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1. INTRODUCTION 

Any airfoil's aerodynamic properties must be investigated, that's why a large number of aerodynamic 

parameters must be investigated experimentally and numerically to achieve the desired performance 

of the airfoil. An airfoil is the cross-sectional shape of a wing, blade (of a propeller, turbine, or rotor), 

or sail. Whenever an airfoil-shaped structure travels through some kind of stream, it generates 

aerodynamic force [1]. The lift component is the component of this force that is perpendicular to the 

direction of motion. The component of motion that is perpendicular to the direction of motion is called 

drag. Subsonic flight airfoils have a characteristic form, with a rounded leading edge and a sharp 

following edge, and symmetrical curvature of the upper and lower surfaces. Hydrofoils are foils with 

comparable functions that use water as the working fluid. In Computational Fluid Dynamics (CFD) 

analysis, the coefficients of lift (CL), drag (CD), and the variation of the CL / CD ratio, as well as the 

turbulence kinetic energy distribution with angle of attack, are all critical factors [2]. To calculate 
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Abstract 
To improve the design and performance of an airfoil, its aerodynamic properties must be studied 

properly. The turbulence kinetic energy of two symmetric airfoils (NACA 0018 and NACA 0012) 

was investigated in this study at two separate Reynolds numbers of 300,000 and 700,000. This 

computational simulation work presented in this paper yields some interesting results. The 

distribution of turbulence kinetic energy across both airfoils at various angles of attack and under 

two different airstream velocities is illustrated in this paper. Due to flow separation, there has been 

a significant amount of turbulence observed after the stall angle. The final results show that the 

NACA 0018 airfoil produces significantly more turbulence than the NACA 0012 airfoil. And it 

happens because as the thickness of the airfoil increases, there is more friction with the air particle. 

In the second comparison, in terms of Reynolds number or airstream velocity, higher velocity 

produces more turbulence, as shown by the red zone in this paper. As turbulence is always expected 

to be as low as possible in aircraft, it is recommended to use NACA 0012 airfoil in aircraft 

applications and NACA 0018 airfoil usage in horizontal or vertical axis wind turbine applications 

where turbulence is of less importance. 
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these symmetric and asymmetric airfoil features, many modeling approaches such as Standard k-, 

RNG k-, SST k-, and others are extensively employed. This work investigates the aforementioned 

characteristics, as well as turbulent kinetic energy, for two symmetric airfoils (NACA0018 and 

NACA0012at two Reynolds numbers of 300,000 and 700,000.These two symmetric airfoils were 

chosen because they are commonly employed in wind turbine applications, and the two low Reynolds 

numbers were chosen since wind speeds are typically low. [3]. NACA is an acronym for the National 

Advisory Committee for Aeronautics. In fluid dynamics, turbulence kinetic energy (TKE) is the mean 

kinetic energy per unit mass associated with eddies in turbulent flow. Turbulence's kinetic energy is 

defined by observed root-mean-square (RMS) velocity variations[4]. The turbulence kinetic energy 

may be calculated in the Reynolds-averaged Navier-Stokes equations using the closure technique, i.e. 

a turbulence model. TKE is often computed as half of the sum of the variances (square of standard 

deviations) of the velocity components. 

𝑘 =
1

2
(((𝑢’)2̅̅ ̅̅ ̅̅ ) + ((𝑣’)2̅̅ ̅̅ ̅̅ ) + ((𝑤’)2̅̅ ̅̅ ̅̅ ̅))…………….. (1) 

Here u=X-component velocity (m/s), v=Y-component velocity (m/s) and w= Z-component velocity 

(m/s) andthe difference between the immediate and average velocity is denoted as the turbulent 

velocity component, whose mean and variance are  

𝑢′̅ =
1

𝑇
∫ (𝑢(𝑡) − 𝑢′)𝑑𝑡 = 0

𝑇

0
……………………….. (2) 

And 

 

(𝑢′)2̅̅ ̅̅ ̅̅ ̅ =
1

𝑇
∫ (𝑢(𝑡) − 𝑢′)2𝑑𝑡 = 0

𝑇

0
…………………… (3) 

respectively[4]. 

