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Abstract- Analysis of the two dimensional airfoil was done with the help of CFD Software. The target of the work is to 
come across the most suitable turbulent model in calculation of Governing Equations. The Governing Equations were solved 
using CFD software. Since two dimensional and three dimensional airfoil shows the equivalent result that is why the two 
dimensional airfoil was used. NACA0012 airfoil is a non cambered airfoil and it is used in various aeronautical applications. 
Flow on this airfoil was analysed for different angle of attack and compared practical data with simulated data for different 
turbulent models. Calculations were done at low Reynolds number keeping a constant velocity for altered angle of attack. 
During calculation grid independence test was done to show the accuracy of result by changing in grid size or nodes.  As the 
number of nodes increases, the lift coefficient is also increased. But as soon as we reached 102180 nodes, the lift coefficient 
becomes stagnate. 
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I. INTRODUCTION 
 
Computational Fluid Dynamics is the technique for 
analysing and simulation where fluid flow involved. 
This technique has multiple uses in Industrial and 
Non industrial application areas. This technique 
reduces the cost of working and gives good 
agreement with practical results. The CFD contains 
three main elements which are Pre processor, Solver 
and Post Processor. (Versteeg & Malalasekera, 2012) 
(Cengel & Cimbala, 2008) During flow, viscous 
effect dominates the entire fluid flow field. The fluid 
exerts pressure force perpendicular to the surface and 
there is another force which is parallel to the surface 
of the body and along the outer surface of the body is 
known as shear force. Resultant of pressure force and 
shear force is the area of interest. Normal component 
of the resultant is known as lift force and component 
which acts in flow direction is called drag force. 
(Cengel & Cimbala, 2008)The drag force can be 
subdivided into two parts skin drag and pressure drag. 
Frictions drag force having relation with the position 
of the body and the amount of the wall shear stress. 
Friction drag also varies with the viscosity of the 
fluid. As we know that Reynolds number is inversely 
proportional to the total viscosity. Frictions Drag also 
depends on the surface area. In case of laminar flow 
friction drag is independent of the roughness of the 
surface but in turbulent flow it plays a chief role. 
Literature Review 
(Logsdon, 2006) 2D & 3D models of airfoil with 
farfield was created in GAMBIT and analysed using 
FLUENT. 3D model consumes much amount of time 
and requires high memory computer while 2D model 
gives the identical results. Author tested NACA0012 
airfoil at different Reynolds Number on 2D and 3D 
models of airfoil. Accuracy of FLUENT was not up 
to the mark for values of above 10o angle of attack. 
Simulation was done with Invisid and Spalart-
Allmaras turbulent models. 

(KULUNK & YILMAZ, 2009)Blade Element 
Momentum Theory (BEM) can be used to explore the 
Horizontal Axis Wind Turbine Blades. Here S-809 
Blade was used. 
(Potter, Barnet, Fisher, & Costas, 1986) Breakaway at 
a point on the surface is known as separation point & 
such phenomenon is called separation. In this report 
author found that detachment location is significantly 
independent on turbulent intensity & vibration but it 
is dependent on pressure distribution. 
(Agrawal & Saxena, 2013)There are many turbulent 
Models available but these three Models were used. 
(Realizable and RNG k-Reynolds and Reynolds 
Stress Model (RSM)) Here aerodynamic behaviour of 
the airfoil with different turbulent models has been 
studied. 
(Juanmian, Feng, & Can, 2013)A symmetrical airfoil 
was used to study the trailing edge sepeartion on 
trailing edge. Here the low Reynolds numbers were 
used. RANS equations were solved with finite 
volume method on airfoil SD8020. K-ω SST 
turbulent model were used to simulate the problem. It 
was noticed at small angles of attack laminar 
separation happens on both sides of airfoil while at 
high angles of attack, the separation reattach to the 
trailing edge. 
 
II. TURBULENT MODEL 
 
The turbulent kinetic energy and rate of dissipation of 
KE is solved by k-ɛ turbulent model. This model has 
good convergence rate compared to other models and 
requires low memory computers. Though this model 
is suitable for bluff and streamlined body, different 
analysis needs to be done for different geometric 
models. The specific rate of dissipation of kinetic 
energy is solved by k-ω turbulent models. This model 
requires higher memory computers for the 
computation. It is quite sensitive and has difficulty in 



International Journal of Mechanical And Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 5, Issue-12, Dec.-2017, http://iraj.in 

 Aerodynamic Analysis of NACA0012 Airfoil using CFD 
 

22 

converging. This model is useful if k-ɛ model is not 
suitable. Following are the equations for the models. 
K-ɛ turbulent models equation 

  
 
K-ɛ  RNG turbulent models equation 

 
 
K-ω turbulent model equation 

  
Gk -generation of turbulence kinetic energy due to 
mean velocity gradients.  
Gb -generation of turbulence kinetic energy due to 
buoyancy.  
Gω - represents the generation of ω.  
YM - Fluctuating dilatation in compressible 
turbulence to the overall dissipation rate. 
Yk and Yω - dissipation of k and ω due to turbulence.  
Γk and Γω - effective diffusivity of k and ω, 
respectively.  
Sk and Sω - user-defined source terms 
 
III. GRID INDEPENDENCE TEST 
 
(Muralidhar & Sundrarajan, 2008) The Grid 
distribution scheme suffers from some important 
drawbacks. There is no control on the magnitude of 
global error. Though the local error may be 
redistributed well, the computed solution may not 
possess the desired accuracy due to insufficient 
number of nodes. This problem can be resolved by 
solving the problem repeatedly with different mesh 
size and finally we can get accurate results. 
 
