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Abstarct- The purpose of this work is to develop a procedure to numerically model airflow over  airfoils using Gambit and FLUENT. The analysis 

of the two dimensional subsonic flow over a National Advisory Committee for Aeronautics (NACA)  4412  airfoil  at  various  angles  of  attack  and  

operating  at  a  velocity of 50 m/s is presented. The flow was obtained by solving the steady-state governing equations of continuity and 
momentum conservation combined with one of two turbulence models [Spalart-Allmaras, k-ω standard] aiming to the validation of these models 

through the comparison of the predictions and the free field experimental measurements for the selected airfoil. The aim of the work was to show 

the behavior of the airfoil at these conditions and to establish a verified solution method. Calculations were done for constant air velocity altering 
only the angle of attack for every turbulence model tested. This work highlighted two areas in computational fluid dynamics (CFD) that require 
further investigation: transition point prediction and turbulence modeling. In this work calculations shows that the turbulence models used in 

commercial CFD codes does not give yet accurate results at high angles of attack. 

 
Index Term - Airfoil; Angle of attack; coefficient of drag; coefficient of lift; computational fluid dynamics; Fluid-Flow; Turbulent;  

——————————      —————————— 

 

1.  Introduction 
HE first step in modeling a problem involves the 

creation of the geometry and the meshes with a 

preprocessor.  The majority of time spent on a CFD project 

in the industry is usually devoted to successfully 

generating a mesh for the domain geometry that allows a 

compromise between desired accuracy and solution cost. 

After the creation of the grid, a solver is able to solve the 

governing equations of the problem. The basic procedural 

steps for the solution of the problem are the following. 

First, the modeling goals have to be defined and the 

model geometry and grid are created. Then, the solver and 

the physical models are stepped up in order to compute 

and monitor the solution. Afterwards, the results are  

examined  and  saved  and  if  it  is  necessary  we consider  

revisions to  the  numerical  or  physical  model parameters. 

 

 

 

 

 

In this project, curves for the lift and drag characteristics 
of the NACA 4412 airfoil is developed. Dependence of the 

drag CD and lift coefficient CL on the angle of attack was 

determined using two different turbulence models. 

Turbulent flows are significantly affected by the presence of 
walls, where the viscosity –affected regions have large 

gradients in the solution variables and accurate 

presentation of the near wall region determines successful 
prediction of wall bounded turbulent flows. The aim of this 

project was to find the most appropriate turbulence model 

for this simulation. In fluid dynamics, turbulence or 

turbulent flow is a fluid regime characterized by chaotic, 
stochastic property changes. This includes low momentum 

diffusion, high momentum convection and rapid variation 

of pressure and velocity in space and time.  

      In this analysis, the Spalart-Allmaras model and the 
Standard k-ω model were combined with the governing 

equations for the numerical solution of the flow field over 

the NACA 4412 airfoil and existing experimental data from 

reliable sources Abbott et al., 1959[1] are performed to 
validate the computational results. In order to include the 

transition effects in the aerodynamic coefficients calculation 

and get accurate results for the drag coefficient, a new 
method was used.  

     According to Nathan Logsdon [2] both a 2-D and 3-D 

model of the four-digit airfoil 0012 were created.  When 

these models were run in FLUENT under the same 
conditions identical results were produced.  This goes to 

prove the validity of using a simpler 2-D model for 

T 
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analyzing airflow over airfoils instead of the more time 

consuming 3-D model. 

 

2  Mathematical Formulation & Turbulence 
Modeling 

For all flows, the solver solves conservation equations for 
mass and momentum. Additional transport equations are 

also solved when the flow is turbulent. The equation for 

conservation of mass or continuity equation can be written 
as follows:  

            (1) 

Equation 1 is the general form of the mass conservation 
equation and is valid for incompressible as well as 

compressible flows. The source Sm is the mass added to the 

continuous phase from the dispersed second phase (for 

example, due to vaporization of liquid droplets) and any 
user-defined sources. Conservation of momentum in an 

inertial reference frame is described by Equation 2. 

          (2) 

Where p is the static pressure,   is the stress tensor 

(described below) and  and  are the gravitational body 

force and external body forces (for example, that arise from 

interaction with the dispersed phase), respectively.   also 

contains other model-dependent source terms such as 

porous-media and user-defined  sources. The stress tensor  
 is given by:  

                     (3) 

Where µ is the molecular viscosity, I is the unit tensor, and 

the second term on the right hand side is the effect of 

volume dilation. For the 2-D, steady and incompressible 
flow the continuity equation is:   

                (4) 

Momentum equations   for   viscous   flow   in   x and   y 

directions are, respectively 

                   (5) 

             (6)        

where due to characteristics of the 2-D flow in continuity 

equation the term  and  in momentum equation, 

and drop out. The continuity and 

momentum equations are combined with one of the 

following turbulence models which are briefly presented as 

follows: 