Many researchers and practitioners conducted diverse types of studies on various types of airfoils. 

Several aerodynamic properties of a NACA-4312 airfoil, such as lift coefficient, drag coefficient, and 

pressure distribution across a surface, were investigated by Rayhanul Islam Pranto et al. [5]. The 

commercial tool ANSYS Fluent was used to compute the aerodynamic parameters of a 2-D NACA-

4312 airfoil at different angles of attack. For Reynolds number (Re) a fixed number of 10*105 is used. 

As the angle of attack climbs, both the lift and drag coefficients increase, but about =13°, the lift 

coefficient begins to fall, causing stalling. Whenever the angle of attack is above 13°, numerical 

measurements show that flow separations occur at the rare edge due to the decline in lift coefficient.  

During a large variety of Reynold number which extends into the flying area, Jacobs and Sherman 

[6] examined symmetric airfoils in the NACA variable-density wind tunnel. The tests were carried 

out to offer information from which changes in the Reynolds number might be derived from variations 

in the airfoil section and methods for allowing these variations in practice. 
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Subah Mubassira et al. [7] investigated the influence of a gurney flap on a NACA 4312 airfoil using 

two-dimensional Computational Fluid Dynamics (CFD). The study is done in a subsonic flow. These 

numerical simulations were carried out at a definite Reynold Number of (5x105) for flap heights of 

1.5 percent, 1.75 percent, percent, and 3 percent of chord length, and for varying angles of attack (0° 

to 16°). The lift coefficient for NACA 4312 using gurney flap and even without using gurney flap 

rises to around 12° AoA (angle of attack), according to the numerical findings. The lift and drag 

coefficients for each AoA showed proportional response with flap height. Due to flow separation, the 

lift co-efficient was reduced after roughly the angle of attack. For each flap length, the maximum lift 

to drag ratio was found to be around 4° AoA, and the airfoil with a flap of 1.5 percent C (chord length) 

had the best aerodynamic performance. Due to the delay in flow separation, this research indicated 

that an airfoil with a gurney flap had better aerodynamic performance than an airfoil without a gurney 

flap. 

Timmer [8] used the Delft University low-turbulence wind tunnel to test the balancing and wake rake 

of a 0.25 m chord model with a NACA 0018 airfoil. At Reynolds numbers between 150000 and 

1000000, the lower surface laminar separation bubble dominates the flow and noise characteristics, 

as per the test results. The experimental data for CD vs. angle of attack and CL vs. angle of attack were 

included in this research. 

For wind turbine blades, MR Ahmed et al. [9] investigated a low Reynolds number airfoil. Higher 

angles of attack delayed separation from the top surface, resulting in more lift and less drag. As 

turbulence increased in the angles of attack-range of interest, the lift-to-drag ratio rose by 8% to 15%. 

Sereez et al. [10] investigated aerodynamic static hysteresis for the NACA0018 airfoil at stall 

conditions in the TsAGI's T-124 low-turbulence wind tunnel. The results of computerized models 

were compared to experimental wind tunnel data for 2D NACA0018 and NACA0012 airfoils. A  low 

Reynolds numbers (Re =300,000) is used in this study. The researchers observed that the breadth of 

the static hysteresis loop changed while comparing static testing with slow sweep fluctuations in angle 

of attack. This finding suggests that abrupt transitions between distinct separated flow topologies are 

more sensitive. 

