
 
Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

Comparative Numerical Aerodynamics Performance       

Analysis of NACA0015 and NACA4415 Airfoils  
 

Haydar Kepekci 

 
Department of Mechatronics Engineering, Nisantasi University, Istanbul, Turkey 

*Corresponding author E-mail: haydar.kepekci@nisantasi.edu.tr 

Manuscript received 16 Nov 2021; revised 20 Nov 2021; accepted 1 Jan 2022. Date of publication 10 Jan 2022 

Abstract 

 

The climate crisis caused by global greenhouse gas emissions has led to many disasters around the world in recent years. Some of these 

disasters are floods in various parts of Europe, melting of Arctic glaciers, and rising water levels in the oceans. People living on islands 

in Southeast Asian countries are forced to migrate due to rising water levels. With the increase in the frequency of such situations, life on 

earth is at risk. Greenhouse gas emissions harm not only humans but also animals and plants. The most effective measure that can be 

taken against this is to stay away from fossil fuels. With the use of fossil fuels, the carbon ratio in the atmosphere increases, and climatic 

imbalances occur. For this reason, the interest in alternative energy sources is increasing. Wind energy is one of the most widely used 

renewable energy sources. This is due to the low cost of installation and ease of use. The most important factor affecting the aerodynamic 

efficiency of wind turbines is the blade profiles. Numerous types of wing profiles have been designed and put into use. In this study, 

numerical analyzes of NACA 0015 and NACA 4415 airfoils at various angles of attack were performed by determining forces every five 

degrees between 0 and 20 degrees using ANSYS Fluent commercial software. Lift coefficients and drag coefficients were also calculated 

for the angles of attack used. According to the analysis results obtained, optimum attack angles were found for each airfoil. As a result, 

NACA0015 and NACA4415 airfoils were compared in terms of their performance. 
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1. Introduction 

The winds formed by the irregular arrival of the sun's rays on the earth move from the high-pressure area of the atmosphere to the low-

pressure area. In ancient times, the wind was used by sailors for commercial activities. In the following periods, as the need for energy 

increased, alternative sources began to be sought. Since it is both a clean and safe energy source, electricity has started to be produced 

from wind turbines [1] [2] [3]. In recent years, wind turbines have become increasingly common. Today, the installed wind power capac-

ity worldwide is 743 GW. This prevents the release of 1.1 billion tons of CO2 into the atmosphere annually [4]. 

Since the turbine part that converts kinetic energy into mechanical energy is the blade profile, it is the most important part of the wind 

energy system when generating electrical power [5]. Therefore, one of the most popular research topics recently has been airfoils. As a 

result of the studies, it has been determined that these have the greatest effect on aerodynamics. Airfoil profiles are designed asymmetri-

cally to create aerodynamic force while moving in the air. It is aimed to create a pressure difference between the upper surface and the 

lower surface of the airfoil [6] [7] [8].  By giving the angle of attack to the airfoils used in wind turbines, the lifting force can be in-

creased, and indirectly the aerodynamic efficiency will be increased [9].  The most commonly used wind turbine blades are NACA pro-

files. These airfoils are profiles designed by NASA to be aircraft wings. Later on, they have been also used for wind turbines. NACA 

airfoils also vary greatly in their aerodynamic performance due to profile differences [10] [11].  

2. Literature Review 

In this study, analyzes were made using the ANSYS Fluent commercial software, which is one of the CFD programs. This method, based 

on numerical analyses using computational fluid dynamic (CFD), has become popular in recent years. Because CFD programs are both 

economical and give quick results. They provide to inform about aerodynamic and pressure values in detail. CFD analysis may be used at 

any phase of the process without the need for prototypes . Many studies have been conducted using CFD programs to investigate the 

effect of NACA airfoils on aerodynamics. Gerontakos and Lee studied the velocity and eddy flow fields around the NACA 0015 airfoil. 

In their investigations, they focused on the effect of posterior deviation [12] [13] [14]. In their analysis using the NACA 4415 airfoil, 

Munday and Jacoby found that the airfoil structure had a great influence on the flow separation [15]. Patil et al. investigated the effect of 

laminar flow on drag and lift forces in a wind turbine blade. They found that as the Reynolds number increased, the lift and drag force 

increased [16] [17] [18] [19]. Yao et al. investigated the aerodynamic performance of wind turbine blade profiles. They compared the 
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results of their studies using the numerical method with the experimental data. As a result, they realized that the turbine blade profile has 

a great effect on aerodynamic performance [20]. Haque et al. performed some analyzes to understand the effects of Reynolds number and 

angle of attack in flow analysis. As a result of their study, they found that as the angle of attack increased, the lift force increased [2] [21] 

[1] [22]. 