2.1 The Spalart-Allmaras turbulence model 

In the turbulence model of Spalart-Allmaras the transport 

equation can be written in the form of the operating 
parameter   , as belows:  where v is the molecular viscosity 

calculated by the Sutherland’s (1893) law. The four terms 

on the right hand side correspond to production, diffusion, 

dissipation and transition, respectively. The individual 
components of the production term are defined as:  

–

1 2 2( )2+ 1∇ 2        (7) 

          (8)   

2 2 25−16+ 36−16           (9) 

        (10) 

                 

                      (11) 

2.2 k-ω standard turbulence model 

The standard k-ω model is one of the most common 

turbulence models. It includes two extra transport 
equations to represent the turbulent properties of the flow. 

The first transported variable is turbulent kinetic energy, k, 

similar to the turbulent kinetic energy equation of the 

standard k- є model. The second is the specific dissipation, 
ω, which can also be thought of as the ratio of e to k. The 

model incorporates modifications for low-Re effects, 

compressibility and shear flow spreading. The standard k- 

ω model in FLUENT is based on the Wilcox k-ω model 
,which incorporates modifications for low-Reynolds-

number effects, compressibility, and shear flow spreading. 

The turbulence kinetic energy, k, and the specific 
dissipation rate, ω, are obtained from the following 

transport equations 

            (12) 

      (13) 

In these equations, Gk represents the generation of 

turbulence kinetic energy due to mean velocity gradients. 
Gω represents the generation of ω. and  represent the 

effective diffusivity of k and ω, respectively. Yk and Yω 
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represent the dissipation of k and ω due to turbulence. All 

of the above terms are calculated as described below. Sk and 
Sω are user-defined source terms 

3 Computational Method 

In this work, the NACA 4412, the well documented airfoil 
from the4-digit series of NACA airfoils, is utilized.  the 

NACA 4412 airfoil has a maximum thickness of 12% with a 

camber of 4% located 40% back from the airfoil leading 
edge (or 0.4c). Velocity for the simulations was 50m/s, same 

with the reliable experimental data from Abbott and Von 

Doenhoff (1959), in order to validate the present simulation. 

The free stream temperature is 300 K, which is the same as 
the environmental temperature. The density of the air at the 

given temperature is ρ=1.225kg/m3 and the viscosity is 

µ=1.7894×10-5kg/ms. for this velocity, the flow can be 

described as incompressible. This is an assumption close to 
reality and it is not necessary to resolve the energy 

equation. A segregated, implicit solver was utilized (Fluent 

6.3.26.2006) Calculations were done for angles of attack 

ranging from -18o to 18°. The airfoil profile, boundary 
conditions and meshes were all created in the pre-processor 

Gambit 2.3.16. The pre-processor is a program that can be 

employed to produce models in two and three dimensions, 
using structured or unstructured meshes, which can consist 

of a variety of elements, such as quadrilateral, triangular or 

tetrahedral elements. Here quadrilateral meshes are used. 

 

4. RESULTS AND DISCUSSION 

4.1 Simulation Outcomes of Static Pressure 

From the contour of pressure coefficient, we see that there 
is a region of high pressure at the leading edge (stagnation 

point) and region of low pressure on the upper surface of 

airfoil. This is of what we expected from analysis of velocity 

vector plot. From Bernoulli equation, we know that 
whenever there is high velocity, we have low pressure and 

vice versa. Figure 1 to 6 shows the simulation outcomes of 

static pressure at angles of attack 00 to15° with two used 

model. The pressure on the lower surface of the airfoil was 
greater than that of the incoming flow stream and as a 

result it effectively “pushed” the airfoil upward, normal to 

the incoming flow stream. On the other hand, the 

components of the pressure distribution parallel to the 
incoming flow stream tended to slow the velocity of the 

incoming flow relative to the airfoil, as do the viscous 

stresses. 

 

Fig.1 Contours of static pressure at 0oangle of attack with 

Spalart-Allmaras turbulent model 

 

Fig 2 Contours of static pressure at 9oangle of attack with 

Spalart-Allmaras turbulent model 

 

Fig 3 Contours of static pressure at 15oangle of attack with 

Spalart-Allmaras turbulent model 

 

 

Fig.4 Contours of static pressure at 0oangle of 

attack with k-ω turbulent model 
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Fig.5 Contours of static pressure at 9oangle of attack with k-

ω turbulent model 

 

