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Unsteady Aerodynamics of Oscillating Airfoil in Ground Effect and its generation mechanism
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In this study, Large-Eddy Simulation on a wing out of ground effect (OFG) is conducted to compare with a wing under the ground
effect (WIG) to clarify the feature of turbulent transition and separation at Raynolds number 1,300,000. The difference between
OFG and WIG in the flow field and pressure coefficient on wing lower surface is investigated. The Calculation method is validated
by a comparison with the result of wind tunnel measurement. The numerical results agree with the experimental results in terms
of pressure coefficient on wing lower surface. Visualizing the flow fields around wing of the numerical results, in the case of a
heaving airfoil out of ground effect, there is no variation in the flow field and pressure distribution. In the case of WIG, transition
structures and the turbulent separation are observed. The position of turbulent transition and the status of air stagnating vary with

the ground clearance.
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Fig.1 Centre-line section view.
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Fig.2 Sideview of computational domain
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Table.1 Mesh resolutions around the airfoil.

Resolution y+
Leading edge [mm] 0.15mm =12
Trailing edge [mm] 0.5mm <1
Upper surface [mm] 1.0mm <1
Lower surface [mm)] 0.5mm <1
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Fig.3 Schematic view of computational domain
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Fig.4 Pressure distribution on lower surface by LES and experiment
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Fig.6 Pressure distribution of the lower surface (WIG) Fig.8 Pressure distribution of the lower surface (OFG)
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Fig.9 Time history of the lift coefficient for a heaving airfoil (WIG)

0.0430F

0.0425

0.0420

G A

0.0415

0.0410

1.2
0.9
0.6
0.3
00 L
0.3

-0.6

-0.9

L
0.15 0.20

L L ~
0.25 0.30 0.4&'2

t(s)

Fig.10 Time history of the lift coefticient for a heaving airfoil (OFG)
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Fig.12 Curve fitting of lift coeffient (OFG)
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Fig.11 Curve fitting of lift coeffient (WIG)
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