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In this study, the focal challenge is reducing drag around the Ahmed body, a critical 
concern in aerodynamics. The approach involves perforating a rectangular conduit 
inside the body, redirecting part of the airflow from the front to the rear end to 

minimize drag. Using Ansys Fluent CFD software and the SST k− turbulence model, a 
numerical model for turbulent flow around a 3D body has been developed. Through a 
series of numerical simulations, variations in the conduit’s position relative to the 
lowest slanted edge of the body have been explored. At the optimal position with the 
lowest drag, an examination has been conducted on the narrowing of the conduit 
outlet dimensions. Results indicate that, with a suitable conduit position and an 
appropriate exit narrowing, a decrease in drag of up to 3% could be achieved. Ongoing 
work involves the examination of the conduit’s tilt at the outlet to determine the 
optimal arrangement for further drag reduction. This research offers practical insights 
for drag reduction and contributes to the broader field of aerodynamics.  
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1. Introduction 
 

To achieve a high automotive performance, reducing the aerodynamic drag is of great benefit in 
future vehicle designs. In fact, at least 21% of the entire fuel consumption of a vehicle, moving at 
105 km.h-1, is due to aerodynamic drag, which rises quadratically with relative vehicle velocity [1].  
A division is made in the aerodynamic drag, separating it into pressure and friction components. For 
the simplified car model called Ahmed body, the pressure drag makes up about 85% of the overall 
drag, and the body’s rear end is primarily responsible for this [2]. The Ahmed body is extensively 
employed as a benchmark in order to represent essential flow characteristics surrounding an 
automobile vehicle. Ahmed et al., [2] initially introduced it in 1984. Today it has become a standard 
for aerodynamic simulations.   

With the goal of minimizing drag, various strategies have been proposed. These strategies are 
carried out experimentally or numerically using Computational Fluid Dynamics (CFD) software. One 
of these strategies is flow control, which can be either active or passive. While the first solution relies 
on an external power supply, the second approach operates autonomously without need for one. 
Even if active flow control techniques were convenient and effective, they are expensive. As a result, 

 
* Corresponding author. 
E-mail address: amineagriss@research.emi.ac.ma (Amine Agriss) 
 
https://doi.org/10.37934/cfdl.17.5.2644 

mailto:amineagriss@research.emi.ac.ma


CFD Letters 

Volume 17, Issue 5 (2025) 26-44 

27 
 

the employment of passive strategies, including bio–inspired designs [3], is always favored by 
adjusting the geometrical design [4], employing extra external features and modifying or organizing 
the arrangement of the devices on the simplified automobile model [5]. In addition to the Ahmed 
body, other simplified models, such as flat plates or aerodynamic airfoils, are utilized to evaluate drag 
reduction devices before real–world use [6–9]. 

Flow control techniques applied to the Ahmed body encompass a diverse range of strategies 
aimed at optimizing its aerodynamic performance. Among these strategies are passive adjustments, 
which involve modifying the body's geometric shape and incorporating various surface devices. 
Researchers have explored various methods such as integrating base cavities, installing vertical 
breakup plates, employing rounded edges, utilizing automatic moving deflectors, deploying flaps, 
incorporating connecting tunnels, and refining the body shape [10–18]. These strategies, among 
others, serves the common goal of optimizing airflow around the vehicle, ultimately resulting in 
reduced drag and improved overall efficiency. In addition to passive adjustments, active flow control 
strategies are crucial in optimizing aerodynamic performance. These techniques involve actively 
managing airflow using mechanisms such as constant microjets, unstable jets, pulsed jets, synthetic 
jets, periodic–forcing jets, pulsed jets with porous layers, and employing adaptable Coanda devices 
or side air–knife blowers [19–26]. By dynamically adjusting airflow patterns, these methods, among 
others, can further enhance aerodynamic efficiency, leading to reduced drag and improved vehicle 
performance. Extensive literature details these techniques, providing valuable insights into their 
effectiveness and applications in aerodynamic design and optimization. 

