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Effect of Uneven Spacing Blade on Hydrodynamic
Noise of Centrifugal Pump

Tan Minggao Zhang Jing Liu Houlin Wang Yong Huang Haoqin
(Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to analyze the effect of uneven spacing blade on the flow induced noise of centrifugal
pump, a single-stage single-suction vertical centrifugal pump with six blades was chosen as the research
object. Firstly, based on the theory of automatic rotor balance, three impeller models with uneven
spacing blade were established, then with the purpose of extracting the dipole source of the wall of volute
and leakage flow, the whole flow passage numerical simulation of model pumps was executed by applying
CFD. The results of vibration simulation based on model response were compared with vibration
experiment to verify the certain feasibility of NVH simulation, the simulation of hydrodynamic noise was
further completed by applying BEM. The final work was to analyze the simulation results of the uneven
spacing blade models and the original impeller model, the results showed that there were little differences
in total SPL between uneven spacing blade models, which had lower total SPL and spectrum of SPL than
original impeller model in general. New peaks of SPL were produced at 145 Hz and its harmonic
frequency in uneven spacing blade models, except for the peaks of SPL at original blade frequency and its
harmonic frequency, and the energy of noise was more disperse, the spectrum of noise was more stable.

Compared with the other two models, the model with 6§ ; of 50°could do better when considering the

blade frequency and the characteristics of exterior noise at 145 Hz, and it had better noise performance.
The results of the research can provide reference for further optimization of the noise of centrifugal pump.

Key words: vertical centrifugal pump; noise and vibration; uneven spacing blade
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Tab.1 Layout schemes of angular spacing of impeller
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Fig.1 Two styles of impeller and CFD model
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Tab.2 Inspection of grid independence
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Fig.3  Dipole source and acoustic boundary
L DR AR 2. 2R SO 3 TR 4080
W7 3 5

B4 A5 IR IC 4 A
Fig.4 FEM structure model
W BBl 137 GPa, % E 8 320 kg/m’, JA #4 kb
0. 324, LA EE R R A4 B} O 85 2%, 4% [CHE & 135 GPa,
B 7000 kg/m’ JFIFALL 0. 25,

Xof 435 R AR IR b T R A I 2L EAT A SR R,
Hh Tk 22 WA A ) R 2 PR T 2 R
AL 3 ATy ) B X O L A AR R RS O
SLARAR B 55T 6 B e 7 51 3% g oy 422 30 19 [ A A3 43
W 338 572 874 1274 .1 464 1738 Hz,

AT 2 A 2l a6 0 5 R B B A L AR
[] , 03 b e P i 2 % 8 4 O INV9822 71 IEPE i
AL 9B ICP R ROR AR 4R 3 B R4 R
FHINV3020 51 &5 PR fE 24 7R 4R R G0, i 50 R AL AR
10 kHz, SR AEmFE A 30 s,

5 R Q,, TOUF JFEAL R 5 4R 2h 1T 57 5 3K 50 45
RZEEXF e, Hdr APF (BPF 2BPF ~ 6BPF 43 ji|
ARRNA AR 2 ~ 6 fE R, RTRLVE BT S
I I 45 R AE Bl A5 APF (48. 33 Hz) J it 4l BPF
(290 Hz) b ¥ H BT WA 0 e {1, Al 31 A A1) 1 58 285
5B 45 AW A, A R 50 (I T L
BT AR 5 a0 I a2 SR A R b R A o — B, B

IS = R N W& R

Fig.5 Vibration results of simulation and experiment
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Fig.6  SPL within sound field of different blade spacing models
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