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Optimum Design of a Viscous-driven Micropump with Single Rotating Cylinder
for Maximizing Efficiency
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Abstract

In the microfluidic applications, viscous-driven pumping mechanism is a promising one since the viscous
effect increases significantly as the size of device decreases, relative to the inertial effect. However, there exist
a few drawbacks we have to improve such as low efficiency and small volume flow rate. In the present study,
an optimum design synthesis is proposed to enhance the performance characteristics of the micropump with
single rotating cylinder. First, the unstructured grid CFD method is described and validated by comparing its
results to the previous results. Next, an automated optimum design synthesis tool is constructed by combining
the aforementioned CFD analysis model with the mathematical optimization model. This technique is used to
improve the performance characteristics of newly designed viscous-driven pump. The presented results show
that the fluid dynamic optimization tool is robust and may be applied to other microfluidic device design
applications.
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(b) e=0.375

(c) €=0.675
Fig. 4 Streamlines for Re=1.0, Ap"=1.0 and
s=2.5 as a function of eccentricity ratio
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Table 1 Configuration and operating conditions

Values
Fluid density 1260 kg /m?3
Fluid viscosity Ll kg/m-s
Pressure load (Ap) 5.954 Pa
Channel height (H) 2245 cm
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Table 2 Optimum values of design variables for ten
design cases

Q,(x107)|x1(x103) X2 |X3(x107)
3 6.61 2.686 3.28
5.29 6.412 5.26
9 5.75 7.919 4.31
12 5.53 10.967 4.45
15 5.64 12.496 4.60
18 6.82 13.044 441
21 6.35 14.228 3.78
24 5.28 21.951 4.83
27 5.71 21.053 451
30 6.05 20.028 451
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Fig. 12 Pareto optima of the present results
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