This investigation focuses on the 25° slant Ahmed body. The C–pillar vortices, or longitudinal 
swirls, govern the overall arrangement of flow at the recirculation zone [27]. As a result, the flow 
separation zone significantly adds to drag. To address this issue and reduce drag of this model, the 
main idea in this study is to perforate a rectangular conduit into the body to inject a flow part at the 
body’s rear recirculation zone. The optimal distance, measured at the lowest slant edge, yields the 
smaller drag coefficient for various dimensions within this conduit. For this distance, and to speed up 
the flow, dimensions of conduits are reduced at the outlet. Based on the conduit’s size and exit 
reduction ratio, different designs are examined. The suitable configuration is found to minimize drag. 

Unlike conventional active flow control methods explored by various researchers, our approach 
involves manipulating the flow upstream of the Ahmed body. This straightforward yet innovative 
method effectively diminishes drag by passively targeting the recirculation region, operating with the 
efficiency of active flow control but without the need for external energy input. Nevertheless, it is 
essential to recognize the limitations inherent in our methodology, notably in the context of our 
numerical simulations' scope. This research is an extension of the previous 2D investigation 
conducted on the same drag reduction device [4]. 
 
2. Numerical Simulation and Physical Model 
2.1 Configuration Studied 

 
The purpose of this research is to examine drag reduction by implementing a perforated 

rectangular conduit within the Ahmed body. A number of numerical simulations using various 
conduit configurations have been performed. Initially, various conduit dimensions are tested, 
followed by reducing exit dimensions for optimal vertical placement, resulting in lower drag 
coefficients. All results are compared based on drag coefficients. 

The Ahmed body is employed for a variety of testing. It measures 1044 mm in length, 288 mm in 

height and 389 mm in width. With various slanted angles , the slant portion is 222 mm in length. 
The body is 50 mm above ground level. It’s supported by four stilts with a diameter of 30 mm each. 
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The purpose of these stilts is to immobilize the body during experimental testing. They contribute 
little to the drag force, and they are not taken into account in this study. Figure 1 displays the 
geometric characteristics of the 25° slant angle Ahmed body. 
 

 
Fig. 1. Ahmed body geometry (mm) 

 
A rectangular conduit is introduced into the body, as depicted in Figure 2. Its goal is to redirect a 

portion of incoming flow to the recirculation zone. L and l are the geometrical characteristics of the 
conduit, where L is its length and l is its width. The conduit is symmetrical with respect to the z–axis.  

With varying conduit distances (H) beginning from the Ahmed body’s tilted lower edge, different 
tests are performed for various conduit lengths (L) and widths (l). 

For the position that gives lowest drag coefficients, the consequence of narrowing the conduit at 

the outlet by the same factor (𝑅 =
𝐿

𝐿′ =
𝑙

𝑙′) is evaluated. This reduction in dimensions allows the flow 

acceleration at the exit of the conduit and may reduce the Ahmed body’s drag coefficient. 
 

 
 

 

(a) (b) (c) 
Fig. 2. Conduit characteristics (a) Conduit dimensions (b) Overall view (c) Conduit placement 

 
Figure 3 shows the geometrical characteristics of the narrowed conduits. L’ and l’ denote the size 

specifications of the conduit at the exit point. Several setups are examined while varying the factor 
R each time.  
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(a) 

 
(b) 

 
(c) 

Fig. 3. Reducing the conduit at the outlet (a) Conduit dimensions at the inlet (b) Conduit location (c) 
Conduit dimensions at the exit 

 
2.2 Governing Equations 
 

The equations of continuity and Reynolds–Averaged Navier–Stokes govern turbulent 
incompressible steady flows. They are defined by: 
Continuity: 
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Where iu  and ju  represent the mean velocity components,   denotes the density, p signifies the 

mean pressure and  denotes the dynamic viscosity.  
 

j iu u   represents the effect of turbulence on average characteristics of fluid motion. 

