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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. 
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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, =
0.18)  
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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 
- 2   

  
 
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 

- 9  
  

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 
7  

 
  .  

5 -    

 
-  .

 

 .
   .

 
  .  

 
  .

 

  .

  .

  .
  

 .

  
  .

 
 - .

 
 

   
 

-  
    

6 -   
[1] T. W. Secomb, Red blood cell mechanics and capillary blood 

rheology, Cell Biophysics, Vol. 18, No. 3, pp. 231-251, 1991.  
[2] C. Ross Ethier, Computational modeling of mass transfer and links 

to Atherosclerosis, Annals of Biomedical Engineering, Vol. 30, No. 
4, pp. 461-471, 2002.  

[3] D. Alizadehrad, Y. Imai, K. Nakaaki, T. Ishikawa, T. Yamaguchi, 
Quantification of red blood cell deformation at high-hematocrit 
blood flow in microvessels, Journal of Biomechanics, Vol. 45, No. 
15, pp. 2684-2689, 2012.  

[4] M. H. Friedman, L. W. Ehrlich, Effect of spatial variations in shear 
on diffusion at the wall of an arterial branch, Circulation Research, 
Vol. 37, No. 4, pp. 446-454, 1975.  

[5] X. Yin, J. Zhang, Cell free layer and wall shear stress variation in 
microvessels, Biorheology, Vol. 49, No. 4, pp. 261-270, 2012.  

[6] J. B. Freund, J. Vermot, The wall stress footprint of blood cells 
flowing in microvessels, Biophysical Journal, Vol. 106, No. 3, pp. 
752-762, 2014.  

[7] A. G. Koutsiaris, S. V. Tachmitzi, N. Batis, M. G. Kotoula, C. H. 
Karabatsas, E. Tsironi, D. Z. Chatzoulis, Volume flow and wall 
shear stress quantification in the human conjunctival capillaries 
and post-capillary venules in vivo, Biorheology, Vol. 44, No. 5, pp. 
375-386, 2007.  

[8] O. Oulaid, J. Zhang, Temporal and spatial variations of wall shear 
stress in the entrance region of microvessels, Journal of 
Biomechanical engineering, Vol. 137, No. 6, pp. 1-9, 2015.  

[9] W. Xiong, J. Zhang, Shear stress variation induced by red blood 
cell motion in microvessel, Annals of Biomedical engineering, Vol. 
38, No. 8, pp. 2649-2659, 2010.  

[10]  K.Boryczko, W.Dzwinel, D. A. Yuen, Dynamical clustering of red 
blood cells in capillary vessels, Journal of Molecular Modeling, 
Vol. 9, No. 1, pp. 16-23, 2003. 

[11] K. Vahidkhah, N. Fatouraee, Numerical simulation od red blood 
cell behavior in a stenosed arteriole using the immersed boundary- 
Lattice Boltzmann method, International Journal for Numerical 
Methods in Biomedical Engineering, Vol. 28, No. 2, pp. 239-256, 
2011.  

[12] C.S.Peskin, Numerical analysis of blood flow in the heart, Journal 
of computational Physics, Vol. 25, No. 3, pp. 102-112, 1997. 

[13] Q.Liu, Y.L.He,Q. Li,W.Q.Tao, A multiple-relaxation-time lattice     
Boltzmann model  for convection heat transfer in porous media, 
International Journal of Heat and Mass transfer,Vol. 73, No. 1, 
pp.761-775, 2014. 

[14] X. He, Q. Zou, Analysis and boundary condition of the lattice 
Boltzmann BGK model with two velocity components, Journal of 
Statistical  Physics, Vol. 87, No. 1, pp. 115-136, 1995. 

[15] O. Fillippova, D. Hanel, Grid refinement for lattice BGK model, 
Journal of computational Physics, Vol. 147, No. 1, pp. 219-228, 
1998. 

[16] C. Leondes, Biofluid methods in vascular and pulmonary systems, 
Vol. 4, pp. 350-358, New York, CRC Press, 2001.  

/