For turbulent kinetic energy analysis, FLUENT (version 14.5), is used in this research which is a 

widely used open-source commercial CFD code. In order to calculate the fluctuation of CL and CD 

with angle of attack, the SST k-turbulence model is employed [9]. This numerical simulation has been 

validated with some of the previously mentioned experimental inquiry and systematic literature 

review. 
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2. NUMERCAL APPROACH 

 2.1 Basics of CFD 

In philosophical research and the growth of the entire field of fluid dynamics, the computer fluid 

dynamic is a relatively recent technique. High-speed digital computing innovation in conjunction 

with the development of accurate numerical algorithms for physical problem solving on these 

computers has transformed how fluid dynamics are used today. Nowadays, alongside theory and pure 

experimentation, computational fluid dynamics (CFD) is an active participant in the study and 

resolution of fluid dynamics challenges. Applying the basic mechanical rules to a fluid produces the 

equations for a fluid. 

 

2.2 Governing Equation 

The computation has been carried out with the help of some fundamental fluid dynamics formulas 

[11]. 

The equation for conservation of mass can be written in the vector form as- 

𝜕𝜌

𝜕𝑡
+ 𝛻. (𝜌𝑉) = 0                                                             (4) 

 

And the equation for conservation of momentum can be written as 

𝜌
𝜕𝑉 

𝜕𝑡
+ 𝜌((𝑉. )𝑉)𝑉 == −𝛻𝜌 + 𝜌𝑔 + 𝛻. 𝜏                (5)   

 Where, ∇ = velocity vector, 

               τ =shear stress. 

Assuming that the density of the flow is constant and that the continuity equation (conservation of 

mass) and the Navier-Stokes equation (conservation of momentum) are valid, following equations 

govern the current investigation: 

1. Conservation of mass 

 

1

𝜌

𝜕𝜌

𝜕𝑡
+

𝜕(𝑢)

𝜕𝑥
+

𝜕(𝑣)

𝜕𝑦
+

𝜕(𝑤)

𝜕𝑧
= 0           ; 𝐼𝑛 𝑐𝑎𝑠𝑒 𝑜𝑓 3𝐷 𝑓𝑙𝑜𝑤   … … … … . . (6)    

 

1

𝜌

𝜕𝜌

𝜕𝑡
+

𝜕(𝑢)

𝜕𝑥
+

𝜕(𝑣)

𝜕𝑦
= 0          ; 𝐼𝑛 𝑐𝑎𝑠𝑒 𝑜𝑓 2𝐷 𝑓𝑙𝑜𝑤   … … … … … (7) 

 

 

2. Conservation of momentum 
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    For 3-D flow, 

 

𝜌 (
𝜕(𝑢)

𝜕𝑡
+ 𝑢

𝜕(𝑢)

𝜕𝑥
+ 𝑣

𝜕(𝑢)

𝜕𝑦
+ 𝑤

𝜕(𝑢)

𝜕𝑧
) +

𝜕(𝜌)

𝜕𝑥
= µ (

𝜕2(𝑢)

𝜕𝑥2
+

𝜕2(𝑢)

𝜕𝑦2
+

𝜕2(𝑢)

𝜕𝑧2
) … … … … … . (8) 

 

𝜌 (
𝜕(𝑣)

𝜕𝑡
+ 𝑢

𝜕(𝑣)

𝜕𝑥
+ 𝑣

𝜕(𝑣)

𝜕𝑦
+ 𝑤

𝜕(𝑣)

𝜕𝑧
) +

𝜕(𝜌)

𝜕𝑦
= µ (

𝜕2(𝑣)

𝜕𝑥2
+

𝜕2(𝑣)

𝜕𝑦2
+

𝜕2(𝑣)

𝜕𝑧2
) … … … … … . (9) 

𝜌 (
𝜕(𝑤)

𝜕𝑡
+ 𝑢

𝜕(𝑤)

𝜕𝑥
+ 𝑣

𝜕(𝑤)

𝜕𝑦
+ 𝑤

𝜕(𝑤)

𝜕𝑧
) +

𝜕(𝜌)

𝜕𝑧
= µ (

𝜕2(𝑤)

