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Abstract  Numerical analysis was performed for a turbulent flow around an Ahmed body. Special attention has been paid 
for the friction effect inside the near-wake of Ahmed body’s back, and for the interaction between the vortex structures and 
the Ahmed body’s rear window. 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 a wide variation of flow velocities and different slopes of Ahmed body’s rear window. The 
results reveal that with increasing of flow velocity and rear window’s slope, the vortex structure change from 2D to 3D. 
Comparison of numerical results with the experimental data available in the literature is satisfactory. 
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1. Introduction 
During the 21 meeting of the intergovernmental panel on 

climate change, a growing observer indicates that the planet 
is heated. During the 20th century, the temperature on the 
surface of the ground increased approximately by 0.85. The 
snow-covered and the glacial extents were reduced 
approximately by 10% and the total mean level of the sea 
rose several tens of centimeters [1]. The main cause of these 
problems is the air pollution. It is responsible of the death of 
2.4 million people in the world each year according to 
WHO (2006). Adverse health effects such as bronchitis, 
asthma [2], lung cancer [3], cardiovascular disease [4], and 
mutations [5] are associated with respirable particles 
emitted from vehicles. Ultrafine particles (defined as 
Dpp100 nm) can deposit with high efficiency in the smallest 
vessels of the lungs. One major source of these ultrafine 
particles is vehicles. The origins of these emissions are 
varied: industrial, transport, agricultural, waste processing 
and natural emissions. 

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 European Automobile   
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Manufacture’s Association. Moreover, the sector is 
tributary of the petroleum products for more than 95% of its 
energy needs. According to [6], 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 power units, aerodynamics, the energy 
effectiveness of the components of the vehicle, or clean 
energies. 

Ahmed S., (1981) performed a series of wind-tunnel 
experiments in order to examine the wake structure around 
typical automobile geometries. The study focused on the 
time averaged structure obtained from visualizations of 
flow in the wake region for smooth quarter scale 
automobile models. Experiments were also performed with 
a bluff-body, “generic” vehicle geometry where pressure 
measurements, wake surveys and force measurements for 
different angles of base-slant were presented. Results 
indicated that almost 85% of total aerodynamic resistance is 
contributed by pressure drag and most of this drag is 
generated at the rear end. The impact of the aerodynamic 
drags on the power consumption, and consequently on the 
emissions of CO2 and gas for purpose of greenhouse, is then 
considerable. 

Author’s [7, 8] identified three flow areas varying 
according to the slant angle α of the rear window. Below 
the first critical angle (αm < 12°), the airflow over the 
angled section of the back end remains fully attached. The 
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shear layer rolls up at the top and bottom edges of the 
vertical base to form two recirculatory regions. Between the 
two critical angles (12° < α < 30°), the flow over the angled 
section becomes highly three dimensional. The two 
counter-rotating longitudinal vortices shed from the sides of 
the angled back section are larger than those formed below 
the 1st critical angle. For all back angles above this 2nd 
critical angle (α > 30), the flow over the angled section is 
fully separated. Again, two recirculatory regions are formed 
over the back end. Others authors [9] 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. According to [10, 11], these vortical 
structures are advected along the pavilion to wake zone. 
The complexity of the flow then holds the coexistence of 
transverse vortices on the rear window and at the bottom, 
and longitudinal vortices which develop on the side edges 
of the rear window. [10, 12-15], 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. 

The greatest interest is related to the control of 
detachment, with the works of [16-19], which proposes a 
numerical data base on control and the analysis of the 
wakes of thick body by aspiration or continuous blowing in 
order to provide several quantitative information on the 
flow which develops on a geometry of right cheek or 

inclined. More particularly in upstream of the separation 
line, on the rear window (separated zone) and in the wake. 

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 and on the drag. This present work consists in doing 
a numerical study of velocity field 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-ε model. 

2. Mathematical Formulation and 
Computation Procedure 

2.1. Assumption of Calculation Domain 

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 respectively. Three devices have  
been studied with different angles of α rear window show in 
table 1 below. 

 

 

Figure 1.  Ahmed Body geometry used [20] 
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Table 1.  Slack angle proposed by [20] 

1st case α < αm, 5° 

2nd case αm< αm< αM, 25°, 

3th case αM< α, 40°. 

