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Unsteady Rotor Airload Prediction
Using a Comprehensive Aeroelastic Analysis

WANG Hao-wen, GAO Zheng
(National Key Laboratory of Rotorcraft Aeromechanics,

Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: An accurate prediction for helicopter rotor loadings requires detail analyses with both
sophisticated structural and aerodynamic capabilities. This paper presents a comprehensive analysis for a
coupled rotor system incorporated consistent blade structural, aerodynamic and inertial couplings. Using
the rigid rotations of the blade about the flap, lag and pitch hinges as general coordinates, it accounts
for the dynamic coupling effect between the rigid motion of the blade and moderately large elastic
deflections discretized by a finite element formulation. A nonlinear aerodynamic analysis for attached
flow, separated flow and dynamic stall based on the work of Leishman and Beddoes is incorporated and
used to investigate rotor blade section airloads. The inflow is evaluated with the free wake analysis. The
equations of motion for the nonlinear periodic time-variant system are derived based on the dynamics of
flexible multibody systems. A modified implicit Newmark scheme is used to calculate blade response as
one coupled solution. Results are corrected with SA349/2 Aerospatiale Gazelle flight test data. The
blade airloads and the flap angles predicted by the analysis show that the flight test data are efficient.

Key words: rotor; unsteady; dynamic stall; airload
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Design and Experiment of Lift Transfer in
Scheme of High-Speed Helicopter

WANG Huan-jin, GAO Zheng
(National Key Laboratory of Rotorcraft Aeromechanics,

Nanjing University of Aeronautics & Astronautics, Nanjing,210016,China)

Abstract: With the development of helicopter in military and civil aviation,it is necessary to increase its
flight speed. The research in this filed has been done for long time. So many projects in scheme of high-
speed helicopter are presented in recent years. However, every project must solve a problem related to
main rotor stall and shock wave —the reasons that restrict the forward speed of the helicopter. Most of
the projects solve this problem by lift transfer, that is, to shift the lift from the main rotor in the
helicopter model to the wing in the air plane model. In the schemes, the project of rotor/wing-
interchanging model is most hopeful. The key technique of the project of the high-speed rotorcraft is the
smoothness of lift shift,power and control. In this paper, the process of the lift shift is designed. To
verify the feasibility of the scheme, the wind tunnel experiment is x:leeded. The especial model of the
diskwing/co-axial rotors, or DCAR and a test-rig are designed and built. The lift and the power are
measured in different wind speeds, rotate speeds, attack angles for the diskwing and the DCAR. Based
on these test data, the calculation method is revised for aerodynamic characteristics of the DCAR. Then,
the feasibility of the lift shift for the DCAR is proved.

Key words: helicopters; high-speed; lift transfer; design; experiment
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