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Numerical analysis of 3D effects of viscous mircopump on flow rate, efficiency
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ARTICLE INFORMATION ABSTRACT

In the present paper, a numerical study is performed for analysis of geometrical 3D parameters namely
microchannel depth, eccentricity and sizes of rotors and operational parameter, specifically pressure
difference on flow rate and efficiency by LBM. It was found that with the simultaneous variation of
rotors eccentricity and microchannel depth for all depths, increasing eccentricity leads to the increase of
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Keywords: both flow rate and efficiency. In addition, for a constant eccentricity both flow rate and efficiency

Viscous Micropump increase with increasing depth. In the next investigation in which simultaneous effects of geometrical
Geometrical and Operational Parameters parameters, namely rotors sizes and the microchannel depth are discussed, it is determined that in all
3D Effects depths, by decreasing the rotors sizes flow rate decreases. But for efficiency, it decreases in the lower

Lattice Boltzmann Method depths, while at larger depths efficiency increases by increasing depth. Finally, the effects of operational

parameter of pressure difference and geometrical parameter of microchannel depth on flow rate and
efficiency have been studied. As the results show, increasing the pressure difference, flow rate linearly
decreases such that it became zero at a certain pressure. Moreover, it is observed that efficiency varies
parabolically with pressure difference. Results of entropy analysis show that in general, the entropy
generation increases with increasing eccentricity and sizes of rotors and also pressure difference.
Moreover, the entropy generation decreases with increasing the micropump depth in all cases. Analysis
of the obtained results in this paper indicate that €=0.6 and S=2 can be selected and introduced as the
optimal eccentricity and sizes of rotors respectively, and AP* = AP;/2 is selected as the optimum
pressure difference.
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Fig. 5 Comparison of dimensionless efficiency vs. dimensionless
parameter of microchannel depth at the present work with Ref. [15] in
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Table 4 comparison of flow rate in micropumps with one and two
rotors in conditionof S=15,e =0.7andRe = AP* =1
Improvement (%) =

|(QZF_Q1F) x 100 Ql rotor QZ rotor W
Qir

37.3 0.01671 0.02294 0.5

35.1 0.03769 0.05092 1

21.9 0.06637 0.08091 3

18.1 0.08466 0.09998 )

12 o jlesis 16 095 1395 siiul (e SuilSe wie

e gl iz glao,S olasi 4o oas] caws 4 pledily 5 o0 2 Jous
oSt 5l gl JMitul asllas s W=1 5 Re=AP'=1 £=0.7.5=1.5
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independence study
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Fig. 4 Comparison of dimensionless flow flux vs. dimensionless
parameter of microchannel depth at the present work with Ref. [15] in
conditionof S =25, e =0.75and Re = AP* =1
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Fig. 8 Variation of efficiency vs. parameter of eccentricity at the
different microchannel depth in condition of S = 1.5 and Re = AP* =
1
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Fig. 10 Variation of efficiency vs. parameter of S at the different
microchannel depth in condition of ¢ =0.7 and Re = AP* = 1
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Fig. 9 Variation of flow flux vs. parameter of S at the different
microchannel depth in condition of e = 0.7 and Re = AP* =1
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Fig. 13 Variation of entropy generation (Sg) vs. parameter of
eccentricity (¢) at the different microchannel depth in condition of
S=15andRe=AP* =1
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Fig. 11 Variation of flow flux vs. parameter of Ap” at the different
microchannel depth in conditionof S=1.5,e =0.7andRe =1
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Fig. 12 Variation of efficiency vs. parameter of Ap” at the different
microchannel depth in conditionof S=1.5,e =0.7andRe =1
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Fig. 14 Variation of entropy generation (Sg¢) vs. parameter of S at the
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