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1. Introduction

Today, improving the aerodynamic performance of
airplanes, which leads to the optimization of fuel
consumption and reduction of greenhouse gases, as well as
the shrinking of engines, is one of the biggest concerns of
experts in this field. Various techniques have been
presented to control and improve the flow in the
aerodynamic surfaces of the aircraft, but the most
important of them is the use of leading and trailing edge
high lift devices on the wings. The main task of these high
lift devices is to provide higher lift coefficients in take-off
and landing conditions, so that this issue does not disturb
the performance of the aircraft in cruise mode. In light
aircraft, trailing edge high lift devices are often used, in
particular, simple flaps, single flaps, and fowler flaps.

Flaps and other high lift devices were originally used to
land airplanes in small areas. Nowadays, according to the
topic of high loading, the need for this equipment is felt in
the take-off phase as much as in the landing phase. During
takeoff, a high maximum lift coefficient is required along
with a low drag coefficient. While landing, a high
maximum lift coefficient is required like takeoff phase,
with the difference that the presence of some more drag can
be useful.

After validating the data with experimental research
and aerodynamic analysis of an airfoil equipped with a
single slotted flap, this research seeks to find the
appropriate geometric parameters for the deployment of
the flap.

2. Method

Slotted flaps are generally similar to simple and fowler
flaps in terms of increased curvature and in some cases,
increased chord. With the difference that there is a gap in
between that can delay the flow separation by sucking
high-energy air from the lower surface and using it to
control the boundary layer on the upper surface of the flap.
The airfoil equipped with a single slotted flap mechanism
has its own geometric parameters, the most important of
which are the gap distance, overlap, slot lip, and slot entry,
which are analyzed along with parameters such as flap

type, flap size, and its rotation rate. Figure 1 shows the
main geometric parameters of a single slotted flap.
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Figure 1. The parameters of airfoil equipped
with single slotted flap

In this research, first, according to the experimental
results of the wind tunnel on the Naca-23012 airfoil
equipped with a Clarck-Y type single slotted flap, the
validation of the data was done and a database was created
based on the experimental research. Then, by making
changes in the geometrical parameters of the gap and
overlap, the problem of improving the aerodynamic
performance of the airfoil was evaluated. First, the required
geometries in different angles of attack and flap were
created in the Gambit software and the scope of the flow
solution was defined. By using different tools of Gambit
software, meshing was created successfully and boundary
conditions were defined. Then, the final model was
analyzed in Fluent to do a mesh independence study and
verify it.

3. Governing equations

Fluent is used for numerical solutions and discretization of
equations. The basic principle that is used in fluid
mechanics is the principle of conservation of mass, which
is expressed by Equation 1, which is called the equation of
continuity:

(T1)=0 (1)
According to Newton’s second law, the result of forces
acting on an object equals the changes in momentum.
Assuming an incompressible flow and a constant viscosity
coefficient, the form of the Navier-Stokes equation is as
follows:
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where V is the velocity vector, P is the pressure, f is the
volumetric force and p is the viscosity.

4. Results

In order to validate the results of present study, an
experimental research was done that experimentally
studied the NAKA-23012 airfoil equipped with a single
slotted flap and its aerodynamic performance at the angles
of attack as well as different flap angles. The comparison
of the results shows that the coefficients obtained in
different conditions are in acceptable agreement with the
data in the reference article and the verification has been
done correctly. The grid independency was checked and
the grid with 350,000 elements was determined suitable.
Due to the impossibility of using a structured mesh for this
geometry, an unstructured mesh was used. Table 1 shows
the general simulation conditions.