In this study, numerical analyzes have been performed using NACA 0015 and NACA 4415 blades. During these analyses, various angle 

of attack values has been used. As a result of the analysis, lift, drag, pressure coefficient, pressure, and velocity contour have been calcu-

lated. As a result of the calculations obtained optimum values of the angle of attack have been determined for each airfoil separately [21].  

3. Methods 

3.1. Theoretical and Mathematical Backround 

In the pressure coefficient symbolized by  can be calculated with the Eq. (1) [23]; 

            (1) 

 is the surface static pressure.  values at any point on the airfoil surface can be found using first-order Lagrangian interpolation and 

extrapolation [14] and can be calculated with the Eq. (2); 

         (2) 

It is known that the integration of a pressure distribution on an airfoil chord provides the normal and axial force on an airfoil section 

when shear stress due to the viscous effect is neglected [24]. 

 
Fig 1. Diagram of aerodynamic forces and their components acting on an airfoil 

 

With x as the horizontal direction and y as the perpendicular direction, the normal and axial force equations are Eq. (3) and Eq. (4); 

          (3) 

          (4) 

In the Eq. (5) and Eq. (6),  represents the lower surface and u the upper surface. Pressure coefficients can be calculated for normal and 

axial force using numerical integration in approximate forms of the above equations. Both surfaces are divided into small panels between 

each pressure tap position. When n is a number of panels, the equations can be converted to [25], 

         (5) 

        (6) 

To obtain the normal and axial force, the interpolated and extrapolated pressure coefficients will be applied to the Eq. (7) and Eq. (8). 

The lift and drag coefficient is obtained as: 

           (7) 

          (8) 

The overall value of the coefficients may be calculated by averaging the same values of the airfoil along the span [12]. 

3.2. Aerofoil Confirmation  
The coordinates of the NACA 0015 and NACA 4415 profiles have been taken from the literature. By transferring these coordinates to 

Pointwise software, two-dimensional geometries have been created and mesh files have been prepared to make them ready for analysis. 

The generated mesh files are shown in Fig. 2 and Fig. 3. 
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Fig 2. Mesh Generation of NACA 0015 

 

 
Fig 3. Mesh Generation of NACA 4415 

 

In this is studied, the number of meshes has been increased from 10k to 100k and analyzes have been made. The angle of attack has been 

accepted as zero in the analysis. At the end of each calculation, the CL/CD value has been calculated. When the variation of this value is 

negligible, the optimum mesh number is determined. All obtained values are shown in Table 1. 

 

Table 1. Mesh Independency 

Mesh Number cL cD cL/cD 

10,000 0.71233 0.09900 7.195 

20,000 0.71812 0.08805 8.155 

30,000 0.73126 0.07693 9.505 

40,000 0.73618 0.06623 11.114 

50,000 0.74216 0.06144 12.078 

60,000 0.74682 0.05226 14.288 

70,000 0.75891 0.04994 15.195 

80,000 0.76211 0.04727 16.121 

90,000 0.76647 0.04508 17.002 

100,000 0.76812 0.04500 17.068 

 

According to the results obtained using the analyzes made with different mesh numbers, the number of meshes has been determined as 

95,000 in the analyzes to be made in the continuation of the study. 

Various angles of attack of 5o, 7o, 9o, 11o, 13o, and 15o have been used in the analyzes to examine the flow around the airfoil. When 

selecting air as the fluid type, velocity of flow is 14.6073 [m/s], density of fluid is 1.1767 [kg/m3], Reynolds number is 106, chord length 

is 1 [m], operating temperature is 298.15 [K], viscosity is 1.009x105 [kg/ms ] have been determined. RANS k-e  has been chosen as the 

solution model in the analysis.  

4. Results and Discussion 

4.1. Contours of Pressure Magnitude 
Figure 4, Fig. 5, Fig. 6, Fig. 7,  Fig. 8, and Fig. 9 show the static pressure contours of CFD simulations for NACA 0015 and NACA 4415 

airfoils using various angles of attack. It is seen that the upper surface of the airfoils is at low pressure, and the lower surfaces are at high 

pressure. This is due to the characteristic structure of airfoils. The pressure on the lower surface of each airfoil is greater than the pressure 

on the upper surface. As a result, the incoming airflow effectively pushes the airfoil upwards, and the coefficient of lift increases. In both 

airfoils, the static pressure values increased as the angle of attack increased. If we compare the results obtained from the two blades, the 

static pressure values of the NACA 4415 airfoil are greater than that of the NACA 0015. 
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Fig 4. Pressure contours of NACA 0015 and NACA 4415 at 5° of angle of attack 

 

 
Fig 5. Pressure contours of NACA 0015 and NACA 4415 at 7° of angle of attack 

 
Fig 6. Pressure contours of NACA 0015 and NACA 4415 at 9° of angle of attack 

 

