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Abstract

Shear stress acting on the arterial wall by blood flow is an important hemodynamic factor
influencing blocking of blood vessel by thickening of an arterial wall. In order to study the effects of
wall elasticity on the wall shear rate distribution in an artery-divergent graft anastomosis, a rigid and a
elastic model are manufactured. These models are placed in a puisatile flow loop, which can generate
the desired flow waveform. Flow visualization method using a photochromic dye is used to measure
the wall shear rate distribution. The accuracy of measuring technique is verified by comparing the
measured wall shear rate in the straight portion of a model with the theoretical solution. Measured wall
shear rates depend on the wall elasticity and flow waveform. The mean and maximum shear rate in
the elastic model are lower than those in rigid model, and the decreases are more significant near the
end of a divergent tube. The reduction of mean and maximum of wall shear rate in an elastic model
are up to 17 percent.
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Fig. 1 Specifications of an artery-vascular graft an-
astomosis model. x denotes the distance
from the proximal anastomosis.
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Fig. 2 Schematic diagram of a flow Ioop
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Fig. 3 Measured carotid and femoral flow wave-
form. Flow rates are represented by
Reynolds numbers calculated from the
areal mean velocity and the mean dia-
meter, Square boxes are for the rigid
model and circles are for the elastic
model.
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Table 1 Comparison of theoretical and measured shear rate harmonics in a straight rigid tube. 7w

shows the harmonic component of shear rate based on Womersley's rigid tube theory. ym

shows the harmonic component of measured shear rate.

Carotid Femoral
7 th Ym (74~ 7 m)/ 7 X100 Y Ym (7 0~ 7 m)/ 7 n X100

mean 545 552 14 178 179 -028

Ist 397 381 3.79 492 475 347

2nd 316 299 5.38 609 582 4.49

3rd 156 154 1.8 395 357 9.62
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(a) Carotid flow waveform
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Fig. 4 Images of the sequential displacement
profiles at the proximal straight
portion (x=-20 mm) in the rigid model.
The images are captured 4 msec
(carotid flow waveform) and 9 msec
(femoral flow waveform) after the
laser triggering.
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