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Figure 1 Baseline model stage. (a) Geometry of the baseline impeller;
(b) meridional channel of computational domain of the model stage.
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Table 1 Key design parameters of the baseline impeller
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Figure 2 (Color online) Aerodynamic (stage) performance of the
baseline impeller.
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Figure 3 (Color online) Mechanical performance of the baseline
impeller. (a) Total deformation contour; (b) von-Mises equivalent stress
contour.
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Figure 4 Control parameters of meridional plane.
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Figure 5 Control parameters of blade angle distribution.
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of near-wall mesh.
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Table 3 Optimization results and their comparison with the baseline impeller

BRSO BGR Bobsm Wk s I R id K B R BN MR

eSS SETA TR MM SRR i M RE ISVl KRiF)  BERE BEE IMER M,
R (%) FE B K (%) Rk (%) (%) (MPa) (MPa) (mm) (mm) (mm)
1(3E4%) 88‘;77((‘%%/ 2.05 3.80 0.064 3.39 16.56  1367.60  1367.60 3.50 133 224.89
2878 88.93 2.33 3.63 0.070 12.02 11.20 853.73  853.73 1.67 0.57 224.54
2897 88.18 2.25 4.06 0.076 12.17 14.02 848.53 84853 1.31 0.56 224.12
3115 88.76 228 3.78 0.070 8.24 16.24 905.19  905.19 1.69 0.59 221.91
3119 88.71 2.33 3.78 0.074 8.69 16.30 909.91  909.91 1.46 0.60 224.60
3126 88.56 2.32 3.81 0.074 8.23 16.23 873.41 85255 1.40 0.58 224.18
3180 88.47 2.29 3.94 0.075 9.68 16.45 820.18  726.50 1.56 0.59 224.13
3187 88.49 2.29 3.88 0.074 8.94 16.34 97591 97591 2.05 0.80 223.62
3234 88.83/89.07 227 3.66 0.067 10.45 16.57 889.23  889.23 1.73 0.71 223.61
3238 88.76 2.30 3.70 0.070 8.92 16.34 906.36  906.36 1.66 0.75 222.90
3250 88.64 2.30 3.79 0.073 9.52 16.43 83827 83827 1.97 0.85 224.03
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Figure 12 Optimal impeller OPT3234.
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Figure 15 (Color online) SHAP analysis of 71 control parameters’ contributions on each performance metric in OPT3234 compared to the baseline.
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Multidisciplinary, full range and multi-objective optimization of large
flow coefficient mixed-flow compressor and result analysis

ZHANG Yong', JI Cheng’, LI GuoHao' & XI Guang'

: Department of Fluid Machinery and Engineering, Xi'an Jiaotong University, Xi'an 710049, China
2 Shengu Research Center, Shengu Co., Ltd., Shenyang 110869, China

In recent years, with the advancement of compressed air energy storage and the growing market demand for large-scale air separation
equipment, there has been an urgent need in China for research on high-performance, large flow coefficient (with the first-stage flow
coefficient ranging from 0.16 to 0.30) compressor technologies. The mixed-flow impeller, as the first stage of such large flow
coefficient compressors, offers a promising application prospect by balancing efficiency, operating condition range, and machine
compactness. However, the development of large flow coefficient mixed-flow compressors faces significant challenges of the balance
between aerodynamic and mechanical performance. Given the complex multidisciplinary characteristics induced by its extreme
operating conditions, traditional design methods often lead to large performance deviations, low fault tolerance, and prolonged
development cycles. To address these issues, this study develops a multidisciplinary intelligent optimization framework for
centrifugal/mixed-flow impellers under full-range conditions. Using a preliminarily designed large flow coefficient mixed-flow
impeller as the baseline, a multidisciplinary composite surrogate model was established, incorporating a full-range aerodynamic
model and a mechanical model based on a K-fold ensemble approach. Combined with the NSGA-II and adaptive batch sampling
strategy (ABSS), a multidisciplinary optimization was performed for a large flow coefficient mixed-flow compressor with 71 control
parameters. The results demonstrate that, compared to the baseline impeller, the optimized impeller (flow coefficient of 0.234)
achieves a 4.1% improvement in design point polytropic efficiency, a 1.4% increase in peak efficiency, a 35% reduction in maximum
stress, a 50.6% reduction in maximum deformation, and a 46.6% reduction in maximum radial deformation, indicating significant
optimization effects. The innovation of this study lies in the development of a full-range multidisciplinary composite surrogate model
that comprehensively considers multiple design objectives, including efficiency, pressure ratio, choke margin, stall margin, maximum
stress, maximum deformation, maximum radial deformation, volute performance loss, and impeller outer diameter constraints. This
approach systematically addresses complex design challenges, ensuring that the optimization results directly meet practical
engineering requirements.

intelligent optimization, multidisciplinary optimization, full-range optimization, composite surrogate model, large
flow coefficient, mixed-flow compressor
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