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Under Tray Design for Fornula SAE
Through CFD: Optim zi ng
Aerodynam cs for Conpetitive
Edge

The quest for speed and efficiency in Fornula SAE ( FSAE)
conpetitions drives constant innovation. One crucial area of
focus is aerodynam c optim zation, and a significant contributor
to this is the undertray design. Conputational Fluid Dynam cs
(CFD) sinmul ati ons have becone an indi spensabl e tool for designing
and refining these undertrays, allowi ng teans to expl ore nunerous
design iterations virtually before commtting to costly physical
prototypes. This article delves into the intricacies of undertray
design for Fornula SAE using CFD, exploring its benefits,
application, and future inplications.

Under st andi ng the | nportance of Under Trays
I n FSAE

The undertray, |ocated beneath the vehicle, plays a vital role in
aerodynam c performance. Its primary function is to manage
airflow underneath the car, mnimzing drag and maxi m zi ng
downforce. A well-designed undertray acts as a crucial conponent
in the overall aerodynam c package, contributing significantly to
vehicle stability and lap tines. In FSAE, where even m nor

i nprovenents can nmean the difference between wi nning and | osing,
optim zing the undertray's performance i s paranount.

### Key Aerodynami c Principles at Play

Several key aerodynam c principles govern undertray design. These
i ncl ude:

e Gound effect: The undertray's primary function | everages 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 rel ated
to the venturi effect, where the narrowi ng of the airfl ow
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under the car increases velocity and reduces pressure.

e Fl ow separation: Mnimzing fl ow 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
| at er.

e Drag reduction: Wile downforce is inportant, mnimzing drag
is equally crucial for achieving high speeds. An efficient
undertray design bal ances downforce generation with m ninmal
dr ag.

Utilizing CFD for UnderTray Optim zation

CFD all ows FSAE teanms to sinmulate airflow around the vehicle and
anal yze the performance of different undertray designs. This
process involves creating a digital nodel 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 val uabl e insights
into pressure distribution, velocity profiles, and aerodynam c
forces.

### The CFD Process: From CAD to Results

The typical CFD workflow for undertray design foll ows these
st eps:

1. CAD Mbdeling: Creating a detailed 3D nodel of the undertray
and the surroundi ng vehicle conponents in CAD software (e.qg.,
Sol i dWor ks, Creo).

2. Mesh Ceneration: Creating a conputational nesh that divides
the flow domain into smaller elenents. The quality of the nmesh
directly influences the accuracy of the sinulation. Mesh
refinement is especially critical around conpl ex geonetries, like
the undertray's edges and the diffuser.

3. Solver Setup: Defining the governing equations, turbul ence
nodel (e.g., k-?, k-? SST), and boundary conditions (inlet
velocity, outlet pressure, etc.) within the CFD software (e.g.,
ANSYS Fl uent, OQpenFQAM) .

4. Simulation Run: Running the sinmulation, which can take
consi derabl e time depending on the nmesh conpl exity and conput er
resour ces.

5. Post-processing: Analyzing the sinulation results, including
pressure contours, velocity vectors, and aerodynam c forces (drag
and downforce coefficients). This step often involves visualizing
the data to identify areas for inprovenent.
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### Optim zing UnderTray Design Paraneters with CFD

CFD enabl es the systematic optim zation of various undertray
desi gn paraneters:

e Diffuser angle: The angle of the diffuser significantly
i npacts the effectiveness of the ground effect. CFD hel ps
determ ne the optinmal angle for maxim zi ng dowmnforce while
m ni m zi ng drag.

e Under body sealing: Leaks in the underbody can di srupt the
fl ow and reduce the effectiveness of the ground effect. CFD
hel ps identify and m nimze these | eaks.

e Undertray geonetry: The overall shape and di nensi ons of the
undertray can be optim zed to inprove aerodynam c
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 downf or ce.
CFD sinul ations help determne their optiml placenent and
desi gn.

Practical Benefits of CFD in UnderTray
Desi gn

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

e Reduced devel opnent tinme and cost: CFD allows teans to test
mul ti ple designs virtually, significantly reducing the need
for expensive physical prototypes.

e | nproved aerodynam ¢ performance: CFD | eads to optim zed
designs that generate nore downforce and | ess drag, resulting
in inmproved |ap tines.

e Enhanced understandi ng of flow physics: CFD provi des detail ed
insights into the airflow around the undertray, hel ping teans
understand the inpact of design changes.

e Conpetitive advantage: By |everaging CFD, FSAE teans can gain
a significant conpetitive edge over teans that rely solely on
experinmental testing.

Future Inplications and Advancenents

CFD technol ogy continues to advance, |eading to nore accurate and
efficient sinulations. Future devel opnents, including increased
conput ati onal power and i nproved turbul ence nodels, will further
enhance the capabilities of CFD in undertray design. The
integration of Al and nmachine |learning in CFD workfl ows prom ses
to automate the optim zation process, |leading to even nore
efficient and effective designs. Furthernore, the use of advanced
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experinmental techniques, such as particle inmge vel ocinetry
(PI'V), can be integrated with CFD results to further refine the
nodel s and ensure their accuracy.

FAQ UnderTray Design and CFD i n FSAE

QL: What software is commonly used for CFD sinulations in FSAE?

Al: Popul ar choi ces include ANSYS Fl uent, OpenFOAM (an open-
source option), and Star-CCM+. The best choi ce depends on the
team s budget, experience, and specific needs.

@: How nuch conputational power is needed for accurate CFD
si mul ations?

A2: The required conputational resources depend on the conplexity
of the nodel and the desired accuracy. Hi gh-fidelity simulations
require significant processing power and RAM often necessitating
hi gh- perf ormance conmputing (HPC) clusters.

