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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 
both flow rate and efficiency.  In addition, for a constant eccentricity both flow rate and efficiency 
increase with increasing depth. In the next investigation in which simultaneous effects of geometrical 
parameters, namely rotors sizes and the microchannel depth are discussed, it is determined that in all 
depths, by decreasing the rotors sizes flow rate decreases. But for efficiency, it decreases in the lower 
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 P = P /2 is selected as the optimum 
pressure difference. 
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Fig. 1 A schematic of the problem geometry (a) 3D view (b) 2D view 
of x-y 
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Table  1 Variations range of dimensionless parameters introduced in 
this study 
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Fig. 2 Layout of  velocity vectors for the D3Q19 model 
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Fig. 3 Schematic of Cartesian grid and boundary points in LBM  
3   

  

)22(  

‚ + =
1

1 +
[(1 ) ‚ + + 

( ‚ + ) + ‚ + + 2
3

] 

 0 1  =    

  

-2-4   
 .

101520 24 
 .2 

 .
24 

 .
S=1.5=0.7 P*=1 Re= w=1   

 -
]15[  

16 
 . (Re) 

 P )1  

= 0.75 S = 2.5  
 ."4" (Q) 

(W) 
]15[  .

 .
3  .

5   
 (Re) -

 P )1  = 0.7 
S = 2.5   ."5" 

) (W) 
]15[  .

  

ff

f

fluid
node, f

boundary
wall

solid
node, b

e

b

W

e

e

x
x xw

x

x

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.3

6.
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.36.1
https://mme.modares.ac.ir/article-15-4825-fa.html


    

    

  

220  13951612  

2 
S=1.5=0.7 P*=1Re= w=1  

Table 2 flow flux and efficiency obtained in different nodes in 
condition of S = 1.5 , = 0.7 , Re = P = 1  and W = 1  for grid 
independence study 

D Q×102 Deviation 
(%)  ×103  Deviation 

(%)  
10  4.822 -  1.008  -  
15  5.040  4.53  0.901  10.63  
20  5.092  1.02  0.878  2.61  
24  5.094  0.04  0.880  0.27  

 

 
Fig.  4 Comparison of dimensionless flow flux vs. dimensionless 
parameter of microchannel depth at the present work with Ref. [15]  in 
condition of S = 2.5, = 0.75 and Re = P = 1 
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Fig.  5 Comparison of dimensionless efficiency vs. dimensionless 
parameter of microchannel depth at the present work with Ref. [15]  in 
condition of S = 2.5, = 0.7 and Re = P = 1 
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Fig. 6 Variation of flow flux vs. parameter of eccentricity at the different 
microchannel depth in condition of S = 1.5 and Re = P = 1 
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Fig. 7 Streamlines around the circular rotors in condition of S=1.5 and 
Re= P*=1 in the (a)   =0.1 and (b)  =0.7    
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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 = P =
1 
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Fig.  9 Variation of flow flux vs. parameter of S at the different 
microchannel depth in condition of = 0.7 and Re = P = 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 = P = 1 
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Fig. 11 Variation of flow flux vs. parameter of p* at the different 
microchannel depth in condition of S = 1.5, = 0.7 and Re = 1 
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Fig. 12 Variation of efficiency vs. parameter of p* at the different 
microchannel depth in condition of S = 1.5, = 0.7 and Re = 1 
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Fig. 13 Variation of entropy generation (SF) vs. parameter of 
eccentricity ( ) at the different microchannel depth in condition of 
S = 1.5 and Re = P = 1 
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Fig. 14 Variation of entropy generation (SF) vs. parameter of S at the 

different microchannel depth in condition of = 0.7 and Re = P = 1 
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Fig.15 Variation of entropy generation (SF) vs. parameter of p* at the 

different microchannel depth in condition of S = 1.5, =0.7 and Re = 1 
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