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= Computational simulation of physiological blood flow through

arterial stenosis for measuring the effects of stenotic shap
es on various flow parameters
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The aim of this study is to investigate the flow behavior of physiological blood
flow through arterial stenosis for measuring the effects of stenotic Shapes on
various physiological parameters. This is to provide a basic understanding of
the effects of stenotic shapes.

The Dblood 1is assumed to be incompressible, homogeneous and
Non-Newtonian, while artery is assumed to be a rigid wall but in some part of
this study artery is considered to be elastic. Since the blood flow is to be fully
developed at inlet region of the arterial tube, so the inlet velocity profile is
taken as parabolic and spiral. Moreover, the time-dependent pressure profile
has been taken for outlet boundary condition. The physiological velocity
profile has been imposed at inlet for unsteady condition. Reynolds number at
the inlet has been ranged approximately from 86 to 966 for the investigation.
As the heat transfer in the blood flow process is not considered, therefore
energy equation is not solved. Pressure based solver, and finite volume method
are used for calculations. Due to constriction blood passes through the throat
and post stenotic region with high velocity, the flow velocity at post stenotic
region increases but pressure of that region decreases. So, moderate and severe
arterial stenosis can produce highly disturbed flow regions with turbulent flow



characteristics. For this reason low Reynolds number k — w model is used as
governing equation. Though, in some parts of this study laminar model has
been taken.

Avrterial elasticity has become avital predictor of cardiovascular diseases in the
past few of years, so numerical simulations have been done for a comparative
study of blood flow through elastic stenotic artery with rigid stenotic artery.
The wall of the vessels is considered to be rigid as well as elastic. Young’s
modulus and Poisson’s ratio of the elastic wall of the artery are 1.08 MPa and
0.49 respectively. The deformation of the arteries was modeled as
two-way fluid—structure interaction (FSI) using the ANSYS package.
Comparative results from the arteries of rigid and elastic wall have been
presented by graphical representations. Blood velocity, pressure and wall shear
stress have been taken as the numerical parameters. Thus, differences between
rigid and deformed walls were checked based on Blood velocity, pressure and
wall shear stress for different time steps.

In addition, the investigations have been carried out to characterize the flow
behavior of blood through carotid arteries. The numerical results have been
presented in terms of wall shear stress distributions, streamlines contours and
axial velocity contours. However, highest wall shear stress has been observed
in the bifurcation area. Unexpectedly, transient or unstable flow has created
flow disturbance regions in the arteries. Moreover, the disturbance of flow has
risen as the severity of stenosis in the artery has been increased.

For a statistical analysis to investigate the effect of stenotic shapes and spiral
flows on wall shear stress in the stenotic arteries, 120 simulations have been
performed for getting the statistical data from the numerical results. Actually,
the numerical results of wall shear stress have been taken for the statistical
analysis. The simulations and the statistical analysis have been performed by
using ANSYS - 18.1 and SPSS respectively. The cases for WSS ax, WSS min,
WSS .ve, Pressuremax, Pressuregqp, Velocity max and Velocity,,. are statistically
significant as p-value are less than 0.05. Besides, 73.4%, 55.6%, 63.6%,
61.4%, 66%, 82.1% and 78.7% of the variation of the WSS .x, WSS min,
WSS ve, Pressuremax, Pressureqrp, Velocityma and Velocity,,. respectively
can be explained by the stenotic severity, eccentricity, and length and flow
spirality. However, Velocityi,, can’t be explained by the stenotic severity,
eccentricity, length and flow spirality because the p-value of Velocityy, IS



greater than 0.05. The severity is the most influencing factor for WSS,.«, but
flow spirality has no influence on the WSS,.x. Thus, the WSS .« has been
influenced by the stenotic severity, eccentricity and length, whereas the
WSS in has been influenced by the stenotic severity and flow spirality. The
stenotic length has an influence on the WSS ,,.x, Pressure max, Velocitynax and
Velocity.,. whereas the stenotic severity has an influence on all of the
dependent variables. The Pressure ., Velocitym.x and Velocity,,. have been
influenced by the stenotic severity and length, so, stenotic eccentricity and
flow spirality have no influence on them. The Pressure, has been influenced
only by the stenotic severity. However, the stenotic shape and flow spirality
haven’t any influence on the Velocity .
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