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Numerical Simulation of Noise Characteristics of Vertical

Marine Centrifugal Pump
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ABSTRACT: This study combined computational fluid dynamics and computational acoustics to
simulate and analyze the hydrodynamic noise of a vertical two-stage marine centrifugal pump.
The spectral characteristics of the hydrodynamic noise and the distribution of the external sound
field were analyzed by numerically calculating the noise induced by unsteady flow within the cen—
trifugal pump. The results indicate that the primary cause of the flow—induced internal noise is the
rotorstator interaction between the impeller and the volute tongue. In particular, in the low—fre-
quency range, the radiated sound pressure level is high and exhibits discrete broadband character—
istics. Comparative analysis of the sound pressure level sound maps near the pump shell reveals
that the amplitude of the sound pressure level in the internal sound field is independent of frequen—

cy. In contrast, the sound pressure level in the external sound field varies with sound frequency.
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Low—frequency noise exhibits weak directivity in the radial plane. However, as frequency increas—

es, the directivity of noise radiation gradually develops into dipole characteristics. The blade—pass—

ing frequency exhibits dipole characteristics at three instances, and quadrupole characteristics at

five instances. The vibration velocity distribution near the radial plane shows that the vibration ve-

locity near the volute tongue is significantly higher, identifying it as a major source of noise radia—

tion, especially in the low—frequency range.

KEYWORDS: marine centrifugal pump; flow-induced noise; dipole sound source; numerical

simulation
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Fig.1 Three-dimensional model of marine

centrifugal pump
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Fig. 4 Sound pressure level distribution cloud map of the sound field near the shell in the XY plane
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