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Optimum Design of a Viscous-driven Micropump with Tandem Rotating Cylinders
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Abstract

Viscous-driven pumping is a very promising type in microscale applications. However, there exist a few
disadvantages such as low efficiency and small volume flow rate. In the present study, a pump with tandem
rotating cylinders and its optimum synthesis are proposed for enhancing pumping performance. First, using
an unstructured grid CFD method, we investigate the effects of geometrical parameters and then the
performance of the pump with tandem cylinders is evaluated. Next, an optimum design synthesis tool is
constructed by combining the aforementioned CFD analysis model with the mathematical optimization
model, namely, Modified Method of Feasible Directions (MMFD). This technique is used to optimize the
geometrical parameters of the pump, for maximizing pumping efficiency. From the optimization results, it is
believed that the present optimum synthesis is robust and has a potential for other microfluidic device design.
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Fig.1 Schematic view of the pump geometry
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Table 1 Fluid properties and operating conditions®

Values
Fluid density (p) 1260 kg/m®
Fluid viscosity (u) 1.1 kg/m's
Pressure load (Ap) 5.954 Pa
Channel height (s) 22.45 mm
Angular velocity of cylinders (w1, w2) | 21.652 rad/s
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Fig. 3 Streamline patterns for the case of serially placed
cylinders and parallel placed cylinders, for

el =e2" =-0.524(a, c) and |e1'| =e2 =1.123(b, )
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Fig. 4 Effects of the eccentricity on pumping efficiency
and bulk velocity for the case of serially placed
cylinders and parallel placed cylinders
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Table 2 Comparison between the initial values, 4*
iteration values and optimum values of design
variables

initial values 4th iteration values optimum values

el (mm) -6.000 -6.205 -6.983

e2 (mm) 5.900 6.384 6.834

al (mm) 2.900 3.081 2.834

a2 (mm) 2.500 3.081 2.834

z (mm) 0.000 -0.013 0.135
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Table 3 Optimum values of design variables for six
design cases

Qx10™® | al(x10%) | a2(x107) | e1(x10% | e2(x107) | 2(x107)
15 2.834 2.834 -6.9828 6.8566 0.1353
18 3.1873 3.1874 -6.766 6.3122 0.6263
21 3.2018 3.2018 -6.9471 7.1101 -0.7577
24 3.4051 3.4073 -7.0081 6.9274 3.7097
27 3.5481 3.5481 -7.0832 6.9792 ~-0.0949
30 3.79 3.7946 —6.8722 6.8064 4.3904
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