@B: How | ong does a typical CFD sinulation take?

A3: Simulation tine varies drastically. Sinple sinmulations m ght
take a few hours, while conplex simulations involving fine neshes
coul d take days or even weeks.

4: What are the limtations of CFD sinulations?

A4: CFD sinul ations are not perfect representations of reality.
They rely on sinplifying assunptions and nodels that m ght not

fully capture all the conplexities of fluid flow Experinental

val i dation is always recomended.

@b: How can | ensure the accuracy of ny CFD results?

A5: Mesh refinenent, verification of the solver settings, and

val i dati on agai nst experinental data are crucial for ensuring the
accuracy of CFD results. Consider using nmesh i ndependence studies
to assess the effect of mesh density on the results.

B: What is the role of experinental validation in CFD based
undertray design?

A6: Experinmental validation through wind tunnel testing is

crucial to confirmthe accuracy of CFD predictions. Conparing CFD
results with experinental data helps identify any discrepancies
and refine the sinulation nodels.

Q7: How can a small FSAE teameffectively utilize CFD?
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A7: Smal| teans can | everage open-source software |i ke OpenFOAM
utilize cloud conputing resources for processing power, and

coll aborate with universities or research institutions for access
to advanced conputational resources and experti se.

@B: What are sone commopn ni stakes to avoid when using CFD for
undertray design?

A8: Conmon m stakes include using overly coarse neshes,
negl ecti ng mesh i ndependence studies, incorrect boundary
condition definition, and inadequate validation of results.
Proper training and understandi ng of CFD principles are
essenti al .

Optim zi ng Downforce: UnderTray Design for
Formul a SAE Through CFD

Forrmul a SAE Fornul a Student conpetitions demand excepti onal
vehi cl e performance, and aerodynam c enhancenents are vital for
achieving leading lap tinmes. Anong these, the undertray plays a
significant role in generating downforce and m nim zi ng drag.
Conmput ational Fluid Dynamics (CFD) offers a robust tool for
designing and optim zing this crucial conponent. This article
explores the application of CFD in undertray design for Formula
SAE vehi cl es, highlighting the approach and benefits .

The undertray's primary function is to confine the airfl ow
beneath the vehicle, creating a | owpressure region. This
pressure difference between the high-pressure area above and the
| ow- pressure area bel ow generates downforce, boosting grip and
handl i ng. The design of the undertray is multifaceted,

i ncorporating a equilibrium between maxi m zi ng downforce and

m ni m zing drag. A poorly designed undertray can indeed increase
drag, negatively inpacting performance.

CFD sinul ations allow engineers to virtually test various
undertray geometries wi thout the necessity for expensive and

ti me-consum ng physical prototypes. The process typically begins
with a 3D nodel of the vehicle, including the undertray geonetry.
This nodel is then partitioned into a grid of conputational
cells, determining the resolution of the sinulation. The finer
the nmesh, the nore accurate the results, but at the price of

i ncreased conputational tine .

A relevant turbul ence nodel is then selected, accounting for the
chaotic nature of the airflow under the vehicle. Common nodels

i nclude the k-? and k-? SST nodels. The boundary conditions are
defined, specifying the inlet flow velocity, pressure, and
tenperature. The sinulation is then performed, and the results
are anal yzed to evaluate the pressure distribution, velocity
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fields, and aerodynam c forces acting on the vehicle.

Anal yzing the CFD results provides insightful information for
optim zation. For instance, visualizing the pressure contours
al l ows engi neers to pinpoint areas of high pressure and high
shear stress , which may indicate areas for nodification . The
coefficient of lift (CL) and drag coefficient are key performance
indicators (KPIs) that can be extracted directly fromthe
simul ati on, enabling engineers to evaluate the aerodynamc

per formance of the undertray design.

Furthernore, CFD simulations can aid in the design of airfoils at
the rear of the undertray. These el enments accelerate the airfl ow,
further decreasing the pressure under the vehicle and boosting
downforce. The optiml design of these diffusers often involves a
conprom se between nmaxi m zi ng downforce and m ni m zing drag,
maki ng CFD anal ysi s essenti al

Beyond the basic geonetry, CFD analysis can al so consider the
effects of surface roughness , tenperature gradients , and noving
parts such as wheels. These factors can significantly influence
the airflow and thus affect the performance of the undertray. The
consideration of these factors produces a nore precise sinulation
and nore inforned design decisions.

The iterative nature of CFD sinulations allows for repeated
design iterations. By systenmatically changing the undertray
geonetry and re-running the sinulations, engineers can inprove
the design to attain the desired | evels of downforce and drag.
This process is significantly faster than building and testing
mul ti pl e physical prototypes.

In conclusion, CFD is an indispensable tool for the design and
optim zation of Fornmula SAE undertrays. By enabling virtual
testing of various designs and providing thorough insights into
the airflow, CFD significantly enhances the design process and
| eads to a superior vehicle. The utilization of CFD should be a
common practice for any teamaimng for conpetitive perfornmance
i n Formul a SAE.

Frequently Asked Questions (FAQs)

1. @ Wat software is commonly used for CFD anal ysis in FSAE?

A: Popul ar options conprise ANSYS Fl uent, OpenFQAM (open-source),
and Star-CCw. The choice often is determ ned by teamresources
and experi ence.

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

A. Simulation time is highly variable on nesh resol ution,
t ur bul ence nodel conplexity, and conputational resources. It can
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range from hours to days.

3. Q Is CFD analysis enough to guarantee optinmal perfornmance?

A: CFD provides insightful

the results through wind tunnel t

data, but it's

esting .

inmportant to confirm

4. Q@ What are sone common challenges in CFD anal ysis for

undertrays?

A: Accurate turbul ence nodeling are al
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