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Abstract. Through computer simulations using numerical methods, an
Ahmed body model, was examined to study the aerodynamic properties, as
well as the evolution of vortex patterns at the rear of this model. Tests were
conducted at three different rear slant angles of 15°, 30° and 45° to evaluate
the drag and lift forces. A change in the rear slant angle of the vehicle results
in changes in vortex flow because vortex formation and separation adjust to
this difference. The best readings for minimum drag and lift were observed
on the model surface at 15°, leading to higher readings at both 30° and 45°
when vortices formed. The stress points be-tween the two surfaces move as
more lift is created by strong changes in airflow near the wings at moderate
to high angles of climb. The research objective is to enhance the rear design
of the vehicle by finding out how to cut down on air resistance without
affecting stability. The stream lines and overall flow shape were examined
using ANSYS Fluent, with velocity input at 30 m/s acting as the turning
condition.
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1 Introduction

Improving vehicle performance while reducing energy consumption requires focusing on the
aerodynamic performance of the vehicle. In order to analyze air flows around vehicles, the
Ahmed model is used as a reference due to the simplicity of its geometry and the availability
of many experimental data about it [1]. Research studies con-firm that the slope of the back
of an Ahmed model affects when and how the flow separates and the vortex structure is
formed. Depending on the change in the angle of the rear of the vehicle, the aerodynamic
forces change, which affects the vortex dynamics and the context of lift and drag forces [2].

Increasing the angles between 10° and 30° results in increased drag, due to the ap-
pearance of longitudinal swirling structures near the sides of the vehicle, where the flow
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patterns become more complex [3]. Whereas, when the rear angle measures above 30° or
falls below 10°, the swirling behavior observed affects pressure recovery and drag reduction
[4]. The modification of the vortex structure reduces drag by 7 to 10% by improving the
shape of the rear section [5].

This research aims to discover the optimum combination of angles which reduces drag
and improves vehicle stability. This research studies flow characteristics using CFD
simulations of the Ahmed body at rear angles ranging from 15° to 30° and up to 45°.

2 Methodology

2.1 Geometric details

The Catia v5r18 software was used to create an Ahmed body with real dimensions in order
to perform aerodynamic tests and to improve the design characteristics of the rear part of this
model. The length, width and height of the model shall be 1044 mm, 389 mm and 288 mm
as shown in Fig. 1.

The different perspectives of the Ahmed body designed in the Catia v5r18 are shown in
Figs. 2-4, which include isometric view, side view, front view, rear view and top view.
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Fig. 1. Ahmed body dimensions

Fig. 2. Isometric view
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Fig. 3. Side view and Rear view

Fig. 4. Front view and Top view

3 Numerical simulation

3.1 Mesh Description

For aerodynamic simulations, 6000 mm by 800 mm by 1000 mm dimensions were used for
the computational domain to make sure the flow analysis was reliable. The choice of this
rectangular layout, seen in Fig. 5, was meant to ensure accurate and even flow in the domain
by preventing boundary distortion effects.

Researchers improved accuracy and efficiency by simulating only one segment of the
model. Skipping some details was enough since the chosen geometry is the same all the way
through. From previous findings [6], [7] and [8], we find that excluding side wind help in
simulations does not limit the accurate results. In fact, it makes computing faster and
produces more precise meshes in the model’s surroundings.

Fig. 5. Overall dimensions of computational domain
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A numerical mesh and a suitable model for the aerodynamic simulation were built through
the use of ANSY S Mesh Tool. It was noticed that, in the interval that was studied, the network
density was lower than that defined by the limit of vehicle positions on the deck which called
for more accurate results for areas where airflow would suddenly change, as illustrated in
Fig. 6.

The setting up of a mesh using 973 535 nodes and 1 832 191 elements results in improved
precision during numerical calculations and an accurate model of the air flow.

Fig. 6. Meshed model

3.2 Boundary Conditions

To get better results, this work uses the Realizable k-epsilon model, included with Realizable
wall functions, to improve how the boundary layer is modeled. This model can be used in the
most varied situations. Such computations mean it is suitable for applications including
aerospace, automotive acrodynamics and turbomachinery.[9]

The simulation is based on three limit conditions consisting of a 30 m/s velocity inlet to
simulate the impact of the front wind on the vehicle, a pressure outlet, and a moving ground
set at 30 m/s. The asymmetry conditions reduce the effect of the limit, while maintaining the
stability of the Ahmed model as shown in Table 1.

Table 1. Boundary Conditions

Region Boundary conditions
Inlet Velocity inlet: speed magnitude of 30 m/s
Outlet Pressure outlet
Road Moving wall: speed magnitude of 30 m/s
Top + Symmetry + Side Symmetry (eliminating fluid/wall friction)
Body Stationary wall

4 Results and Discussions

The rear slant angle significantly affects the performance of the Ahmed model and this is
confirmed by the study of the aerodynamic coefficients. The drag coefficient is reduced to a
minimum (Cd = 0.1472) which produces perfect stability of the airflow, and this at a rear
angle of 15° which represents the best aerodynamic efficiency. The lift coefficient is 0.0942
, which could help stabilize the ship , given the relatively low lift forces. The drag coefficient
increases slightly at angles of 30° and 45°, while the load coefficient shows a larger increase,
reaching Cl = 0.1214 and Cl = 0.1325, which may adversely affect the dynamic stability of
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the vehicle. This increase in lift is due to the early separation of the surface flow, creating a
low-pressure area at the rear of the vehicle. As shown in Table 2 and Fig.7.

