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mprove aerodynamic coefficients on dynamic stall oscillating airfoil by using
Plasma Actuators
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Abstract

Plasma actuator is one of the newest devices in flow control techniques which
can delay separation by inducing external momentum to the boundary layer of the
flow. In this paper, dynamic stall behavior has been studied fora NACAO0012 airfoil
undergoing pitching motion by a numerical approach in the with and without of
plasma actuator. The oscillation frequency, amplitude and the Reynolds number
were found to be the major contributors in dynamic stall. The flow field structure
and the associated vortices for this airfoil as well as the effect of the oscillation
frequency on aecrodynamic efficiency were also studied. The two dimensional flow
field was numerically investigated and the k-o SST turbulence model was utilized
for the present analysis. The results indicates that in the without plasma actuator,
increasing the oscillation frequency and amplitude cause the dynamic stall occur
at higher angles of attack. Furthermore, Increasing the Reynolds number reduces
the lift coefficient and the hysteresis loop slender.

But if plasma actuator is on, dynamic stall would not happen and aerodynamic
coefficients would improve. The flow field structure revealed that the main cause
of the dynamic stall is a series of low pressure vortices formed at the leading edge
which shed into downstream and separate from the surface. A secondary vortex will
then appear and increase the lift coefficient dramatically. When plasma actuator is
on, separation is delayed and the strength and size vortex is much reduced.
Keywords: Oscillating airfoil, Dynamic stall, Plasma actuator, Flow structure, Vortex.
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#define k1  6.54*pow(10,9)
#define k2 2%kl

#define Eo 2.2627*pow(10,7)
#define freq 3000

#define rthoc 1.0*pow(10,17)
#define Eb 3000000

#define deltat  67*pow(10,-6)
#define e 1.602*pow(10,-19)
#define Uo 4000
DEFINE_SOURCE(xmom_source, c, t, dS, eqn)
{

real source;

real E;

real Ex;

real fx;

real xIND_NDJ;
C_CENTROID(x,c,t);

E = Eo - k1*(x[0]-.0135) - k2*x[1];
if (E > Eb)

{

Ex = E*k2/pow(pow(k1,2.0)+pow(k2,2.0),.5);
fx = Ex*rhoc*e*freq*deltat;

source = fX;

dS[eqn] = 0.0;

}

else

{

source = 0.0;

dS[eqn] = 0.0;

}

return source;

}
DEFINE_SOURCE(ymom_source, c, t, dS, eqn)

{

real source;

real E;

real Ey;

real fy;

real xIND_ND];
C_CENTROID(x,c,t);

E = Eo - k1*(x[0]-.0135) - k2*x[1];
if (E > Eb)

{

Ey = E*kl/pow(pow(k1,2.0)+pow(k2,2.0),.5);
fy = Ey*rhoc*e*freq*deltat;

source = fy;
dS[eqn] = 0.0;
}

else

{

source = 0.0;
dS[eqn] = 0.0;
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return source;
}
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#include "udf.h"



