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Equivalence of three state space models for airfoil aeroelastic systems

HUANG Xiwen, CHEN Yanmao, LI Wenlong, LIU Guang

School of Aeronautics and Astronautics, Sun Yat-sen University , Guangzhou 510006, China

Abstract: It is difficult to simulate the response of aeroelastic system directly because of the convolu-
tion integral in the unsteady Theodorsen aerodynamic force. To the best of our knowledge, there are
three different ways to deal with the integral operator, so that the simplified equation only contains the
differential operators. Despite huge applications of these models, the equivalence relationship among
them is still less studied. In this paper, we will prove mathematically proved that the three simplified
models are equivalent, and verify them by Runge-Kutta method and precise integration method, re-
spectively. Numerical results show that these models exhibit exactly the same solutions for both tran-
sient and steady responses.
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Fig. 1 Sketch of an airfoil oscillating in pitch () direction, and in plunge (k) direction
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Fig. 2 Plunge displacements obtained by Runge—Kutta method (RK) and precise integration method (PIM), where U/U=0. 5
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Fig. 4 Comparison of the phase planes before or after the secondary bifurcation as a cubic pitch stiffness is included
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Fig. 6 Phase plane in the plunge direction provided by RK method as a piecewise stiffness is included
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