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Numerical simulation on flow performance and blade profile optimal
design of mixed-flow pump impeller

Xie Rong, Shan Yuyjiao, Wang Xiaofang
(Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education, Dalian University of Technology, Dalian,
Liaoning 116024, China)

Abstract: A numerical calculation was carried out to simulate three-dimensional turbulent flow in a high
specific-speed mixed-flow pump impeller under design condition. Through the analysis of impeller inter-
nal flow, some problems caused by the unsuitable local structure were found, such as vast vortexes aeras
and wall flow separations, which added flow losses. Aimed at the problems, a multi-parameter optimal
method was adopted to redesign blade profile, and the action rules of blade profile on impeller internal
flow were analyzed. The results show that the horse-hoof-shaped vortexes at impeller inlet and passage
vortexes and wall flow separations can be removed and the passage vortex intensity and influencing range
are reduced by adjusting blade curvature. The hydraulic efficiency of the optimized impeller increases
4.74% relatively, and the head per power dissipation increases 11.5%. The calculated data of impeller
performance parameters are in good agreement with the experimental ones, which proves accuracy and
reliability of the adopted method and model.
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Fig.1 Pro/E modeling of impeller
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Fig.2 3D mesh of impeller
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Tab.1 Comparisons between numerical simulation
results and experimental data

#i#/(m/h) #B/m 5% & %
KRB 4440 15.5 86.0
R R 4 441 15.9 86.8
WA/ % 0.02 2.60 0.90
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Fig.3 Static pressure distribution of single blade channel
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Fig.4 Velocity limiting streamlines of impeller
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Fig.5 Velocity limiting streamlines at 1/5 inlet of impeller
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Tab.2 Optimizing database
HERHER  HREHSK TR %
1 0. 800 1.966 91.63
2 1.010 1.700 92.51
3 1.010 1.821 92.71
4 1.014 1.822 92.71
5 1.014 1.822 92.71
6 1.014 1.822 92.71
7 1.013 1.815 9.72
8 0.900 1.753 92.84
9 0.980 1.789 92.86
10 0.990 1.799 92.89
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Fig.6 Comparisons of blade profile before and after

optimization
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Tab.3 Numerical simulation results comparison between
original impeller and best impeller

IR Bk MR %

FiR/ (kg/m*) 4441 4441 0
B HE/ (kW) 0.0674 0.0751 11.50
KB % 88.7 2.9 4.74
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