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Car aerodynamics plays a crucial role in enhancing vehicle 
performance, efficiency, and stability. This study focuses on evaluating 
the impact of spoilers and diffusers on drag reduction and downforce 
generation using ANSYS Fluent CFD software. The k-ε turbulence model 
is employed for computational efficiency in a steady-state flow 
simulation for precise mapping of complex geometries. Aerodynamic 
performance is evaluated at speeds of 70 km/h, 110 km/h, and 150 
km/h through aerodynamic forces and flow structure. Results indicate 
that the diffuser alone achieves the lowest drag coefficient (Cd) of 
0.3248, while the spoiler alone yields the highest Cd at 0.4023. The 
combined use of both devices reduces Cd to 0.3412, a 5.59% 
improvement over the baseline. Additionally, the combination 
significantly lowers the lift coefficient (Cl) to -0.3324, enhancing 
handling and performance. This study concludes that the integrated use 
of spoilers and diffusers contributes to improved vehicle design for 
greater efficiency and sustainability. 
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1. Introduction 
This research focuses on the role of aerodynamics in vehicle design, particularly its impact on fuel efficiency, 
stability, and overall performance. It addresses the challenges of reducing drag and lift, which grow exponentially 
with speed [1]. To mitigate these effects, devices like spoilers and diffusers are explored for their ability to 
optimize pressure distribution and minimize turbulence. The objectives include analyzing these devices' impact 
on drag and lift reduction, visualizing flow structures, and evaluating their performance at various speeds [2]. 
Using a generic sedan model, the study assesses the effects of these aerodynamic devices under different speed 
conditions. This research contributes to automotive design advancements by providing insights into enhancing 
vehicle efficiency, safety, and sustainability. It emphasizes the need for tailored aerodynamic solutions to improve 
fuel efficiency, stability, and overall performance at different speeds. 

Aerodynamic drag significantly impacts the performance and efficiency of road vehicles. The drag 
experienced by road vehicles is primarily pressure drag, caused by vortex generation at the rear of the vehicle [3]. 
This pressure drag, which accounts for a significant portion of total drag, is highly dependent on vehicle geometry 
and can impact fuel consumption [4]. Aerodynamic drag reduction in vehicle development prioritizes fuel 
efficiency and environmental sustainability [5]. Various aerodynamic devices and techniques have been studied 
to reduce drag and improve vehicle performance. These include the application of different shape designs [6], flow 
control rods [7], vortex generators [4], and aerodynamic devices like rear diffusers [8]. Implementing these 
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strategies can lead to drag reduction, enhancing fuel efficiency and overall vehicle aerodynamics. Moreover, by 
adding a duct at the van's front, effectiveness and stability improved, reducing the drag coefficient [9]. 

On the other hand, lift force generated on a vehicle due to differences in air pressure can enhance 
performance by improving stability, but it poses a significant concern for design engineers due to the potential 
loss of traction at high speeds, leading to severe consequences [10]. Kumar's study on lift force over a car profile 
reveals that higher-pressure air in front of the windscreen accelerates over it, creating reduced pressure that 
practically lifts the roof. Additionally, the notch between the back window and the trunk causes a pressure gap, 
resulting in lift [11]. To counteract lift force, high-performance vehicles, as discussed by Chopade, utilize a diffuser 
to create downforce, resisting lift by lowering pressure beneath the car and increasing pressure above it [12]. 

In a study by Kumar et al. [11], it was found that a spoiler mounted at the rear edge of the vehicle without 
leaving a gap between the spoiler and the vehicle's surface demonstrated superior aerodynamic performance, 
yielding a drag coefficient of 0.329 and a reduced lift force of 0.106. This outperformed a wing-style spoiler 
mounted 28m above the surface of the vehicle. Additionally, research by Wardani et al. [13] supports the 
effectiveness of spoilers in reducing both drag and lift coefficients on sedan-style cars. Table 2.2 illustrates 
installing a spoiler reduced the drag coefficient and lift coefficient when compared to not installing a spoiler. 
Diffusers are designed to generate downforce and reduce drag by accelerating airflow beneath a car [14]. Design 
elements impact the velocity distribution, downforce, and drag of the diffuser, with the diffuser area ratio playing 
a crucial role in pressure recovery. The Lotus 78 and 79 Formula One vehicles were pioneers in utilizing ground-
effect diffusers close to the road surface to effectively generate downforce [15]. 

