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An Unsteady Aerodynamic Modeling for Turbomachinery Based
on System ldentification

SU Dan', ZHANG Weiwei' , ZHANG Chen-an?, YE Zhengyin®

1. National Key Laboratory of Aerodynamic Design and Research, Northwestern Polytechnical University,, Xi'an,
Shaanxi 710072, China
2. Institute of Mechanics, Chinese Academy of sciences, beijing, 100190

Abstract: This paper presents an efficient and fidelity-oriented unsteady aerodynamic modeling method that can
investigate flutter for turbomachinery. A certain blade of multiple blade passages is specified vibrating at a
swept-frequency signal instead of harmonic one, and forced aerodynamic responses of the blade row can first be
calculated, then identify form the aerodynamic responses data with ARX model. Once the frequency responses of the
system for muti-passages are acquired by the method of identification, aerodynamic coefficient of every blade for
different natural frequencies within swept-frequencies can be obtained immediately. Following the superposition
principle of small disturbance flow, aerodynamic damping coefficients changing with Inter Blade Phase Angles (IBPA)
as well as frequencies are acquired only by an unsteady CFD computation. The aeroelastic characteristics of Standard
Test Configuration-4 (STCF-4) are analyzed by using this method. The results for different natural frequencies are
agreed well with that of direct CFD method, and the computational efficiency is improved obviously, as a result, this
method is useful to analyze stability during preliminary design of turbomachinery.

Key words: flutter; system identification; turbomachinery; ROM; aeroelasticity