Fig. 6 Contours of static pressure at 15oangle of attack with 

k-ω turbulent model 

4.2 Contours of Velocity Component 

Contours of velocity components at angles of attack 0, 9 and 15° 
are also shown (Figures 7to11). The trailing edge stagnation point 
moved slightly forward on the airfoil at low angles of attack and 
it jumped rapidly to leading edge at stall angle. A stagnation point 
is a point in a flow field where the local velocity of the fluid is 
zero. The upper surface of the airfoil experienced a higher 
velocity compared to the lower surface. That was expected from 
the pressure distribution. As the angle of attack increased the 
upper surface velocity was much higher than the velocity of the 
lower surface. As can be seen, the velocity of the upper surface is 
faster than the velocity on the lower surface 

 

Fig.7 Contours of velocity components at 0
o
angle of attack with 

Spalart-Allmaras turbulent model 

 

Fig.8 Contours of velocity components at 9oangle of attack 

with Spalart-Allmaras turbulent model 

 

 

Fig.9 Contours of velocity components at 15oangle of attack 

with Spalart-Allmaras turbulent model. 

 

Fig.10 Contours of velocity components on leading edge 

On the leading edge, we see a stagnation point where the 

velocity of the flow is nearly zero. The fluid accelerates on 

the upper surface as can be seen from the change in colors 

of the vectors. On the trailing edge, the flow on the upper 
surface decelerates and converges with the flow on the 

lower surface. 
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Fig.11 Contours of velocity components on trailing edge 

4.3 Curves of Pressure Coefficient 

The lower curve is the upper surface of the airfoil and has a 

negative pressure coefficient as the pressure is lower than 

the reference pressure as shown in fig from 12 to 14. 

 

Fig.12 Pressure coefficient at 0oangle of attack with k-ω 

turbulent model 

 

Fig.13 Pressure coefficient at 9oangle of attack with k-ω 

turbulent model 

 

Fig.14 Pressure coefficient at 15
o
angle of attack with k-ω 

turbulent model 

4.4 Variation of CL with Angle of Attack 

Simulations for various angles of attack were done in order 

to be able to compare the results from the different 
turbulence models and then validate them with existing 

experimental data from reliable sources Abbott[1]. To do 

so, the models were solved with a range of different angles 

of attack from -18 to 18°.On an airfoil, the resultants of the 
forces are usually  resolved into two forces and one 

moment. The component of the net force acting normal to 

the incoming flow stream is known as the lift force and the 

component of the net force acting parallel to the incoming 
flow stream is known as the drag force. The curves of the 

lift and the drag coefficient are shown for various angles of 

attack, computed with three turbulence models and 
compared with experimental data. Fig. 15 and 16 shows 

variation of CL with angle of attack with three turbulent 

models. 

 

Fig.15 variation of CL with angle of attack with Spalart-

Allmaras turbulent models 
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Fig.16 variation of CL with angle of attack with k-ω 

turbulent models 

 

4.5 Discussion 

 Figure 17 shows that at low angles of attack, the 
dimensionless lift coefficient increased linearly with angle 

of attack. Flow was attached to the airfoil throughout this 

regime. At an angle of attack of roughly 14 to 15°, the flow 

on the upper surface of the airfoil began to separate and a 
condition known as stall began to develop. All three 

models had a good agreement with the experimental data 

at angles of attack from -10 to 10° and the same behavior at 
all angles of attack until stall. It was obvious that the k-ω 

and Spalart-Allmaras turbulence model had the 

approximately same behavior with the experimental data 

as well as after stall angle. Near stall, disagreement 
between the data was shown. The lift coefficient peaked 

and the drag coefficient increased as stall increased.  

 

Fig.17 Comparison between experimental data from Abott 

et al and two different turbulent models simulation result 

of the lift coefficient curve for NACA 4412 airfoil. 

 

Fig.18 Comparison between experimental data from Abott 

et al and three different turbulent models simulation result 
of the Drag Coefficient curve for NACA 4412 airfoil 

 

5 Conclusions 

This paper showed the behavior of the 4-digit symmetric 

airfoil NACA 4412 at various angles of attack. The pressure 

on the lower surface of the airfoil was greater than that of 
the incoming flow stream and as a result it effectively 

“pushed” the airfoil upward, normal to the incoming flow 

stream. The trailing edge stagnation point moved slightly 
forward on the airfoil at low angles of attack and it jumped 

rapidly to leading edge at stall angle. A stagnation point is 

a point in a flow field where the local velocity of the fluid is 

zero. The upper surface of the airfoil experienced a higher 
velocity compared to the lower surface. That was expected 

from the pressure distribution. As the angle of attack 

increased the upper surface velocity was much higher than 

the velocity of the lower surface. The computational results 
from the three turbulence models were compared with 

experimental data where the boundary layer formed 

around the airfoil is fully turbulent and they agreed well. 

The most appropriate turbulence model for these 
simulations is the k-ω two-equation model, after this 

Spalart Allmaras comes which has a good agreement with 

the published experimental data Abbott [1] of other 
investigators for a wider range of angles of attack. 
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