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Abstract
To improve the performance of the centrifugal pump with a vaned diffuser, the influence of impeller

geometric parameters on cavitation of the pump was investigated by Orthogonal Experimental Method
(OEM) based on PUMPLINX. Impeller inlet diameter D1, inlet incidence angle Δβ, blade wrap angle φ
were selected as the main impeller geometric parameters and the orthogonal experiment of L9（3*3）
was done in this study. Three-dimensional steady simulations were conducted to predict the cavitation
performance of pump using constant gas mass fraction model with 2nd order upwind. The experimental
results were justified by the variance analysis method. The inner flow of the pump was also analyzed in
order to obtain the flow behaviors that can affect the pump performance. The results show that the
impeller inlet diameter D1 has the greatest influence on the cavitation performance. The final optimized
impeller accomplished better cavitation performance, which can meet the design requirements and the
velocity distribution in the optimized impeller is more regular.
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INTRODUCTION

Cavitation is a difficult problem to the development of
hydraulic machinery, causing vibration, and noise, and
affecting operation reliability of the pump. Residual heat
removal pump is one of the key equipment in the million-
kilowatt nuclear power plant, and it plays a vital role in the
safety of the entire plant. Therefore, as an important
characteristic of residual heat removal pump, the
cavitation performance is usually studied.

Improving the cavitation performance by optimizing
the impeller has been successfully achieved in a lot of
studies. Xie[1] applied the numerical method to optimize
slots on impeller blade near inlet in six groups of hydraulic
model. The stimulation results showed that slotted
impeller could improve the cavitation performance. Luo[2]
analyzed the effects of impeller inlet geometry on
centrifugal pump cavitation performance by using CFD.
The pump cavitation performance can be significantly
improved with new impellers designed by properly
extending the blade inlet toward the pump inlet or
enlarging the blade inlet angle. Wang[3] redesigned the
impeller with different vane wrap angles to study the
effect of vane wrap angle on cavitation performance. It
turned out that there would be an optimal value for vane
wrap angle to obtain the best cavitation performance.
Ran[4] et al applied the genetic algorithm to modify the
leading edge ellipse ratio and blade thickness on the front
20% meanline. By using CFD simulation, optimization
was completed with obvious improvements on the
cavitation inception performance.

The orthogonal design experiment is one of the most
popular and efficient optimization methods to achieve the
design objective which has many factors. Yuan[5] et al
applied the orthogonal experimental to investigate the main
parameters of the splitter blades on the pump performance
and found that the splitter blades could make the curve of
Q-H more flat and the pump with splitter blades could
operate under overload conditions. Yan[6] optimized the
cavitation performance of a large-scale axial-flow pump
with the orthogonal experimental method and the
numerical simulation. The results showed when the flow
line of suction surface φ=0.7, the cavitation persistence
length can be rapidly decreased and the cavitation volume
fraction can be sharply cut. Shen[7] et al applied the
orthogonal experimental to optimize the parameters of the
complex impeller. Through the test of specimen of the best
design scheme, it demonstrated that the excellent selection
by using numerical simulation of whole flow field was non-
overload and high efficiency.

In this study, computational fluid dynamics (CFD)
technology was used to test three factors (impeller inlet
diameter D1、 inlet incidence angle Δβ、blade wrap angle
φ) affecting cavitation performance of the residual heat
removal pump by Orthogonal Experimental Method (OEM)
to study the cavitation characteristics of pump, as well as
internal flow instability induced, and to analyze the effects
of three factors on the pump hydraulic performance.
Besides, the inner flow characteristics of the final
optimization were analyzed compared with the original one.
And the mechanism of cavitation was further discussed to
obtain the optimal parameters combination for pump
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