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Numerical Study of Advance Ratio Effect on Dynamic Stall of the Helicopter Rotor Blade
in Forward Flight

Farid Hosseinzadeh Esfahani 1, S.M.H Karimian 2
1 Ph.D. Student, Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran
Prof., Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran

Abstract

In this study, numerical simulations are used to investigate the dynamic stall phenomenon at two advance
ratios: p = 0.3 and p =0.35, on a single blade with cyclic pitching motion. To simulate the three-dimensional
compressible flow field, the unsteady Reynolds-averaged Navier-Stokes (URANS) equations are solved
using the finite volume discretization method. A hybrid mesh is employed, and turbulence is modeled using
the k- SST model. To validate and verify the numerical method, flight test data from the AH-1G helicopter
was used. The comparison results confirm the accuracy and reliability of the numerical approach applied in
this study. The findings of this study indicate that contrary to expectations, the intensity and number of
stalls on the retreating side of the rotor at the studied radial section (r/R = 0.778) are greater at p = 0.3
compared to W = 0.35. On the advancing side, the stall is more severe at p = 0.35, with the post-stall pitching
moment coefficient differing by 89%, resulting in a significant increase in negative aerodynamic damping
at this advance ratio. An analysis of the flow pattern reveals that the dynamic stall development at both
advance ratios begins with flow separation near the trailing edge, which then propagates upstream while
simultaneously bend to outboard region due to radial flow.

Keywords: Numerical simulation; Dynamic stall; Helicopter Rotor; Advance Ratio; Aerodynamic Damping.
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