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1. Introduction

Dynamic stall is a phenomenon often seen in helicopters
and balloons. When flying forward, some areas of the
helicopter blade may cause the flow to return to the blade
motion path, resulting in a rapid change in the angle of
attack. This phenomenon and related issues have always
been of interest to researchers. Flow control has always
been of interest to researchers and craftsmen, including
small changes in configuration that lead to an engineering
advantage such as increased lift force, reduced drag force,
increased mixing, or reduced noise.

In the present work, the effects of operating parameters
of a blowing jet on dynamic stall flow are investigated
numerically. It was tried to consider all the parameters in
this type of jet, so four parameters of jet location, jet orifice
length, jet blowing angle, and jet velocity were selected
and the effects of these parameters in controlling the flow
of the torsional airfoil were studied. In other studies, the
simultaneous effects of one or two parameters have been
investigated and in no study has explored the effect of
angle on the blowing jet during dynamic stall. In the
present work, the effect of this parameter along with other
parameters was investigated. The average lift and drag
coefficient and aerodynamic performance in a period of
airfoil rotation are considered to compare the jets with each
other and their effects on the control of the separated flow.

2. Modeling and validation

2.1. Computational domain and boundary conditions
The computational domain is divided into rotating and
non-rotating parts. The total computational domain is a
circle with a radius of 20 times the length of the chord. The
mesh is visible near the leading and trailing edge in Figure
1. In the sample without jet, the wall without slip and the
inlet velocity were considered as boundary conditions, and
in the sample with the jet, the part of the jet orifice is
separated from other parts of the airfoil and the velocity
inlet condition is applied to it.

Figure 1. Accumulation of cells near the leading and
trailing edge

2.2. Mesh and time step independence

In order to investigate the adequacy of the final mesh and
the independence of aerodynamic coefficients from the
mesh, the study of mesh independence was performed and
also the independence of the results from the time step was
examined. Figure 2 shows the results.
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Figur 2. a) Mesh independence, and b) Time step
independence
2.3. Validation

The simulation results were compared with the
experimental results of Lee et al. and the numerical results
of Wong et al.. The result of this comparison can be seen
in the lift coefficient curve in Figure 3. Numerical
simulation in the upward movement of the upstroke to 24
degrees is in good agreement with the experimental results
but has predicted the stall earlier, and also in the
downstroke movement, the general trend is maintained,
but we have fluctuations in these parts.
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Figure 3. Simulation validation

3. Results and discussion
The effect of the position and angle of the jet is
investigated by assuming a constant jet orifice length and
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momentum coefficient. For this purpose, the jet
momentum coefficient was considered 0.14. For the
opening size, two values of 0.005 and 0.01 chord length
were selected. Under these conditions, the jet was put in
places 1, 4, 6, 10 and 20% of the chord length with blowing
angles of 30, 60 and 90 degrees. The results of this study
on aerodynamic performance can be seen in Figure 4.
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Figure 4. The effect of blowing jet location and angle on the
average aerodynamic performance with a momentum
coefficient of 0.14 and an orifice length of 0.005

According to Figure 4, increasing the angle to a certain
degree increases this quantity, and as can be seen, the best
angle between the three angles to improve this parameter
is 60 degrees. Another important point is that in this
quantity, in all three angles, the optimal location is the
same and is 0.01 the length of the chord.

Figure 5 examines the effect of jet momentum
coefficient on mean aerodynamic performance. In general,
in all cases, with increasing jet momentum coefficient, we
see an increasing in this parameter. The closer this place is
to 0.01 chord length, the more obvious the parameter

increase. The highest average aerodynamic performance
coefficient is related to the jet momentum coefficient of
0.14 and the location is 1% of the chord length and jet
angle is 60 °.
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Figure 5. The effect of blowing jet momentum coefficient
on the average aerodynamic performance

4. Conclusion

In the present work, the effects of blowing jet performance
parameters on the control of dynamic stall flow were
investigated numerically. The results showed that the
blowing jet had a better effect of 1% of the chord length
than in other places. Three spray angles of 30, 60 and 90
degrees were considered to investigate the effect of the jet
angle. Studies have shown that a 60-degree angle is better
at controlling flow than the other two angles.
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