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Introduction
The aim of this thesis is developing new 
methodologies to based on AI for vehicle 
aerodynamics shape optimization.

Aerodynamics is a crucial discipline in modern 
automotive development:

• Fuel Efficiency: Reducing drag minimizes fuel 
consumption, crucial for combustion and electric 
vehicles.

• Stability and Handling: Managing airflow ensures 
predictable behaviour at high speeds.

• Noise Reduction: Aerodynamically optimized 
designs reduce wind noise, improving passenger 
comfort.

Constrains:

• Aesthetics and design.

• Engineering requirements: cooling, off road 
capabilities, cabin space, etc.

• Package

The opportunity
In recent times the development cycles 
had shortened, with a need for faster 
solutions the integration of AI is being 
promoted.



We are not doing anything new…

…But we will accelerate the process

1934 - Tetra T77: cD ~ 0.36

1989 - Opel Calibra: cD = 0.261955 - Citroën DS: cD ~ 0.36

1981 – Audi 100: cD = 0.30

1996 – GM EV1: cD = 0.195

1999 – Audi A2: cD = 0.25

2013 – Volkswagen XL1 XL1: cD = 0.189

2020 – Mercedes EQS: cD = 0.20

References:

Volkswagen Golf Mk8: cD ~ 0.29

BMW 3 Series G20: cD ~ 0.26

Audi Q5 : cD ~ 0.34

Mercedes GLS: cD ~ 0.37

Range Rover: cD ~ 0.30



Workflow

Goal: Integrate ML with 3D CFD to 
optimize aerodynamic performance 
in road vehicles and deliver the 
global optimal solution.

3D Flow simulation 

Geometry validation

Geometry modification

Initial design

Final design

Optimal?

Vehicle to be used: DrivAer model.



Adjoint 
Method

Genetic 
algorithm

Reinforcement 
learning



Initial Challenges

• CFD:

• Simulation convergence issues (Auto CFD, cL)

• Mesh generation

• Parametrization and geometry modification:

• Difficulties in geometry manipulaion.

• Lack of clarity on constraints

• Implementation details: need to understand how 
parametrizes the geometry (morph? Bezier 
curves?)

• Overall, time-consuming evaluations that lead to 
slow development.

• In summary:

• High complexity problem.

• Plus, integrate ML agent (GA).

Run before walk…

Small steps… Proposed solution:

• Start with a simplified 2D model

• Use a basic airfoil geometry

• Run simulations with a faster, more accessible tool: XFOIL



Xfoil
Open-source program for analyzing and designing subsonic 
subsonic airfoils, based on a panel method for inviscid flow 
flow coupled with a boundary layer formulation for viscous 
viscous effects.

CST
Method for airfoil parametrization that uses class and shape 
shape functions to smoothly and efficiently define airfoil
geometry.

Hygo
Hybrid optimization algorithm that combines a linear genetic 
genetic algorithm with the Downhill Simplex method to balance 
to balance global exploration and local exploitation



HyGO-Xfoil implementation

Parameters CST

Evaluation
Xfoil

Cost function 
calculation

J
Sort

Validation

Crossover
Mutation

Replication

Centroid 
computation

Simplex cycle:
Reflection
Expansion

Contraction
Shrink

Build simplexCST

Evaluation
Xfoil

Cost function 
calculation

J
Sort

Param eters

S im plex lim it?

(n- 1)th

G eneration

Initialization

Exploration:
GA are good for 
global 
optimization and 
wide explorative 
nature.

E x p l o i t a t i o n : e m p lo y  th e  lo c a l  g e o m e try  o f  th e  o b je c t iv e  fu n c t io n  
fo r  ra p id  c o s t  m in im iz a t io n .

n th G eneratio n

Elitism

Valid atio n

End ?
O p tim al

Optimizations can be done:

✓ At different fly conditions (Re and Mach)

✓ For a single AoA or a mission envelope.



HyGo-xfoil challenges
Constrain the problem
Limit CST parameters to boundary the design space.

Also, improve the output data control overall shape.

Separate study with all NACA 4 and 5 airfoils to understand limits.

Ensure Valid airfoils
Airfoil upper and lower surfaces do not intersect
intersect

Limit maximum thickness

Constrain maximum thickness x position

Avoid sharp edges: smooth continuous surface

Evaluate the cost function
Xfoil run until convergency: fail safe 
implemented.

Extract data from Xfoil.

Ensure coefficients are valid: 𝑐𝐷and 𝑐𝐿 always 
positive.

Define cost function:

𝐽 =
𝑐𝐷

𝑐𝐿
or 𝐽 =

σ𝑖=1
𝑛 𝐹𝑇𝑖

𝑐𝐷𝑖
𝑐𝐿𝑖

σ𝑖=1
𝑛 𝐹𝑇𝑖



Results: example of usage

Mission 0 to 12˚
S ing le ang le: 2˚

Single angle: 2˚



Lessons Learnt
Good overview of the 
whole process.

H ow g enetic alg orithm s 
work.

Im plem entation of 
different software 
tog ether.

Efficient g eom etry 
param etrization.

D efine g eom etrical 
constrains and lim it the 
desig n space.

Im portance of 
g eom etrical validation.

Validate results.

D efine cost functions.

D ata and file 
m anag em ent.

Progress my investigation 
towards road vehicle 
optimization:

• Integrate vehicle 
parametrization using 
DrivAerNet++

Investigate other ML 
approaches (reinforcement 
learning)

Future work

Implementation of MSES (Multi
(Multi-

-
element Surface Euler 

Euler Solver) 

RANS validation.

Public current work in 
EuroGen

EuroGen
2025

Ongoing



Please feel free to ask any 
question or getting in touch

I want to thank Isaac Robledo for all his support with Python 
and the development of HyGO, and Javier Nieto for his help in 
getting me up to speed with CST and Xfoil.

And a special mention to Arnau from BSC for all his patient and 
support provided.
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