Table 1. The simulation condition

Flow dimention 2-D
Flow turbulent

Turbulence Intensity %1.6

Operating pressure 1 atm
Velocity 35.8mis

Precision double precision
Solver coupled
Turbulence model k-¢ realizable

First, the gap parameter was evaluated with different
values (0.01c to 0.03c) to investigate its impact on the
aerodynamic coefficients. The results show that any
change in the gap distance leads to a decrease in the lift to
drag ratio, and in general, the gap distance of the reference
research (0.02c) is optimal. Then the overlap parameter
with the range of 0.0005c to 0.003c was examined. With
the amount of changes in the overlap distance less than the
value of the reference research (0.0025c), not only a
positive change in aerodynamic parameters is not
observed, but the aerodynamic outputs of the reference
paper are better. As a result, it can be said that reducing the
amount of overlap do not improve the aerodynamic
coefficients, but by increasing it to 0.003c, aerodynamic
coefficients improve significantly. In this way, at the attack
angle of 0 and the flap angle of 10 degrees, the drag
coefficient was improved by about 15%, which is shown in
Figure 2. In other angles of attack and flap, the result is like
this.

The reason for the improvement of aerodynamic
parameters in the overlap of 0.003c is the flow behavior
and pressure distribution in the new geometry.

Another point in the speed contours (Figures 3 and 4) is the
flow separation, which, for example, at the flap and attack
angle of 10 degrees, by changing the overlap value to
0.003c, the speed on the upper surface of the flap increased,
and this caused delay in separation. The same result was
observed in other angles, and we can reach the general

conclusion that by changing the amount of overlap, the
flow separation is significantly delayed.
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Figure 2. The values of the coefficient for a flap angle of 10
degrees
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Figure3. Speed contour with 0.003c overlap at flap angle and
angle of attack of 10°
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Figure 4. Speed contour with 0.0025c overlap at flap angle
and angle of attack of 10°

5. Conclusion

In this research, the effect of the geometrical variables of
the airfoil equipped with a single slotted flap on the
aerodynamic coefficients and delaying the flow separation
was simulated and investigated. Among the factors
affecting the performance of the airfoil, the most important
ones, i.e. gap and overlap parameters, were discussed. The
results for different geometric modes showed that changing
the gap parameter has no impact on the aerodynamic
performance; but with the change in the overlap parameter,
the aerodynamic coefficients were improved and the
displacement at the flow separation location is observed. In
this way, the drag coefficient at the flap angle of 10 degrees
improved up to 15% and the lift to drag ratios increased in
all flap angles and angles of attack. By placing the flap in
the optimal position and increasing the overlap value up to
0.003c, this research showed that with the new
configuration, the path of the air flow exiting from the edge
of the gap becomes narrower and the air is directed to the
upper surface of the flap at a faster speed. This improves
the aerodynamic efficiency of the airfoil equipped with a
flap as well as the delay in flow separation.
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Numerical Study of Improving the Aerodynamic Performance of the High Lift Devices
in the Two-Element Airfoil
Meysam lzadi Arash Shams Taleghani, Reza Khaki

Abstract The aim of this research is to improve the aerodynamic performance of a NACA-23012 airfoil equipped
with a High lift device by changing its geometric parameters. In this research, Navier-Stokes equations are solved in
turbulent and incompressible flow conditions using Fluent software. After the airfoil and flap modeling process, at
different flap angles (5 to 30 degrees), unstructured meshing was produced in Gambit software and the improvement of
aerodynamic performance due to changes in geometric parameters was investigated. The flow is assumed to be steady,
turbulent and incompressible, and the algorithm for solving the equations is also selected as pressure-based. The flow
Reynolds range is 3.6*10° and the turbulence model used is realizable k-epsilon. Comparison of the results and
aerodynamic characteristics of the airfoil equipped with a flap after making changes in the geometric parameters in the
Fluent software, shows that the aerodynamic coefficients are improved significantly (about 15%) and also the flow
separation is shifted towards the end of the flap. Also, the investigation of the pressure and velocity gradients at
different stages show that the changes are very effective and better distributed compared to the reference article.

Key words High Lift Devices, Single Slotted Flaps, Aerodynamic Optimization, Unstructured Grid.
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