 
To close Eq. (2), Reynolds stresses must be modeled. Under the hypothesis of Boussinesq [28], 

which defines the turbulent viscosity t , the constraints of Reynolds are defined by: 

 

o

for
wi

12

0 f r
th

3

j i
i j t ij ij

i j

i ju u
u u k

i jx x
    

  = 
 − = + − =       

                                                             (3) 

 
k represents the turbulent kinetic energy.  
 

In this work, the turbulence model employed is SST k–. This particular model, relying on 
Boussinesq approximation, is developed by Menter [29] in 1994. It is accurate for flows around bluff 
bodies and flows with adverse pressure gradient [30]. More details about this model are available in 
the literature [31]. 

The SST k– turbulence model can be applied for both low and high numbers of Reynolds. 
Through the utilization of a blending function to formulate the near–wall zone, wall boundary 
conditions switch automatically from a low–Reynolds number treatment (𝑦+ ≤ 30) to a wall function 
treatment (30 ≤ 𝑦+ ≤ 300) considering the mesh density. To save the computational time and to 
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have a numerical stability, the use of wall function treatment has proven to provide good results for 
low drag configurations like the Ahmed body [32, 33]. 
 

The definition of drag coefficient is as follows: 
 

21

2

d
d
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C

U A

=                                                                                                                                    (4) 

 

dF  refers to the force of drag, U represents the velocity of fluid flow, and A denotes the vehicle's 

frontal area as viewed from the direction of flow. 
At each iteration of the numerical simulations, the components of pressure and wall shear forces, 

aligned with the direction of flow around the geometry, are integrated to calculate the drag force. 
The definition of drag force is as follows: 

 

d wF pndsi tdsi= +                                                                                                                                  (5) 

 

Where the pressure p and the wall shear w  acts, on a differential body area ds, are pds and wds . 

 

i  denotes the flow direction unit vector. 
 

t  and n  denote unit vectors in directions normal and tangential to the surface with area ds. 
 
2.3 Conditions of Simulations 
 

This section outlines the parameters used in the numerical simulations. This work is carried out 
using the Ansys Fluent 17.0 program. 

 
2.3.1 Geometry creation 

 
Geometries are created using Ansys Design Modeler module. The overall flow domain dimensions 

are depicted in Figure 4. To give an appropriate air growth around the body, the blockage ratio is 
about 1.71%. To prevent any interference with the flow solution, boundary conditions are established 
sufficiently distant from the body. The body is located at 3Lc away from the inlet, 5Lc from the outlet, 
1.5Lc from the side and 2Lc from the top. Lc = 1.044 m is the characteristic body's length. The body is 
away from the ground by 0.05 m as in experimental investigations [34]. To decrease the simulation 
duration, the symmetry condition is also employed. 

 
2.3.2 Mesh generation 
 

Meshes are created with Ansys Mesh Module. As shown in Figure 5(a), an unstructured 
tetrahedral mesh is used. The perspective view is also given in Figure 5(b). To obtain a precise 
simulation of flow within the body’s boundary layer, a five–layer inflation is utilized, as illustrated in 
Figure 5(c).  

The dimensionless mesh spacing, denoted as 𝑦+, serves as a representation of the meshes 
resolution. It is an important turbulence modeling parameter that allows determining the proper size 
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of near domain cells. In this study, except for some small regions, 30 ≤ 𝑦+ ≤ 300 as shown in 
Figure 6. In this case, the first cell size is situated within the log–law zone. Consequently, employing 
the wall function results in a reduction in computation time. 

 

 
Fig. 4. Numerical flow domain 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. Mesh structure (a) In the symmetry plan (b) Perspective view (c) Details of the inflation 
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2.3.3 Physical model 
 

Airflow modelling: Within this investigation, an incompressible and viscous airflow is used, 
characterized by a viscosity of 1.7894×10–5 kg.m-1.s-1, density of 1.225 kg.m-3 and velocity of 40 m/s. 
With respect to the body length, the Reynolds number is given as Re = 2.85×106. 

