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Abstract- A computational study has been performed in order to assess the effect of the distance of the far-field from aerofoil 
surface. Aerofoil NACA 23012 has been considered for this study. Considering the flow to be steady and incompressible, a 
Navier-Stokes code, FLUENT 6.3 was used with Spalart-Allmaras one-equation turbulence model. From this study, it is found 
that to obtain acceptable results from the analysis the far-field should be placed at least at a distance 10 chords upstream and 
15 chords downstream of the aerofoil. 
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I. INTRODUCTION 
 
A significant amount of work has gone on in the study 
of aerofoils since 19th century. However, until last few 
decades it was a very laborious task to test new 
aerofoils for their aerodynamic performance since the 
only method of analysis was by means of wind tunnel 
test. For every minute modification to be done on an 
aerofoil, it had to be subjected to a very time 
consuming process of wind tunnel simulation and also 
each time the model had to be redone which would add 
up to the required cost and time. Thus most of the 
time, standard aerofoil data established by renowned 
institutions like National Advisory Committee for 
Aeronautics (NACA) were used without much 
modification. 
 
With the development of high speed computers, dawn 
of a new field, the field of computational fluid 
dynamics (CFD) was witnessed. However, the 
algorithmic capability of CFD was very limited. In the 
present day CFD tool has reached a level where it can 
handle even some separated flows over two 

dimensional flow problems with greater accuracy, 
although three dimensional complex real life problem 
analysis still continues to pose a problem.  
 
Computational fluid dynamics involves mathematical 
modeling a given problem in terms of the governing 
equations of the fluid dynamics and solving these 
equations to satisfy required boundary conditions.  
 
The governing equations are: continuity, momentum 
and energy equations. The present study focuses on 
analysis of two dimensional flows over an aerofoil and 
thus only continuity and momentum in x and y 
direction equations are to be solved. Since no heat 
transfer is considered between aerofoil surface and 
fluid flowing over it, energy equation is not considered 
here.  
 
The mode of obtaining solutions in CFD is iterative. 
The governing equations are solved subject to the 
specified boundary conditions. For example, when a 
surface is designated as a wall, it means that the 
velocity of the fluid normal to the surface is zero.  
 
The far-field condition at the far downstream of the 
aerofoil is designated as the pressure outlet condition 
and it signifies that the fluid pressure along that 
far-field boundary is equal to the free stream fluid 
pressure.  
 
The method of obtaining solution in the CFD is the 
following. Initial values of the dependent variables 
will be assumed at all grid points and the discretised 
equations are solved iteratively subject to the boundary 
conditions imposed on the problem.  
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These computations will be carried out iteratively 
until the boundary conditions are satisfied.  
When a solid body is placed in a fluid flow, it induces 
disturbances in the flow, which will persist up to 
certain distance from the body all around. It is thus 
important to place computational boundaries removed 
far enough from the body so that the flow will have 
attained free stream conditions again.  
 
If the far-field distances are placed closer distances -- 
in order to reduce computational effort -- before the 
recovery of the fluid state, the boundary conditions 
applied on the far field will suppress the flow field 
variations which will lead to erroneous results from 
the computations.  
 
The aim of this study is to bring out the importance of 
positioning of far fields from the aerofoil surface.   
 
II. COMPUTATIONAL METHOD  
 
For this study, the standard NACA 23012 aerofoil has 
been considered. Free stream with a flow velocity 
30m/s and Reynolds number 2×106 was assumed.  
 
Grid was generated using GAMBIT 2.3 preprocessor.  
In order to discretise the domain, C-grid scheme with 
quadrilateral elements was created as shown in fig.1. 
Dense mesh around aerofoil was ensured (see fig.2) in 
order to resolve the boundary layer adequately.  
However, near the far-fields, crude mesh would not 
affect the computational outcome since the flow 
variations are expected to die down.  
 
