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Flow Noise of Pipeline Pump and Bionic Sound Optimization

ZHANG Jinfeng JIA Jing HU Rixin WANG Yang CAO Puyu
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to research the internal sound field characteristics and reduce the running noise of
vertical pipeline pump, the CFD and Lighthill sound analogy theory was adopted to solve the internal flow
and acoustic field. The sawtooth structure of the owl feather was used to conduct bionic optimization to
reduce noise. Firstly, the pressure fluctuation of pipeline pump at 0. 8Q,, Q, and 1.2Q, were obtained
from the unsteady simulation with the RNG k — ¢ turbulence model in CFX software. The datum of
pressure fluctuation were extracted and input into the LMS Virtual. lab acoustics software, the SPL of the
pump discharge, internal sound pressure distribution and main noise source in pumps at different flows
were got by acoustic field calculation. The simulation results showed that the flow-induced noise of
pipeline pump was closely related to the pressure fluctuation which was mainly caused by rotor-stator
interaction , both of them had the same frequency characteristic, the sound pressure was mainly distributed
in shaft frequency, blade frequency and frequency multiplication, the maximum sound pressure appeared
at 1 time blade passing frequency. With the decrease of the flow rate, the SPL of the pump discharge was
increased. Then, based on the bionics principle, the similarity criterion was used to establish the bionic
blade model with reference to the structure characteristics of the specimen of the owl wings. Three
parameters , including tooth width, tooth pitch and tooth width were constructed to control the geometry of
the bionic blade, and these parameters were chosen to design 16 orthogonal test models. Finally, the
internal flow and sound field datum of different impellers under different working conditions were got by
calculation. Compared with the optimal model, the result showed that the bionic blade with sawtooth
structures can reduce the pressure fluctuation, stabilize the flow field and reduce the noise. Noise
reduction was obvious under the design condition, and the noise of the blade frequency was decreased as
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high as 8 dB.
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Fig.4 Monitoring points distribution of pump
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Fig. 6  Frequency spectra of pressure fluctuation of monitoring points under different operating conditions
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Tab.2 Orthogonal factors and levels mm
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d e f
1 0.8 0.5 1.0
2 1.2 1.1 1.8
3 1.6 1.7 2.6
4 2.0 2.3 3.4
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Tab.3 Statistics of numerical simulation results on Q,
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Tab.4 Comparison of s2 SPL at different flow rates
dB
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Hz  0.8Q, Q4 1.2Q, 0.80Q, Qq 1.20,
295 140.5 151.7 155.0 138.9 143.8 151.5
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885  139.6 140.6 142.1 138.5 139.0 140.5
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Tab.5 Comparison of sl SPL at different flow rates
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Hz 0.80Q, Q4 1.20, 0.80, Q4 1.204
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590 140. 1 140. 6 141. 4 139.7 139.0 140.9
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