 
Fig 7. Pressure contours of NACA 0015 and NACA 4415 at 11° of angle of attack 
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Fig 8. Pressure contours of NACA 0015 and NACA 4415 at 13° of angle of attack 

 

 
Fig 9. Pressure contours of NACA 0015 and NACA 4415 at 15° of angle of attack 

 

4.2. Contours of Velocity Magnitude 
Fig. 10, Fig. 11, Fig. 12, Fig. 13,  Fig. 14, and Fig. 15 show the velocity magnitude contours of CFD simulations for NACA 0015 and 

NACA 4415 airfoils using various angles of attack. At the front end of both airfoil profiles, it is seen that the flow velocity approaches 

the stagnation point. While the flow velocity increases on the upper surfaces of the airfoils, it decreases on the lower surfaces. If we 

compare the results obtained from the two blades, the velocity magnitude values of the NACA 4415 airfoil are greater than that of the 

NACA 0015. This is because NACA 4415 with an asymmetrical airfoil during flow produced more lifting force than NACA 0015 with a 

symmetrical airfoil. 

 

 
Fig 10. Velocity contours of NACA 0015 and NACA 4415 at 5° of angle of attack 
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Fig 11. Velocity contours of NACA 0015 and NACA 4415 at 7° of angle of attack 

 
Fig 12. Velocity contours of NACA 0015 and NACA 4415 at 9° of angle of attack 

 

 
Fig 13. Velocity contours of NACA 0015 and NACA 4415 at 11° of angle of attack 

 

 
Fig 14. Velocity contours of NACA 0015 and NACA 4415 at 13° of angle of attack 
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Fig 15. Velocity contours of NACA 0015 and NACA 4415 at 15° of angle of attack 

4.3. Values of Lift and Drag Coefficient 
The values of lift and drag coefficient are calculated at various angles of attack using the k-w SST  turbulence model for NACA 0015 

and NACA 4415. Calculated values for NACA 0015 are given in Table 2, and values for NACA 4415 are given in Table 3. Then, cL/cD 

curves have been created using these values and given in Fig. 16. 

 

Table 2. cL/cD values for various angles of attack for NACA 0015 
Angle of Attack (o) cL cD cL/cD 

5 0.68244 0.016705 40.8527 

7 0.97285 0.019684 49.4233 

9 1.02514 0.020412 50.2224 

11 1.23419 0.024621 50.1201 

13 1.37566 0.030276 45.4360 

15 1.52691 0.040247 37.9378 

 

Table 3. cL/cD values for various angles of attack for NACA 4415 
Angle of Attack (o) cL cD cL/cD 

5 1.34537 0.02322 57.9158 

7 1.59858 0.02685 59.5337 

9 1.68812 0.02886 58.4784 

11 1.76941 0.03118 56.7328 

13 1.83647 0.03648 50.3364 

15 1.91424 0.04545 42.1162 

 

 

 
Fig 16. cL/cD curves of NACA 0015 and NACA 4415 for various angles of attack 

 

5. Conclusion  
Analysis of the aerodynamic performance of the NACA 0015 and NACA 4415 airfoils has been performed a various angles of attack (5°, 

7°, 9°, 11°, 13°, 15°) and using the k-w SST  turbulence model, assuming the Reynolds number equal to 106. From the velocity contours 

obtained as a result of the analyzes, it is seen that the flow velocity of the upper surface of the airfoil is higher than the flow velocity of 

the lower surface and that the flow velocity of the upper surface increases with the increase in the angle of attack. From the static 

pressure contours, it is seen that the static pressure of the lower surface of the airfoil increases with the increase in the angle of attack. 
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When the velocity contours of NACA 0015 and NACA 4415 are compared, it is seen that more lift is provided from the bottom surface 

of NACA 4415. Comparing the static pressure contours of NACA 0015 and NACA 4415, it is seen that NACA 4415 had a greater 

pressure gradient at each angle of attack. The reason for both cases is thought to be due to the asymmetrical airfoil of NACA 4415. When 

the cL/cD values obtained as a result of the analyzes are examined, it is seen that the cL and cD values increase with the increase in the 

angles of attack. When the cL/cD values in Table 2 are examined, it is seen that a 9° angle of attack is the optimum value for NACA 

0015. When the cL/cD values in Table 3 are examined, it is seen that a 7° angle of attack is the optimum value for NACA 4415.  

Considering the static pressure contours, velocity magnitude contours, and lift and drag coefficients for various angles of attack, it is 

concluded that NACA 4415 with a cambered airfoil is more efficient than NACA 0015 with a symmetrical airfoil at every angle of 

attack. 
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