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Abstract: In order to meet the urgent needs of efficient unsteady aerodynamic calculation in the field of tur-
bomachinery, a reduced-order model of unsteady aerodynamic performance of a typical high subsonic compres-
sor cascade was established by using the linear autoregressive with exogenous input (ARX) theory. The reduced—
order model had simple structure and was easier to build. The results show that the high—precision model hyper—
parameter can be obtained by gradually increasing the delay order of input/output, which had better accuracy for
the response of aerodynamic parameter of the linear unsteady system. However, some of the first—order amplitude
ratios of the dimensionless total pressure and the first—order phase angle of the dimensionless static pressure had
slight errors. The first—order amplitude ratio and phase angle of the aerodynamic parameters with the same reduced
frequency has no variations with the increase of the angle of attack amplitude under the linear working condition of
the unsteady system. Compared with the nonlinear reduced—order model with generalization ability, the ARX mod-
el developed based on the linear assumption can obtain higher—precision response aerodynamic parameter.
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Table 1 Main geometric parameters of cascade

Parameter Value
Chord length € /mm 73.84
Pitch € /mm 42.81
Stagger angle y/(*) 64.26
Geometric inlet angle 8,,/(°) 37.5
Geometric outlet angle 8,,/(°) 72.5
Leading edge radius R /mm 0.70
Trailing edge radius R,/mm 0.59
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Fig. 1 Cascade geometry structure graph
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Fig. 2 Calculation model of compressor cascade
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Fig. 4 Training sample characteristics
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Fig. 6 Aerodynamic parameter identification results of

training samples
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Table 2 RMSE of training sample identification result

ROM RMSE(w) RMSE()
ASA-RRBF 3.177x107* 8.667x107°
ARX 1.519x107* 5.703x107°
Relative reduction/% 52.2 34.2
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Fig. 7 Dimensionless total pressure prediction results
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Fig. 8 Dimensionless static pressure prediction results

Table 3 RMSE of test sample identification results

RMSE(w) RMSE()
Sample
ASA-RRBF ARX ASA-RRBF ARX
A=0.2 2.516x107°  1.302x107°  1.106x107°  3.945x107*
A=0.1 1.292x107%  4.491x10™*  5.750x10*  1.456x107*
A=0.05  6.780x107*  2.194x10*  2.997x10*  7.992x107°
A=0.02  3.738x10™* 1.626x10* 1.333x10*  6.207x107
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Fig. 9 The first-order amplitude ratio of model prediction
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