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In order to clarify the important phenomenon for the burst mode effect of the plasma actuator on the control of leading 

edge separation over an airfoil, implicit large eddy simulation using compact difference scheme was applied. At burst 

mode and normal mode (use the alternative current for input voltage), the leading edge separation is controlled. The 

flow has the large bubble near the leading edge at normal mode, however, at burst mode, the bubble is shorter than 

normal mode. This is because the free stream directional strong vortex is induced by the plasma actuator induced span 

directional vortex, and it transfers momentum from the free stream to the boundary layer. 
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Fig. 1. Configuration of plasma actuator. 
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Fig. 2. Burst wave image 
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Fig. 3. Force image of Suzen model (DC=8). 
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Fig. 4. Force distribution of Suzen model (DC=8).
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Fig. 5. Computational grids Whole image. 

 

 

Fig. 6. Computational grids near the leading edge: Zone1 (blue), 

Zone2 (red) and model grid (green). 
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Table 1. Plasma actuator parameters. 

 Dc fbase  

[Hz] 

BR  

[%] 

f
+ 

[Hz] 

F
+
 

No-control 0 N/A N/A N/A N/A 

Normal mode 4 6,000 100 6,000 60 

Burst mode 4 6,000 10 600 6 

Normal mode Burst mode

No-control

Table 1
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Fig. 10. Reynolds stress distributions of No-control case, Normal 

mode case and Burst mode case at =14 deg. 
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Fig. 11. Iso-surfaces of 2nd invariant of the velocity gradient tensors 

and Chord direction velocity distributions

(Iso-surface is colored by x-vorticity)
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Fig. 12. Iso-surfaces of 2nd invariant of the velocity gradient tensors 

and Chord direction velocity distributions computed from the 

leading edge separation state at the normal mode  

(Iso-surface is colored by x-vorticity).
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Fig. 13. Iso-surfaces of 2nd invariant of the velocity gradient tensors 

and Chord direction velocity distributions computed from the 

leading edge separation state at the burst mode

(Iso-surface is colored by x-vorticity).
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