Table 1 The results obtained by installing a spoiler in a sedan type car 

Spoiler model Drag coefficient reduced (%) Lift coefficient reduced (%) 

Spoiler level 1 Reduced 7.91 Reduced 41.93 
Spoiler level 2 Reduced 33.86 Reduced 61.36 

2. Methodology 

2.1 Geometry Modelling 
Geometry modeling is a crucial step in aerodynamic load assessment using ANSYS Fluent for car analysis. The car 
geometry is constructed with minimal and critical elements in all areas, aligning it with the final production shape. 
This process involves importing model into ANSYS Fluent and using Solidworks for surface construction. The 
dimensions and details of the car, as well as the spoiler and diffuser, are outlined in Fig 1 and 2 [16], [17], [18]. 
The ANSYS Workbench software suite is employed for analyzing the airflow around the car's external shape. 
 

  

Fig. 1 Simplified car model with diffuser (green) and spoiler (red)  

  
(a) Spoiler (b) Diffuser 

Fig. 2 Detail design of (a) Spoiler; and (b) Diffuser 
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2.2 Boundary Conditions 
To model the flow around the car, appropriate boundary conditions are essential. After positioning the 

model at its centroid, an enclosure representing the air around the vehicle is created for CFD simulation. Fig 3 
visually depicts the enclosure in ANSYS software, highlighting its size dependency on the car model length. The 
data of enclosure, referencing the vehicle length, with dimensions similar to previous research on drag and lift 
force over a car's profile [11]. In ANSYS Fluent, boundary conditions, including inlet and outlet conditions and 
vehicle surface boundary conditions, play a important role in obtaining accurate results for flow simulations 
around the car [19]. Adjusting the inlet conditions allows for experimentation with the vehicle's speed during 
analysis, enhancing the precision of the results [15]. Table 3 shows the Data input in Boundary Condition. 

 

 
a) Front view 

 

 
b) Side view 

Fig. 3 The enclosure of the car model 

Table 3 The data input in boundary condition 

Details Boundary Conditions Inputs 

Inlet Velocity Inlet 95 km/h (26 m/s) 
Outlet Pressure Outlet 0 Pa (default) 

Density Density 1.225 kg/m3 (default) 
Reference Temperature 15.01 Celsius (default) 

Area Surface area 1.921654 m2 
 
2.3 Grid Independent Study 
A grid independence study is a technique used to evaluate how mesh density affects computational results, aiming 
to determine the minimum number of grid points required for solution independence. This study typically 
involves testing with three different meshes. While two meshes often demonstrate independence, three or more 
runs may be necessary with coarser initial meshes. The process starts with a coarse grid and gradually refines it 
until simulation results converge or exhibit differences of less than 1%, ensuring accuracy.  Table 4 outlines the 
parameters employed in the Grid Independence Test, while Fig 4 visually compares the drag coefficient (Cd) for 
various mesh resolutions: Coarse (Mesh 1), Medium (Mesh 2), and Fine (Mesh 3). Mesh 2, a medium mesh, is 
selected for this study as it exhibits less than 1% difference compared to the fine Mesh 3. In addition, Mesh 2 would 
be enough to predict aerodynamic loads considering accuracy and computational cost.  
 

Table 4 Parameters employed in the grid independence test 

Mesh Type Coarse Medium Fine 
Mesh 1 Mesh 2 Mesh 3 

Element size (mm) 1000 500 250 
Face sizing (mm) 100 50 25 

No of Nodes 1,575,026 3,406,048 6,130,968 
No of Elements 299,183 607,476 1,066,693 

Drag coefficient (Cd) 0.3680 0.3305 0.3307 
Percentage error (%) 11.3469 0.0469 
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Fig. 4 Comparison of Cd for different mesh resolutions: coarse (mesh 1), medium (mesh 2), fine (mesh 3) 

 
3. Results  
This section outlines the anticipated outcomes of the project, emphasizing the validation process and subsequent 
simulations based on parameters established earlier. The primary focus is on presenting and discussing the results 
of Computational Fluid Dynamics (CFD) analyses that assess the aerodynamic impact of both the spoiler and 
diffuser on a car. Notably, the discussion integrates a synthesis of results obtained from three different speed 
conditions for four difference cases where Case A – No device used, Case B- Only spoiler, Case C- Only diffuser, and 
Case D- both spoiler and diffuser were used. 

3.1 Quantitative Results 

3.1.1 Drag Force 
Fig 5 and Table 5 depict variations in drag force coefficients (Cd) resulting from different configurations of device 
installations. The lowest Cd of 0.3248 is observed when only the diffuser is installed (Case C), while the highest Cd 
of 0.4023 occurs with the exclusive installation of the spoiler (Case B). Notably, concurrent installation of both the 
spoiler and diffuser (Case D) yields a Cd of 0.3412, surpassing the Cd of the car without any devices (Case A). This 
indicates a 5.59% reduction in Cd compared to the baseline case (Case A, no device), where the Cd is 0.3439. 
 

