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Abstract: To balance the computational accuracy and cost in uncertainty quantification of fluid-solid
interaction, a simplified numerical model for the internal flow field of centrifugal compressors is
proposed based on two-way fluid-solid interaction of a turbocharger centrifugal compressor and
with the hot deformation of blades and the asymmetric effect of volute taken into account.
Combined with integrated surrogate models and Monte Carlo method, uncertainty quantification of fluid-
solid interaction of centrifugal compressor impeller is carried out in whole machine environment. The
results show the simplified model proposed can reduce the computational time by 83% to 98% compared
with the fluid-solid interaction model of whole machine while the computational accuracy
remains. The impact of material property uncertainty on impeller efficiency is greater than that of

rotational speed uncertainty. Three uncertainty factors of density, Poisson’s ratio and elastic
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modulus yielded equivalent impacts on impeller efficiency. Among the rotational speed uncertainties, the

induced hot deformation of blades had the most significant impact. The impact of hot deformation

of blades on impeller efficiency is mainly reflected in terms of mean value, while uncertainty

factors unrelated to hot deformation, such as rotational speed itself and asymmetric flow field at

the impeller outlet, mainly affected impeller efficiency in terms of scatter, with the former being

the main factor affecting impeller efficiency variation. This study highlights the necessity of fluid-

solid interaction in uncertainty quantification of centrifugal compressors and lays a theoretical

foundation for robust design optimization of centrifugal compressors.

Keywords: centrifugal compressor; impeller; fluid-solid interaction; uncertainty quantification; efficiency
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Fig. 1 CAD models of centrifugal compressor
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Fig. 2 Flowchart of two-way fluid-solid interaction method
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Fig. 3 Computational grids of the centrifugal compressor
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Fig. 5 Distribution of pressure side deformation along the

streamwise direction at the top of a main blade
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Table 1 The predicted impeller aerodynamics performance
and hot blade deformation by models with and

without volute
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Table 2 Comparison of the predicted impeller aerodynamics

performance and hot blade deformation by Model 1

and the original model
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Table 3 The isentropic efficiency variations under blade

deformation and outlet asymmetric pressure distribution
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