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ABSTRACT

Aerodynamic drag significantly influences vehicle performance and fuel efficiency, making its reduction a key focus in
automotive design. This study examines the drag reduction of the simplified Ahmed body model by integrating diffusers at 8°
and 10° angles. Using Computational Fluid Dynamics (CFD) simulations, airflow analysis was conducted on Ahmed bodies with
25° and 30° slant angles, both in baseline and modified configurations. The results show that diffuser-equipped models achieved
a notable reduction in drag coefficient compared to the original design and previous literature. This improvement is primarily
due to minimized turbulence in the wake region, as the diffuser slows airflow and enhances pressure recovery, thereby lowering
drag. Both 25° and 30° slant configurations demonstrated substantial aerodynamic benefits with diffuser integration, with greater
improvements observed at higher slant angles. Overall, the study highlights the effectiveness of diffusers in enhancing
aerodynamic efficiency, offering valuable insights for vehicle design aimed at improving fuel economy, performance, and
sustainability.
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1. Introduction

In earlier times, vehicle design was primarily influenced
by factors such as aesthetics, operational safety, and service
accessibility, with aerodynamics receiving relatively little
attention [1]. Efficient transportation was not a primary
concern. However, in today’s fast-paced world, the pursuit
of efficient transportation has become a major focus for
engineers and researchers. Rising energy demands and
environmental challenges have made aerodynamic
optimization crucial for improving vehicle performance and
fuel efficiency. Drag reduction devices have emerged as an
effective means to minimize aerodynamic resistance, leading
to better fuel economy, reduced carbon emissions, and
improved vehicle handling. Since a vehicle's fuel
consumption largely depends on the aerodynamic drag
generated by its shape, many researchers have focused on
modifying vehicle geometries. A notable example is the
work by S. R. Ahmed et al., who developed the Ahmed body,
illustrated in Fig. 1.
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Fig. 1: Ahmed Body with 10 degree slant angle

Their experiments on varying slant angles revealed that the
maximum aerodynamic drag occurs due to pressure drag at
the rear of the model [1]. To mitigate this, the original
Ahmed body has been modified in multiple ways. Sagar et
al. performed geometric modifications on the Ahmed body
and observed significant reductions in both drag and lift
forces [2]. Other studies have explored the addition of
devices such as spoilers. Cheng et al., for example,
investigated the Ahmed model equipped with a spoiler and
found that both lift and drag coefficients increased with
higher yaw angles [3]. Harun Chowdhury et al. reported that
poorly designed deflectors in countries like Bangladesh and
Pakistan could increase drag by up to 22%, whereas
aerodynamically optimized designs could reduce drag, fuel
consumption, and greenhouse gas emissions [4].
Additionally, numerical simulations by N.A. Siddiqui and
M.A. Chaab demonstrated that adding a flap at a 10° angle
on the Ahmed body reduced drag by 14% by delaying flow
separation, enhancing pressure recovery, and minimizing
wake turbulence [5].

1.1 Problem Statement And Objectives Of The Study

Despite  extensive  advancements in  vehicle
aerodynamics, drag reduction remains a critical challenge in
improving energy efficiency and overall performance. The
Ahmed body, a widely used benchmark model for
automotive aerodynamic studies [7], provides an ideal
platform to investigate the influence of geometric
modifications on flow behavior and drag characteristics.
However, the effect of diffuser configurations on the
aerodynamic performance of the Ahmed body has not been
fully optimized [8, 9]. In particular, the relationship between
diffuser angle, flow separation, and pressure distribution
requires deeper understanding to achieve meaningful drag
reduction [10, 11].
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The primary objective of this study is to investigate the
influence of various diffuser configurations on the
aerodynamic performance of the Ahmed body, with a
particular focus on reducing its drag coefficient. The
research aims to analyze how different diffuser designs alter
the airflow characteristics around the model, thereby
affecting overall aerodynamic behavior. Through detailed
computational analysis, the study seeks to identify optimal
diffuser parameters that contribute to significant drag
reduction, ultimately supporting the development of more
aerodynamically efficient and sustainable vehicle designs
with enhanced performance.

1.2 General Information About The Study

In this study, the drag on the modified Ahmed body was
observed. Drag is a force exerted by a fluid (liquid or gas) on
an object moving through it, opposite to the direction of the
object's motion. When an object goes through a fluid, it
creates a vacuum space behind it. In this vacuum space low
pressure is created as a result the object going through the
fluid experiences a backward force. This backward force is
simply named as drag force. The drag force can be calculated
using the Eq. (1). [6]

1
Fd = ECdeZA (1)

A diffuser works based on Bernoulli's Principle. When the
air enter the diffuser the velocity remain high equal as free
stream velocity. As the air passes through the diffuser the
velocity decreases with the traversed distances as a
consequences the pressure increases at the rear end of the
model and this help to reduce the backward force known as
drag. This can be expressed by Eq. (2).
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1.3 Computatioal Modeling

