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UnderTray Design for Formula SAE Through CFD:
Optimizing Aerodynamics for Competitive Edge

The quest for speed and efficiency in Formula SAE (FSAE) competitions drives constant
innovation. One crucial area of focus is aerodynamic optimization, and a significant
contributor to this is the undertray design. Computational Fluid Dynamics (CFD) simulations
have become an indispensable tool for designing and refining these undertrays, allowing teams
to explore numerous design iterations virtually before committing to costly physical
prototypes. This article delves into the intricacies of undertray design for Formula SAE
using CFD, exploring its benefits, application, and future implications.

Understanding the Importance of UnderTrays in FSAE

The undertray, located beneath the vehicle, plays a vital role in aerodynamic performance.
Its primary function is to manage airflow underneath the car, minimizing drag and maximizing
downforce. A well-designed undertray acts as a crucial component in the overall aerodynamic
package, contributing significantly to vehicle stability and lap times. In FSAE, where even
minor improvements can mean the difference between winning and losing, optimizing the
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undertray's performance is paramount.
### Key Aerodynamic Principles at Play
Several key aerodynamic principles govern undertray design. These include:

e Ground effect: The undertray's primary function leverages the ground effect — the
reduction of pressure under the car, creating a pressure difference between the top and
bottom surfaces and generating downforce. This is directly related to the venturi effect,
where the narrowing of the airflow under the car increases velocity and reduces pressure.

* Flow separation: Minimizing flow separation along the undertray's surfaces is crucial.
Separated flow creates drag and reduces the effectiveness of the ground effect. This is a
key consideration for diffuser design which we'll cover later.

e Drag reduction: While downforce is important, minimizing drag is equally crucial for
achieving high speeds. An efficient undertray design balances downforce generation with

minimal drag.

Utilizing CFD for UnderTray Optimization

CFD allows FSAE teams to simulate airflow around the vehicle and analyze the performance of
different undertray designs. This process involves creating a digital model of the car and
its undertray, defining boundary conditions (like vehicle speed and air density), and solving
the Navier-Stokes equations to predict the flow field. The resulting data provides valuable
insights into pressure distribution, velocity profiles, and aerodynamic forces.
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### The CFD Process: From CAD to Results
The typical CFD workflow for undertray design follows these steps:

1. CAD Modeling: Creating a detailed 3D model of the undertray and the surrounding vehicle
components in CAD software (e.g., SolidWorks, Creo).

2. Mesh Generation: Creating a computational mesh that divides the flow domain into smaller
elements. The quality of the mesh directly influences the accuracy of the simulation. Mesh
refinement is especially critical around complex geometries, like the undertray's edges and
the diffuser.

3. Solver Setup: Defining the governing equations, turbulence model (e.g., k-g&£, k-w SST), and
boundary conditions (inlet velocity, outlet pressure, etc.) within the CFD software (e.g.,
ANSYS Fluent, OpenFOAM).

4. Simulation Run: Running the simulation, which can take considerable time depending on the
mesh complexity and computer resources.

5. Post-processing: Analyzing the simulation results, including pressure contours, velocity
vectors, and aerodynamic forces (drag and downforce coefficients). This step often involves
visualizing the data to identify areas for improvement.

### Optimizing UnderTray Design Parameters with CFD

CFD enables the systematic optimization of various undertray design parameters:



Undertray Design For Formula Sae Through Cfd

e Diffuser angle: The angle of the diffuser significantly impacts the effectiveness of the
ground effect. CFD helps determine the optimal angle for maximizing downforce while
minimizing drag.

e Underbody sealing: Leaks in the underbody can disrupt the flow and reduce the
effectiveness of the ground effect. CFD helps identify and minimize these leaks.

e Undertray geometry: The overall shape and dimensions of the undertray can be optimized to
improve aerodynamic performance. CFD allows for exploring various shapes and
configurations.

e Vortex generators: These small devices can be added to the undertray to control flow
separation and enhance downforce. CFD simulations help determine their optimal placement
and design.

Practical Benefits of CFD in UnderTray Design

The use of CFD for undertray design offers several significant benefits for FSAE teams:

* Reduced development time and cost: CFD allows teams to test multiple designs virtually,
significantly reducing the need for expensive physical prototypes.

e Improved aerodynamic performance: CFD leads to optimized designs that generate more
downforce and less drag, resulting in improved lap times.

e Enhanced understanding of flow physics: CFD provides detailed insights into the airflow
around the undertray, helping teams understand the impact of design changes.

e Competitive advantage: By leveraging CFD, FSAE teams can gain a significant competitive
edge over teams that rely solely on experimental testing.
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Future Implications and Advancements

CFD technology continues to advance, leading to more accurate and efficient simulations.
Future developments, including increased computational power and improved turbulence models,
will further enhance the capabilities of CFD in undertray design. The integration of AI and
machine learning in CFD workflows promises to automate the optimization process, leading to
even more efficient and effective designs. Furthermore, the use of advanced experimental
techniques, such as particle image velocimetry (PIV), can be integrated with CFD results to
further refine the models and ensure their accuracy.

FAQ: UnderTray Design and CFD in FSAE

Q1l: What software is commonly used for CFD simulations in FSAE?

Al: Popular choices include ANSYS Fluent, OpenFOAM (an open-source option), and Star-CCM+.
The best choice depends on the team's budget, experience, and specific needs.

Q2: How much computational power is needed for accurate CFD simulations?

