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Abstract: In order to study the coupling effect between the impeller and the casing profile of liquid
ring pump on its performance, the profile of the blade and the casing were parameterized by using the high
order Bezier curve and Direct Free Form Deformation (DFFD) method, respectively. A radial basis func-
tion (RBF) surrogate model was established for the relationship between the profile of the blade and the cas-
ing of liquid ring pump and vacuum degree and efficiency by using the LHS sample method. Multi-object-

ive optimization was realized based on NSGA- Il algorithm. The optimization results show that the vacu-
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um degree of the optimal model K( The optimal model for vacuum) is increased by 11.2%, and the effi-

ciency of the optimal model J (The optimal model for efficiency ) is increased by 4.1%. The increase of the

blade wrap angle and the expanding casing profile of suction section help to improve the vacuum of the

pump inlet. The increase of outlet blade angle, the contracting casing profile of suction section profile

would reduce the hydraulic loss and improve the pump efficiency. The comparisons of coupling optimiza-

tion, independent optimization and step by step optimization of impeller and casing profile show that the

coupling optimization results are obviously better than that of independent optimization. With the same sur-

rogate model, the step by step optimization results of impeller and casing are basically consistent with the

coupling optimization results..

Keywords: liquid-ring vacuum pump; impeller and casing profile; radial basis function; multi-

objective optimizatio
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Fig. 1 Structure diagram of the liquid-ring pump
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Tab. 1 Basic parameters of liquid-ring pump
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Fig. 2 Parameterized control blade profile using Bezier method
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Fig. 3 Parameterized control casing profile using DFFD
methods
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Fig. 7 Comparison between experiment and numerical

simulation
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Tab. 2 Optimize variables and variable constraints
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Tab.3 Significant correlation variables and correlation
coefficients of performance
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Tab.4 Comparison of optimization results and simulation

results
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Fig. 12 Comparison of optimization results under different

working conditions

5 AT E RIS HOS . B R HTK
IR AL R B AR B th D2 B ol
e K b BRAE, #E P2 B e e B () A0 A [
S K FRAE, AE e/ e X UL Fr i
REMA R THRARCE G 0 B2 B, B 02
PR /INGFHE O FLAS FERR T, ) 22 AR a5 e



55 6 301

TN LA IR LS AR S AR B R DL 77

$eTt e ROREM SRR BOSE, HEB
5, b F S B R e AR A W B gk, HLAHE
ABRL AT RAMASN, ROPR TR R e AL S
ROR BT R o Ul W W B i B HES
Bty sk R T AR R 4, AR R B HE R
J 7, JETVRCR, i BT 5K A BRI HER
BRSO SEA R TR TR A BE =S T

RS ALHTE BLSHOT L
Tab.5 Comparison of profile parameters before and after
optimizatio
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Tab. 6 Comparison of coupled optimization and independent

optimization
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Tab. 7 Comparison of coupling optimization and stepwise
optimization results
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Fig. 15 Static pressure distribution in impeller middle section
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