The result changed with respect to the size of the grid 
or number of nodes, grid independency test was done 
to get much accurate result. Though it increases the 
time of simulation but tends towards an accurate 
result. The Grid independence test was done using 
CFD Software. In this test first the simulation was 
done with coarse mesh, after that the meshing was 
converted into finer mesh and simulation was done in 
order to get a more accurate result. In order to get 
dense grid, number of nodes has to be increased. 
 

IV. COMPUTATION METHOD 
 
A NACA0012 airfoil was used to study various 
turbulent models and here 102180 nodes used. The 
airfoil models was first prepared and then exported 
into ANSYS where farfiled and meshing was done as 
shown in fig3. Here the air was made to flow at a 
constant velocity at 7.3m/s and density of the air was 
taken 1.225 kg/m3. Temperature of air was taken as 
300K. (airfoiltools.com, 2016) This site was used to 
validate the practical data. Practical data were 
compared with the simulated data at different 
turbulent models. 

 
Fig1 : Farfield 

 

 
Fig2 : NACA0012 Airfoil 

 

 
Fig3 : Meshed Farfield 

 
V. SIMULATION OUTCOMES 
 

 Pressure Contours 
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From the figures (4-12) of pressure contours it can be 
seen that upper surface having lower pressure and 
lower surface has higher pressure. This situation 
shows that pressure on lower side tries to lift the body 
and hence increases the lift coefficient. In the given 
figure of pressure contours it is shown that at the 
leading edge of the upper side there is a greenish 
colour and on the lower side the colour is reddish, 
where red colour indicates a higher value of pressure 
and greenish colour indicates a lower value. As the 
angle of attack increases, the coefficient of lift also 
increases but after 15o-16o of angle of attack it starts 
decreasing. 
 

 
Fig4 : Contours of Pressure at 10o angle of attack with k-ɛ 

turbulent model 
 

 
Fig5 : Contours of Pressure at 14o angle of attack with k-ɛ 

turbulent model 
 

 
Fig6 : Contours of Pressure at 16o angle of attack with k-ɛ 

turbulent model 
 

 
Fig7: Contours of Pressure at 8o angle of attack with k-ɛ RNG 

turbulent model 
 

 
Fig8: Contours of Pressure at 12o angle of attack with k-ɛ RNG 

turbulent model 
 

 
Fig9: Contours of Pressure at 14o angle of attack with k-ɛ RNG 

turbulent model 

 
Fig10: Contours of Pressure at 10o angle of attack with k-ω 

SST turbulent model 
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Fig11: Contours of Pressure at 12o angle of attack with k-ω 

SST turbulent model 
 

 
Fig12: Contours of Pressure at 14o angle of attack with k-ω 

SST turbulent model 
 

 
Fig13: Contours of Pressure at 16o angle of attack with k-ω 

SST turbulent model 
 

 Velocity Contours 
The same thing can be seen in velocity contours that 
the upper surface of the airfoil in the figures (14-20) 
is shown in a reddish colour while lower surface is 
shown in bluish colour where a reddish colour 
indicates higher velocity and according to Burnauli’s 
Theorem it will have a lower pressure. Near the 
trailing edge there is huge gape amongst the velocity 
vectors which means that flow starts to separate near 
the trailing edge. 
 

 
Fig14: Velocity Profile at 10o angle of attack with k-ɛ STD 

turbulent model 

 
Fig15: Velocity Profile at 14o angle of attack with k-ɛ STD 

turbulent model 
 

 
Fig16: Velocity Profile at 16o angle of attack with k-ɛ STD 

turbulent model 
 

 
Fig17: Velocity Profile at 10o angle of attack with k-ω SST 

turbulent model 
 

 
Fig18: Velocity Profile at 12o angle of attack with k-ω SST 

turbulent model 

 
Fig19: Velocity Profile at 14o angle of attack with k-ω SST 

turbulent model 
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Fig20: Velocity Profile at 16o angle of attack with k-ω SST 

turbulent model 
VI. RESULT 
 
The Coefficient of lift increases with the angle of 
attack. Three models are presented here and all 
models show approximately same results. Stall 
condition comes near 15o angle of attack. But while 
all graphs presented on the single sheet there seems to 
be a difference amongst all the graphs. 

 Coefficient of Lift 

 
Fig21: Coefficient of Lift with k-ɛ STD Turbulent Model 

 

 
Fig22: Coefficient of Lift with k-ɛ RNG Turbulent Model 

 

 
Fig23: Coefficient of Lift with k-w SST Turbulent Model 

 
Fig24: Comparison of Various Turbulent Models 

 
CONCLUSION 
 
It was noticed that all the graphs shows similar results 
but while compared with practical data 
(airfoiltools.com, 2016) it shows that there is some 
deviation among all the graphs. From the figures of 
the graph it is seen that k-ɛ standard model and k-ɛ 
RNG give a good approximation. Though k-ω SST 
turbulent model is also a good model but here it is not 
as good as the others. All the models show similar 
result at lower angle of attack but near angle of stall 
the deviation in graphs starts showing. 
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