 

 
(a) 

 
(b) 

 
Fig. 6. y+ along the Ahmed body (a) Front view (b) Rear view 

 

Airflow is solved using steady–state turbulent RANS approaches. The SST k– turbulence model 
is employed. The Pressure–Velocity Coupling Method utilizes a coupled scheme for the solution. The 
Green–Gauss Node–Based approach is utilized to solve gradients. The second order and the second 
order upwind schemes are utilized to solve pressure, momentum and turbulence equations. 

Boundary conditions: Figure 7 illustrates the boundary conditions employed in numerical 

simulations. The Ahmed body acts as an immovable, non–slip wall. Boundary conditions for k and  

are established by taking into account a turbulent intensity at inlet of 1% and a ratio of turbulent 
viscosity of 10. 

 

 
(a) 

 
(b) 

Fig. 7. Boundary conditions (a) View from the front (b) View from the top 

 
Convergence: To ensure convergence, the residuals of continuity and velocity equations, as well 

as turbulence quantities, are set to 10-7. The drag coefficient is additionally employed for gauging 
convergence. Based on Figure 8, it can be observed that upon 400 iterations, residuals of x–velocity, 
y–velocity, and z–velocity converge. Yet, the residual of continuity has an asymptotic value less than 
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10-4. The calculations are then terminated upon reaching 1000 iterations. As seen in Figure 9, drag 
coefficient also remains constant after 400 iterations. 

 

 
Fig. 8. Residual monitors 

 

 
Fig. 9. Drag coefficient monitor 

 
3. Numerical Simulation and Physical Model 
 

All numerical outcomes are reported in this section. First, a study of the mesh influence on the 
numerical results. Then, a validation of the simulation results with previous results. Finally, a 
presentation of results allowing finding the optimal configuration reducing the most drag. 
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3.1 Mesh Influence Study 
 

Examining the grid influence is essential to ensure that the findings from simulations are not 
affected by mesh size. Figure 10 illustrates that drag coefficient remains unaffected by variations in 
the grid mesh size. Hence, the grid of 1 502 900 elements is preserved to secure the precision of the 
upcoming simulations. 

 

 
Fig. 10. Grid independence study 

 
3.2 Validation of Numerical Model 

 
A numerical simulation is conducted without using the device within the Ahmed body. Results 

are compared with findings from existing literature sources. Based on Table 1, the drag coefficient 
obtained from the current calculations aligns with the experimental results [2], as well as with the 
findings from both 2D [35] and 3D numerical simulations [36].  

 
Table 1 
Verification of drag coefficient 
 Current 

research 
3D result [36] 2D result [35] Experiment 

result [2] 

Cd 0.287  0.3074 0.3008 0.285 

 
Figure 11 shows that the velocity fields, obtained in the present simulation, agree with previous 

numerical [20, 32] and experimental [37, 38] results. 
 

 
Fig. 11. Velocity contours surrounding Ahmed body (m.s-1) 
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3.3 Simulations Results 
 

Drawing upon the historical context of passive control of flow, the majority of solutions 
concentrate on the body's exterior surfaces, incorporating various equipment. While conducting this 
study, particular attention is given to the internal body's components to discover a groundbreaking 
solution to minimize drag. Through the implementation of a perforated conduit within the body, flow 
control is achieved by capitalizing on the advantages offered by the upstream flow. In addition, this 
new technique operates without the need for any external energy input. 

Different arrangements of conduits are examined to identify which one reduces the most drag. 
Initially, the conduit's placement is modified by adjusting H, distance from the bottom slanted edge. 
The conduit is characterized by two parameters, its length (L) and its width (l). Several conduits with 
various dimensions are evaluated for each distance H. 

