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1. Introduction

Rapid changes in the angle of attack of an airfoil
cause vortices to form which move down from the
leading-edge to the trailing-edge. As the dynamic
stall vortex passes through the trailing-edge, the
lift coefficient decreases sharply and the drag
coefficient  increases  significantly.  This
phenomenon is called dynamic stall. Dynamic
stall and related phenomena have always been
considered in the aerospace industry and many
efforts have been made by researchers to
understand them better. Vortices isolated from the
leading-edge of a two-dimensional oscillating
wing affected the aerodynamic forces. Separated
vortices appeared to be fed of their initial vortices
therefore by suppressing initial  vortices,
separation can be controlled. Various control
mechanisms have been used to delay separation
and prevent stalls. Suction, blowing and synthetic
jets are three major active flow controllers that are
used for the dynamic stall.

The influence of suction jet parameters on
dynamic stall has not been comprehensively
investigated in previous researches. In this study,
the effect of variable parameters of continuous
suction jet on dynamic stall of a Naca0012 airfoil
was perused.

2. Methodology

Numerical method

In this study, incompressible Reynolds averaging
Navier-Stokes equations were used. A two-
dimensional Naca0012 was simulated and
pressure-base algorithm was used as the solver.
SIMPLE algorithm was utilized for pressure-
velocity coupling and turbulent flow properties
were simulated with k-@ SST model.

Computational domain and boundary condition
Free stream velocity at far field and no-slip
condition over the walls are considered as
boundary conditions in the uncontrolled case. In
controlled cases, velocity outlet was selected as

boundary condition at exit orifice. The airfoil had
a sinusoidal motion about its quarter-chord with
reduced frequency of 0.1 at Reynolds number of
135000. In this movement, the angle of attack was
changing between -5 and 25 degrees.
Computational domain was extended 19 chord
lengths behind and ahead of the airfoil for
eliminating the effect of the inlet conditions in
aerodynamic coefficients. A structured O-type
grid was generated for computational domain and
dynamic mesh was employed in part of the
domain to improve mesh quality. Figure 1 and 2
show the computational domain and dynamic part
of it and the grid clustering in the vicinity of
leading-edge and trailing-edge, respectively.

Dynamic Mesh Region

Crvazic]
size of the
chord

Suction Jet

Figure 1. Computational domain and dynamic
part of it

Grid independence and time step

The grid independence was investigated. The
result revealed that 203000 cells were sufficient
for the simulation. We investigated the time-step
independence and comprehended that the time
step size of 0.0001 second was small enough for
the simulation.

Figure 2. Grid in vicinity of leading and trailing edges
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Validation

The experimental data of Lee and Gerontakos in
2004 was used to validate our numerical results
for the uncontrolled case. Figure 3 shows this
validation. In the upstroke motion, our simulation
has compliance with experimental data but
predicts stall earlier than it. In the downstroke
motion, the simulation traces the experimental
results with oscillations. The accuracy of our
simulation with experimental results is similar to
the numerical studies of other researchers in
dynamic stall.

C,— A0A

----- Expriment [6]
—— Gharali [31]

—— Present study

-10 -5 0 5 10 15 20 25 30
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Figure 3. Hysteresis curve of lift

3. Results and Discussion

In order to investigate the effect of the jet location
and the suction angle, the momentum coefficient
and the aperture area of the jet were considered
0.14 and 0.005 of chord length, respectively. The
results of this study can be seen in Figure 4. This
Figure shows that with increasing the suction
angle in each place, the average aerodynamic
performance increases and the best jet location to
improve it, is 0.04 of the chord length.

(L/D),y~Position

= = = unconfrolled

)
Xe

Figure 4. The effect of jet location and suction angle
on the average aerodynamic performance

The effect of increasing the jet momentum
coefficient on the average aerodynamic
performance with the aperture area of 0.005 of
chord length is shown in Figure 5. In general, with
increasing jet momentum coefficient, the average
aerodynamic  performance improves. This
improvement is more noticeable by approaching
the 0.04 chord length and 90 degrees suction
angle. The effect of orifice length on the average

aerodynamic performance at a constant
momentum coefficient was investigated. The
results showed that increasing the width
significantly improves the performance although
the jet velocity decreased.

anaboicbosgroe) o T T 0 e

Figure 5. The effect of jet momentum coefficient on
average aerodynamic performance

4. Conclusion

In this study, the effect of suction jet parameters
on the control of dynamic stall of a NACA0012
was investigated at Reynolds number of 135000.
The results showed that the location of 0.04 of
chord length is more suitable than other locations
for placing the suction jet, and by increasing the
suction angle and approaching 90 degrees, the jet
has a better effect on the flow control. The effect
of jet velocity and orifice size is such that
increasing them improves jet performance.
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