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Performance optimization of low-specific speed centrifugal
pump under variable operation conditions

Bu Xuebing, Chen Hui, Li Yongpeng, Wang Wenting
(Xi'an Aerospace Propulsion Institute, Xi'an, Shaanxi 710100, China)

Abstract: In order to improve the overall efficiency of a low-specific speed centrifugal pump at multi-
operation point, the hydraulic performance of such a pump is optimized numerically across a flow rate
ratio of 8 (the maximum flow rate to the minimum one) by making use of a global optimization algo-
rithm based on Latin hypercube sampling and simulated annealing algorithm. Three optimization
schemes are exploited, i. e. impeller optimization, volute optimization, and overall (impeller plus vo-
lute ) optimization. It is shown that the efficiency of the optimized pumps becomes better in all the opti-
mization schemes. The efficiency of the optimized pump in the volute optimization scheme is quit close
to that in the overall optimization. However, the improvement of efficiency in the impeller optimization
scheme is less than that in the other schemes. Thus, when a centrifugal pump with low-specific speed
is optimized at variable operation points, the first priority is to conduct a volute optimization. Moreo-
ver, in order to improve the overall efficiency of a centrifugal pump at multi-operation point, the design
flow rate should be slightly lower than the maximum operation flow rate.
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Fig. 1 3D model of original centrifugal pump
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Fig.2 Comparison of computed and tested
pump performance
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Fig.3 Flow chart of optimization design of centrifugal pump under variable operation conditions
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Tab.1 Geometrical parameters of original and
optimized pumps

WA IR AL Ly e LN R
Dy/mm 53.8 52.6 52.6
Bi/(°) 16.6 16. 4 16.4
B2/ (°) 4.7 36.2 — 36.2
D;/mm 38.5 35.8 35.8
a/(°) 27.6 25.5 25.5
a/(°) 26.1 31.7 — 31.7
by/mm 5.6 6.1 6.1
D3/mm 56.0 — 58.4 57.7
by /mm 10.0 — 8.9 9.8
hy, /mm 7.0 — 6.6 6.3
/(%) 9.6 — 8.4 7.9
L/mm 100 — 113 107
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Tab.2 Efficiency of pumps optimized with various

optimization schemes Yo

AL A AL Wirelift L3EXn
0.15Q, 12.38 13.64 14.81 15.20
0.400, 27.76 29.08 32.46 32.88
1.25Q, 57.71 59.35 58.65 58.76
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Fig.4 Performance curves of original and optimized

centrifugal pumps
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Fig.5 Pressure and velocity contours in mid-span plane of original and optimized pumps at two flow rates
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