𝜕𝑥2
+

𝜕2(𝑤)

𝜕𝑦2
+

𝜕2(𝑤)

𝜕𝑧2
) … … … … … (10) 

The turbulent kinetic energy equation is as follows, assuming constant molecular viscosity and using 

the Boussinesq approximation: 

 

𝜕𝑘

𝜕𝑡
+ �̅�𝑗

𝜕𝑘

𝜕𝑥𝑗
= −

1

𝜌𝑜

𝜕𝑢′
𝑖𝑝

′̅̅ ̅̅ ̅̅

𝜕𝑥𝑖
−

1

2

𝜕𝑘𝑢′
𝑗𝑢′

𝑗𝑢′
𝑖

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅

𝜕𝑥𝑖
+ 𝜐

𝜕2𝑘

𝜕𝑥𝑖
2

− 𝑢′
𝑖𝑢

′
𝑗

̅̅ ̅̅ ̅̅ ̅
𝜕𝑢′

𝑖
̅̅ ̅̅

𝜕𝑥𝑗

− 𝜐
𝜕𝑢′

𝑖

𝜕𝑥𝑗

𝜕𝑢′
𝑖

𝜕𝑥𝑗

̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ 𝜕𝑢′
𝑖𝑝

′̅̅ ̅̅ ̅̅

𝜕𝑥𝑖
−

𝑔

𝜌𝑜
𝜌′𝑢′

𝑖̅̅ ̅̅ ̅̅ 𝛿𝑖3 … … … … … (11) 

2.3 Geometry 

Figures 1 and 2 depict the airfoil employed throughout this numerical simulation. Length of the chord 

for both airfoils is 1 meter. The mesh's 'C' has a radius of 12.5 m. NACA0012 has a maximum chord 

length of 12 percent of the chord length, whereas the maximum chord length for NACA0018 is 18 

percent. 

 

 

 

                  Fig.1: NACA 0012 airfoil                 Fig.2: NACA 0018 airfoil 

 

2.4 Meshing 

For a high-quality CFD analysis, the grid system is crucial. In this work, a 2-dimensional unstructured 

mesh with around 89000 cells is employed for both airfoils. The NACA 0012 airfoil has maximum 

and lowest face areas of 2.323256 m2 and 2.011792x10-4 m2, respectively. Whereas the maximum 

and minimum face areas for the NACA 0018 airfoil are 3.360926 m2 and 1.896361x10-4 m2, 

respectively. 

 

Figure 3 depicts the meshing domain. Figure 4 shows zoomed-in images of the meshing around the 
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airfoil surface. 

 

 

 

 

 

 

 

 

Fig.3: NACA 0018 airfoil meshing domain 

 

 

Fig.4: NACA0018 airfoil meshing (enlarged view) 

 

2.5 Solver Setting  

Ansys FLUENT 14.5 is used for the calculations. CL and CD fluctuation with angle are calculated 

using the SST k-turbulence model. The governing integral equations for mass and momentum 

conservation were solved using this CFD program. 

Table 1: Solver setting parameter 

Solver Velocity formulation 2D Space Time 

Pressure based Absolute Planer Steady 

 

2.6 Boundary Conditions 

Inlet: The boundary condition of the velocity inlet is used. The intake velocity of Re=300,000 was 

4.38 m/s, whereas the inlet velocity of Re=700,000 was 10.23 m/s. 

Outlet: The boundary condition of the pressure outlet has been implemented. The gauge pressure is 

kept fixed at 0 Pa at the outflow boundary. 

Wall: A stationary barrier with a no requirement was utilized at all solid boundaries in the flow 

geometry. It can be expressed mathematically as uwall=0 m/s. 

