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Abstract. This study aims to analyze the effect of different leading edge angles on the aerodynamic performance of a bus body using Computational Fluid Dynamics (CFD). Two leading edge angles were investigated: 20 degrees and 25 degrees. The 3D geometry was modeled in SolidWorks 2022, and the simulation was carried out using ANSYS Fluent 2021 R1 with a steady-state flow setup at 80 km/h inlet velocity. The turbulence model applied was SST k-omega. The results indicate that the 25 degrees variation yields better aerodynamic performance, reducing the drag coefficient (Cd) to 0.7758 and drag force to 1,155.12 N, compared to 0.9742 and 1,450.43 N respectively for the 20 degrees variation. Both configurations produced negative lift coefficients, indicating downward force beneficial for vehicle stability. Additionally, the 25 degrees configuration demonstrates smoother airflow around the bus body, confirming its potential for improving fuel efficiency through aerodynamic optimization.
INTRODUCTION
In the current era of technological advancement, energy efficiency in transportation is critical. Buses, as a major mode of transport, require not only comfort and safety but also fuel efficiency to reduce carbon emissions and operational costs [1–3]. Carbon emissions also can cause significant impact on health. it is documented that poor air quality is responsible for approximately 3.7 million annual fatalities worldwide, primarily due to conditions such as ischemic heart disease, stroke, and respiratory diseases [19]. Furthermore, exposure to air pollutants, including traffic-related and industrial emissions, has been shown to exacerbate respiratory infections and lead to long-term health complications, particularly in vulnerable populations such as children and the elderly [20].
One of the primary factors affecting fuel efficiency is aerodynamic drag, which can account for up to 50% of fuel consumption at high speeds [1]. While most aerodynamic studies have focused on small vehicles, such as sedans and MPVs [4], the application to larger vehicles like buses is increasingly important. Buses typically operate over long distances, making aerodynamic improvements impactful [5]. The shape of the leading edge on a bus body significantly influences airflow behavior, drag force, and ultimately, fuel consumption.
Aerodynamics examines the interaction between solid bodies and surrounding air, particularly focusing on lift and drag forces [6–8]. CFD methods offer a powerful approach for analyzing these effects, combining physical principles, numerical modeling, and computational resources [9–13].
This study aims to investigate the impact of leading-edge angles (20° and 25°) on the aerodynamic performance of a simplified bus model. Lift and drag coefficients are used as performance indicators. This research seeks to identify the optimal geometry that improves aerodynamic efficiency without compromising vehicle stability.
Methodology
Research Equipment
SolidWorks 2022
SolidWorks is a CAD (Computer-Aided Design) software with capabilities for parametric 3D modeling and complex surface design. In this study, SolidWorks was used to model the geometric shape of a bus body with two variations of the leading edge, namely slopes of 20° and 25°, based on a basic sketch of a conventional bus design. Each model was constructed with scaled dimensions to represent the realistic proportions of a medium-sized vehicle.
The modeling process involved setting the dimensional units to millimeters and simplifying the geometry to reduce computational complexity during the simulation phase. Once the models were finalized, they were exported to STEP (.step) or IGES (.iges) formats to ensure compatibility with Ansys Fluent [14, 15]. SolidWorks’ ability to handle parametric geometry provided the flexibility to generate design variations efficiently and to accelerate iterative modifications of the geometry.
Ansys Fluent 2021 R1
Ansys Fluent is a CFD (Computational Fluid Dynamics) software based on the Finite Volume Method, used to analyze fluid behavior in both enclosed and open domains. In this study, the simulation was conducted under steady-state flow conditions, assuming incompressible and isothermal flow, in reference to typical conditions experienced by vehicles moving on highways [9], [11].
The bus model previously created was imported into Ansys Fluent, followed by mesh generation using the Meshing Tool. A tetrahedral mesh was selected due to its ability to accurately handle complex geometries. To obtain more stable and realistic results, inflation layers were applied around the vehicle surface to capture the viscous effects within the boundary layer region [12].
The simulation domain was configured to represent realistic aerodynamic conditions. At the inlet boundary, an air velocity of 80 km/h (22.22 m/s) was applied to simulate the vehicle's motion relative to surrounding airflow. The outlet boundary was set to atmospheric static pressure (0 Pa, relative) to allow the flow to exit freely. All vehicle surfaces were treated as no-slip walls, meaning that the velocity of the fluid at the surface was assumed to be zero relative to the surface. Additionally, a symmetry boundary condition was employed to model only half of the computational domain, thereby reducing computational time while preserving the physical accuracy of the simulation.
Turbulence modeling employed the k-ε Realizable Standard model, which is among the most commonly used turbulence models in vehicle simulations due to its stability and efficiency in predicting pressure and velocity distributions [13]. Iterations continued until convergence was achieved with residuals below 10⁻⁴, and simulation results were considered stable when the drag coefficient (Cd) and lift coefficient (Cl) values reached consistent outputs.
Research Workflow Diagram
The research steps are summarized in the flowchart presented in Fig. 1, which illustrates the sequence of activities starting from geometric modeling, importing the model into CFD software, mesh generation, boundary condition setup, and turbulence model selection. The process concludes with the analysis of simulation results, including pressure and velocity contour visualizations, as well as the calculation of drag (Cd) and lift (Cl) coefficients for each leading-edge variation. The entire procedure was conducted in a sequential and systematic manner to ensure the validity and reliability of the results.
Results and Discussion
3D Geometry
n this study, the 3D bus model was created using SolidWorks 2022, based on the general shape of commercial buses operating in Indonesia [14]. The overall dimensions of the model include a length of 12,000 mm, a width of 2,500 mm, and a height of 3,850 mm. The primary difference between the models lies in the variation of the leading-edge angle at the front part of the bus body. Two versions were developed with leading-edge inclinations of 20° and 25°, respectively. These variations were intended to evaluate the influence of front-end geometry on aerodynamic performance [16].
After the design process, the models were exported to ANSYS 2021 R1 for CFD-based aerodynamic simulation. Illustrations of the geometric models with different leading-edge angles are presented in Figs. 2 and 3.
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FIGURE 1. Flowchart of the Bus Body Aerodynamic Simulation
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FIGURE 2. Bus Model with a 20° Leading Edge Angle.
[image: ]
FIGURE 3. Bus Model with a 25° Leading Edge Angle