The first grid point next to the aerofoil surface is 
placed at 0.0005c, which correspond to y + value of 35 
which lies in the log law region of the boundary layer. 
This value of y +  ensures that the first field point next 
to the solid boundary lies outside the laminar 
sub-region of the  flow  [2]. Velocity inlet and pressure 
outlet conditions are applied on the far-fields as shown 
in fig.1. 
 

 

 
 
The two-dimensional steady incompressible 
Reynolds-Averaged Navier-Stokes equations and 
continuity equation were solved. Flow over the 
aerofoil surface was assumed to be completely 
turbulent and hence Spalart-Allmaras one-equation 
turbulence model was used. This is one equation 
turbulence model and is known to be an economic and 
reasonably accurate model to analyze flow over 
aerofoils. For this a finite volume method based CFD 
code, FLUENT 6.3 was employed. Second order 
upwind discretisation scheme was employed to treat 
the derivatives. Convergence criteria for residuals 
were set to a value of 1×10-5.  
 
During grid generation care should be taken so that 
the mesh does not intervene with the aerofoil body. 
This problem usually occurs at surface with large 
curvature, for example at the leading edge of the 
aerofoil. This mesh intervention leads to serious 
problems in convergence pattern and also affects the 
computational results to a great extent. Figures 3 and 4 
illustrate the effect of mesh intervention with the body 
at the leading edge and its affect on the convergence 
pattern of the solution. After refining the grid at the 
leading edge, an improvement convergence pattern 
was observed. The distance of far-fields from aerofoil 
surface has been varied in terms of aerofoil chord 
length in order to assess its effect on the computational 
results. The values of lift, drag and moment 
coefficients obtained are compared with experimental 
results from NACA report No. 610. 
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Fig.4: adverse effect of intervening mesh on 

convergence history (aoa 12 °) 
 

 
Fig.5: Refined mesh at leading edge 

 

 
Fig.6: Improvement in convergence history after 

modification (aoa 12°) 
 
III. RESULTS AND DISCUSSIONS  
 
The following results are for the analysis of flow over 
the NACA 23012 aerofoil with various far-field 
distances. Far-filed distances were varied in terms of 
the aerofoil chord length. The following four cases 
were considered for the analysis:  

i. Velocity inlet and pressure outlet at 1c and 2c 
away from aerofoil respectively  

ii. Velocity inlet and pressure outlet at 2c and 5c 
away from aerofoil respectively  

iii. Velocity inlet and pressure outlet at 5c and 10c 
away from aerofoil respectively  

iv. Velocity inlet and pressure outlet at 10c and 15c 
away from aerofoil respectively  
 
In all the cases the far-field boundary in the lateral 

direction was held at 10 chords from the aerofoil top 
and bottom surfaces. The following figures show the 
computational results for the above four cases in terms 
of lift, drag and moment coefficients. From fig.7 it can 
be observed that the results obtained from case (iv), 
that is the velocity inlet and pressure outlet are placed 
respectively at 10 chords and 15 chords away from the 
aerofoil surface closely match with the results from 
standard experiments. The lift coefficient predicted in 
this case is with an acceptable level of error of less 
than 5%. However, for other cases, the error level is 
beyond 10% which is unacceptable. The prediction of 
drag has always been tricky affair in CFD. Fig.9 shows 
comparison of drag coefficients obtained from the 
above four cases and experimental results. Far-fields 
placed at 10 and 15 chords distance predict drag 
coefficient with an error of about 10% at lower angles 
of attack and about 35 to 40% error at higher 
incidences.  
 
Fig.10 shows moment coefficient comparison. Except 
for the first case where the far-fields are placed 1 
chord upstream and 2 chords downstream, other cases 
predict the moment coefficient value close to 
experimental results.  
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CONCLUSIONS  
 
To obtain reliable results from the CFD analysis, the 
positioning of the far-field for the computational 
domain plays an important role. From this study, it is 
found that, for acceptable results for incompressible 
flow over aerofoils, the far-field distance should be 
placed at least 10 chords upstream and 15 chords 
downstream from the aerofoil surface.   
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