In Table 2, Table 3 and Table 4, the drag coefficients of the Ahmed body with different uniform 
conduit setups are presented, each at varying distances H. To offer deeper insight into these findings, 
they are visually depicted in Figure 12. 

 
Table 2 
Drag coefficients for conduits placed at H = 0.03 m 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.287 0.29 0.293 

0.04 0.289 0.299 0.301 

0.06 0.291 0.303 0.306 

Ahmed body 0.287 0.287 0.287 

 
Table 3 
Drag coefficients for conduits placed at H = 0.07 m 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.288 0.294 0.3 

0.04 0.291 0.304 0.307 

0.06 0.2958 0.3127 0.3145 

Ahmed body 0.287 0.287 0.287 

 
Table 4 
Drag coefficients for conduits placed at H = 0.1 m 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.291 0.301 0.307 

0.04 0.297 0.313 0.317 

0.06 0.304 0.318 0.325 

Ahmed body 0.287 0.287 0.287 

 
Contrary to our goal of minimizing drag, the coefficients exceed the standard drag coefficient (i.e., 

in the absence of conduits) for every evaluated conduit configuration. Meanwhile, the examination 
of narrowed conduit setups may provide valuable insights into mitigating drag. Specifically, the 
narrowing of conduit dimensions at the exit may accelerate flow, potentially providing a means to 
achieve our goal of drag reduction. 

H = 0.03 m is identified to be the optimal position because it allows lower drag coefficients among 
all other distances. This distance will be conserved in the next simulations. In these simulations, the 
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conduit exit is shortened without inclination. The conduit exit has new shortened dimensions L’ 
and l’. The reduction ratio link between conduit dimensions at the inlet and exit  

(𝑅 =
𝐿

𝐿′ =
𝑙

𝑙′).  

To examine the effect of different conduit sizes, a range of reduction ratios for the conduit's exit 
are tested while maintaining the conduit at a distance of H = 0.03 m.  

Table 5, Table 6 and Table 7 outline the drag coefficients of Ahmed body for different narrowed 
conduit configurations across various reduction factors. To elucidate their progression further, these 
results are visually represented in Figure 13. 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 12. Drag coefficients of various conduit layouts set at different positions from the lowest slanted 
edge (a) H = 0.03 m (b) H = 0.07 m (c) H = 0.1 m 

 
Table 5 
Drag coefficients for conduits with a reduction ratio R = 2 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.286 0.282 0.288 

0.04 0.286 0.288 0.292 

0.06 0.287 0.291 0.297 

Ahmed body 0.287 0.287 0.287 

 
Table 6 
Drag coefficients for conduits with a reduction ratio R = 4 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.285 0.2785 0.285 

0.04 0.2855 0.283 0.289 

0.06 0.2855 0.286 0.2895 

Ahmed body 0.287 0.287 0.287 
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Table 7 
Drag coefficients for conduits with a reduction ratio R = 6 
  L (m) 

  0.02 0.06 0.1 

l (m) 

0.02 0.2865 0.2863 0.2864 

0.04 0.2863 0.2858 0.286 

0.06 0.2865 0.2868 0.2873 

Ahmed body 0.287 0.287 0.287 

 
All reduction ratios found give drag coefficients lower than drag coefficients of the same conduit 

configurations without output reduction. This fact confirms that the reduction in dimensions at the 
exit accelerates the flow and has a beneficial impact on the reduction of drag. 

The ratio R = 4 is identified as the most optimal one. It enables drag reduction, particularly for a 
conduit measuring 0.06 m in length and 0.02 m in width, resulting in a drag decrease up to 3%. 
 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 13. Effect of varying exit reduction ratios of conduits on drag coefficient (a) R = 2 (b) R = 4 (c) R = 6 

 
Streamlines of the specific configurations are compared with the Ahmed body's streamlines with 

absence of conduits. Figure 14 shows a comparison between the streamlines of the standard Ahmed 
body (Figure 14 (a)), the configuration that gives the highest drag coefficient (the conduit measuring 
L = 0.1 m and l = 0.06 m, positioned at H = 0.1 m from lowest slant edge) (Figure 14 (b)) and the 
configuration that gives the maximum drag reduction (Figure 14 (c)).  