Table 2. Total drag coefficients and lift coefficients

Value of ¢ Drag coefficient Cd Lift coefficient Cl
15° 0.1472 0.0942
30° 0.1568 0.1214
45° 0.1566 0.1325
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Fig. 7. drag coefficients and lift coefficients

Findings indicate that a rear slant angle of 15° provides much better aerodynamic
performance than steeper alternatives. Consistent with what [10] found, these condi-tions
reduce the low-pressure area behind the vehicle and lead to lower drag for the vehicle. The
low value found for lift in our study shows that the model has a good level of dynamic
stability. Similarly, [11] experiments indicate that when the rear angles are made steeper, it
results in higher lift because stronger longitudinal vortices appear. Final results from [12]
indicate that deflectors reduced drag slightly, but not as much as simple adjustments to the
rear slant angle, proving that direct changes to the shape make a difference.

4.1 Pressure Analysis

The numerical simulation showed pressure distribution diagrams for the rear slant angles of
15°, 30° and 45° as shown in Figs. 8 to 10. This study seeks to analyse how the angle of
inclination affects the airflow around the rear of a vehicle. The rear sur-face of the vehicle at
an angle of 15° ensures a homogeneous pressure distribution as shown in Fig. 8, indicating
bonded flow characteristics, which reduces flow separation and disturbances. When the
vehicle is at the 30° rear tilt, presented in Figure 9, flow breaks into small parts, decreasing
the pressure and causing more recirculation which might modestly affect the stability of the
car. In Fig. 10, the development of the flow pattern makes it break into smaller streams at
45°, so the rear pressure grows and there is more turbulence. As a result, the vehicle
experiences more lift forces and a lower level of aerodynamic performance.
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Fig. 8. Pressure on surface 15° rear slant angle.
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Fig. 10. Pressure on surface 45° rear slant angle.

4.2 Flow Velocity and Streamline Analysis

Figs. 11 to 13 show the distribution of the flow rate with streamlines for the three different
rear angles under consideration. At an angle of 15°, the flows achieve a stable behaviour with
a homogeneous distribution of velocity, which maintains the flow lines consistent and stable,
indicating stable and sticky flow characteristics as shown in Fig. 11. The partial separation
of the airflow leads to degradation and a gradual decrease in speed, with an angle of
inclination of 30°, as shown in Fig. 12. This contributes to the formation of small air vortices
and causes intermediate disturbances that affect the regularity of the flow. The 45° inclination
angle shows a decrease in flow velocity due to an increase in flow separation, as shown in
Fig. 13, which increases the complexity of the flow pattern resulting from significant
disturbances in the flow lines.
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Fig. 11. Streamlines and Velocity on surface 15° rear slant angle
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Fig. 12. Streamlines and Velocity on surface 30° rear slant angle

Fig. 13. Streamlines and Velocity on surface 45° rear slant angle

4.3 Evaluating Turbulent Kinetic Energy

Analyzing TKE helps to show how turbulent fluctuations are spread throughout the wake
behind the Ahmed body model. Figs. 14 to 16 indicating rear slant angles of 15°, 30° and 45°
demonstrate that the highest amount of TKE occurs close to the rear surface for the 15°
setting. As a result, we find clearly outlined and sturdy vortices formed near the body, with
most of them not moving far during the proof stage.

Simulations for slant angles of 30° and 45° indicate that the TKE spreads over a larger
distance downstream. Despite lower TKE values, these conditions lead to more flow
separation and increased instability in the wake which indicates weaker performance.

According to the results, a 15° rear angle ensures that the flow structure stays more
consistent, thanks in part to beneficial turbulence that makes the wake more stable. A more
slanted rear area spreads the turbulence out more and this makes the airplane burn more fuel
during flight.
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Fig. 14. Turbulence Kinetic Energy Distribution for 15° rear slant angle
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Fig. 15. Turbulence Kinetic Energy Distribution for 30° rear slant angle
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Fig. 16. Turbulence Kinetic Energy Distribution for 45° rear slant angle

5 Conclusion

The aim of this research is to analyse the aerodynamic effects of the different rear slant angles
on the Ahmed body which has been adopted as a reference for the study of the aerodynamic
turbulence zone behind the body to assess aerodynamic forces and rear flow characteristics,
with the aim of improving industrial design by improving vehicle structures.

The experimental results showed that the adjustment of the rear angle affected the
aerodynamic vortex structures, resulting in improved pressure recovery as well as a potential
reduction in drag. A decrease in the rear angle of inclination of the Ahmad model from 45°
to 30° and finally to 15° results in a greater decrease in the lifting force with a moderate
decrease in the towing force. At an angle of 15° the drag coefficient reaches its minimum
value, while vortices form in the area behind the vehicle at 30° and 45°, causing the pressure
distribution and flow separation patterns to change. The simulation program ANSYS Fluent
2023R1 was used to evaluate these effects, through the regulated grid and the input speed of
30 m/s.
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Such a study becomes crucial in the creation of energy-efficient engines, especially for
electric cars, as every aerodynamic gain directly benefits range and reduces the car’s
environmental impact. Using this work, someone can find a straightforward strategy to
improve car performance just by adjusting rear angle geometry, not by fitting any additional
control devices. Therefore, it becomes useful for engineers in-volved in early aerodynamic
design of new vehicles.

To make sure these results are accurate, more experiments must be done on the Ahmed
body, both using wind tunnels and modifying parts of the airflow model. Later studies might
concentrate on how crosswinds, how the flow changes on the ground or the inclusion of active
flow control mechanisms influences the results.
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