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Numerical Analysis of Transitional Flow in a Stenosed Carotid Artery

Dongmin Kim’, Jinyul Hwang', Too-Jac Min~ and Won-Min Jo

Abstract Direct numerical simulation of blood flow in a stenosed, patient-specific carotid artery was
conducted to explore the transient behavior of blood flow with special emphasis on the wall-shear
stress distribution over the transition region. We assumed the blood as an incompressible Newtonian
fluid, and the vessel was treated as a solid wall. The pulsatile boundary condition was applied at the
inlet of the carotid. The Reynolds number is 884 based on the inlet diameter, and the maximum flow
rate and the corresponding Womersley number is approximately 5.9. We found the transitional
behavior during the acceleration and deceleration phases. In order to quantitatively examine the
wall-shear stress distribution over the transition region, the probability density function of the
wall-shear stress was computed. It showed that the negative wall-shear stress events frequently occur
near peak systole. In addition, the oscillatory shear stress index was used to further analyze the
relationship with the negative wall-shear stress appearing in the systolic phase.

Key Words : transitional flow (3] -&"), stenosis (3] 2}), wall shear stress (¥} 2 eH-3-2), carotid
artery (74°5™), numerical analysis (5~*]3l4)
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2. Numerical Details
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Fig. 1. (a) CTA demonstrating ICA stenosis in the
left carotid artery. (b) Geometry model of the
carotid artery extracted from the CTA data. (c) A
magnified view of the region in (b). (d) Surface
mesh with local sizing.

(@ (b) ©

Pre-stenosis

Post-stenosis

Fig. 2. (a) Surface mesh from CCA to ICA
through stenosis. Cross-section planes of the
volume mesh at pre-stenosis (b) and post-stenosis
(c) locations indicated by the red solid line in (a).
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Fig. 3. Flowrate waveform imposed in the inlet
boundary condition. Here, the waveform is
consistent with that used in Lee et al.(30).
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Table 1. Reynolds numbers.

Reccayiax | Reccapin | Resienosisvax | Restenosis,min
884.58 260.93 1744.92 514.75
3. Results
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=9 isosurfaces 1H H.TE A7]A H-24 9]
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Fig. 4. (a) Isosurfaces of u, =

—0.1 m/s (blue)
and u, = 2.3 m/s (red) near peak systole. (b)

Streamlines near peak systole. (c) Instantaneous
velocity fields in the cross-section slice A-A'.
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Fig. 5. Instantaneous vorticity magnitude (J@|)
contours on the mid-plane of the bifurcation at
various flow phase: (a) acceleration phase; (b)
near peak systole; (c) deceleration phase; and (d)
diastole.
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