In conduits with uniform dimensions, especially in unfavorable cases, drag coefficients increase 
compared to the reference value. This is attributed to the maintained uniform velocity of airflow 
upstream of the body. Since drag is proportional to the square of internal velocity, reducing conduit 
dimensions becomes essential, leading to decreased flow velocity and, consequently, reduced drag. 
The reduced dimensions also result in an outlet flow acceleration, contributing to a potential 
reduction in the recirculation zone and, thereby, minimizing drag. This phenomenon is notably 
observed in favorable cases. 

Figure 15 presents a comparison of the contours of velocity, of the same specific setups, at the 
plane z = 0.1 m. For the configuration with the highest drag coefficient, the recirculation region is 
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reduced as shown in Figure 14 (b), but it seems not to be stable in Figure 15 (b). This fact may explain 
the increase in drag and the drag caused inside the conduit. The favorable configuration acts on the 
recirculation zone in a somewhat stable manner thanks to the decrease in dimensions in the exit. 

In Figure 16, velocity contours within the central plane of the conduit are presented, illustrating 
both favorable and unfavorable scenarios. Uniform conduits have a greater impact on the 
recirculation region within the conduit's mid–plane compared to narrowed conduits. However, 
narrowed conduits exhibit more stability in their effect on the recirculation region. 

Figure 17 and Figure 18 provide a comparative analysis of pressure coefficient contours for the 
specified configurations. While Figure 17 focuses on illustrating the pressure distribution on the 
symmetry plane, Figure 18 delves into depicting it along the body's rear. 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 14. Streamlines at the plane of symmetry (m.s-1) for the: 
(a) standard Ahmed body 25° slant angle (b) unfavorable 
conduit arrangement (c) preferred conduit arrangement 

 
The pressure coefficient on the body surface remains almost uniform. This can be attributed to 

the conduit being perforated into the body, causing the pressure to act internally. In cases of uniform 
conduits, such as depicted in Figure 17 (b), the internal pressure stays relatively stable compared to 
the external pressure. However, in situations where the conduit narrows at the exit, as seen in 
Figure 17 (c), the velocity inside the conduit decreases, resulting in an increase in pressure. As the 
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ratio R increases, there is a proportional increase in pressure within the conduits and a decrease in 
air velocity, potentially leading to a reduction in drag induced by the conduit. 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 15. Velocity contours (m.s-1) at the plane z = 0.1 m for the (a) standard Ahmed body 25° slant angle  
(b) unfavorable conduit arrangement (c) preferred conduit arrangement 

 

 
(a) 

 
(b) 

 
Fig. 16. Velocity contours (m.s-1) at the conduit's central plane for the  
(a) unfavorable conduit arrangement (b) preferred conduit arrangement 
 

For the Ahmed body, the base drag originates from the body's rear, constituting approximately 
31.5% of the overall drag in our study. This aligns with findings from previous research, with 
Hanfeng et al., [17] reporting 36% and Hung Tran et al., [37] reporting 26%. 

Regarding the use of the conduit within the body, the drag coefficient on the rear surface is 
minimally affected. In the unfavorable case, the portion of the rear end on the total drag is about 
30%, while it remains the same for the convenient case. As a result, even though the conduit modifies 
the flow characteristics along the body, its impact on the rear end's drag contribution remains 
relatively limited. This suggests that the conduit's design and placement are optimized to enhance 
aerodynamic efficiency without significantly affecting drag at the rear end. 
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(a) 

 
(b) 

 
(c) 

 
Fig. 17. Pressure coefficient contours at the symmetry plane for 
the (a) standard Ahmed body 25° slant angle (b) unfavorable 
conduit arrangement (c) preferred conduit arrangement 

