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Contribution of large-scale vortex and fine-scale turbulent structure
in separated flow control using DBD plasma actuator
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2D simulations for a flow controlled by the DBD plasma actuator were conducted to investigate the effect of spanwise
vortices induced by plasma actuator. The DBD plasma actuator is set at the 5% chord length from the leading edge of
NACAQ015 airfoil and operated in burst mode. The Reynolds number based on chord length is 63,000 and the angle of
attack is 14 [deg]. By phase average analysis for non-dimensional burst frequency of 6, the 3D LES showed the spanwise
vortex broken down and formed three-dimensional structures. However, the 2D simulation did not show the breaking down
of the spanwise vortex. Since the 3D LES showed better flow control than the 2D simulation by comparing the time averaged
flow field, these results indicate that the three dimensional vortex structure due to the transition causes better flow control.
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Fig. 4 Computational grids near the leading edge.
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Table 1. Plasma actuator parameter for 2D calculation

c DBD location [%] Dc Toase [HZ] BR[%]
OFF N/A N/A N/A N/A
F=1 5 0.64 1000 10
F+=6 5 0.64 6000 10

Table 2. Plasma actuator parameter for 3D calculation

DBD location [%] Dc Thase [HZ] BR [%]
OFF N/A N/A N/A N/A
F=1 5 0.16 1000 10
F+=6 5 0.16 6000 10
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Fig. 5 Iso-surfaces of 2nd invariant of velocity gradient tensors and chord
direction velocity distributions

(Iso-surfaces is colored by x-vorticity)
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Fig. 6 Time averaged velocity field of 3D LES

Table 3. Separation and reattachment points of 3D LES

separation point | reattachment point
xic xlc
OFF 0.022 -
F=1 0.015 0.381
F=6 0.019 0.143
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Fig. 7 Time averaged velocity field of 2D calculation

Table 4. Separation and reattachment points of 2D calculation

separation point | reattachment point
xlc x/c
OFF 0.017 0.177
F=1 0.018 0.148
F*=6 0.023 0.127
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Fig.8 Pressure coefficient
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Fig. 9 Phase averaged flow field of F*=1
\orticity and 2nd invariant of velocity gradient tensor
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Fig. 10 Phase averaged flow field of F+=6
Vorticity and 2nd invariant of velocity gradient tensor
(left : 2D calculation, right : 3D LES)

SEH

Copyright © 2014 by JSFM



@

@

©)

@

©)
®)

)

®)

©)

(10)

(11

12)

13)

(14)

(15)

(16)

)

(18)

(19)

Huang, L., Huang, P. G., LeBeau, R. P.,and Hauser, T., “Numerical
Study of Blowing and Suction Control Mechanism on NACA0012
Airfoil,” Journal of Aircraft, Vol. 41, No. 5, (2004), pp. 1005-1013.
Dano, Bertrand P. E., Zha, Gecheng, and Castillo, M., “Experimental
Study of Co-Flow Jet Airfoil Performance Enhancement Using
Discrete Jets,” ATAA Paper 2011-0941, (2011).
Seshagiri, A., Cooper, E., and Traub, L. W., “Effect of Vortex
Generators on an Airfoil at Low Reynolds Numbers,” Journal of
Aircraft, Vol. 46, No. 1, (2009), pp. 116-122.
Corke, T. C., Lon Enloe, C. L. and Wilkinson, S. P., “Dielectric
barrier discharge plasma actuators for flow control,” Annual Review
of Fluid Mechanics, Vol. 42, (2010) , pp. 505-529.
Visbal, M. R., and Gaitonde, D. V., “Control of Vortical Flows Using
Simulated Plasma Actuators,” ATAA 2006-505, (2006).
Greenblattt, D., Schneider, T., and Schule, C. Y., “Mechanism of
flow separation control using plasma actuation,” Physics of Fluids,
\ol. 24, 077102, (2012).
Mejia, O. D. L., Moser, R. D., Brzozowski, D., and Glezer, A,
“Effect of Trailing-Edge Synthetic Jet Actuation on an Airfoil,”
AIAA Journal, Vol. 49, NO. 8, (2011), pp. 1763-1777.
Zhang, S. and Zhong, S., “Turbulent Flow Separation Control over a
Two-Dimensional Ramp Using Synthetic Jets,” AIAA Journal, Vol.
49, No. 12, (2011), pp. 2637-2649.
Sidorenko, A. A. et al., “Pulsed Discharge Actuators for Rectangular
Wings Separation Control,” ATAA 2007-941, (2007).
Vishal, M. R., Gaitonde, D. V., and Roy, S., “Control of Transitional
and Turbulent Flows Using Plasma-Based Actuators,” AIAA 2006-
3230, (2006).
Patel, M. P, Terry Ng, T., Vasudevan, S., Corke, T. C., Post, M. L.,
McLaughlin, T. E., Suchomel, C. F. “Scaling Effects of an
Aerodynamic Plasma Actuator,” AIAA Paper 2007-635, (2007).
Sekimoto, S., Asada, K., Usami, T,, Ito, S., Nonomura, T., Ooyama,
A. and Fujii, K., “Experimental study of effects of frequency for burst
wave on a DBD plasma actuator for separation control,” AIAA Paper,
2011-3989, (2011).
Asada, K. and Fujii, K., “Burst Frequency Effect of DBD Plasma
Actuator on the Control of Separated Flow Over an Airfoil,” AIAA
2012-3054, (2012).
Sato, M. et al., “Parametric study on separation contrpl by DBD
plasma actuator over NACA0012 and NACAQ0015 airfoil at
Reynolds Number 63,000”, 65th Annual Meeting of the APS
Division of Fluid Dynamics, (2012).
Nonomura, T. et al., “Control Mechanism of Plasma Actuator for
Separated Flow around NACAQ0015 at Reynolds Number 63,000~
Separation Bubble Related Mechanisms-,” ATAA 2013-0853.
Fujii, K., “Progress and Future Prospects of CFD in Aerospace-Wind
Tunnel and Beyond”, Progress in Aerospace Sciences, Vol. 41, No.
6, (2005), pp. 455-470.
Fujii, K., “CFD contributions to high-speed shock-related problems”,
Shock Waves, Vol. 18, No.2, (2008), pp145-154.
Lele, S.K., “Compact Finite Difference Scheme with Spectral-Like
Resolution,” Journal of Computational Physics, Vol.103, (1992), pp.
16-22.
Gaitonde, D. V. and Visbal, R. M., “Pade Type Higher-Order
Boundary Filters for the Navier-Stokes Equations,” AIAA Journal,
\ol. 38, No. 11, (2000), pp. 2103-2112.

% 28 ARIERAENFEL VRO L
E02-4
(20) Chakravarthy, S. R., “Relaxation Methods for Unfactored Implicit
Upwind Schemes,” ATAA Paper 84 — 0165, (1984).
(21) Nishida, H. and Nonomura, T, “ADI-SGS Scheme on Ideal
Magnetohydrodynamics”, Journal of Computational Physics Vo.
228, Issue 9, (2006), pp. 3182-3188.
(22) Suzen, Y. B. and Huang, P. G., “Simulations of Flow Separation
Control using Plasma Actuator,” AIAA Paper 2006-877, (2006).

Copyright © 2014 by JSFM