Simulation Domain Construction
The simulation domain was constructed using the Design Modeler module in ANSYS. The previously created bus geometry was imported into the working environment and positioned within a virtual wind tunnel. The dimensions of the wind tunnel were carefully designed to avoid wall effects on the simulation results, by ensuring sufficient clearance between the object and both the inlet and outlet boundaries [16]. The bus model was positioned with the airflow direction set from front (inlet) to rear (outlet), simulating real-world conditions of a vehicle moving against the wind. Figure 4 illustrates the domain construction process.
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FIGURE 4. Domain Setup.

Mesh Generation
The meshing process was carried out using ANSYS ICEM CFD, employing a poly-hexcore mesh type, which combines hexahedral elements in the core flow region with polyhedral elements around complex surface geometries. This approach provides a more flexible and efficient mesh structure, particularly suited for capturing the curved and sharp contours of the bus body [17]. The poly-hexcore mesh visualization for the bus geometry is shown in Fig. 5.
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FIGURE 5. Poly-Hexcore Mesh Visualization on the Bus Geometry.

To improve solution accuracy, mesh density was increased around the vehicle walls by applying inflation layers. These layers are essential for capturing boundary layer phenomena and ensuring accurate turbulence modeling. Each model contained approximately 3 to 4 million mesh elements. 
Aerodynamic Simulation
The aerodynamic simulations were performed under steady-state flow conditions with an inlet velocity of 80 km/h. The SST k-ω turbulence model was used, as it is known for its high accuracy in predicting flow separation and pressure gradient effects [18]. The CFD simulation results for the two leading-edge angle variations are presented in Table 1.


	TABLE 1. CFD Simulation Results for Two Leading Edge Angle Variations.

	Sudut Leading Edge
	Gaya Angkat (N)
	Koefisien Lift (Cl)
	Gaya Hambat (N)
	Koefisien Drag (Cd)

	20°
	-519,56
	-0,3514
	1450,43
	0,9742

	25°
	-503,49
	-0,3382
	1155,12
	0,7758



From the simulation results, it was observed that increasing the leading edge angle from 20° to 25° resulted in a reduction of drag force by 295.31 N. This indicates that the 25° model has a more streamlined shape, allowing air to flow more smoothly around the bus surface.
The drag coefficient (Cd) also showed a decreasing trend, from 0.9742 to 0.7758. This reduction of 0.1984 in Cd confirms that aerodynamic efficiency improves as the front-end inclination increases.
Meanwhile, the lift force for both variations yielded negative values, indicating the presence of downward force (downforce). This is beneficial as it increases the traction between the vehicle's tires and the road surface. The decrease in downforce from –519.56 N to –503.49 N in the 25° model is relatively minor and does not negatively impact vehicle stability.
Simulation Convergence
A simulation is considered converged when the residual values fall below the predefined thresholds—typically 10⁻³ for energy and 10⁻⁴ for velocity parameters. The residual curves shown in Fig. 6 indicate that the simulation successfully achieved convergence, particularly for the key output parameters such as drag and lift forces.
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FIGURE 6. Residual Curve and Simulation Convergence.

CONCLUSION
Based on the Computational Fluid Dynamics (CFD) simulation results for two bus models with leading edge angles of 20° and 25°, it can be concluded that modifications to the front-end geometry significantly affect the vehicle’s aerodynamic characteristics. The model with a 25° leading edge demonstrated superior performance compared to the 20° model, as evidenced by a reduction in drag force from 1450.43 N to 1155.12 N, and a decrease in drag coefficient from 0.9742 to 0.7758. This indicates that airflow around the 25° model is more streamlined, resulting in improved aerodynamic efficiency.
In addition, both models produced negative lift forces, signifying the generation of downward force (downforce), which contributes to better vehicle stability during motion. The slight reduction in downforce observed in the 25° model was minor and did not compromise traction performance. Therefore, the 25° leading edge geometry can be recommended as a more aerodynamically efficient and stable design for bus-type vehicles.
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