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Numerical study on the effect of blade outlet angle on centrifugal pump noise
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Abstract ;

The FEM\BEM acoustic-vibro-coupling method was applied to study the effect of blade outlet angle on

centrifugal pump noise caused by hydrodynamic forces. The large eddy simulation (LES) method was used to solve the

transient flow field of the pump, and the volute surface dipole was obtained. The modes of the pump housing structure

were analyzed using the finite element method (FEM). The acoustic-vibro-coupling module of the Virtual Lab software

was employed to study the interior sound field of the pump caused by unsteady flow. By comparing the computational

results with experimental ones, the method of LES combined with FEM\BEM for centrifugal pump noise computation was

verified. On this basis, the outer sound fields were investigated, and the effect of blade outlet angle on outer sound fields

was studied. The results show that the sound power at the blade passing frequency ( BPF) becomes large as the blade

outlet angle increases and the blade outlet angle should be at suitable range to ensure a lower noise level at low flow rates.
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Fig. 1 Sketch map of pump geometry and CFD model
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Fig. 2 The gird of computational domains
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Tab. 2 The details of three grid topologies
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Fig. 3 Spatial resolution of impeller grid topologies

3 FERBEHTETE

1550 BEM J7 3k O B T 2l 05 i i BUE R AU 7
5, Z T B AR BE RN 2 g, 5
A BRICTT % R A HE BA i ARG D R 1]
SEPEAR T T ORI B A BRI . FEM - BEM #4531
FOTiksiG FEM 355 BEM 354 A 0% R A 2400

i 2014 4255 33 3%
1077
1077
107
105t —=Acy
104

0 05 1.0 1('.7[5>< 126.9 25 30 35
[ 4 e R 2 ) o) B
Fig. 4 Spatial resolution of volute grid topologies
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Fig. 5 The acoustic-vibro-coupling calculation process
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Tab. 3 The seven native frequency of the pump housing
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Fig. 6 Sketch of experimental setup

22 22 22
g oy — SR
2.0 — 2.0 -1 2,08\ — WA
I ) ——— WA 24! I T o } ——— ¥ WEUH
‘\\ . \ \ £ . . 7
= I AN =
 Lor /\\/\\/"\,/\/r /\\ \f\\\ ~~ \\
14 AR
12f .
1 1 1 1 1 1 1 1 1 1
=234 5 % S N R S S S R T A S S S
Fx 10%Hz Fx 10°/Hz Fx 10°/Hz
@ 080, ) 0, © 120,

7 F LIRS RN

Fig.7 Comparison of the calculated and experimental results
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Tab. 4 The acoustic power at BPF for different blade

outlet angles of the centrifugal pumps
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Fig. 9 The noise directivity distribution of the monitor points at BPF
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