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ABSTRACT 
In this paper, the CFD analysis of NACA 0012 aerofoil using FLUENT for various angle of attack ranging from 10 to 22 

degree was done. The evaluation of stall condition by performing CFD analysis and the Coefficient of lift and drag by 

varying angle of attacks were also determined. The comparison of variation of Centre of pressure over the surface of 

aerofoil and Stall condition with experimental results of NASA was done. 
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INTRODUCTION 

An Aerofoil is a curved body used in wing structures of aerodynamic bodies like aircraft for generation of lift. 

NACA-National Advisory Committee for Aeronautics is a research organization for Space Technology. 

NACA 0012 is nomenclature of an Aerofoil[1]. Different nomenclatures have their own significances 

regarding aerofoil. NACA 0012 nomenclature meaning is 

 1) Maximum thickness 12% at 30% chord. 

 2) Maximum camber 0 % at 0% chord.  

 

1. MATHEMATICAL MODELLING 

Fully turbulent flow over the aerofoil has been considered. Reynolds’ number is taken as 6*10
6
 for turbulent 

flow. As it can be evaluated from the equation [5], 

Re=ρνC/μ. 

Where ρ=density of air=1.1767 kg/m^3 

ν=velocity of free stream=51.45 m/s 

μ=viscosity of air=1.009*10
-5

kg/ms 

C=chord length of aerofoil=1m 

Turbulent flow is fluctuating flow. It means that it has two components of flow parameter average and 

fluctuating. These average flow parameters are known as Reynolds’s average quantity. So to evaluate 

Reynolds’s average quantity like velocity and pressure it is required to considerbasic equations of fluid 

mechanics [3]. 

1) Reynold’s average Continuity equation 
𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑥
= 0 

2) Reynold’s averaged Navier strokes (RANS) equation 

𝜌  ū 
𝜕ū

𝜕𝑥
+ 𝑣

𝜕𝑣 

𝜕𝑦
 = −

𝜕𝑝

𝜕𝑥
+ 𝜇∇2u + f(turb, x) 

𝜌  ū
𝑑𝑣

𝑑𝑥
+ 𝑣

𝜕𝑣

𝜕𝑥
 = −

𝜕𝑝

𝜕𝑥
+ 𝜇∇2𝑣 + 𝑓(𝑡𝑢𝑟𝑏,𝑦) 

For evaluating extra turbulence force available in RANS equation it is required to find out eddy viscosity (μt). 

For finding eddy viscosity we need to select turbulence model. 

For that k-ε turbulence model is applied here. Where k is turbulent kinetic energy and ε is turbulent 

dissipation. Assumption for k-ε model to calculate the eddy viscosity is  

(μt/P)≈ (Cμk
2
/ε) 
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By applying conservation equation for k and ε we can find out the pressure and velocity contour. For solving 

this differential equation FLUENT solver is used. 

 

2. ANALYSIS OF NACA 0012 AEROFOIL 

2.1 Mesh Generation 

For generating aerofoil in ANSYS 15 we imported coordinates of NACA0012. We generated mesh according 

to Fig.1 and 2. 

 
Fig 1 Mesh Generation                                 Fig 2.Enlarge view of mesh around aerofoil 

Total number of mesh elements 32815 and total number of nodes are 33224 in meshing. 

Mesh is generated as per FEA method.  

 

Table 1 Mash Parameters 

No. of mesh elements 32815 

No. of nodes 33224 

Minimum orthogonal quality 4.27*10
-2 

Maximum aspect ratio 91.8140 

2.2 Simulation 

Table 2 Input data for FLUENT simulation 

Turbulence model  k-ε (2 equation) 

Turbulence viscosity ratio 10 

Momentum  Second order upwind 

Pressure velocity coupling Simple 

Free stream velocity 51.45 m/s 

The simulation of aerofoil with the help of FLUENT was done for different angle of attacks and according to 

it pressure and velocity contours were captured as attached in the following figures. The variation in pressure 

and velocity contour for 12, 16 and 18.5 are shown.  

 
Fig 3.Velocity contour at 12 degree                 Fig 4.Pressure contour at 12 degree                                                                

angle of attack                                   angle of attack 
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Fig 5.Velocity contour at 16 degree angle        Fig.6 Pressure contour at 16 degree angleof attack                                

of attack 

 
Fig. 7 Velocity contour at 18.5 degree         Fig.8 Pressure contour at 18.5 degree angle 

Angle of attack                        of attack 

 

Table 3 Results of CFD analysis for different Angle of Attacks 

Angle of attack(in 

degree) 

No. of iteration Coefficient of lift(CL) Coefficient of drag(CD) 

12 2213 1.2575 2.0536*10
-2

 

14 3058 1.4307 2.6307*10
-2 

16 3149 1.57 3.4437*10
-2 

18 4667 1.6404 4.8402*10
-2 

18.5 5089 1.6367 5.3934*10
-2

 

 

2.3 Comparison 

After getting the values of lift, drag and distribution of centre of pressure, the comparison of centre of pressure 

plot over aerofoil surface at angle of attack 10 degree   between simulated value and experimental data of 

experiment performed by NASA was done [4]. The image is as shown below in which blue line represents 

NASA experimental results and red line is of simulation results. 

Plot of centre of pressure over a aerofoil surface can be evaluated by equation [5], 

CP= (P-P∞)/0.5ρν͚
2 

CP– Centre of pressure 

Coefficient of lift can be evaluated by formula [2], 

𝐶𝐿 =
𝑙𝑖𝑓𝑡

𝜌𝑣∞
2𝐶

= 2𝜋(𝛼 − 𝛼0) 

C=chord length=1 m 

α=Angle of attack 
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Fig.7 Comparison of theoretical and experimental results Cp 

 

3 RESULTS 

3.1 Stall Condition 

Stall condition is a condition at which the coefficient of lift suddenly starts to decrease after achieving 

maximum value of coefficient of lift at certain angle of attack. As the angle of attack is increased the adverse 

pressure gradient is increased continuously and at a certain point the turbulent rotational flow is increased, the 

drag at the point increases above such a limit that that creates separation of flow from aerofoil. So lift falls 

down and drags increases suddenly. The value of angle of attack at which stall occurs is 18.4 degree [4].  

Fig.8 Stall Condition 
 

CONCLUSION 

In this research, analysis was carried out for various angle of attack and keeping Reynolds Number and free 

stream velocity constant to generate the uniformity in results. For increasing angle of attack the coefficient of 

lift was found to be increasing upto the angle 18.4° and then it decreases. The plot of centre of pressure over 

an aerofoil surface was compared with the experiment performed by NASA and the results were found to be 

satisfactory. 
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