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Introduction

Since the introduction of the concept of boundary layer and its
separation by Prandtl, researchers have been trying to control
the boundary layer and prevent its separation. Since the flow
separation starts from the boundary layer, the purpose of flow
control is to control the boundary layer. Flow control is an
important issue to improve the performance of flying devices.
In this philosophy, flow separation is prevented by
transferring energy to the boundary layer and keeping it close
to the wall. A moving surface tries to do this in two ways:
Minimizing the relative motion between the surface and the
free stream, it prevents the initial growth of the boundary layer
and injects energy into the existing boundary layer. Magnus
studied the force produced by the rotation of a body moving
in a fluid and used its effect to build a ship with a vertically
rotating cylinder that replaced the sail, and since then this
effect has been named the Magnus effect.

This research used the research geometry of Sahu et al. The
speed of the moving surface is determined based on its ratio
with the free flow speed and is expressed as the speed ratio. In
other studies, the speed ratio for the moving surface is low.
The purpose of this study is to investigate the effect of moving
surfaces in high-speed ratios. We would like to investigate the
effect of this increase in speed, so we increase the speed at a
certain rate. Therefore, in this research, the impact of a circular
cylinder on the leading edge of the NACA 0012 airfoil at the
speed ratio of 5, 10, 15, and 20 on the lift and drag coefficients
is investigated. This investigation is two-dimensional and K-
® SST turbulence model is employed. Moreover, according to
Sahu et al., the free flow speed is 1 meter per second, the flow
pressure is 101,325 Pa, the flow temperature is 298 K, and the
length of the airfoil’s chord is 1 meter.

2. Numerical setup

The desired airfoil is NACA 0012 with a chord length of 1
meter, and a circular cylinder with a diameter of 0.1 chord
length and a distance of 0.001 chord length is placed on the
leading edge of the airfoil. The mesh is structured and
boundary layer network in such a way that y* becomes less
than one or at most one. Also, the size of the computing space
in the front, top and bottom directions is considered to be 10
times the length of the chord, and at the end 20 times the chord

length of the airfoil. At the rotating edge and near the surface
of the airfoil, the mesh is finer due to its sensitivity and greater
impact on the results. ANSYS FLUENT software was used for
numerical simulation. A pressure-based solver was chosen
because the Mach number was less than 0.3 and the density
was constant. For the rotating part, we used mesh motion and
applied the desired speeds.

3. Results

What can be seen at first glance from Figure 1 is the great
impact of the moving surface placed on the airfoil's leading
edge. The drag force coefficient has decreased with the
increase of the speed ratio. With the increase of the speed ratio,
not only the drag coefficient decreases, but also the propulsive
force is created. From the speed ratio of 10 and above, the drag
coefficient is negative, which indicates the creation of
propulsive force. Another advantage of the moving surface, as
expected, is the prevention of flow separation. By increasing
the speed ratio to 20 and increasing the energy injected into
the boundary layer, the flow separation has been completely
prevented.

The reason for creating the propulsive force (negative drag
in Figure 1-b) can be found in the contribution of the pressure
drag to the total drag and drawing of the pressure coefficient
on the surface. This research is done for an angle of attack of
24 degrees. As it is clear from Table 1, in the case of an airfoil
without a moving surface, the pressure drag has a more
dominant contribution than the frictional drag, so it is possible
to ignore the frictional drag. But by using the moving surface
at the leading edge of the airfoil, at a speed ratio of 5, the
pressure drag significantly reduced and became less than the
frictional drag. The frictional drag, however, is increased,
which is the result of the increase in the speed of the boundary
layer flow due to the injection of energy into the boundary
layer by the moving surface. As Table 1 shows, not only is
there no pressure drag, but its amount is negative, which
indicates the creation of propulsive force. Although the
frictional drag increases with the increase in the speed ratio,
the pressure drag becomes more negative, which causes the
total drag to become negative. So the propulsive force created
is due to negative pressure drag.
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Table 1. Total, pressure, and frictional drag coefficients

Drag type Total Pressure Frictional
gtyp drag drag drag
Withoutrotating | g 7735 | 7724 0.0012
cylinder
Speed ratio of 5 0.0447 -0.0116 0.0331
Speed ratio of 10 -0.0023 -0.0734 0.0711
Speed ratio of 15 -0.0812 -0.1939 0.1127
Speed ratio of 20 -0.185 -0.342 0.157

e Without rotating cylinder
35}

Speed Ratios5
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Figure 1. Lift and drag coefficients on an airfoil without a
moving surface and with a moving surface at different speed
ratios a) Lift coefficient b) drag coefficient

4. Conclusion

The use of a moving surface prevents flow separation and
airfoil stalling. It increases lift and reduces drag. The higher
the speed ratio, the better its aerodynamic effect. As the speed
ratio increases, the energy injected into the boundary layer
increases, and the flow separation is delayed. As a result, the
back pressure caused by the separation of the flow is greatly
reduced. Among the examined modes, the speed ratio of 20 at
the angle of attack of 24 degrees with a drag coefficient of
3.564 and a drag coefficient of -0.185 has the most favorable

aerodynamic performance.

The most crucial achievement of this research is the
negative drag coefficient. The negative drag coefficient is a
sign of creating a propulsive force. The source of the
propulsive force created is negative pressure drag. In the high-
speed ratio, the above results are obtained, and since lower
speed ratios were investigated in other articles, such results
have not been reported so far, and this is the main difference
between the current research and previous research.

In general, it can be stated that the use of a moving surface
in the form of a rotating cylinder placed at the leading edge of
the NACA 0012 airfoil at high speeds has significantly
improved the aerodynamic performance of the airfoil, and the
moving surface itself can be used as an airplane propulsion
engine.
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Investigating the Effect of Moving Surface on NACA 0012 Airfoil in High Speed Ratio
Hasan Abolghasemi Golafshani Mohammad Javad Amiri Ehsan Rouhi

Abstract The design and development of high-performance airfoils is essential for the development of the aviation
industry. At larger angles of attack, higher lift and shorter flight bands are achieved. But at high angle of attack, the
phenomenon of flow separation occurs so that after the stall angle, the flow is completely separated from the upper
surface of the wing, resulting in a sharp drop in lift and drag increase. In this study, an attempt has been made to prevent
the separation of flow by using the moving surface in the ratio of high velocities on NACA 0012 airfoil and to improve
the aerodynamic performance of NACA 0012 airfoil by increasing the lift force and reducing the drag force. The velocity
ratio means the ratio of the moving surface velocity to the free flow velocity. This research was performed by numerically
in two dimensions using Ansys Fluent and k-«-SST turbulence model with SIMPLE algorithm. The use of a moving surface
in the form of a rotating cylinder at the leading edge of the NACA 0012 airfoil at a high speed ratio, in addition to
preventing current separation and increasing the lift, has negatively affected the drag, which indicates its propulsive
force contribution. Of all the simulated states, the velocity ratio of 20 at attack angle of 24 with a lift coefficient of 3.564
and a drag coefficient of -0.185 had the most favorable aerodynamic performance.

Key Words Flow Separation, Moving Surface, NACA 0012, Flow control, Lift, Drag.
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