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Hydraulic Design Optimization and Performance Analysis of a
Centrifugal Blood Pump

Moo Ryong Park, Seong Yeon Yoo, Hyoung Woo Oh and Eui Soo Yoon
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Abstract

This paper presents the hydrodynamic design and performance analysis method for a miniaturized centrifugal
blood pump using three-dimensional computational fluid dynamics (CFD) code. In order to obtain the
hydraulically high efficient configuration of a miniaturized centrifugal blood pump for cardiopulmonary
circulation, a well-established commercial CFD code was incorporated considering detailed flow dynamic
phenomena in the blood pump system. A prototype of centrifugal blood pump developed by the present design
and analysis method has been tested in the mock circulatory system. Predicted results by the CFD code agree
very well with in vitro hydraulic performance data for a centrifugal blood pump over the entire operating
conditions. Preliminary in vivo animal testing has also been conducted to demonstrate the hemodynamic
feasibility for use of centrifugal blood pump as a mechanical circulatory support. A miniaturized centrifugal
blood pump developed by the hydraulic design optimization and performance prediction method presented
herein shows the possibility of a good candidate for intra and extracorporeal cardiopulmonary circulation pump
in the near future.
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Fig. 1 Cordier diagram

Table 1 Specifications of the centrifugal blood
pump impeller

Inlet tip diameter (mm) 17.61
Inlet hub diameter (mm) 11.90
Exit diameter (mm) 30.00
Exit width (mm) 2.70
Number of blades 5

Tip clearance (mm) 0.30
Length in axial direction (mm) 5.70
Blade angle at inlet tip (deg) 75.80
Blade angle at inlet hub (deg) 70.55
Blade angle at discharge (deg) 67.92

*Unshrouded-impeller of which blade angles are measured
from meridional plane
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(a) Impeller 3D model

(b) Manufactured impeller

(c) Volute 3D model

(d) Manufactured volute
Fig. 2 Centrifugal blood pump
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(a) Relative velocity vector distributions in the impeller
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(b) Relative velocity vectors at the impeller leading edge
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Fig. 5 Detailed calculation results for the pump

Fig. 6 Overall static pressure distribution in the
centrifugal blood pump
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