The CFD simulations were conducted using ANSYS
FLUENT 2024R1. In this study Reynolds Averaged Navier
Stokes (RANS) equation was used in the ANSY'S Software.
This equation involves Continuity equation, X momentum
equation, Y momentum equation, Z momentum equation.
The Reynolds Averaged Navier Stokes (RANS) equation is
given by Eqg. (3).
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2. Research Methodology

The study employs Computational Fluid Dynamics
(CFD) simulations using ANSYS Fluent, beginning with
accurate geometry modeling in SOLIDWORKS, followed
by structured mesh generation and finite volume
discretization. Three-dimensional flow simulations are
conducted using the control volume method to precisely
evaluate aerodynamic behavior. After simulation, ANSYS
Fluent facilitates comprehensive post-processing, including
the generation of graphs and charts for detailed visualization.

This streamlined methodology provides an effective
framework to assess the impact of diffusers on drag
coefficients in various modified Ahmed body configurations.

2.1 Simplified Model and Target Models

The dimensions of the Ahmed body were sourced from
the journal published by Ahmed et al. This was done to
ensure that accurate and realistic measurements were
incorporated, thus providing a comprehensive presentation
of solutions and analysis. The dimensions of Ahmed body
are shown in Fig. 2.
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Fig. 2: Dimensions of Ahmed Body [1]

In the modified model the rear end was equipped with a
diffuser. Ahmed body with slant angle 25 degree and 30
degree was modified by using diffuser installed at 8 degree
and 10 degree. The target model with 25 degree slant angle
with diffuser at 8 degree and 10 degree is shown in Fig. 3
and Fig. 4.

Fig. 3: Ahmed body with 25 degree slant angle and diffuser
at 8 degree

Fig.4: Ahmed body with 25 degree slant angle and diffuser
at 10 degree
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2.2 Preparing The Simulation Environment

After generating the modified model in SOLIDWORKS
software, the model was imported in the ANSYS. In
ANSYS, the model was first taken to the design modeler. In
the design modeler, a computational domain was designed
around the Ahmed body. The dimensions and figure of the
computational domain is given in Table 1.

Table 1 Dimension of computational domain

Dimension Value (m)
Length 4m
Width 0.6m
Height 0.8m

A body of influence was made around the Ahmed body to
get the result more accurately. This is done because the flow
region around the Ahmed body is more significant as it
contribute to the drag force. The dimension and figure of
body of influence is shown in the Table 2.

Table 2 Dimension of Body of influence

Dimension Value (m)
Length 2.7m
Width 0.22m
Height 0.6m

The computational domain and the body of influence is
shown in the Fig. 5.

——>  Computational domain

Body of
influence

L

Fig. 5: Computational Domain and Body of influence

After this the mesh was generated. There was three kinds of
mesh size. The mesh size was small in the body of influence
as the adjacent region of the body is more significant for
measuring the drag. The faces of the body were also meshed
to get more accurate result. The element size of the three type
of meshing is given in the Table 3.

Table 3 Mesh Sizing

Type of Mesh Element size
Global Size 50mm
Body of influence 22mm
Face sizing 10mm

The figure of the different type of mesh is shown in the Fig.
6.

Fig.6: Type of Mesh

An inflation layer was created around the faces of the Ahmed
body. Between the inflation layers structured mesh was
created. It helps to catch the flow around the body which
helps to get the accurate result. In the simulation there 20
inflation layers was made and the first layer thickness was
7x10° mm. The figure of the inflation layer is shown in the
Fig. 7.

Fig.7: Inflation Layer

After completing the meshing, the case was set up in the
ANSYS Fluent. The setup done in the ANSYS Fluent is
shown in the Table 4.

Table 4 Physical Properties and Condition

Physical properties Parameter
Fluid Air
Flow Characteristics  Incompressible and Turbulent
CFD Simulation 3D
Solver Type Pressure Based
Turbulent Model SST k Omega
Inlet Velocity 40m/s
Temperature 288K
Kinematic Viscosity 1.7894x10°° Kg/(ms)
Density 1.225 Kg/m?®

3. Result and Discussion

3.1 Result

After setting up the environment in the ANSYS FLUENT
properly, the simulation was run and necessary result was
obtained. It was found that the drag coefficient was reduced
due to the installation of the diffuser. The results of the
simulation are given in the Table 5 and Table 6.

