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Fluid simulation and hydraulic experimental analysis of flow-channel type axial-flow blood pump

XIONG Chi, TANG Xiaoyan, YUN Zhong, FENG Longfei

School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China

Abstract: Aiming at the hydraulic performance of the blood pump, the flow-channel type axial-flow blood pump made by the

research group is taken as the object, and a fluid dynamics analysis model for the blood pump is established through

computational fluid dynamics, so as to investigate the effect of each structural parameter of the blood pump impeller on the

hydraulic performance of the blood pump, and to conduct simulation calculation and analysis on the hydraulic performance

of the blood pump under different parameters including the number of vanes, hub ratio, vane profile installation angle, flow-

channel width, inlet and outlet axial diameter ratio. In addition, the effects of the front and rear guide vanes on the hydraulic

performance of the blood pump were studied by comparing hydraulic performance with streamline diagram. The titanium

alloy was used to make the blood pump entity, and the blood pump hydraulic test bench was built by simulating the human

blood circulation loop, and the fluid medium was a mixture of pure water and glycerin. The actual hydraulic performance of

the blood pump was tested at different rotational speeds. The results of hydraulic experiment indicate that the flow-channel

type axial-flow blood pump has preferable hydraulic performance which was well matched with hydraulic performance

simulation results obtained by computational fluid dynamics, proving that the blood pump performance can initially meet the

human physiological needs.
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Fig.1 Overall schematic diagram of axial-flow blood pump
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Fig.2 Mesh of blood pump impeller
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Tab.1 Comparison of analysis results of different turbulence models
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Fig.3 Vane foliar diagram
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Fig.5 Blood pump structure diagram with front and rear guide vanes
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Tab.2 Effect of guide vane on hydraulic performance of blood pump

2157 1R 8 /v min! 1 22/Pa JAFP /L -min”!
1 (RIS 10 000 13 300 8.970
2 LT 10 000 13 300 6.144
3 R 10 000 13 300 6.576
4 EEHEFHES 10 000 13 300 9.024
5 TR S 10 000 13 300 9.100

JE I3 AT B LA 2R, 18 5 — I 20067 Tz ih 48 LAy
A PR BTz 2l 07 ) 30 5 X AR I Ze AT . 18 6 2R
K F FLUENT #4075 EAT 21 19 i £ 141, JIET A m] LA
A BN BAHT G T 0 MR R Ak O A B i

¥ KL 6b . .d 5K 6axt LA LAFE B AT J5 S ik 2t i
I A Y 25 B R, ORI/ 1 i 28 5 I X3
U R 1z 2l T RREAR 132 X I 35 U108 g, A7
BT i v M 2R ML BE

e: X AATESM B R E MK E MR R R E
El6 Lkttt E

Fig.6 Streamline comparison
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Tab.3 Effect of guide vane on blood pump efficiency
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Fig.7 Pictures of blood pump prototype
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Fig.8 Hydraulic performance test bench
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Tab.4 Error analysis of hydraulic performance experiment and

simulation results
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