 

2.7 Solution Method 

Coupled technique was employed for pressure-velocity coupling in this investigation. In numerous 
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ways, this solver outperforms the pressure-based segregated method. For steady-state flows, the 

pressure-based coupled technique yields a more resilient and economical single phase 

implementation. The gradient was derived using least squares cells in the spatial discretization, with 

second order pressure, second order momentum upwind, and first order upwind turbulent kinetic 

energy and specific rate of dissipation. The Courant-Friedrichs-Lewy (CFL) number remained 

constant at 0.9, as did the pressure and momentum explicit relaxation factors, both of which were 

0.75. 

 

3. RESULTS AND DISCUSSION 

3.1 Validation 

Here two experimental investigations were used for validation in this case. Timmer [8] in 2008 and 

Jacobs [6] in 1937 are two examples. Computed results of this study were substantially identical to 

the experimental data. At Re=300000 and Re=700000, the simulation findings for the NACA0018 

airfoil were verified. The following are the findings of the graphical verification: 

Table 2: Comparison of our model’s CL and CD with the experimental results for NACA 0018 at 

Re= 300,000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Value of CL 

AOA 

(Degree) 
This Study Jacob Timmer 

5° 0.4373 0.48 0.47 

10° 0.852 0.85 0.93 

15° 1.221 1.00 1.04 

Value of CD 

AOA 

(Degree) 
This Study Jacob Timmer 

5° 0.0174 0.024 0.023 

10° 0.0257 0.028 0.027 

15° 0.05189 0.04 0.06 
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Fig.5: Comparison of our models' calculated coefficient of lift (CL) and the experimental data for 

NACA 0018 at Re = 300,000 

 

Figure 5 makes it obvious that the CL is proportionate to the angle of attack near to the angle of stall 

(almost 16 degrees), then quickly drops beyond that angle. It is because the air stream is back 

flowing[2]. 

 

Fig.6: Comparison of our models' calculated coefficient of drag (CD) and the experimental data for 

NACA 0018 at Re = 700,000 

 

We may deduce from these graphs and tables that our simulation work is valid and up to standard. 

Our study data almost matches the experimental data up to the stall angle, however the characteristics 

beyond the stall angle remain unknown. 
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3.2 Results 

 

3.2.1Turbulent Kinetic Energy Distribution for NACA 0012 at Re=300,000 

 

At first, turbulent kinetic energy distribution has been shown for NACA 0012 airfoil. The color 

gradient depicted in the figures below indicates the value of the turbulent kinetic energy distribution 

across the airfoil. The blue color denotes the smallest value, while the red color denotes the greatest 

value.  The turbulent kinetic energy distribution as shown in figure 7, 8, 9, 10 and 10 reveals that at 

zero incidence, it is concentrated in a small area near the trailing edge, but as the angle of attack 

increases, the value of the turbulent kinetic energy increases near the trailing edge and spreads across 

the upper surface of the airfoil. As a result, we can conclude that the TKE distribution characteristics 

follow a similar pattern up to the stall angle of attack, which is approximately 17 degrees. 

 

 

 

Fig.7: TKE Distribution at 0 degree AOA Fig.8: TKE Distribution at 5 degree AOA 

 

 

 

Fig.9: TKE Distribution at 10 degree AOA Fig.10: TKE Distributionat 15 degree AOA 
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Fig.11: TKE Distribution at 17 degree AOA Fig.12: TKE Distribution at 20 degree AOA 

 

For a 20 degree angle of attack, as illustrated in figure 12, there is a wake region above the upper 

surface of the airfoil with a very low value, but a higher value above this region. This is due to the 

turbulence generated as a result of the flow separation. 

 

3.2.2 Turbulent Kinetic Energy Distribution for NACA 0012 at Re=700,000 

To observe the variation with the previous case, the Reynolds number has been increased to 700,000 

in this case. As a result, the figures below show a significant change. As the Reynolds number rises, 

so does the corresponding air velocity. As a result, turbulence increases to some extent. The TKE 

distribution characteristics, like the previous Reynolds number, follow a similar pattern up to the stall 

angle of attack, which is adjacent to 17 degrees. 

