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Numerical Analysis of Hydraulic Performance in Centrifugal
Pump with Vane Diffuser

Zhu Xiangyuan Jiang Wei Li Guojun Sun Guangpu
(Key Laboratory of Thermal Fluid Science and Engineering of MOE , Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract: The unsteady numerical method was applied to simulate the flow field and pressure field in the
single-stage centrifugal pump with vane diffuser by using SST k — @ turbulent model. The static pressure
recovery, energy loss and pressure fluctuation in the diffuser and volute were analyzed and the results
showed that the performance using the numerical method was in good agreement with data obtained from
experimental investigation. The total pressure loss and static pressure recovery in the diffuser and volute
presented periodic fluctuation due to interaction between impeller and diffuser, and they were much
bigger than those in volute. The pressure loss in vane diffuser was increased as the increase of flow rate.
The static pressure recovery was got small as the flow rate came large. Pressure loss and pressure recovery
in volute presented the same trend. The difference between the maximum and minimum pressure losses
was increased as the increase of operating flow rate, as well as the pressure recovery. The pressure
pulsation intensity distributed on impeller was got stronge as the increase of operating flow rate. The
pressure pulsation intensity distributed on guide blade was increased at low flow rate and reached the
maximum value, and then it was decreased as the increase of flow rate. The large number of vorticity in
the diffuser moved to exit was induced by the vane leading edge, but it was provoked by the vane trialing

in volute. The maximum pressure fluctuation intensity coefficient (C,, ) in impeller was concentrated at

sdv
the impeller exit, and it was concentrated on the vane leading edge and the volute exit in the diffuser and
volute, respectively.
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Fig.1 Geometric model and pressure monitoring points
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Fig.2 Centrifugal pump test rig
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Tab.2 Centrifugal pump performancedata under

different operation conditions

Vitk/(m’-hh)
20. 51 25.16 31.53 41.92 50. 10 59.40
HE/ % 44,50 48. 60 53.62 58.5 58.82 55.76
FE/m  63.98 62. 65 61.32 57.8 53.82 47.13
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Fig.3 3D model and structured mesh
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Tab.3 Grid independence test and verification

P [ #% %5

- 2.35x10° 3.31 x10° 4.04 x10° 5.16 x 10° 6.08 x 10°
W%/ % 57.82 58.53 59.13 59. 17 59. 19
B/m  57.23 58.35 59. 49 59. 54 59.57
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Fig.4 External performance characteristic curves
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Fig.5 Total pressure loss and pressure recovery in diffuser and volute
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Fig. 6 Distributions of pressure coefficient, kinetic energy coefficient and total pressure coefficient
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Fig.7 Distributions of turbulent kinetic energy and vorticity on different axis surfaces at time ¢
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Fig.9 Pressure fluctuation intensity under different operation conditions
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