used to quantify mixing. A numerical optimization technique with Kriging model is
applied to optimize the shape of the grooves on a single wall of the channel. Three design variables, namely,
the ratio of groove width to groove pitch, the ratio of the groove depth to channel height ratio and the angle of
the groove, are selected for optimization. A mixing index is used as the objective function. The results of the
optimization show that the mixing is very sensitive to the shape of the groove which can be used in
controlling mixing in microdevices.
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Fig. 1 Geometry of micromixer with staggered
herringbone grooves
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Table 1 Properties of fluids at 20 °C

Fluid Density Viscosity Diffusivity
(kg m™) Kgm's?) (s

Water 9.98 x 10° 09x10° 12x10°

Ethanol 7.89x 10° 1.2x10° 1.2x10°
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Fig. 2 Example of tetrahedral grid system (w/Pi, 6=45
and d/h=0.40)
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Fig. 3 Comparison with experimental results

Table 2 Design variables and ranges

Design variable Lower limit Upper limit
W /Pi 0.40 0.60

8 45 70

d/h 0.23 0.50
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Table 3 Results of optimization

W/Pi 0 (degree) Objective function, F
Prediction by Calculation by
Kriging, FKRG NS analysis, FNS
Optimum 0.53 59.7 0.8741 0.8731
Reference"” 0.50 45.0 - 0.8061

2.50E-04
0.00E+00f
o -2.508-04

-5.008-04

deviation (%)

Fig. 4 Sensitivity analysis of objective function
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Fig. 5 Mass fraction distributions of ethanol on planes at
various locations along the length of the mixer
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Fig. 6 Mixing index distributions
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Fig. 8 Streaklines on yz-planes at x=0.60mm for W,/Pi=0.50
and 6=45° (a) d/A=0.23 (b) d/#=0.40 (c) d/h=0.50
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Fig. 9 Streaklines on yz-plane at x=0.60mm for optimal
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