A2: The required computational resources depend on the complexity of the model and the
desired accuracy. High-fidelity simulations require significant processing power and RAM,
often necessitating high-performance computing (HPC) clusters.

Q3: How long does a typical CFD simulation take?



Undertray Design For Formula Sae Through Cfd

A3: Simulation time varies drastically. Simple simulations might take a few hours, while
complex simulations involving fine meshes could take days or even weeks.

Q4: What are the limitations of CFD simulations?

A4: CFD simulations are not perfect representations of reality. They rely on simplifying
assumptions and models that might not fully capture all the complexities of fluid flow.
Experimental validation is always recommended.

Q5: How can I ensure the accuracy of my CFD results?

A5: Mesh refinement, verification of the solver settings, and validation against experimental
data are crucial for ensuring the accuracy of CFD results. Consider using mesh independence
studies to assess the effect of mesh density on the results.

Q6: What is the role of experimental validation in CFD-based undertray design?

A6: Experimental validation through wind tunnel testing is crucial to confirm the accuracy of
CFD predictions. Comparing CFD results with experimental data helps identify any
discrepancies and refine the simulation models.

Q7: How can a small FSAE team effectively utilize CFD?

A7: Small teams can leverage open-source software like OpenFOAM, utilize cloud computing
resources for processing power, and collaborate with universities or research institutions
for access to advanced computational resources and expertise.
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Q8: What are some common mistakes to avoid when using CFD for undertray design?

A8: Common mistakes include using overly coarse meshes, neglecting mesh independence studies,
incorrect boundary condition definition, and inadequate validation of results. Proper
training and understanding of CFD principles are essential.

Optimizing Downforce: UnderTray Design for Formula SAE Through
CFD

Formula SAE FSAE competitions demand superior vehicle performance, and aerodynamic
enhancements are vital for achieving leading lap times. Among these, the undertray plays a
substantial role in generating downforce and minimizing drag. Computational Fluid Dynamics
(CFD) offers a effective tool for developing and optimizing this important component. This
article investigates the application of CFD in undertray design for Formula SAE vehicles,
highlighting the methodology and benefits .

The undertray's primary function is to confine the airflow beneath the vehicle, creating a
low-pressure region. This pressure gradient between the high-pressure area above and the low-
pressure area below generates downforce, improving grip and handling. The design of the
undertray is complex , incorporating a balance between maximizing downforce and minimizing
drag. A poorly engineered undertray can actually increase drag, adversely impacting
performance.

CFD simulations allow engineers to virtually test various undertray configurations without
the requirement for expensive and time-consuming real-world prototypes. The process typically
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begins with a CAD model of the vehicle, incorporating the undertray geometry. This model is
then meshed into a network of computational cells, specifying the resolution of the
simulation. The finer the mesh, the more accurate the results, but at the price of increased
computational effort

A suitable turbulence model is then selected, factoring for the turbulent nature of the
airflow under the vehicle. Common models include the k-&£ and k-w SST models. The boundary
conditions are defined, specifying the inlet flow velocity, pressure, and temperature. The
simulation is then performed, and the results are analyzed to evaluate the pressure
distribution, velocity fields, and aerodynamic forces acting on the vehicle.

Analyzing the CFD results provides crucial information for optimization. For instance,
visualizing the pressure contours allows engineers to identify areas of low pressure and high
velocity gradients, which may indicate areas for enhancement. The coefficient of lift (CL)
and coefficient of drag (CD) are performance metrics that can be extracted directly from the
simulation, permitting engineers to evaluate the aerodynamic performance of the undertray
design.

Furthermore, CFD simulations can help in the design of airfoils at the rear of the undertray.
These elements enhance the airflow, further lowering the pressure under the vehicle and
increasing downforce. The optimal design of these diffusers often incorporates a compromise
between maximizing downforce and minimizing drag, making CFD analysis essential

Beyond the basic geometry, CFD analysis can also consider the effects of imperfections,
temperature gradients , and rotating components such as wheels. These factors can
significantly influence the airflow and thereby affect the performance of the undertray. The
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inclusion of these factors leads to a more accurate simulation and more effective design
decisions.

The iterative nature of CFD simulations allows for repeated design iterations. By
systematically changing the undertray geometry and re-running the simulations, engineers can
optimize the design to attain the target levels of downforce and drag. This process is
significantly more efficient than building and testing multiple physical prototypes.

In conclusion, CFD is an invaluable tool for the design and optimization of Formula SAE
undertrays. By enabling virtual testing of various designs and providing detailed insights
into the airflow, CFD significantly improves the design process and leads to a higher-
performing vehicle. The utilization of CFD should be a regular practice for any team aiming
for leading performance in Formula SAE.

Frequently Asked Questions (FAQs)
1. Q: What software is commonly used for CFD analysis in FSAE?

A: Popular options include ANSYS Fluent, OpenFOAM (open-source), and Star-CCM+. The choice
often is determined by team resources and experience.

2. Q: How long does a typical CFD simulation take?

A: Simulation time depends significantly on mesh resolution, turbulence model complexity, and
computational resources. It can range from hours to days.
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3. Q: Is CFD analysis enough to guarantee optimal performance?

A: CFD provides crucial data, but it's crucial to validate the results through wind tunnel
testing .

4. Q: What are some common challenges in CFD analysis for undertrays?
A: Meshing complex geometries are all typical challenges.
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