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Aerodynamic robustness of centrifugal compressor impeller

under multi-source uncertainty coupling
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(School of Mechanical Engineering,
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Abstract: Considering the manufacturing error and aerodynamic boundary multi-source
uncertainty coupling, taking a centrifugal compressor impeller as the research object, the nu-
merical calculation method, the Latin hypercube test design method, the surrogate model,
and the Monte Carlo method were combined to analyze the correlation of geometric design
variables and performance. The influences of impeller manufacturing error and speed fluctua-
tion on compressor performance were quantified. An aerodynamic robust optimization design
method for centrifugal compressor impeller was proposed for considering multi-dimensional
diverse uncertain factors. Results showed that, under the coupling effect of manufacturing
error and speed uncertainty, the fluctuation range of pressure ratio increased from 3. 50% to
14.14%. The aecrodynamic robustness was enhanced after optimization, the mean value of
pressure ratio and isentropic efficiency increased by 6. 9% and 4. 9%, respectively, and the
standard deviation of pressure ratio and isentropic efficiency decreased by 15.4% and

18. 4%, respectively.
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Fig. 1 Three-dimensional model of baseline impeller
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Table 1 Impeller geometry parameters
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Table 2 Boundary condition settings
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Table 3 Comparison of experimental and calculated values

of LSCC impeller and Krain impeller
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1 KfE
WU FhAE 200
it AR 800
AR S Al 0.2
5 M 0.8




200 oz

= % % i

%35 %

2 JLMEERXESH

B EAHUM S L AR R & 4 % TR A
A AT T SR SRR 2 R R
DL A ) A G P 43 BT 36 1 X B R I ¢ K A AR
i, TN 8 3 25 8] 3E A7 W 4E b 31, 9 20 11 55 )
] 5 24 AR BAS .

36 5 1A R Y Rl AN 5 TR . 7R AR Y
AT LHS #1454 i 60 A4~ B HLEEAS /5, 3L T
B 53 A A B RE A 1 B P RE I 1 1

£5 SERBATELEE
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Table 6 Correlation coefficients between design variables

and response
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Table 7 Initial impeller manufacturing error range
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Table 8 Comparison of performance parameters of

centrifugal impeller after uncertainty optimization
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Fig. 9 Comparison of impeller structure before and

after optimization
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Table 9 Comparison of structural parameters

after optimization
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