 
Fig. 5 Graphical visualization of drag force coefficient (cd) for different conditions 
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Table 5 Results of drag force coefficient (Cd) for different conditions 
Case A B C D 

Condition No Device Spoiler Diffuser Spoiler and Diffuser 
Drag Force Coefficient (Cd) 0.3439 0.4023 0.3248 0.3412 

 
 Fig 6 and Table 6 illustrate variations in drag force coefficients (Cd) for a car equipped with both a spoiler 
and diffuser across different speed conditions. The Cd remains constant at 0.334 for both low (70 km/h) and 
medium (110 km/h) speed conditions, mirroring the value observed at 95 km/h (0.3412). However, the Cd peaks 
at high speeds, particularly at 150 km/h, highlighting the influence of diverse device installations. The increase in 
car speed leads to elevated dynamic air pressure, resulting in heightened air resistance and an associated rise in 
the drag coefficient. 

 

Fig. 6 Graphical visualisation of drag force coefficient (Cd) for different speed conditions 

Table 6 Results of drag force coefficient (Cd) for different speed conditions 
Case E F G 

Speed 70 km/h 110 km/h 150 km/h 
Drag Force Coefficient (Cd) 0.3340 0.3341 0.3627 

3.1.2 Lift Force 
In Fig 7 and Table 7, lift force coefficients (Cl) variations across different device installations are depicted. The 
lowest Cl (-0.3496) occurs with the exclusive installation of the spoiler (Case B), while the highest (-0.0727) is 
observed without any devices (Case A). Concurrent installation of both the spoiler and diffuser (Case D) results in 
a Cl of -0.3324, showcasing a significant reduction in lift and potential improvements in the car's handling. Notably, 
the diffuser, while effective, falls short of the spoiler's efficacy in mitigating lift. 
 

 
Fig. 7 Graphical visualization of lift force coefficient (Cl) for different conditions 
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Table 7 Results of lift force coefficient (Cl) for different conditions 
Case A B C D 

Condition No Device Spoiler Diffuser Spoiler and 
Diffuser 

Lift Force Coefficient (Cl) -0.0727 -0.3496 -0.2060 -0.3324 
 

Fig 8 and Table 8 show lift force coefficient (Cl) variations for a car with both a spoiler and diffuser (Case 
D) at different speeds. At 110 km/h, Cl is -0.3256, aligning with the previous study at 95 km/h. At 150 km/h, Cl 
drops significantly to -0.6162, indicating increased downforce at higher speeds. Conversely, at 70 km/h, Cl is 
slightly lower at -0.3642 due to reduced dynamic air pressure, resulting in less significant air force for generating 
downforce. 

 
Fig. 8 Graphical visualisation of lift force coefficient (Cl) for different speed conditions 

 
Table 8 Results of lift force coefficient (Cl) for different conditions 

Case E F G 

Speed 70 km/h 110 km/h 150 km/h 

Lift Force Coefficient (Cl) -0.3642 -0.3256 -0.6162 

3.2 Qualitative Results 

3.2.1 Streamline Superimposed on The Velocity Contour 
Fig 9 illustrates the impact of spoiler and diffuser installations on flow patterns around a car, showcasing changes 
in streamline behavior and velocity contours. In Case A, without devices, streamlines follow a smooth path over 
the car, creating recirculation and turbulence at the rear. Case B, with a spoiler, deflects streamlines upwards, 
generating downforce and increased turbulence. Case C, with a diffuser, deflects streamlines downwards, reducing 
turbulence and drag. Case D, with both devices, deflects streamlines both upwards and downwards, eliminating 
lift and creating a larger turbulence region. The combined effect creates a substantial low-pressure zone at the 
rear, enhancing handling and performance, particularly at high speeds. Fig 10 illustrates the impact of varied 
speed conditions on streamline patterns in Case D, involving both spoiler and diffuser installations. Cases E and F, 
representing low and medium speeds (70 km/h and 110 km/h), exhibit similar streamline behavior, emphasizing 
consistent flow characteristics at moderate speeds. In contrast, Case G, representing high speed (150 km/h), 
displays intensified airflow dynamics with a greater number of streamlines. The comparative analysis reveals 
subtle recirculation in the upper region and substantial recirculation in the lower rear, contributing to increased 
drag. Differences in velocity distribution, particularly at the lower rear, lead to heightened pressure and 
downforce in Case G, effectively enhancing stability and performance at high speeds. This highlights the complex 
interplay between spoiler and diffuser dynamics, emphasizing the sensitivity of aerodynamic effects to changes 
in velocity and the pivotal role of speed in shaping car performance. 
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Fig. 9 Streamline superimposed on the velocity 
contour for different device installation 

 

Fig. 10 Streamline superimposed on the velocity 
contour for different speed conditions 

 
3.2.2 Velocity Vector Superimposed on the Velocity Contour 
The introduction of velocity vectors alongside the velocity contour enhances the understanding of airflow patterns 
around the vehicle. As depicted in Fig 11, Case A without a spoiler or diffuser, exhibits uniform velocity vectors, 
indicating smooth airflow. The absence of aerodynamic devices leads to recirculating airflow, contributing to drag. 
In Case B, with a spoiler, upward-deflected velocity vectors demonstrate the creation of low pressure above the 
car, generating lift. Case C, featuring a diffuser, shows downward-deflected vectors, emphasizing the low-pressure 
region beneath the car, producing lift. Case D, with both spoiler and diffuser, manifests upward and downward 
deflection, creating large low-pressure regions, significantly enhancing rear velocities and generating substantial 
lift. The collaborative action of the spoiler and diffuser generates downforce, improving the car's handling, 
especially at high speeds. 

