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Numerical study on Reynolds number effect on unsteady aerodynamics of
S809 airfoil
ZHENG Xiaobo"* XU Sheng' LI Ye'*® QIN Peng'
(1. School of Green Energy and Energy Storage, Lanzhou University of Technology, Lanzhou 730050, China; 2. Gansu
Technology Innovation Center of Wind Power Generation Engineering, Lanzhou 730050, China; 3. College of Engineering,

Southern University of Science and Technology, Shenzhen 518000, Guangdong China)

Abstract To study the Reynolds number (Re) effect on the unsteady aerodynamics and flow fields of the S809 airfoil, the
computational fluid dynamics method was used to numerically solve the two-dimensional unsteady Reynolds-averaged Navier-
Stokes equations, and the relation between the unsteady aerodynamics characteristics and the spatial-temporal evolution of the flow
fields was explored. Results show that, for all Re values, the lift and drag coefficients experience a transition from a stably
convergent state to an unsteady state of periodical fluctuations as the angle of attack () increases. The critical angle of attack for the
state transition decreases with the increasing Re, and the lift and drag coefficients experience a transition to the periodically
fluctuating state at a=18° for all the studied Re values. In the stably convergent state, the main flow structure of the flow field is a
pair of straight vorticity layers. In the periodically fluctuating state, the dimensionless fluctuation frequency increases first and then
decreases with Re. At Re=3.0x 10°, the main flow structure is a pair of opposite rotating vortices which are alternately generated
and shed near the airfoil, and the vortex pairs form the Karman vortex street in the wake. For Re=35.0x 10, 6.5 x 10°, the main flow
structure is a pair of meandering vorticity layers near the airfoil, whose intensity fluctuates and gradually decays along the
streamlines in the wake.
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