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The relation between aerodynamic characteristics and the effectiveness of separation control with the DBD plasma
actuator over the airfoil are discussed. The flow-fields around the NACAOO015 airfoil are simulated with implicit
large-eddy simulation using compact difference scheme. The normal mode generates moderately separated region over

the airfoil and gains lift by negative pressure at the vortex center. The burst mode with nondimensional burst frequency

of 1 enhances the vortex shedding from the separation shear layer and avoid the massive separation from the leading

edge. However, the lift coefficient oscillate very much, in this case. The burst mode with nondimensional burst

frequency of 6 improves the airfoil performance by suppressing the separation region. These facts indicate that the

unsteady aerodynamic characteristics must be discussed when the effectiveness of separation control is evaluated.
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Figure 1. Configuration of plasma actuator.
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Figure 3. Force image of Suzen model.
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Figure 4. Force distribution of Suzen model (D=3).
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Figure 5. A whole image of computational grids.
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Figure 6. Computational grids near the leading edge: Zonel (blue), Zone2 (red) and
model grid (green).
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Table 2. Plasma actuator parameters.
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BM 5p F6 5 8 6,000 10 600 6
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Table 3. Aerodynamic coefficients (lift, drag and pitching moment coefficients and

lift-to-drag ratio).
CL CD CMp L/D
DBD-OFF 0.69 0.225 -0.260 3.04
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NM 5p de32 123 0076  -0281 1607
NM 5p de64 142 0059  -0339 2383
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BM 0Op F6 1.08 0.066 -0.225 16.27

BM 5p F1 0.83 0.165 -0.233 5.03

BM 5p F6 1.07 0.082 -0.230 12.94
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Figure 7. Comparison of acrodynamic coefficients (lift, drag and pitching moment
coefficients and lift-to-drag ratio).
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Figure 8. Regions of separated and attached (®: 1st separation points, m:
reattachment points, A : 2nd separation points, x: locations of the actuator).
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Figure 9. Lift coefficient C;, vs total attached region.
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Figure 10. Lift-drag ration L/D vs total attached region.
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Figure 16. The flow-field and the velocity (<u>/ u..) profile at x/c = 0.5 of the time
and spanwise averaged flow on the NM_Sp_dc64 case.
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Figure 17. The flow-field and the chordwidse velocity <i>/ u.. profile at x/c =0.2
of the time and spanwise averaged flow on the BM_Op F1 case.
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Figure 18. Iso-surfaces of 2nd invariant of the velocity gradient tensors and contour
surfaces of chordwise velocity, and chordwise velocity /s, profiles at x/c =0.2

(corresponding white line) of the spanwise averaged instantaneous flows on the
NM _5p_dc64 case. The iso-surfaces colored with x-vorticity.
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Figure 19. Iso-surfaces of 2nd invariant of the velocity gradient tensors and contour

surfaces of chordwise velocity, and chordwise velocity /. profiles at x/c =0.2
(corresponding white line) of the spanwise averaged instantaneous flows on the
BM 0p_F1 case. The iso-surfaces colored with x-vorticity.
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