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Introduction

With the increase of world Automobile Park, the origin of 

automobile pollution becomes more and more extensive. In Europe, 

the contribution of the transport sector in the air pollution is 26% 

according to ACEA. Moreover, the sector is tributary of the petroleum 

products for more than 95% of its energy needs. According to,1 the 

road transport sector accounts for approximately 80% of the goods 

traffic and 90% of the traffic of passengers in Africa. The total cost of 
the air pollution in some African’s countries represents nearly 2 % of 

the GDP. The principal fields of research relate to the aerodynamics. 
Ahmed et al.,2 performed a series of wind–tunnel experiments in 

order to examine the wake structure around typical automobile 

geometries. Author’s identified three flow areas varying according to 
the slant angle α of the rear window (αm< 12°; 12° < α < 30° and 
α > 30). Others authors3 show that generally, a detachment appears 

to 8% of the length L on the front part of Ahmed body. On both 
sides longitudinal plane of symmetry, the threads current lines to the 

wall wrap around two homes and escape from the wall forming two 

vortices counter–rotating.4–8 let show that, the upstream flow and the 
wake structure have a major responsibility in determining for drag 

model. This is based on determining of the equations drag and the 
turbulence model used. In most of the digital calculation, they use the 

two–equation model as discretization with finite volume method. We 
observed that these different studies presented a lack like to consider 

the upstream flow as purely laminar, which justifies the necessity to 
study the influence of the upstream turbulence inside the dynamic of 
downstream flow of a vehicle. This present work consists in doing a 
numerical study of kinetic detachment of a turbulent flow in the near–
wake of an Ahmed Body. This study would help to well understand 
the effects of velocity fields on the pollutants dispersion. To lead well 
this study, we are going to present the mathematical formulation and 

the computation procedure employed. These methods have permitted 

to calculate, the velocity fields around and in the near–wake of the 
Ahmed Body, and the characterization of the circulation zone, by 
using a model of bi–dimensional turbulence, isotropic, stationary and 

unsteady k– model (Figure 1). 

Figure 1 Geometry used for this simulation.10

Material and methods

The geometry used for 2D numerical simulation in the air is the 
Ahmed body (scale 1/50). The lower part is base and is positioned at 
a height h = 4mm from the digital wind tunnel floor. The length L and 
the height H of the geometry are 80mm and 22mm.  

The RANS approach of permitting a solution for the mean flow 
variables greatly reduces the computational effort. 

MOJ Civil Eng. 2018;4(3):171‒173. 171

© 2018 Tientcheu–Nsiewe et al. This is an open access article distributed under the terms of the Creative Commons Attribution 

License, which permits unrestricted use, distribution, and build upon your work non-commercially.

Numerical study of a kinetic detachment flow in the 
near–wake of an ahmed body

Volume 4 Issue 3 - 2018

Tientcheu–Nsiewe M,1 Tcheukam–Toko D,2 
Murzyn F,3 Patte–Rouland B,4 Monkam A,1 
Tchawe–Tchawe M1

1Department of electrical, energy, and automatic system 
engineering, ENSAI–University of Ngaoundere, Cameroun
2Department of energy engineering, IUT–University of 
Ngaoundere, Cameroun
3CERIE –ESTACA parc universitaire Laval–Changé, rue Georges 
Charpak, France 
4CORIA UMR 6614 CNRS, University of Rouen, France

Correspondence: Tientcheu–Nsiewe Max–well, Department 
of electrical, energy, and automatic system engineering, ENSAI–
University of Ngaoundere, Cameroun, Tel +23-7674-1366 97, 
Email maxwelltientcheunsiewe@gmail.com

Received: June 27, 2017 | Published: June 28, 2018

Abstract

To understand the impact of vehicle on the air pollution, it this significant to modelling 
a flow around it. For that we use a simplified car model Ahmed body. Numerical 
analysis was performed for a turbulent flow around an Ahmed body. A strong vortex 

structure in the near–wake could have a large significance on the atmospheric 

prediction, even on the power of a car. The turbulent model has been applied a standard 
κ–ε two equations model and the two–dimensional Reynolds Averaged Navier–Stokes 
(RANS) equations, are discredited with the second order upwind scheme. The SIMPLE 
algorithm, which is developed using control volumes, is adopted as the numerical 

procedure. Calculations were performed for different slopes of Ahmed body’s rear 

window. The results reveal that, the takeoff zone is function to the rate of the flow. 
It is more prolonged upstream of the Ahmed body and less intense for 5 m/s and 40 
m/s speeds. And more prolonged to the top and less intense for 25 m/s for the various 
slopes. Comparison of numerical results with the experimental plot available in the 

literature is satisfactory.
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This approach is generally adopted for all practical engineering 
calculations, and is used with Realizable k– Ɛ Turbulence Model.

Results

The grid of different cases study is presented at the following.

Figure 2

Figure 2 Grid distribution°.

Figure 3 below present the velocity profile around the Ahmed 
Body for different slack angle. We observe for different flow a 
detachment upstream Ahmed body like described by Ahmed at al.2 

The velocity of these zones go to 1.5U∞..
9  After comparison, we have 

to push calculations for three different speed range whose profiles are 
presented below. It arises of, more the angle is small, more turbulence 

is strong. And more the height of boundary layer is also low. We can 

conclude that: The volume of the takeoff zone varies function to the 
rate of the flow. It is more prolonged upstream of the Ahmed body 
and less intense for 5 m/s and 40 m/s speeds. And more prolonged 
to the top and less intense for 25 m/s for the various slopes (Figure 
4).9 At the rear window, a conventional detachment bulb is observed. 

The flow takes off at the edge and then sticks a little farther (25 mm), 
enclosing a “dead zone” delimited by a boundary layer where the fluid 
returns back along the wall. The current lines do not entirely follow 
the surface of the body. The adverse pressure gradients involved 
in the recompression zones result in boundary layer detachment. 
These detachments then generate a wake of large size (which varies 
according to the angle of the rear window and the speed of the flow), 
preventing a total recompression of the flow. The difference in pressure 
between the front and the back of the body is then very important. 

The profiles speeds close to the leading edge are representative of the 
laminar boundary layers. However the flow inside the boundary layer 
remains laminar only at one certain distance starting from the leading 

edge and then become turbulent. Inside the turbulent boundary layer, 

there remains, all against the wall, a very thin layer in almost laminar 

flow called laminar film. The distance between the leading edge and 
the point of transition where the boundary layer becomes turbulent is 

called critical length.11

Figure 3 Velocity profile for Ahmed Body slack angle a) α = 5°, b) α = 5°.

Conclusion

The study shows that the vector field speed is the same as the one 
in experimental results. This result is satisfactory for a calculation 
completely in bidimension, unlike the experimental result that comes 

from the three–dimensional geometry.
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