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Abstract:  
The flight regime of modern transport aircraft, is at transonic speeds, in terms of Mach number M∞ = 0.75-0.85 and at very high 
Reynolds numbers. The transonic flow occurs when the two regimes of subsonic and supersonic flows occur in the same local flow 
field. It is characterized by the development of a supersonic pocket, delimited by the wall on the one hand and by the sonic line on the 
upper surface of the wing on the other hand. The appearance of a supersonic pocket on the under-surface of the wing is also possible; all 
depends on the incidence angle and the geometrical form of the wing.  This work is devoted to the evaluation and the validation of the 
numerical results resulting from transonic calculation of flow around a NACA0012 aerofoil, then around a wing 3d having the same 
basic airfoil. All calculations are executed by using the turbulence models of two equations k-ε, k-ω and SST k-w. 
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1. Introduction 

The development of drones is deviated more to the high 
speeds field and transonic Mach numbers. That is 
particularly obvious for the interest of development of 
"HALE" aircraft type, the evaluation of transonic 
flying wings, design of drones at high speed and 
improvement of the capacities of UAV (unmanned 
aircraft vehicle) operations. Unfortunately, even the 
preliminary design stapes of the transonic 
configurations are complicated because the absence of 
appropriate airfoils and their data performances, 
moreover the majority of the existing high speed 
airfoils were conceived for civil aircrafts applications 
and their airfoil of specific mission. For that, the 
design of new transonic wings is a practically 
inevitable choice for the significant improvement of 
the aerodynamic performances and to fill between the 
design requirements. in this work, we simulated a 
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transonic flow of air around a wing with symmetrical 
airfoil of  NACA0012 type on account of validation.  

For 2D case; a house code was used for the generation 
of grid around airfoil by the "algebraic" method, for 
the wing "3D case", we used the Ansys software for 
grid generation and simulation of aerodynamic 
performances with   kw, ke and SST turbulence 
models. 

2. Transsonic mode 

The transonic mode met in the cruise flight of transport 
aircraft, and in the flight operation of the military 
aircrafts and UAV is characterized by a upstream Mach 
number slightly inferior of the unit, what will shout a 
supersonic pocket of flow limited by a sonic line 
around the geometry in question. The latter generally 
ends by a shock wave which decelerate the flow 
towards the subsonic conditions. See figures1 and 2. 
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Fig.1 Characteristics of nonviscous transonic flow around    

wing airfoil. 

3. Grid generation 

The procedure of the numerical solution of Euler 

equations is uncoupled by grid generation. The 

automatic grid generation consists in generating the 

automatic grid generation consists in generating a 

system of curvilinear coordinated which determines the 

field of calculation in which all the equations of 

physical problem will be expressed. The algebraic 

technique used in our study suggested by Rebert (1971) 

and modifies by Eissemann (1979), produces a direct 

functional description of the transformation between 

the computational   and physical fields. A program of 

grid generation around the profile of wing was 

establishes. Several cases can be represented by using 

this last, see figures 3 and 4. 

 

 

 
 

 
Fig. 2 Shock waves progression on the airfoil surface of wing 

according to Mach number [8, W.H. Mason] 

4. Mathematical models  

For this study, calculations are executed by using the 
Ansys code, where several models of turbulence are 
available in this code, the models with one and two 
transport equations use partial derivative equations to 
connect the fluctuations of flow to the average sizes of 
variables. 

We limit as an example to present thereafter the k-w 
model. The K-ε model and SST- Model are 
respectively detailed in reference [5] and reference 
[7]. 

4.1 K-w model. 

The K-ω model is a model with two transport 
equations. The equations to be solved are the equation 
of turbulent kinetic energy K and the specific 
dissipation rate ω. The turbulent viscosity is expressed 

by t
kCµυ
ω

=  and the transport equations are 

illustrated by the following equations: 
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Fig.3 Grid in C around the NACA 0012 airfoil. 

 

 

 

Fig.4 Grid (3D) around the M6 wing.  
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The conditions of K and ω on the wall are: 
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Where y1 is the normal distance from the wall to the 
center of the first mesh. To have accurate solutions, 
the center of the first mesh must be positioned more 
close to the wall. This model requires a very fine 

grid in the vicinity of solids surface. A 
non-dimensioned distance near to the unit is 
generally recommended y+=1. 

4.2 Boundary conditions  

We consider that the initial field is uniform obtained 
from the upstream flow conditions. The boundary 
conditions are treated as follows: 
• Adhesion conditions and adiabatic wall condition 
are imposed at the wall. 
• Input / output boundary conditions type are 
imposed on the rest of field.              
  
5. Results and comments 
In order to show the influence of the upstream Mach 
number and the incidence angle on the establishment 
of the shock wave and supersonic pocket and the lift 
coefficient, we present the following results: 
 Figures 5 and 6 show the influence of upstream 
Mach number with the incidence angle on the 
pressure distribution for Mach = 0.75 and alpha = 2 
deg, we note that the Cp is positive to the leading 
edge, so it was a overpressure, it becomes negative 
on the extrados, so there is a depression followed by 
an acceleration of flow, a sudden increase in Cp 
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caused by the creation of the shock wave that goes 
back the flow to the upstream conditions. A good 
agreement is observed with the references [ 1,2,3,4 ],  
 
figures 7 and 8 show the influence of upstream 
Mach number  with the incidence angle on the   
 
local Mach number distribution, the breakpoints are 
moving according to the different incidences, and 
the supersonic pocket widens, the sonic line is close 
to the edge, and the number of supersonic points on 
the extrados inside of the supersonic cloche 
increases and the shock wave is more intense and 
closer to the trailing edge.  
Figures 9 and 10 show respectively the iso-Mach 
map around ONERA M6 wing for a Mach 
M∞=0.799 and an incidence angle α=2.257°; and 
iso-Mach lines in the various stations along the wing 
span z/b = 0.5 and z/b = 0.75, we see clearly a Mach 
wave and supersonic cloche around the wing on the 
different stations. 

 

 

 

 
Fig.6 Distribution of pressure coefficient on the              

NACA0012 airfoil surface. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7 Influence of upstream Mach number with the 
incidence angle on the local Mach number distribution. 
 
 
 

 

ig.5  Iso-pressure lignes for  Mach=0.75 & 

Alpha =2°. 
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Fig.8 Distribution of  iso-mach lignes around the 
NACA0012 airfoil for MACH=0.8 & ALPHA=3.Deg 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 10. Iso-Mach lignes for different stations along of   
span winge :for z/b=0.5 &z/b=0.5 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.9 Iso-Mach map for M

∞
=0.799; α

c
=2.257°; 

Re
∞
 =9.10

6 

  (SST k-w) 
 
 
6. Conclusion 

In this study, we simulate a transonic flow around a 
wing with symetrical airfoile symmetrical; among the 
conclusions reached:  

The prediction of wave drag around airfoil and wing 
operating in the transonic mode and progression of 
shock waves on the airfoil surface depending on the 
Mach number, The appearance of the shock wave 
that interacts with the boundary layer significantly 
increases the drag and induced wave drag created at a 
divergence Mach [9,10], that promotes the separation 
of air streams Also lift loss and creation of 
aeroelasticity problems. Hence, the choice of airfoils 
for UAV transonic wing with their aerodynamic 
characteristics remain a challenge to raise. 
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