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Application of harmonic balance method in forward
flight simulation for helicopter rotors

XU Jian-hua, SONG Wen-ping, WANG Long

(National Key Laboratory of Science and Technology on Aerodynamic Design and Research ,

School of Aeronautics s Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The unsteady flow around helicopter rotor in forward flight is simulated by using harmonic bal-
ance method based on Euler equations. For the periodical characteristics in forward flight, the flow variables
can be represented by Fourier series in time. Thus, the unsteady governing equations in time domain can be
converted to steady equations in frequency domain, so the well-developed steady computational fluid dynam-
ics(CFD) techniques can be used to solve the steady equations in frequency domain, and the unsteady solu-
tion is obtained. The main advantage of the present method is that only one blade needs to be simulated by
implementation of the periodical condition. Compared with the traditional dual-time stepping method, har-
monic balance method improves unsteady calculation efficiency greatly. The calculated pressure distributions
and thrust coefficients agree well with the results of experimental data or dual-time stepping method. Mes-
sage passing interface(MPI) parallel computing technique is utilized to improve the computational efficiency
further.

Key words: helicopter rotor; forward flight; harmonic balance method; Euler equations; MPI parallel
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computed by seven-species and eleven-species chemical model are different obviously when the flowfield tem-
peratures beyond 10000K, and in the case O" must be taken into account in chemical reaction models besides
NO™. The wall conditions, especially the catalytic activities, have a more important effect on the distribu-
tion of plasma, the reliable data of the wall catalytic activities, have a more important effect on the distribu-
tion of plasma, the reliable data the wall catalytic activities, have a more important effect on the distribution
of plasma, the reliable data of the wall catalytic activities, have a more important on the distribution of plas-
ma, the reliable data of the wall catalytic activities and temperatures must be obtained firstly in order to sim-
ulate exactly the plasma flow over a lift body.

Key words: thermo-chemical nonequilibrium; chemical reactions; plasma; electron number densities;

Navier-Stokes equations; lift body