Fig 12 illustrates the velocity contour of a car equipped with a spoiler and diffuser, showcasing accelerated 
airflow over the car's top and reduced velocity underneath, indicative of downforce creation. The designed 
downforce enhances handling and stability, particularly at higher speeds. The aerodynamic design minimizes 
drag, allowing the car to attain higher speeds efficiently. In speed-specific cases (E, F, G), varying velocity vectors 
and contours demonstrate the correlation between speed, downforce generation, and drag reduction. The 
effectiveness of the spoiler and diffuser in creating downforce and diminishing drag is consistent across low, 
medium, and high speeds, highlighting their integral role in optimizing aerodynamic performance. 
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Fig. 11 Velocity vector superimposed on the velocity 
contour with different device installation on the 

car 

Fig. 12 Velocity vector superimposed on the velocity 
contour with different speed conditions 

 

3.2.3 Pressure Contour on the Surface of the Car 
Pressure contours are pivotal in the aerodynamic study of vehicles, offering visual insights into pressure 
distribution across the car's surface. Analyzing Fig 13, Case A (No spoiler or diffuser) reveals lower pressure on 
the car's roof and higher pressure on the trunk due to varied airflow speeds. Case B (Spoiler only) elevates 
pressure on the trunk by altering airflow direction, reducing lift. Case C (Diffuser only) maintains top-view 
similarity with Case A, but the bottom view showcases reduced pressure under the rear, enhancing airflow speed. 
Case D (Spoiler and diffuser) combines spoiler-induced high pressure and diffuser-induced low pressure, 
effectively eliminating lift and enhancing downforce. Together, the spoiler and diffuser create a potent low-
pressure zone, reducing drag and increasing overall aerodynamic efficiency. Analyzing Fig 14, at 70 km/h, the 
pressure contour indicates smooth airflow with no notable downforce or drag. At 110 km/h, increased airflow 
over the top and slowed airflow underneath suggest the spoiler and diffuser initiating downforce creation, with 
some drag. At 150 km/h, the pressure contour reflects significantly accelerated top airflow and decelerated 
airflow underneath, signifying substantial downforce generation by the spoiler and diffuser. Despite heightened 
drag, the downforce effectively offsets it, enhancing the car's aerodynamic performance, particularly at medium 
and high speeds. This also supported by previous literature. Studies have shown that rear spoilers and diffusers 
are effective in reducing drag and increasing downforce at speeds above 80 km/h [20], [21]. The diffuser functions 
to expand the airflow from underneath the car to the rear, creating a pressure potential that accelerates the flow 
underneath the vehicle, leading to reduced pressure and enhanced downforce [22]. 
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Fig. 13 Pressure contour on car surface with different 
device installation 

 

Fig. 14 Pressure contour on car surface with different 
speed conditions 

4. Conclusion 
In conclusion, this study utilized Computational Fluid Dynamics (CFD) analysis to evaluate the impact of spoilers 
and diffusers on sedan cars, revealing promising results for enhancing vehicle efficiency. The study systematically 
analyzed drag and lift forces, demonstrating a potential 5.5% reduction in the drag coefficient, with a 0.7% 
reduction when both a spoiler and diffuser were used. Flow structure visualizations elucidated how spoilers 
generate downforce and diffusers decrease pressure, reducing drag and lift forces. Investigation into speed effects 
confirmed consistent benefits across various speeds, emphasizing reliability in improving aerodynamic efficiency 
under diverse driving conditions. The research suggests that applying spoilers and diffusers to sedan cars can 
substantially reduce drag coefficients, enhancing fuel efficiency and reducing emissions. However, it highlights 
the need for careful consideration of design-specific factors and potential side effects, such as increased lift. To 
advance practical application, future studies should focus on diverse real-world driving conditions, encompassing 
urban commuting, highway cruising, and challenging terrains. Evaluating the adaptability of devices like spoilers 
and diffusers across varied driving environments is crucial for effective implementation. Additionally, for a 
comprehensive understanding of sustained benefits and practical implications, continuous monitoring of vehicle 
performance post-implementation through longitudinal studies over extended periods is recommended. 
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