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Multi-component and multi-objective coupling optimization of
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Abstracts: Casing treatment improves the flow stability of turbocharger centrifugal compressors, but often leads to
additional aerodynamic losses. Based on the optimal Latin hypercube sampling, radial basis function (RBF) neural
network and gradient mutation hybrid optimization algorithm, a coupling optimization of the impeller and the casing
treatment for a turbocharger centrifugal compressor was implemented by taking the efficiencies of the large-flow-rate
condition, the design condition and the near-stall condition as the optimization objectives. Results show that the effi-
ciencies of the large-flow-rate condition, the design condition and the near-stall condition are increased by 3.90% ,
3.02% and 1.10% , and the pressure ratios are improved by 9.28% , 6.38% and 4.49% , respectively. The choke flow
rate is increased by 1.13% , and the stable operating range is expanded by 0.83% . Compared with the solid casing
compressor, the efficiencies of the design condition and the large-flow-rate condition are improved by 1.70% and
0.68% , respectively. The coupling optimization realizes the improvements of aerodynamic performances of the com-
pressor in all operating conditions, and solves the problem of the traditional optimization that the aerodynamic per-
formances of the design condition or the large-flow-rate condition decrease after introducing the casing treatment. By
combining the global sensitivity analysis of the design space and the comparative analyses of the flow fields before and
after optimization, the mechanisms of stability and efficiency improvements of the centrifugal compressor are ob-
tained.
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Tab.1 Main design parameters of the centrifugal compressor

£ BB
B34/ (v + min™) 90 000
B (kg + s™) 0.926
BT R 4.817
R e Ny 9
e A g 9
- I 10 ] Bt/ mm 0.5
45 1 B A% /mm 118
WA AT BAR /mm 200
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Fig.1 Geometry model of the centrifugal compressor
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Fig.2 Performance of the centrifugal compressor under
different mesh number
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Fig.3 Structure of the medium density mesh
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Tab.2 Value ranges of design variables for the impeller
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Fig.6 Design variables of the casing treatment
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Tab.3 Value ranges of design variables for the casing

treatment
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Fig.10 Performance of the compressors among solid casing, baseline casing and coupling optimization
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Tab.4 Main performance indexes of the compressor before and after optimization
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