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Abstract:  Wind energy has been seen as one of the most suitable sources of renewable energy. Wind energy
is low cost when compared the other sources. Therefore, wind energy can gain an edge over the
fossil-fired power plants. Aerodynamic efficiency of the airfoil is very crucial for aerodynamic
efficiency of the wind turbine. The primary purpose of our study was to analyze the NACA0012
and NACA4412 airfoil at various attack angles with constant Reynolds number and to examine
the effects of the symmetrical and asymmetrical profiles of the airfoil. Analysis of aerodynamic
performance of NACA0012 and NACA4412 airfoil were performed with using ANSYS Fluent
program. Also, lift coefficients and drag coefficients were calculated at various attack angles.
According to calculations, optimum attack angles were found for each profile. Finally,
NACAO0012 and NACA4412 airfoils were discussed and reported in terms of their airfoil
performances.
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Nomenclature
C. | Lift coefficient.
Cp | Drag coefficient.
F. | Lift force.
p | Density of air.
V | Inlet velocity of air.
A | Area of airfoil.
Fo | Drag force.
Re | Reynolds number.
u | Dynamic viscosity of the fluid
¢ | Chord length.
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1. INTRODUCTION

An airfoil is the shape of a wing, blade of a propeller, rotor, or turbine, or sail as seen in cross-section
to generate aerodynamic force. https://en.wikipedia.org/wiki/Airfoil. The main aim of airfoil’s is that
increase lift coefficient and decrease drag coefficient when exposed to a moving fluid. One of the most
critical components of the wind turbine is the blade profile since it allows the kinetic energy to be
converted to mechanical energy.

Computational fluid dynamics (CFD) has recently gained tremendous popularity and importance for
researchers because it is now possible to achieve faster and more accurate results for various flow
parameters around the geometry. CFD has found place in many major business sectors, which is in the
field of aerospace, automobiles, marine and industrial processes, and components where fluid velocity
and performance are important. In CFD calculations, it is easy to investigate the flow on airfoil geometry
in detail. Also, it is cost effective and it provides gaining the work time instead of the experimental
studies and have high costs.

In the recent studies, researchers examined NACA 4420 wind turbine airfoil profile [1-6]. Analyses are
done by changing the blade angle with different wind speed by them. In addition, it is studied the Lift
and Drag forces on a wind turbine blade for low Reynolds number and different angle of attack [7].
They examined NACA 0012 wind turbine airfoil profile and investigated NACA 0012 wind turbine
airfoil profile [8]. NACA 0012 is analyzed Wind turbine airfoil profile with various angles of attack
(4,6,8,10 degree), keeping the Reynolds number constant of 10°. NACA 0015 profile is examined as
wind turbine airfoil profile [9]. They studied the effect of angle of attack on the lift force, flow velocity
profile, pressure profile, flow separation and wake formation. Some researchers are compared NACA
0015 and NACA 4415 wind turbine airfoil profiles [8]. They evaluated the dynamics of flow separation,
lift, drag, pressure and velocity contour of NACA 0015 and NACA 4415 wind turbine airfoil profiles.
They also are compared NACA 6409 and NACA 4412 wind turbine airfoil profiles [10]. They analyzed
drag force, lift force as well as the overall pressure distribution over the airfoils. They changed the angle
of attack and they observed variation in different properties. Another type profile is examined as S809
series wind turbine airfoil profile [11]. They performed all the analysis with using turbulence models
like K-epsilon, Spalart-Allmaras and Viscous for the simulation S809 series airfoil at various angle of
attacks (0 to 14 degree).

2. THEORETICAL BACKGROUND

In this parametric study, theoretical background and terminology can be explained using some
definitions. One of main parameter is lift force and lift coefficient. Lift on a body is defined as the force
on the body in a direction normal to the flow direction. Lift will only be present if the fluid incorporates
a circulatory flow about the body such as that which exists about a spinning cylinder [8]. Lift coefficient
(CvL) is a dimensionless coefficient that relates the lift generated by airfoil, the dynamic pressure of the
fluid flow around airfoil, and a reference area associated with the body [9]. The drag on a body in an
oncoming flow is defined as the force on the body in a direction parallel flow direction [8]. Another
parameter is Drag coefficient (Cp) and it is a dimensionless quantity that is used to quantity the drag or
resistance of an object in a fluid environment such as air for airfoil [10]. Angle of attack is the angle
between chord line and relative wind as shown in Fig. 1. Besides that, airfoil dimensional parameters
are shown in Fig. 2.
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Figure 2. Airfoil design parameters.
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The Reynolds number (Re) is an important dimensionless quantity in flow analysis used to help predict
flow patterns in different fluid flow situations [12-18]. The flow unites with the airfoil on the leading
edge and detaches on the trailing edge. Thus, the vortices may come out on the trailing edge. So, the
Reynolds number must be considered. As the Reynolds number increases, the flow velocity increases
and the tendency to turbulence also increases. Lift coefficient, drag coefficient and Reynold number are
given in the below equations.
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3. GEOMETRY and MESH GENERATION

3.1. Geometry of Airfoils

In the following figures (i.e. Fig. 3), NACA0012 and NACA4412 profiles are shown as 2d sketch,
respectively. The coordinates of the airfoils were taken from NACA’s airfoil database [13]. The
coordinates of the airfoil were imported to ANSYS Workbench and to create the 2D geometry of the
airfoils.

