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LES of an airfoil flow at Reynolds number 1,600,000: turbulent separation and its control
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Large-eddy simulation of a separated flow over NACAQ0015 at Reynolds number 1,600,000 with angle of attack 20.1
degs is conducted to clarify the feature of turbulent separation at high Reynolds number.  The total number of grid point
is approximately one billion, and a high order scheme is used in this simulation. The LES result agrees with experiment
data in terms of the laminar-separation bubble region, the locations of reattachment point and second separation point
from surface pressure distribution. The laminar-separation bubble is formed near the leading edge with turbulent
transition. Then turbulent boundary layer develops over the airfoil surface and the flow is separated as turbulent flow.
Here, chordwise velocities in the attached region correspond to the profile of developed turbulent boundary layer. Flow
structures at Re=1,600,000 are compared to those at Re=63,000 from the viewpoint of the turbulent transition, separation
behavior, space and time scale. The most non-dimensional unstable frequency near the laminar separation bubble of
Re=1,600,000 is approximately 10 times of that of Re=63,000. The flow length scale at transition point of Re=1,600,000
is approximately 1/15 times of that of Re=63,000. In addition, the preliminary results of the separation control by a DBD
plasma actuator with various design parameters are presented.
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Overview Sideview
Fig. 1 Computational grids (every 10 points).
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Fig. 2 Iso-surfaces of the second invariant of the gradient tensors
colored with chordwise velocity.
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Fig. 3 Instantaneous flow field in a side-view plane.
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Fig. 4 Instantaneous flow field in a top-view plane.
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Fig. 5 Vortex structures at the 1st reattachment point.
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Fig. 6 Time- and spanwise averaged distributions.
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