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An Investigation of The Flow Within The Phoenix Artificial Heart
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Abstract

The Phoenix 7 total artificial heart was
studied in order to obtain detailed

information of its flow pattern. Both the left
and right sides of the heart were mounted in a
mock circulation loop system. The blood
analog was a mixture of glycerin and distilled
water with viscosity of 3.9 cP and density of
1.30 g/cm®. Flow visualization and a 2-D
laser Doppler anemometer were used to
observe the flow field. There was a good

agreement between the quantitative results
and visualization results. Equipped with a
novel triangular-shaped diaphragm, driven by
pneumatics, the Phoenix 7 could fully induce
the fluid into and expel it from the inner
cavity, without any stagnation. This also
provided the inner walls with a good wash-
out effect, thus reducing the chance of blood
aggregation and the occurrence of
thromboembolism. The turbulence Reynolds
shear stress was greater near the valves than
inside the cavity. The peak principal
Reynolds shear stress at the valves was 772
dyn/ecm’ in the left heart and 460 dyn/cm® in
the right heart. Although these amounts of
stress do not exceed the 1500 dyn/cm’® limit
of hemolysis, they can still cause platelet
damage, which occurs at 100-500 dyn/cm’.
However, when the turbulence length scales
and exposure time are considered, the
damage caused to platelets is insignificant.
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location cycle Reynolds shear
number | time {ms) { stresses(dyn/cm?)
77 20 772.09
2 140 700.335
76 20 699.30
2 80 685.89
6 20 682 .80
2 160 650.41
8 160 567.60
2 120 566.55
2 220 564.88
2 240 547.31
55 120 528.35
75 40 523.01
90 40 520.42
21 500 518.17
2 260 507.45
30 580 506.37
g 200 500.52
11 580 496.10
83 40 491 .88
89 40 488.52
9 120 485.57
2 180 485.26
2 200 484,20
9 100 468 .03
S 80 467.12
8 140 446.82
8 100 444.50
29 620 439.30
22 500 436 .89
9 140 432.33
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location | cycle time Reynolds shear
number {ms) stresses (dyn/cm®)
75 620 459.94
75 600 413.79
3 280 397.35
69 560 396.52
7 280 391.05
10 480 390.72
34 580 380.44
35 560 365.62
7 260 355.37
75 640 350.92
3 260 344.45
3 240 339.52
2 220 332.67
70 560 331.39
2 200 319.23
68 560 317.41
36 600 311.89
36 560 297.15
8 260 296.94
7 240 292.29
33 360 292.06
4 180 284.00
2 320 281.55
8 300 281.45
46 620 279.03
36 580 276.72
8 280 276.63
7 200 273.99
5 200 271.36
38 680 271.29
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