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Wall Shear Stress Between Compliant Plates Under Oscillatory Flow
Conditions: Influence of Wall Motion, Impedance Phase Angle
and Non-Newtonian Fluid
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Abstract

The present study investigates flow dynamics between two dimensional compliant plates under
sinusoidal flow conditions in order to understand influence of wall motion, impedance phase angle
(time delay between pressure and flow waveforms), and non-Newtonian fluid on wall shear stress using
computational fluid dynamics. The results showed that wall motion induced additional terms in the
streamwise velocity profile and the pressure gradient. These additional terms due to wall motion
reduced the amplitude of wall shear stress and also changed the mean wall shear stress. The trend of
the changes was very different depending on the impedance phase angle. As the impedance phase angle
was changed to more negative values, the mean wall shear stress decreased while the amplitude of
wall shear stress increased. As the phase angle was reduced from 0° to -90° under +4% wall motion,
the mean wall shear stress decreased by 12% and the amplitude of wall shear stress increased by 9%.
Therefore, for hypertensive patients who have large negative phase angles, the ratio of amplitude and
mean of the wall shear stress is raised resulting in a more vulnerable state to atherosclerosis according
to the low and oscillatory shear stress theory. We also found that non-Newtonian characteristics of the
blood protect atherosclerosis by decreasing the oscillatory shear index.
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Table 2 Wall shear rate (WSR) depending on the
impedance phase angle (IPA); t 4% wall
motion, non-Newtonian fluid

Wall Shear Rate*, du/dy
Mean Amplitude o
¢ (1/5) (1/5) (degree)
-90 ° 67.079 214.59 -132.72
-60 ° 67.756 205.10 -102.22
-30 69.468 198.36 -70.417
0° 71.926 196.25 -37.896
30° 74.350 199.35 -5.4090
60 ° 76.108 206.67 26.275

* Hod2FE0| gl A%, WSREY Hd(mean)2 72.38 (1/s), &
E(amplitude)2 214.54 (1/s)2 gt e=ch

Table 3 Wall shear stress(WSS) depending on the
impedance phase angle(IPA); * 4% wall
motion, Newtonian fluid

Wall Shear Stress, 7(du/dy)

Mean Amplitude )
¢ (Pa) (Pa) (degree)
90 ° 0.32939 1.5630 -134.84
-60 ° 0.33851 1.4963 -104.34
-30° 0.35518 1.4474 -72.536
0" 0.37481 1.4299 -40.016
30° 0.39211 1.4483 -7.5060
60 ° 0.40247 1.4966 24213

* Ho2E0| gle FRo, wsse o (mean)2 0.3762
(Pa), Tl F(amplitude) 1.5576 (Pa)2l L& JIHRICH
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Table 4 Wall shear stress(WSS) depending on the
impedance phase angle(IPA); t 4% wall
motion, non-Newtonian fluid

Wall Shear Stress, 7(du/dy)
Mean Amplitude [0/
¢ (Pa) (Pa) (degree)
90 ° 0.52611 1.8297 -132.87
-60 ° 0.53659 1.7575 -102.27
2307 0.55506 1.7048 -70.474
0° 0.57761 1.6866 -38.010
30° 0.59725 1.7080 -5.6720
60 ° 0.60859 1.7623 25.908
* HHREO0 e Bo, wssel ¥ (mean)2 0.5717

(Pa), Xl Z(amplitude)S 1.8258 (Pa)2l Zt& 71HcCh

Mean wall shear rate (1/s)

Fig.
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