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1. INTRODUCTION

Blood flow in arteries has been understood to be
closely related to atherosclerosis. Presence of recirculation
zones, low and high wall shear stress(WSS) distributions,
and oscillatory shear index(OSI) have been suggested
to be major factors for causing development and
progress of atherosclerosis.

Our study was motivated to understand how the
residence time of blood particles in arteries influences
atherosclerosis. A rigid stenosed coronary artery with
75% area reduction was employed to numerically
simulate motion of particles (platelets) and delineate
average residence time of the same in the artery. The
pre-solved computational fluid dynamics (CFD) data
was used to compute the so called volumetric residence
time (VRT). U Our method was different from previous
researches  in that viscous drag was considered in the

differential equations describing the motion of particles.

We presented a visualized VRT contour plot in the
stenosed artery and particle motion tracks as well. Our
results indicated lower values of VRT present in the
recirculation zone in the post-stenotic area.

2. METHOD
2.1 Unsteady Particle Paths Modeling

Flow field of the axisymmetric stenosis model shown
in Fig. 1 was obtained in the previous research and
utilized in the current simulation.” Platelets modeled
as spheres was seeded in section S 0.06m proximal to
the stenosis throat. The particles were seeded uniformly
along to the radial direction in the section S. Initial
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Fig. 1 Model for a straight stenotic blood vessel
(axisymmetric) with area reduction of 75%.
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position and velocity of the particles was imposed
according to the Womersley solution.

In unsteady flows, local fluid velocity ;t; is a function

of space and time. The path of a particle at position x—p

could be computed by solving particle motion equations
(1). The equation considered particle inertia and drag
force term. The drag force results from velocity
difference between the particle and neighboring fluid.
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In equation (1), subscript p means particle,
and f(=3mud,) is the Stokes friction coefficient. To

solve the equations of the particle motion, Rosenbrock
method, known to be reliable and offer simpler
algorithm than the Runge-Kutta method for stringent
parameters was implemented. @ Fig. 2 shows the
trajectory of a platelet across rectangular cells. Major
task was to obtain carrier properties in the particle
locations at time t and t+8t. Local fluid velocity in the
particle location was obtained by interpolating the cell
velocities obtained in the CFD study.

Particle trajectory

Fig. 2 Particle locations at Itimes t and t+6t in 2D mesh
3. RESULTS

Fig. 3(a) ~ (h) shows history of the particle pathlines
at the corresponding times marked € ) in the flow
waveforms shown in Fig. 4. At the peak of the cardiac
systole (t=0.1s), recirculation are observed in the post-
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stenotic area. At the accelerating and decelerating
phases of diastole, flow separation and reattachment are
observed following particle movement in the down-
stream region.

Fig. 5 shows contours of VRT in 75% area-reduced
stenosed coronary artery. VRT was calculated at each
cell from 75 time steps during the pulse. The calculated
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Fig. 4 Physiological flow waveform in the coronary artery

VRT was normalized with the total number of seeded
particles and volume of the corresponding cell. Fig. 5
clearly indicated low values of VRT in the post-stenotic
regions obviously.

Fig. 5 Distribution of Volumetric Residence Time contours
in 75% area—reduced stenosed coronary

4. CONCLUSION

Platelet particles concentrated on the core of the
blood vessel. Low VRT values were present in the post-
stenotic region. Length of contours of low VRT in the
post-stenotic region was similar to the length of
recirculation zone.

In case of red blood cell, it would cause deficiencies
in supplies of nutrition and oxygen in the wall of
coronary artery, which may accelerate atherosclerosis.
Therefore, VRT can be an index relating to atherosclerosis.
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