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Throughflow Calculation and Model Optimization Method for

Transonic Axial-Flow Compressors
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the issues of low accuracy and limited applicability of existing deviation angle
and loss empirical models in the aerodynamic analysis and design of transonic axial compressors, this
paper develops a throughflow performance calculation method for transonic axial compressors and
proposes an empirical model optimization and calibration method based on experimental multi-speed
characteristic curve data. Using measured multi-speed characteristic data from typical transonic
compressor stages, 15 empirical parameters in the model combination are optimized and calibrated,
and the generality of the optimized model is validated on multiple transonic axial compressors/fans.
The results show that the relative error of multi-speed throughflow calculations based on measured
deviation angles and loss coefficients is less than 1% . Compared with the up to 6% calculation error
of conventional empirical model combinations, the optimized empirical model reduces the multi-speed
throughflow calculation error for compressor stages by 1% - 4%. In the validation cases of a two-
stage transonic fan and a three-stage transonic compressor, the relative errors of throughflow
calculations at the design rotational speed are all reduced to within 1%. This work provides valuable

throughflow calculation methods and empirical models for the analysis, design, and model
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development of multi-stage transonic axial compressors.

Keywords: transonic axial compressor;

empirical model optimization
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Fig. 1 Meridional surface coordinate system
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Fig. 2 Throughflow characteristics of NASA Stage 35 using

reported measured deviation angles and loss coefficients
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with different empirical model combinations
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before and after model optimization
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