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Prediction of Degree of Mixing for Insoluble Solution with Vortex Index in a
Passive Micromixer
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Abstract

The “Mixing Index(D,)” is used as a conventional guidance measuring the degree of mixing for

multiphase flows. For the case when insoluble solutions flow in a passive micromixer, a new method to
calculate D), is proposed. The “Vortex Index(£2,)” is suggested and formulated. We infer that Q, relates

to the degree of chaotic advection. Various arbitrary shaped microchannels were tested to calculate the D,

and €, and then a simple algebraic equation, D, = 4exp(BCY), is obtained. This equation may be used

instead of the conventional partial differential equation, concentration equation, to estimate the degree of

mixing.
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Fig.1 Schematic view of model geometries for micromixers
() model 1, (b) model 2, (c)model 3, (d) model 4
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Fig. 3 (a) Schematic view of cavity and boundary condition
(b) Comparison of the present and other Sherwood
number for cavity
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Fig. 4 Grid dependency of vortex index for models
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Fig. 5 The relation of vortex index and mixing index in
channels and square wave channels (Re=10, Pe=100)

Table 1 The result of regression analysis on relation
of vortex index and mixing index

Values
Correlation coefficent(r) 0.99765
Coefficent of determination{R?) 0.99530
Adjusted coefficent of determination(R?) 0.94267
Coefficent(B) -0.05686
F 4023
P-value 1.28297x10™~
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Fig. 6 The residual plot for regression analysis on
relation of vortex index and mixing index
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Table 2 The values of vortex index and mixing index
for various lengths and angles of the cantilever
beam in static mixer(model 3 and 4)

length of angle of
the beam the beam QI DI
(b) (a) [degree]

0 0 15.61412 0.10769
0.4 40 18.20616 0.09605
0.4 50 18.70065 0.09365
0.4 60 19.17374 0.09133
0.8 40 21.48061 0.08028
0.8 50 22.80053 0.07447
0.8 60 24.77790 0.06658
1.2 40 28.09283 0.05515

.2 50 28.44064 0.05407
1.2 60 31.13621 0.04455
1.4 40 31.57233 0.04419
1.4 50 31.29764 0.04553
1.4 60 34.20555 0.03659
1.6 40 35.03648 0.03554
1.6 50 34.32415 0.03748
1.6 60 37.75251 0.02891
1.8 40 38.79095 0.02766
1.8 50 37.86252 0.02972
1.8 60 41.55421 0.02229
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Fig. 8 Effects of the Reynolds number (a) and Peclet
number(b) on coefficient B
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Table 3 The result of regression analysis on relation of
Peclet number and coefficient B

Values

Correlation coefficent(r) 1.00000
Coefficent of determination(R?) 1.00000
Adjusted coefficent of determination( R ) 1.00000
slope(a) -4.71546
intercept(b) -0.00960
F 1656897

P-value 1.28297x107%
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Fig. 9 Verification for the relation of vortex index and
mixing index for various Peclet numbers
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