Figure 3. Geometry of NACA0012 and NACA4412
3.2. Mesh Generation of Airfoils
In our study, it is important to catch wakes in leading edge and trailing edge. Therefore, to obtain reliable

resolution after trailing edge, it had better attain tight cells in terms of mesh size. C-grid type is expressed
as structural mesh at which another node follows each of nodes consecutively (Fig. 4).
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Figure 4. C-type mesh construction

In present analysis, C type mesh with three-way velocity inlet method is used. The close view of
geometry, mesh and boundary condition used in analysis is shown in Figs. 5 and 6, respectively. The
density based implicit steady solver with Realizable k- model turbulence model with second order
upwind scheme is used for analysis.
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Figure 6. Mesh Generation of NACA4412

3.3. Mesh Independency

In our study, analyzes were performed by increasing the number of mesh from 30,000 to 100,000. At
the end of each analysis, the C./Cp coefficients for a given angle of attack were calculated. When the
increase in the change in C./Cp coefficient becomes negligible, the optimum mesh number is
determined. For this calculation, the table is shown below:

Table 1. Mesh Independency Table

MESH NUMBERS CL CD CL/CD
30000 0.59118 0.020338 29.068
40000 0.6082 0.018363 33.121
50000 0.61613 0.017506 35.195
60000 0.6199 0.017078 36.298
70000 0.62251 0.016789 37.078
80000 0.62473 0.016387 38.124
90000 0.62583 0.016211 38.605
100000 0.62718 0.015977 39.255

For this results, mesh number was determined as 85,000 for the best solution.

4. INPUTS and BOUNDARY CONDITIONS

The analysis consists of flow around an airfoil at various angles of attack (4, 6,7, 8, 10, 12 degree). The
inputs and boundary conditions are shown in the table below.
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Table 2. Inputs and Boundary Conditions Table

N Input Value

1 Fluid Type Air

2 Velocity of Flow 8.575 [m/s]

3 Operating Pressure 101325 [Pa]

4 Density of Fluid 1.1767 [kg/m?]

5 Reynolds Number 108

6 Chord Length 1[m]

7 Operating Temperature 277 [K]

8 Angles of Attack 2[°7, 4[°], 6[°], 7[°], 8[°], 10[°], 12[°]
9 Model Realizable k-¢

10  Viscosity 1.009x10°° [kg/ms]

5. RESULT and DISCUSSION

5.1. Contours of Velocity Magnitude

In the following figures (i.e. Figs. 7-12), velocity contours at various attack angles (4°,6°,7°,8°,10°,12°)
were obtained for NACA0012 and NACA4412, where CFD simulations are shown. At the leading edge,
we can notice the stagnation point where the flow velocity is almost zero for each airfoil. As the flow
velocity accelerates over the upper surface of the airfoil, the velocity of the flow is completely opposite
for lower surface of each airfoil.

Comurs o Vekaily Magreide yemy
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Figure 7. Velocity contours of NACA0012 and NACA4412 at 4° of angle of attack
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Figure 9. Velocity contours of NACA0012 and NACA4412 at 7° of angle of attack
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Figure 10. Velocity contours of NACA0012 and NACA4412 at 8° of angle of attack
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Figure 11. Velocity contours of NACA0012 and NACA4412 at 10° of angle of attack
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Figure 12. Velocity contours of NACA0012 and NACA4412 at 12° of angle of attack

5.2. Static Pressure Contours

In the following figures (i.e. Figs. 13-18), static pressure contours at various attack angles (4 ,6 ,7 ,8 ,10

,12') were obtained for NACA0012 and NACA4412 where CFD simulations are shown. We can see

that the flow velocity on the upper side of each airfoil is accelerated; the flow velocity on the lower side
is opposite. According to Bernoulli's principle, the upper surface will encounter low pressure and the
lower surface will encounter higher pressure. For this reason, the value of the lift coefficient will increase
and the value of the drag coefficient will increase, but the increase in drag is less than the increase in
lift. The pressure on the lower surface of each airfoil is greater than the pressure on the upper surface.
Each airfoil is pushed upward effectively into the incoming flow stream.
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Figure 13. Pressure contours of NACA0012 and NACA4412 at 4° of angle of attack
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Figure 14. Pressure contours of NACA0012 and NACA4412 at 6° of angle of attack
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Figure 15. Pressure contours of NACA0012 and NACA4412 at 7° of angle of attack
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Figure 16. Pressure contours of NACA0012 and NACA4412 at 8° of angle of attack
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Figure 17. Pressure contours of NACA0012 and NACA4412 at 10° of angle of attack
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Figure 18. Pressure contours of NACA0012 and NACA4412 at 12° of angle of attack
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5.3. Distribution of Pressure Coefficient

