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Turbulence and turbulent flows

- Turbulence: “The most important 
unsolved problem of classical physics” 
(Feynman)

- Nature of turbulence: irregularity, mixing, 
three-dimensional, eddies

- Applications in nature, industry and 
everyday life: transportation and energy, 
weather, industrial processes

- Advances in computational power and 
numerical methods allow the accurate 
prediction of turbulent flows



Aeroacoustics: noise from aerodynamic flows

- Aeroacoustics: field of 
study that deals with 
sound generation and 
propagation in 
unsteady (turbulent) 
aerodynamic flows

- Applications: aircraft, 
automobiles, wind and 
gas turbines, musical 
instruments, fans and 
rotors, home appliances
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Computers and the aeronautical industry

- In the past, industry relied on expensive wind 
tunnel and flight tests

- Computers allowed design via CFD 
(Computational Fluid Dynamics)

- 1970’s: first simulations of wings (low fidelity)

- 1980’s: first supercomputers allowed 
simulations of full aircraft (still low fidelity)

- 1990’s: CFD becomes commercial success
- 2000’s: high-fidelity simulations become 

possible



Role of CFD on design of modern aircraft

Tinoco, Boeing 
(2007)



What do we do in the laboratory?

● High-fidelity simulations: formulations 
based on first principles, avoid modeling, 
numerical algorithms that mimic the 
physics, use of intense computational 
power, generation of large datasets

● Reduced-order models: appropriate for 
design, optimization and flow control, 
lower computational power, should 
represent the physics with higher fidelity 
possible, need for data



Coaraci (CEPID-CCES) e Lovelace (CENAPAD-SP)
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Noise generation by airframe

Ricciardi et al, JSV 2021

- Design of modern aircraft 
depends on noise reduction 
to meet more stringent 
regulations

- Landing gear becomes 
important noise source on 
landing 

- Data processing for 
investigation of noise 
sources

- Simulation cost: 8M hours! 
- 100+ Terabytes of data



Turbulence generated by wings

- Characterization of turbulence 
over turbine blades and wings

- Development of flow control 
strategies for drag and noise 
reduction: combination of data  
science and high-fidelity 
simulations

- Datasets analyzed for years: 
turbulence relies on statistics

- 80+ Terabytes of dataSilva and Wolf, IJHFF 2024



Novel concepts of supersonic turbines

- Applications in high-speed 
propulsion and energy generation

- Study of the flow physics of 
shock-waves and boundary layers

- International collaboration with 
universities in USA, France and 
Australia (many international 
groups interested in our data)

- 80+ Terabytes of data

Lui et al, TCFD 2024

https://docs.google.com/file/d/1V8jGBQ4ZuXYD8VLkWOVAmhP69mYIfHgz/preview


Data science with big data
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- Applications of techniques of 
machine learning to develop:

- reduced order models 
- real time estimators
- control modules
- optimization tools

- Next steps: data used to train 
real-time experiments

- Models need data for training, 
testing and validation!

https://docs.google.com/file/d/1l2yteNz77UB6uEegMJT-uaQz9Pn4bZQa/preview


Acknowledgements

Thank you!



Aeronautical Sciences in the Era of Big Data

School of Mechanical Engineering
University of Campinas

William R. Wolf
wolf@fem.unicamp.br

Love Data Day, June 2025