These angles in table 1 represent the various flow 
structures defined by [7]. The geometry of the Ahmed body 
is shown in figure-1. The slant angle is adjustable and is the 
main variable model-parameter in the experimental 
investigations. The Ahmed body was placed at 4mm from 
the ground. The reference axis (X and Y) is linked to the 
model. The origins of these axis lies at the point O located 
on the floor of the ground of the numerical wind tunnel, on 
the base of the model. The dimension of wind tunnel is 30L 
and 10H. These dimensions are recommended on Refined 
Turbulence Modeling by [21]. The uniform pression in the 
outlet area is P0 = 101325 Pa. 

The flow is advected from the left to the right and the 
fluid is initialized to the speed V0. Finally, a frictionless 
wall condition is imposed at the floor of the wind tunnel 
and on geometry. 

2.2. Governing Equation 

The Reynolds Averaged Navier-Stokes (RANS) 
equations solved by fluent are presented there. The RANS 
approach of permitting a solution for the mean flow 
variables greatly reduces the computational effort. If the 
mean flow is steady, the governing equations will not 
contain time derivatives and a steady-state solution can be 
obtained economical. 
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This approach is generally adopted for all practical 
engineering calculations, and is used with Realizable k- Ɛ 
Turbulence Model: 
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Here, Gk and Gb are generation of turbulent k- Ɛ. due to 
mean velocity gradients and buoyancy respectively. YM is 
represents the contribution of the fluctuating dilatation in 
compressible turbulence to the overall dissipation rate. Sk 
and S are user-defined source terms for Ɛ and k 
respectively. Where, Cμ, C1Ɛ, and C2Ɛ, are empirical 
constants; εσ  and kσ  are respectively the turbulent 

Prandtl numbers relative to Ɛ and k. The values of these 
constants proposed by [22], are represented on table 2 
bellow. 

Table 2.  Empirical constants 

Cµ C1Ɛ C2Ɛ  εσ   kσ  

0.09 1.44 1.2 1.0 1.3 

3. Results Discussion 
3.1. Generating Mesh Geometry 

The figure 2 below represents the computational domain. 

 

Figure 2.  Grid configuration 

The grid distribution is a set of quadrilateral cells 
(uniformly structured mesh). The mesh is very uniformly 
fine near of the wall and around the Ahmed Body, where 
the velocity gradient is large. The grid distribution impacts 
the computation time and the number of iterations required 
for the solution converge. The choice of the mesh size of 
150,000 cells is a good compromise and the results that will 
be presented later are those of this mesh size. The numerical 
solution around the Ahmed body obtained can be found in 
literature papers presenting different methods of numerical 
simulation other than RANS, which is used in this paper. 
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Boundary conditions are the following uniform velocity at 
inlet, uniform pressure outlet, symmetry at ceiling and wall 
at floor.  

 

a) 

 

b) 

 

c) 

 

d) 

Figure 3.  Case 1: Velocity fields for Ahmed Body slack angle α = 5.     
a) U∞ = 5 m/s, b) U∞ = 12.5 m/s, c) U∞ = 25 m/s, d) U∞ = 40 m/s 

 

a) 

 

b) 

 

c) 

 

d) 

Figure 4.  Case 2: Velocity fields for Ahmed Body slack angle α = 25:    
a) U∞ = 5 m/s, b) U∞ = 12.5 m/s, c) U∞ = 25 m/s, d) U∞ = 40 m/s 
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a) 

 

b) 

 

c) 

 

d) 

Figure 5.  Case 3: Velocity fields for Ahmed Body slack angle α = 40:    
a) U∞ = 5 m/s, b) U∞ = 12.5 m/s, c) U∞ = 25 m/s, d) U∞ = 40 m/s 

 

a) 

 

b) 

 

c) 

Figure 6.  Means velocity vectors fields for U∞ = 12.5 m/s: (a) α = 5°;   
(b) α = 25°; (c) α = 40° 

3.2. Velocity Fields 

The figure 3 to 5 below represents the velocity fields 
around the Ahmed Body for different slack angle and flow 
velocities. We observe for different slack angles, the 
recirculation zones at the upstream of flow described by [7]. 
The velocity of these zones varied from 1.5U∞ to 2U∞. 
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Table 3.  Maximal velocity (Umax) for instationary flow 

α U∞ = 5 m/s U∞ = 12.5 m/s U∞ = 25 m/s U∞ = 40 m/s 

5° 9.15 1.95 1.7 2.05 

25° 7.95 1.73 1.91 1.99 

40° 8.55 1.95 2.01 2.05 

Table 4.  Maximal velocity (Umax) for stationary flow 

α U∞ = 5 m/s U∞ = 12.5 m/s U∞ = 25 m/s U∞ = 40 m/s 

5° 1.81 1.94 2.01 2.06 

25° 1.57 1.66 1.94 1.91 

40° 1.67 1.92 2.01 2.06 

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 12.5m/s and 
25 m/s for the various slopes. 

