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Frequency domain method for computing dynamic derivatives of
airframe/ propulsion integrative vehicle

CHAI Zhenxia, LIU Wei, LIU Xu, YANG Xiaoliang
(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract; With the help of the unsteady Etkin aerodynamic model, the harmonic balance method to calculate the dynamic derivatives of
complicated configuration was applied. The dynamic derivatives solved by harmonic balance method agree well with the results of time domain
method and experimental data, which verified the correctness of codes and the reliability of the harmonic balance method. The harmonic balance
method was applied to compute the dynamic derivatives of X —51 hypersonic airframe/ propulsion integrative vehicle namely WR — A. A comparison
was made with the time domain method to verify the ability of the harmonic balance method for the numerical simulation of unsteady flows around the

complicated model and the ability of the computing dynamic derivatives. Results show that even for the vehicle WR — A of the complex

configuration, the harmonic balance method was computationally accurate and efficient.
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Tab.1 Dynamic derivatives of different reduced frequencies
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0.1  -2.916 ~-19.166 -2.926  —19.200
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Tab.2  Computation times of different reduced frequencies
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k=0.05 k=0.01 k=0.001
HBM,N, =1 1.02 1.05 1.00
HBM, N, =2 1.77 1.73 1.68
HBM, N, =3 2.59 2.51 2.41
TDM 9.365 47.575 495. 64
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Tab.3  Dynamic derivatives with different angle of attack

/()
-8 -4 0 4 8

Jrik

TOM  -2.525 -2.284 -2.743 -2.260 -2.942

HBM  -2.796 -2.366 -2.383 -2.288 -3.009
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