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Pressure pulsation of a reactor coolant pump under low flow conditions

ZHU Rong-sheng, LONG Yun, FU Qiang, YUAN Shou-qi, WANG Xiu-li
(Technical and Research Center of Fluid Machinery Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to study pressure pulsation of a reactor coolant pump under low flow conditions, based on
Reynolds-averaged Navier-Stokes equations with a standard k-g turbulence model and SIMPLEC algorithm, using the
computational fluid dynamics software CFX to do numerical simulation calculations, the flow field insider the pump and
pressure pulsations of monitored points under various working conditions were obtained. Fast Fourier Transformation( FFT)
was used to transform time-domain pressure signals into frequency-domain pressure ones. The results showed that pressure
pulsation in a reactor coolant pump is obvious; the blade frequency plays a dominant role in the vibration induced by the
pressure pulsation, dynamic-static interference between the impeller and guide vane anifests itself; the reflow in the
impeller diffuser flow channel leads to the unsteady pressure pulsations of the impeller diffuser flow channel and its
circumferential direction under low flow conditions; the reflow of the reactor coolant pump internal flow channel under low
flow conditions exists at the inlet and outlet of the impeller and guide vane, so the pressure pulsation in these regions is
violent and weakly regular; pressure pulsation causes pump vibration, it is harmful to the safe and stable operation of a
nuclear power plant. Through above analysis, the dynamic characteristics of a reactor coolant pump under the exireme
conditions were predicted. The study results were helpful for promoting reactor coolant pumps to be domestic products.
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Fig. 1 Three dimensional design and meshing
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Fig. 3 Static pressure distributions
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Fig. 4 Time and frequency domain characteristics of fluctuation at point Y1, Y2, Y3, Y4
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Fig.5 Time and frequency domain characteristics of fluctuation at point G1, G2, G3, G4
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Fig. 8 Streamline distribution at small flow rate conditions
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