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Fig. 2. Distributions of WSS along generating lines on the 
vessels for three bifurcation angles: a) M-M’; b) A-A’; c) B-B’; d) 
C-C’; e) D-D’. 

At the inner side of the bifurcation plane, along lines B-
B’ and D-D’ in Fig. 2 (c, e), immediately after the stag-
nation region at apex of bifurcation, WSS increases con-
siderably up to maximum values. But, this initial peak 
drops faster for lower bifurcation angles, as we move 
away from the bifurcation region, resulting in higher 
values of WSS at higher bifurcation angle. By compar-
ing the maximum values of WSS along planar and non-
planar branches listed in Table 1 for three bifurcation 
angles, it is concluded that the WSS peak for the case of 
60˚ bifurcation angle is larger than that of the others and 
the maximum values along non-planar branch are higher 
than those along planar one for all the models. 

 
Table 1. The minimum and maximum values of WSS on vessels 
for three bifurcation angles at Re=360 

 ࢞ࢇ࢓࣎
(Pa) 

 ࢔࢏࢓࣎
(Pa) 

  
Bifurcation 

  angle 

Non-planar 
branch 

Planar 
branch 

Non-planar 
branch 

Planar 
branch 

14.2178 13.3405 0.1475 0.1543 60˚ 
12.7634 12.1564 0.1212 0.1293 75˚ 
11.9835 11.2391 0.0454 0.0624 90˚ 

 

Conclusion 

The risk for atherosclerotic disease is related to the WSS 
on vessels wall and it has believed that the atherosclerot-
ic plaques form in the regions of low WSS. Bifurcation 
regions are susceptible locations to the development of 
intimal thickenings. In this study, three bifurcation mod-
els with a non-planar daughter vessel were analyzed nu-
merically and WSS distributions along generating lines 
were illustrated for different bifurcation models. 

The WSS values are low in two locations at the top and 
bottom walls of the mother vessel just before the bifurca-
tion.  These regions approach to the apex of bifurcation 
with decreasing the bifurcation angle. This is due to the 
existence of the stagnation regions of dividing surface 
and is more considerable for high bifurcation angles. The 
WSS magnitudes approach near to zero at the outer side 
of bifurcation plane, vicinity of points A and C, especial-
ly for higher bifurcation angles and these locations are 
separation-prone. By increasing the bifurcation angle, 
low WSS region squeezes and the location of minimum 
WSS approaches to the entry section of bifurcation. 
Therefore, it is not possible to clearly conclude that 
which bifurcation angles favor the development of athe-
rosclerotic lesions. WSS peaks exist on the inner side of 
bifurcation plane near the entry section of daughter ves-
sels and these peaks drop as bifurcation angle increases. 
It is understood (achieved) that the non-planarity of the 
daughter vessel has an important influence on the WSS 
profiles at bifurcation region; it lowers the minimum 
WSS at the outer side of bifurcation and increases the 
maximum WSS at inner side. This is due to the fact that 
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the non-planarity in the daughter vessel swerves the flow 
from the outer side to the inner side of the bifurcation at 
the side of non-planar branch. So, it seems that the for-
mation of a separation region and atherosclerotic plaques 
at the outer side of bifurcation plane is more risky at the 
side of non-planar daughter vessel. 
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