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Variation of wall shear stress (WSS) in the microvessels may damage the endothelial layers. It also 
changes the mass diffusion and sediment and may be considered  an important factor in the formation of 
the fatty plaques and causing heart disease. According to the importance of the issue, the aim of this 
paper is to study the effective parameters on the wall shear stress in microvessels. In this paper, the 
hybrid method, combined lattice Boltzmann and immersed boundary methods are used to simulate the 
red blood cell (RBC) motion in the plasma flow. It should be mentioned that red blood cell has 
significant effect on WSS; in this regard the present results show that the blood rheological behavior has 
an important effect on WSS. The results also demonstrate the effect of stenosis severity and RBC 
location in different regions on wall shear stress and consequently cause heart, coronary disease. It 
should be noted that the presented results have been evaluated by previous numerical results for 
microvessels and the results show the ability of lattice Boltzmann method to simulate complex 
problems, especially for modeling the deformable solid objects suspended in the fluid. 

Keywords:
Shear stress 
Lattice Boltzmann method- immersed 
boundary 
Elastic module 
Bending resistance 

  

1 -   
 

  :  .
   
  .45%-40  

  
 ]1 .[  

   .

 
 .

 
   

 ] 2 .[ 
 .  

 .
 

 ] 3 .[

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
37

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               1 / 6

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.37.6
https://mme.modares.ac.ir/article-15-8744-en.html


    

      

  

130  1395164  

 
  ]4 .[

 
  .

 .

 ] 4.[  

]   .5 [

  17  .
  ] 6 [
 

 . 
 ]   .7 [

3 

]  .8 [
 

 . 
 ]  .9 [

 .

 

  
 

 
 

    .
-

 
  )  (

 . 

  
 .

 .
 

  .
- 

 -
 . 

 

2 -   

Re=1.5  .

 .
 .

 
  

  

 . 1 
 

 
  

 . 
  . 

  
 .

  .
 

) 1 ( ] 10:[  
)1(  = 0.5(1 ) . ( + + ) 1 < < 1 

= 0.207, = 2.002, = 1.122   , 
x/3.91, y/3.91.  

 
 

] 11 .[
 ) 2 (

 ] 11:[  
  
)2(  

( ) = = 2 [ ( ) ( )] 

( ) = [ ( ) 2 ( )] 
  

1 ] 9[  
Table 1 Physical parameters for blood flow in microvessels 
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Fig.  1 The  profile  of  blood  flow  in  microvessels  ( =
0.00013, = 0.18) 

1  )= 0.00013, =
0.18(  

  
  

Fig.  2 Normalized  wall  shear  stress  on  the  microvessels  wall  
( = 0.00013, = 0.18) 

2 ( = 0.00013, =
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Fig. 3 The effect of flexibility of RBC on wall shear stress 
3   
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a- shear stress on microvessels wall for presence of 2 RBCs 
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b- Shear stress on microvessels wall for presence of 3 RBCs 
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c- Shear stress on microvessels wall for presence of 9 RBCs 
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Fig. 4 Comparison of the Shear stress on microvessels wall as 
the function of hematocrit 
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Fig. 5 Model of stenotic microvessels 
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Fig. 6 WSS for stenosis severities of 30% and 50%  
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Fig. 7 WSS variation along the stenosis as the function of RBC location 
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