 
Figure 19, Figure 20 and Figure 21 represent contours illustrating turbulent kinetic energy (TKE) 

for specific configurations. TKE characterizes the turbulent flow stability. The significant turbulent 
kinetic energy implies that the flow downstream lacks stability. 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 18. Pressure coefficient contours at the body’s rear for the (a) standard Ahmed body 25° slant angle  
(b) unfavorable conduit arrangement (c) preferred conduit arrangement 
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(a) 

 
(b) 

 
(c) 

 
Fig. 19. Contours representation at symmetrical plane of TKE (m2.s-2) for the (a) standard Ahmed body 25° 
slant angle (b) unfavorable conduit arrangement (c) preferred conduit arrangement 

 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 20. Contours representation of TKE (m2.s-2) at the plane z = 0.1 m for the (a) standard Ahmed body 25° 
slant angle (b) unfavorable conduit arrangement (c) preferred conduit arrangement 

 
In examining Figure 19, it becomes apparent that the contours of turbulent kinetic energy (TKE) 

in the unfavorable case (Figure 19 (b)) show a reduction in its shape, within the symmetry plane. 
Conversely, in Figure 20, the TKE contours in the unfavorable case (Figure 20 (b)) demonstrate a 
noticeable increase, at the z = 0.1 m plane. The observed decrease in TKE contours in Figure 19 (b) 
and the increase in Figure 20 (b) suggest variations in turbulence levels within the flow. These 
changes in TKE contours indicate altered turbulence characteristics, potentially influencing flow 
stability and may increase drag. For the favorable configuration, the TKE is identical to that of the 
standard Ahmed body. This configuration does not affect the stability of the flow on Ahmed body. 
On the contrary, the conduit in this case acts on the recirculation zone without affecting the flow 
stability. 

Figure 21 confirms that while uniform conduits affect the recirculation region, turbulence levels 
in the conduit's mid–plane are higher compared to narrowed conduits. 
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(a) 

 
(b) 

 
Fig. 21. Contours representation of TKE (m2.s-2) at the conduit's central plane for 
the (a) unfavorable conduit arrangement (b) preferred conduit arrangement 

 
When utilizing the conduit along the Ahmed body, the TKE decreases, indicating smoother 

airflow. Simultaneously, the recirculation region diminishes, suggesting improved flow control. 
However, the pressure on the rear end of the body remains unchanged, implying that the conduit's 
effect primarily influences flow dynamics rather than altering pressure distributions. 

In conclusion, our study successfully identified the optimal configuration for drag reduction using 
a perforated conduit in the Ahmed body. However, it's essential to recognize the limitations inherent 
in our methodology, especially concerning the extent of our numerical simulations. To enhance the 
generalizability of our results across a wider range of scenarios, future research will undertake a more 
exhaustive exploration of varied conditions. In addition, this study focused solely on a single Reynolds 
number. To broaden our understanding, it's imperative to investigate the effects across different 
Reynolds numbers in future studies. 

 
4. Conclusion 
 

This research conducted numerical simulations on the Ahmed body with a slant angle of 25°, 
subjected to a flow velocity of 40 m.s-1. The primary objective centered on the strategic 
implementation of a rectangular conduit within the body, redirecting airflow from the front to the 
body rear, where recirculation is observed. 

The study involved examining different configurations of uniform and exit-narrowed conduits, 
positioned at various locations from the lower slant edge. It ultimately identified an optimal 
configuration with dimensions measuring 0.06 m in length and 0.02 m in width. Placed at 0.04 m 
from the lower slant edge, this setup incorporates an exit reduction with a ratio of 4, resulting in a 
significant 3% decrease in drag. 

Future endeavors will focus on studying the conduit inclination at the exit. Subsequently, it is 
crucial to conduct experimental studies to validate this innovative technique. The practical 
application of this method in automotive vehicles is the essential perspective offering a tangible 
solution for drag reduction in real–world scenarios. 
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