In the following figures (i.e. Figs.19-24), pressure coefficient distributions of the NACA0012 and
NACAA4412 airfoils at different attack angles is shown. It can be seen that the pressure coefficient varies
greatly under different attack angles. Upper surface of the airfoil has negative pressure coefficient and
the lower surface of airfoil was positive, so the lift force of the airfoil is upwards. When the attack angle
increases, pressure coefficient difference between the lower and upper surface also increases. It is also
found that the pressure difference coefficient is much lower at the trailing edge when it is much larger
at the leading edge. Thus it also shows that the airfoil's lift force is mainly generated at the front edge.
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Figure 19. Pressure coefficient of NACA0012 and NACA4412 at 4° angle of attack
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Figure 20. Pressure coefficient of NACA0012 and NACA4412 at 6° angle of attack

155



JOURNAL OF ENERGY SYSTEMS

[T I [e wtal_ ]
1 O0e=c0
L 00edt
S00e<00 |
Pressure Pressiure 5me0t
Coefficent . Coefficient
1 MestS
1130000 |
|
-3 500090 —r IMMeel® 4 - - - - - e - e — - o
81 B3 03 A4 65 08 07 a8 BNt a2 3 a2 os e o '
Posttion {(m) Pasibon (m)
| Pressurs Covtcinn At 23,3018 | Presmas Coumct w12 10

| ANEYE Flant Faleste 6 2 4. & Gbrn img. ) ANETE Pt Ranese 141 01 . Mes g ) |

Figure 21. Pressure coefficient of NACA0012 and NACA4412 at 7° angle of attack
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Figure 22. Pressure coefficient of NACA0012 and NACA4412 at 8° angle of attack
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Figure 23. Pressure coefficient of NACA0012 and NACA4412 at 10° angle of attack
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Figure 24. Pressure coefficient of NACA0012 and NACA4412 at 12° angle of attack

5.4. Curves of Lift and Drag Coefficient

The curves of lift and drag coefficient are computed at various angles of attack using the Realizable k—¢
turbulence model for NACA0012 and NACA4412.

Table 3. C./Cp Values with Changing Angle of Attack for NACA0012

NACA0012
Angle of Attack(°®) CL Co C./Cp
4 0.42283 0.013677 30.91540543
6 0.62568 0.016235 38.53895904
7 0.72368 0.018122 39.93378214
8 0.81816 0.020519 39.87328817
10 0.99066 0.027409 36.14360247
12 1.11060 0.038996 28.47984409

Table4. CL/CD Values with Changing Angle of Attack for NACA4412

NACA4412
Angle of Attack(®) CL CD CL/CD
4 0.83354 0.016476 50.5911629
6 1.0281  0.019713 52.15340131
7 11211 0.021827 51.36299079
8 1.209 0.024379 49.59186185
10 1.3588  0.030955 43.89597803
12 1.45 0.040606 35.70900852
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Figure 25. C/Cp Values for Naca0012 and Naca4412 Vs Angle of Attack

6. CONCLUSION

Analysis of aerodynamic performance of NACA0012 and NACA4412 airfoil have been performed at
various attack angles (4°, 6°, 7°, 8°, 10°, 12°) with constant 10° Reynolds number, and using the
Realizable k—¢ turbulence model. These calculations will support the calculating of a whole turbine
power coefficient. These airfoils can also be applied in different turbine’s stations or radial positions. It
can be seen that from the velocity magnitude figures, the upper surface’s flow velocity is higher than
the lower surface’s flow velocity and flow velocity of the upper surface increases with increasing attack
angles. It can be seen that from the static pressure contours, static pressure of the lower surface of the
airfoil increases with increasing attack angles. It can be seen that from the pressure coefficient figures,
upper surface of the airfoil has negative pressure coefficient and the lower surface of airfoil was positive,
so the lift force of the airfoil is upwards. It can be seen that from the C_and Cp values tables, CLand Cp
values increases with increasing attack angles. When the C./Cp values are examined, it is seen that 7°
angle of attack is the optimum value for NACA0012. When the C/Cp values are examined, it is seen
that 6° angle of attack is the optimum value for NACA4412.

When the static pressure contours of NACA0012 and NACA4412 are examined, it can be seen that
NACA4412 will have greater pressure gradient at every angle of attack. When the velocity magnitude
contours of NACA0012 and NACA4412 are examined, it can be seen that the lower surface of the
asymmetric airfoil (NACA4412) provides more lift than the lower surface of symmetrical airfoil
(NACA0012). When the pressure coefficient of NACA0012 and NACA4412 is examined it is realized
that area of negative pressure for NACA4412 is larger than NACA0012. When the static pressure
contours, velocity magnitude contours, pressure coefficient, and the lift and drag coefficients with the
change of angle of attack, it can be noticed that the cambered airfoil NACA4412 is more efficient shape
than symmetrical airfoil NACAQ012 at every attack angles.
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