The figure 3 above represented the case 1 showed in table 
1. In this case, the instationary flow skirts the rear window 
and takes off on the bottom level. We observe two 
recirculation zones on the right bottom level with a very 
low speed values. The higher vortex turning in the watch 
direction reduced with the speed increase, decreases. The 
boundary line is extended between 56% and 72% of the 
height. The lower vortex on the other hand, turns in the 
trigonometrical direction. 

To the figure 4, a detachment appears on the rear window 
with maximum speed amplitudes on 25 m/s and 40 m/s, 
before stick back on the right bottom. On the right bottom 
level, the vortices are separate in the center of this one. 

In figure 5, the detach zone of the rear window is 
amplified to the upper side of the bottom. The upper vortex 
is reduces, and the low vortex goes up to the slope edge. 
The high amplitude of this vortex is certainly causes by 
detachment creating by the ground which appears in 30 mm 
in front of the Ahmed body. 

The separation phenomenon is intrinsically related to the 
boundary layer developing along the body, where the 
velocity gradients and viscous effects are important beyond 
30mm or even 50mm. The speeds close to the wall then 
become zero then reverse, and the boundary layer separates 
from the body surface. Away from the body, the velocity 
profile is characterized by a negative vector velocity zone 

and positive, before increasing sharply to reach higher 
speeds to U∞. Thereafter it changes linearly to the input 
speed of the fluid in the vein. These changes do indeed 
show the existence of a dynamic boundary layer between 
the wake zone and the flow away from the wall. This 
reduction in velocity in the wake zone, characterized the 
counter rotating vortices which are developed in this part of 
the enclosure.  

3.3. Comparison of Results 

Figure 6 below present the fields of the average vectors 
speed for different angles at the speed U∞ = 12.5m/s. There 
is a similarity with the experimental work presented by [20]. 
The present 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. 

The table 5 below present the characteristics of the 
recirculation zone (reference points at the center of the 
vortex), compared to the [20] study results. There is a 
difference of about 15% probable due to the parietal effects 
not taken into account in the numerical calculation.  

4. Conclusions 
This paper deals with a numerical study of a turbulent 

flow in the near-wake of an Ahmed Body with three slack 
angles (5°, 25° and 40°) and four speeds (5 m/s, 12.5 m/s, 
25 m/s and 40 m/s), to more understand consumption and 
the gas emissions to greenhouse effect of the future motor 
vehicles in all situation presented by Ahmed [7]. We have 
presented the velocity field showing the separate zone and 
the zones of recirculation for different slack angles of 
Ahmed Body. We observe that, in the near wake of Ahmed 
Body, the velocity in the recirculation zones varied from 
1.5U∞ to 2U∞. The separation phenomenon in the near wake 
is intrinsically related to the boundary layer developing 
along the body, where the velocity gradients and viscous 
effects are important beyond 30mm or even 50mm. we 
could characterize the central vortex in near wake of 
Ahmed Body, and compare them with the literature. Our 
results show a good agreement with the literature review.  

Table 5.  Characteristics of the recirculation zone compares to experimental of [20]) 

 
α = 5° α = 25° α = 40° 

Gosse K., 
(2008) 

Present 
study 

Gosse K., 
(2008) 

Present 
study 

Gosse K., 
(2008) 

Present 
study 

Centers Co-ordinate of 
higher vortex 

x* 0.75 0.87 0.28 0.5 0.335 0.32 

y* 0.93 0.84 0.57 0.60 0,885 0.92 

Centers Co-ordinate of 
lower vortex 

x* 0.56 0.54 0.29 0.26 0.68 0.80 

y* 0.28 0.3 0.24 0.24 0.24 0.42 

Heigh of the 
recirculatory zone LR*  1.34 1.46 0.66 0.86 1.16 1.2 
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