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Optimization Design of Hydraulic and Acoustic Performance on
Matching of Rotor and Stator of Jet Centrifugal Pump

GUO Rong' LI Rennian'> ZHANG Renhui'”
(1. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2. Key Laboratory of Fluid Machinery and Systems of Gansu Province, Lanzhou 730050, China)

Abstract; In order to improve the hydraulic design of flowing-passed components of the jet centrifugal
pump (JCP), the performance of rotor-stator interaction on the hydraulic performance and its acoustic
response characteristics of the pump were optimized. The multi-objective optimization design of rotor and
stator matching was carried out by orthogonal experiment and computational fluid dynamics/computational
fluid acoustic ( CFD/CFA) technology. Some relevant geometric parameters of impeller and positive
guide vane of JCP were considered in the test design. The effects of water head, efficiency of JCP and
hydrodynamic noise in the rotors and stators were analyzed according to the impeller blade number,
impeller blade profile, guide vane blade number, guide vane blade profile and clearance of rotor and
stator. Multi-objective optimization scheme was determined by matrix analysis method, the optimal
matching combinations of rotor and stator cascades were obtained. The results showed that under the rated
conditions, after optimization, the water head remains unchanged, hydraulic efficiency was increased by
0. 5 perantage points, and the overall noise in the rotor and stator cascades was decreased significantly,
the impeller-induced noise was decreased by 7. 1% and the guide vane-induced noise was increased by
2.2% . It was verified that determining multi-index optimization scheme by weight matrix analysis method
was feasible. The key of the design of low noise JCP was to determine the clearance between stator and
rotor as well as the blades number of stator and rotor. Different matching schemes of rotor and stator
cascades were more sensitive to the water head of JCP than to its efficiency, and more sensitive to the
guide vane induced noise than to impeller induced noise, at the same time, the unsteady flow in guide
vane influenced by rotor-stator interaction was more obvious than that of the impeller. Dipole source noise
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was caused by pressure pulsation on the flowing-passed wall. The frequency spectrum characteristics of

guide vane induced noise are basically the same as that of pressure fluctuation, but the frequency

spectrum characteristics of impeller induced noise are obviously different from that of pressure fluctuation.

Key words: jetting centrifugal pump; rotor and stator; hydraulic performance; hydrodynamic noise;

orthogonal test
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Fig. 1  Structural diagrams of model pump
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Tab.1 Levels of orthogonal experimental factors

K i
Z, Z, 1 14 8/mm
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Fig.3 Schematic of impeller profile and guide vane

profile at different factor levels
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Tab.2 Orthogonal experimental schemes

75 A B c D E
1 1 1 1 1 1
2 2 1 2 2 2
3 3 1 3 3 3
4 4 1 4 4 4
5 1 2 3 2 4
6 2 2 4 1 3
7 3 2 1 4 2
8 4 2 2 3 1
9 1 3 4 3 2
10 2 3 3 4 1
11 3 3 2 1 4
12 4 3 1 2 3
13 1 4 2 4 3
14 2 4 1 3 4
15 3 4 4 2 1
16 4 4 3 1 2
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Tab.3 Data structure of multi-objective matrix analysis
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Tab.4 Comparison between calculation and test

of model pump at main operating points

T KIEFR/ %  HF/m  HYIR/W
THE 15. 60 30. 54 609
0.60Q REE 15.11 31.51 657
R/ % 3.1 -3.2 -7.9
A 18. 82 28.36 623
0.80 IR E 17.97 28. 66 664
R2E/ % 4.5 ~1.1 -6.6
THAE 20.76 26. 15 647
Q IR E 20. 33 25.79 681
R/ % 2.4 1.4 -5.3
THAE 22.42 23.98 659
1.20Q IR {E 21.39 23.56 689
R2E/ % 4.6 1.8 -4.4
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Tab.5 Numerical results of test schemes
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% 75/ dB 75/ dB
1 20.59 22.79 138. 1 163.3
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4 23.40 26.45 135.9 159. 4
5 24.46 27.82 136.3 165.2
6 22.58 26.55 130. 4 164.7
7 27.03 26. 65 132.3 163.2
8 27.73 27.90 138.7 162.5
9 24.79 27.89 129. 8 157.6
10 25.13 28. 67 141. 4 170.2
11 24.61 26.25 128.2 158.4
12 26.95 26.77 137.0 159. 8
13 21.45 23.95 126.2 162. 8
14 25.56 26.26 132.1 155.2
15 26. 41 28.18 141.5 162.5
16 25.17 26.75 136.9 159.3
GWES 26. 15 27.78 129.6 164.5
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Tab.6 Results of range analysis

EEL Mk ki Fis

L Si

A 22.82 23.96 25.35 25.81 2.99
B 22.48 25.45 2537 24.65 2.97
fi/m C 25.03 24.09 24.53 24.30 0.94
D 23.23 2510 25.36 24.25 2.13
E 2496 24.89 23.58 24.51 1.38
A 25.61 26,47 26.77 26.97 1.36
B 24.92 27.23 27.40 26.29  2.48
KR/ % € 25.62  25.63  27.31  27.27 1.69
D 2559 26.80 27.02 26.43 1.43
E 26.89 26,43 25.85 26.70 1.04
A 131.3 132.8  129.9 137.1 7.2
R, B 134.8 133.8 131.6 131.7 3.2
/aB C 1349 132.2 133.0 132.0 2.9
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A 161.2  160.9 160.3 160.2 1.0
P, B 161.2 163.5 158.6 159.1 4.9
C 160.3 161.6 159.3 160.5 2.3
Fa/dB D 161.4 161.2 158.7 161.8 3.1
E 162.9 160.7 161.6 157.7 5.2
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Tab.7 Calculation results of weight matrix
KT FHES IR

Uittt oy o . . W,

BE o, WS, W5 o :
4.07 x1072
4.21 x1072
4.23 1072
4.29 x10 72
7.27 x1072
7.95 x10 72
8.00x102
7.67x10 72
5.13x1072
5.13x1072
5.46 x10 2
5.46 x1072
4.31 x1072
4.51 x1072
4.55 %1072
4.45 %1072
3.39x1072
3.33x1072
3.25x1072
3.36 x1072

EEES

4.82 x1072
4.92 x1072
5.05x1072
5.06 x10 2
6.04 x1072
6.41 x1072
6.48 x1072
6.34x102
3.40 x1072
3.38x1072
3.49 x10 72
3.48 x1072
4.70 x10 2
4.82 x1072
4.90 x10 2
4.80 x10 72
5.43 x1072
5.50 x10 72
5.47x1072
5.56 x1072

1.49 x1072
1.50 x10~2
1.51 x1072
1.52x1072
7.34 %1072
7.24 x1072
7.46 x10 72
7.44 x10 72
3.51x1072
3.49 102
3.54x1072
3.51x1072
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