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Development of an Artificial Perfusion System
for Assessing Mechanical Properties of the

Artificial and Isolated Human Arteries
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D) Research Center of Physical Fitness, Sports and Health, and 2 Department of
Mechanical Engineering, Toyohashi University of Technology

The present study aims to develop an artificial pulsatile perfusion system
(a phantom) for assessing mechanical properties of an artificial or the isolated
human arteries. The system consists of a magnet pump, an inverter, a hand-
made valve to produce pulsatile flow, a measurement tank to attach arteries
and pressure sensors. The flow rate of the pump was controlled by the
inverter with changing the driving frequency from 0 to 55Hz. A hand-made
valve was designed to produce a pulsatile flow. An echo-ultrasonograph and
a two-channel Doppler ultra-velocimeter were set to measure wall structure
and displacement of the silicon and rubber tubes, and the flow velocity of
the intramural water with a lycopodium powder, respectively.

The peak flow rate corresponding to the contraction phase through the
valve was much attenuated compared to the theoretically estimation value,
but a pulsatile flow rate curve could be obtained. A pressure, a flow velocity
and wall displacement waveforms in the sample tubes could be clearly
measured and seemed to be reproducible. The mean values of the pressure-
strain elastic modulus, the incremental elastic modulus, the Young modulus
and the pulse wave velocity obtained under the peak intramural pressure of
60mmHg were 552kPa, 1860kPa, 1540kPa and 16.6m/s in silicon tube, and
308kPa, 758kPa, 682kPa and 12.4m/s in rubber tube, respectively. These
values increased with increasing of the intramural pressure, and agreed with
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the values reported previously.

From the above results it may conclude that the mechanical properties
of the artificial or the isolated human arteries can be precisely estimated by
using the phantom developed here and the measuring devices with echo-
ultrasonograph and Doppler ultra-velocimeter.
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Figure 1. Schematic diagram of the artificial perfusion system.
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Figure 2. The lateral view (left) and the ground plan (right) of the hand-made valve to generate
pulsatile flow
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Figure 3. Theoretical data of the flow volume curve through the pulsative flow valve.
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Figure 4. The relationship between the frequency of the magnet pump and flow rate. High
correlation coefficient (r=0.999) was obtained.
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Figure 5. Flow rate through the pulsative perfusion valve at different angles.
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Figure 6. Experimental setup for measuring mechanical properties of the artificial artery.
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Figure 7. Internal pressure (upper Trace), flow velocity (middle Trace) and diameter change (lower
Trace) of the silicon (left) and natural rubber (right) tubes in response to the pulsative flow
of the phantom.
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Figure 8. The pressure-diameter curves in the silicon (left panel) and natural rubber (right panel)

tubes.
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Figure 9. The effect of intramural pressure on the mechanical properties of the tubes.
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