 

 

 
 

Fig.13: TKE Distributionat 0 degree AOA Fig.14: TKE Distributionat 5 degree AOA 
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Fig.15: TKE Distribution at 10 degree AOA Fig.16: TKE Distribution at 15 degree AOA 

 

  

Fig.17: TKE Distributionat 17 degree AOA 

 

Fig.18: TKE Distributionat 20 degree AOA 

 

 

However, for a 20 degree angle of attack, as shown in figure 18, the red zone on the upper surface 

ramps up and a large wake zone is created, in contrast to the previous case. It demonstrates that, as 

predicted, turbulence kinetic energy increases in this case. 

3.2.3 Turbulent Kinetic Energy Distribution for NACA 0018 at Re=300,000 

In the following section, the same activities of previous two cases have been conducted for a different 

airfoil NACA 0018 to observe the effect the variation of the shape of airfoil. Firstly like previous, 

Reynolds number has been taken as 300.000. As the thickness has been increased in this airfoil, the 

red zone i.e. turbulence area near the trailing edge increases as shown in figures below. The TKE 

distribution characteristics, like the previous cases, follow a similar pattern up to the stall angle of 

attack, which is adjacent to 16 degrees. 
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Fig. 19: TKE Distribution at 0 degree AOA Fig.20: TKE Distribution at 5 degree AOA 

 

 
 

Fig.21: TKE Distributionat 10 degree AOA Fig.22: TKE Distributionat 15 degree AOA 

 

  

Fig.23: TKE Distribution at 17 degree AOA 

 

Fig.24: TKE Distribution at 20 degree AOA 

 

 

Due to the fact that the attack angle here (20 degrees) is greater than the stall angle (16 degrees), the 

pattern of TKE distribution changes significantly, as in previous cases. However, unlike in previous 
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cases, the red zone is less prominent in this one as shown in figure 24. A large area of somewhat 

reddish green dominates. 

 

 

3.2.4 Turbulent Kinetic Energy Distribution for NACA 0018 at Re=700,000 

Here, the Reynolds number has been increased to 700,000 for same airfoil. And similar to NACA 

0012 airfoil, the red zone i.e. the turbulence increases consequently across the trailing edge.  

 

 
 

Fig.25: TKE Distribution at 0 degree AOA Fig.26: TKE Distribution at 5 degree AOA 

 

  

Fig.27: TKE Distribution at 8 degree AOA Fig.28: TKE Distribution at 12 degree AOA 
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Fig.29: TKE Distribution at 17 degree AOA 

 

Fig.30: TKE Distribution at 20 degree AOA 

 

 

 

Fig.31: TKE Distribution at 20 degree AOA 

 

 

Unlike the previous case of Re=300,000, the red zone area increases in this case of a 20 degree angle 

of attack, as illustrated in figure 31. This demonstrates that turbulence increases in direct proportion 

to the Reynolds number, or airstream velocity. 

 

4. CONCLUSION 

An analysis of turbulent kinetic energy distribution across two symmetric airfoils of different 

thickness at two distinct Reynolds numbers was demonstrated in this study using CFD simulation 

with Ansys FLUENT. Some interesting findings can be drawn here. The above figures show that the 

NACA 0018 airfoil produces more turbulence than the NACA 0012 airfoil. And it happens because 

as the thickness of the airfoil increases, there is more friction with the air particle. In the second 

comparison, in terms of Reynolds number or airstream velocity, higher velocity produces more 

turbulence, as shown by the red zone in the figures above. In aircraft applications, turbulence is 

always expected to be as low as possible[12]. As a result, it is recommended to use NACA 0012 

airfoil in aircraft applications and NACA 0018 airfoil in HAWT (Horizontal Axis Wind Turbine) and 
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VAWT (Vertical Axis Wind Turbine) and applications where turbulence is of less importance. 
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