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Objectives

The goal of the thesis is to create an interactive
Digital Twin through a reduced-order model,

trained on CFD data, that bypasses the high | .
computational cost of traditional analyses.

immersive exploration in which every geometry
variation instantly translates into new pressure
maps.

Thanks to this approach, optimization becomes an /
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Case study

Formula SAE is an international student motorsport
competition in which university teams from around the

world participate.

A Formula SAE event consists of:

e Static events: Design, Cost and Manufacturing,
Business Plan

* Dynamic events: Endurance, Autocross, Acceleration,
Skidpad

Aerodynamics plays a decisive role in dynamic events;
the goalis to achieve high vehicle efficiency to maximize
on-track performance.
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Methodolgy

® Model
'b‘ parameterization

Design of Reduced Virtual

Experiments

Baseline

CFD analysis

Order Model Reality

\nsys \nsys 'b‘ ’
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Optimization
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Baseline
Mesh characteristics: Boundary conditions:
* Number of cells— 4.847.596 * Inlet velocity = 20 ™/,

* Number of nodes — 7.233.453 Outlet relative pressure = 0Pa

* Number of faces — 70.366.855

Turbolence model- k — w SST

* Moving wall for the ground with velocity equal 20 ™/

Longitudinal symmetry

1000 iterations reporting C4, C; ed ef ficiency
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Model parameterization with RBF Mesh Morphing

Radial Basis Functions (RBF) allow the mesh to be
modified without needing to rebuild the CAD
geometry and without generating a new mesh.

Ansys
2024R1

N
(%) = Z yo(|% - %)) + h(®)
i=1

Through Mesh Morphing, based on RBF, the
surfaces of greatest aerodynamic interest
were parameterized:

Ansys
2024R1

* Front and rear wings - vertical translation
and angle of incidence variation

* Sidepods - indentations on the lateral
and horizontal surfaces

* Diffuser - longitudinal translation
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Design of Experiments
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Reduced Order Model

Two ROMs were created:

e Static pressure

* Wall shear stress

To build the ROM, snapshots were used, i.e., the results
of the fluid dynamics fields obtained from each CFD
simulation.

Out of a total of 116 snapshots, 80% (93) were
employed to train the model: on these we apply Singular
Value Decomposition (SVD) to extract the dominant
spatial modes.
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Analysis of results and optimization

Optimization via response surfaces

Drag coefficient: from 1t0 0.95 (-5%)

The sensitivity analysis made it possible to
define the most influential parameters.

Sensitivities v R X
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ROM and reduction errors
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VR experience

The static pressure model was
exported as an FMU and integrated into
a VR environment on Meta Quest 3,
with rendering at 60 fps.

Virtual sliders allow real-time
modification of the wings, sidepods,
and diffuser, instantly updating the
pressure maps for immediate and
immersive aerodynamic optimization.
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Conclusions
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Conclusions and future developments

Conclusions

* The aerodynamic optimization reduced the drag coefficient by 5% while keeping the
vertical load constant.

» Static pressure ROM: 8.6% error (average deviation16 Pa)

* Interactive Digital Twin in VR on Meta Quest 3, with real-time modification of wings,
sidepods, and diffuser.

Possible future developments
* Enrich the snapshot database to reduce interpolation error
* Increase mesh resolution

* Include dynamic parameters (yaw, variable setup, ride height)

* Extend the analysis to structural and thermal elements
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Thank you for your attention!

Helciug Mihai Alin