297



M. B. A. Rubel, P. Das and I. Hossen /SCSE Vol. 4, 2026, pp 295-300

Table 5 Comparison of result Ahmed Body with 25 slant
angle with diffusers

Base model with Base model
Base Model 25 degree slant | with 25 degree
angle slant angle
Diffuser Angle 8 Degree 10 Degree
Drag coefficient
of base model 0.2875 0.2875
(literature value)
Drag coefficient
of base model
(Simulated 0.279 0.279
value)
Drag Coefficient
with Diffuser 0.26160768 0.25581866
Reduction of
drag coefficient
(Compared to 9% 11%
literature value)
Reduction of
drag
coefficient(Com
pared with 6.23% 8.30%
simulated value)

Table 6 Comparison of result Ahmed Body with 30 slant

angle with diffusers

Base Model

Base model with
30 degree slant
angle

Base model
with 30 degree
slant angle

Diffuser Angle

8 Degree

10 Degree

Drag
coefficient of
base model
(literature
value)

0.378

0.378

Drag
coefficient of
base model
(Simulated
value)

0.285

0.285

Drag
Coefficient
with Diffuser

0.26519335

0.27331931

Reduction of
drag coefficient
(Compared to
literature value)

29.85%

27.69%

Reduction of
drag
coefficient(Co
mpared with
simulated
value)

6.94%

4.09%

3.2 Discussion

As we know that drag force is created due to the vacuum
created at the wake region, we need to reduce the vacuum
region for reducing the drag force. From the simulation this
is also proved. The wake region or turbulent region reduces
for the models equipped with diffuser installed at 8 degree
and 10 degree.

This incident is shown in the Fig. 8, Fig. 9, and Fig. 10 for
Ahmed body with 25 degree slant angle and diffuser at 8
degree and 10 degree.

Fig. 8: Wake region behind Ahmed body with 25 degree
slant angle

Y
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Fig. 9: Wake region behind Ahmed body with 25 degree
slant angle and diffuser at 8 degree

Fig.10: Wake region behind Ahmed body with 25 degree
slant angle and diffuser at 10 degree

This scenario is also observed for the model with 30 degree
slant angle and diffuser.

To visualize the effect more clearly three plane was taken in
the rear wake region at different distances. In these planes
we observed the velocity vectors to understand the flow
characteristics. The positions of the planes are shown in Fig.
11. The velocity vectors on the plane for the model with 25
degree slant angle is shown in the Fig. 12. The velocity
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vectors for the models equipped with diffuser at 8 degree and
10 degree is shown in Fig. 13 and Fig, 14.
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Fig. 14: Velocity Vector in specified planes for Ahmed body
with 25 degree slant angle and diffuser at 10 degree
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From the above figures, it is clear that in Plane ‘a’, the
installation of a diffuser significantly reduced the vortex
formation behind the model. In contrast, the base model
exhibits a large and intense vortex with pronounced reverse
flow and low-velocity circulation, which corresponds to
higher pressure drag. When diffusers are applied, these
effects become less dominant, resulting in a noticeable
reduction in drag.

The diffuser plays a crucial role in reducing aerodynamic
drag by decelerating the airflow, which consequently
increases the static pressure at the rear end of the vehicle
model. This rise in pressure minimizes the pressure
differential between the front and rear regions, thereby
reducing the overall pressure drag acting on the model. This
phenomenon was consistently observed across all models
investigated in the study. A comparison of the velocity vector
plots for the base model and the diffuser-equipped models
across three different planes revealed a significant reduction
in flow velocity in the rear region of the latter. According to
Bernoulli’s principle, this reduction in velocity corresponds
to an increase in static pressure in the downstream flow,
leading to a noticeable decrease in drag force.

4. Conclusion

The investigation into the effectiveness of drag reduction
device like diffuser on the Ahmed body has provided
valuable insights into the complex dynamics of aerodynamic
drag and the potential for mitigating its effects. Through
comprehensive experimentation and analysis, this study has
shed light on the performance of diffuser in altering the flow
characteristics around the Ahmed body and consequently
reducing its drag coefficient.
From the study it was found that Ahmed body with 25 degree
slant angle has 9% and 11% less drag coefficient when
equipped with diffuser at 8 degree and 10 degree at the rear
end. Same result was found for Ahmed body with 30 degree
slant angle. The drag coefficient reduced by 29.85% and
27.69% percent when Ahmed body was equipped with
diffuser at the same angle at the rear end. This reduction was
calculated with respect to the literature value. Then the
results was compared with simulation of the base model the
reduction of drag was also observed. This reduction was
6.23% and 8.30% for ahmed body with 25 degree slant angle
equipped with diffuser at 8 degree and 10 degree
respectively. For Ahmed body with 30 degree slant angle
equipped with diffuser at 8 degree and 10 degree, the drag
coefficient was decreased by 6.94% and 4.09% respectively.
The reduction was observed due to reduced turbulence, flow
separation and increase of pressure at the wake region.
These findings corroborate previous research while also
offering new perspectives on the efficacy of drag reduction
device in real-world applications. Furthermore, the
experimental data presented in this study provide a solid
foundation for future research endeavors in this field.
The findings presented in this study underscore the
effectiveness of drag reduction devices in improving the
aerodynamic performance of the Ahmed body. By
leveraging these insights, researchers and practitioners can
advance the development of more efficient and sustainable
transportation systems in the pursuit of a greener and more
technologically advanced future.
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