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Motivation D
Turbulent flows Limitations
Navier-Stokes Eqs No analytical solution
Dynamic models

Nonlinear dynamics

Flow Control

High-dimensionality
Technological limitations

Multi-scale problem
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Literature review PD

Dynamic models
Data-driven models
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Data-driven modelling of
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Time super-sampling from
non-time-resolved fields

Li-Hu Q. L., Garcia-Caspuehas, P., laniro, A., & Discetti, S. (2025). Model-based time super-sampling of turbulent
flow field sequences. Physical Review Fluids, 10(8), 084901. Open code and datasets



Local dynamical analysis
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Local dynamical analysis PHD

Reduced-order modelling

1. Divide 2. Cor;quer
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Local dynamical analysis PHD
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3rd year PHD

4 )
Galerkin model time | Published in Physical Review Fluids
super-sampling Open code and datasets
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Multi-scale problem Guy Y. Cornejo
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Contributions
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« Journal articles and code/datasets

v

v

Li-Hu Q. L., Garcia-Caspuenas, P., laniro, A., & Discetti, S. (2025). Model-based time super-sampling of turbulent
flow field sequences. Physical Review Fluids, 10(8), 084901. Open code and datasets

Li-Hu, Q. L., Maceda, G. Y. C,, laniro, A., & Discetti, S. (2026). Divide and Conquer: Cluster and manifold-based
interpretation of complex flows. arXiv preprint arXiv:2601.057177. Open code and datasets

« Conference contributions

v
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21st International Symposium on Applications of Laser and Imaging Techniques to Fluid Mechanics, Jul 8 —
11, Lisbon, Portugal

2nd International Conference on Mathematical Modelling in Mechanics and Engineering (ICME), Sep 12 — 14,
2024, Belgrade, Serbia

APS Division of Fluid Dynamics Annual Meeting 2024, Nov 22 — 24, 2024, Salt Lake City, UT, USA

7th International Conference on Turbulence and Interactions, Mar 30 — Apr 4, 2025, La Palma, Spain

21st International Symposium on Flow Visualization (ISFV21), Jun 21 - 25, 2025, Tokyo, Japan

16t International Symposium on Particle Image Velocimetry (ISPIV 2025), Jun 25 — 28, 2025, Tokyo, Japan
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Questions?

Data-driven modelling of turbulent flows under active flow control

PhD Student: Qihong Lorena Li-Hu
Supervisor/s: Prof. Andrea laniro & Prof. Stefano Discetti

This project has received funding from the European Research
Council (ERC) under the European Union’s Horizon 2020
research and innovation program (grant agreement No 949085).
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POD PHD

« Dimensionality reduction
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POD with snapshot methods PHD
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Dimensionality reduction

4 N )

Linear methods Nonlinear methods

Proper Or_thogonal Isometric mapping (ISOMAP)
Decomposition (POD)

Mode 1 e
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Particle Image Velocimetry (PIV) PHD

Velocity fields

« Technological barriers
« Maximum sampling
« Pulsed light frequency

Time super-sampling of PIV
« Taylor’'s hypothesis
 Vortex-in-cell
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Galerkin projection for PIV fields PHD

FOM representation Projection on spatial modes
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Galerkin projection for PIV fields
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Time marching integration for PIV supersampling PHD
Forward integration Forward integration
P — = >
Backward integration Backward integration
Snapshot 1 Snapshot 2 Snapshot 3
ROM representation u(xty) u(x,ty) u(x,ts)
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» Forward integration
« Backward Integration
« Weighted average
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Experimental jet flow PHD
_ TOP VIEW Water tank
« Turbulent jet flow (water) Jet
* Re = 3300 —
Laser Lenses
* fc =90Hz Pumo
Syn chroniser sCMOS camera

SIDE VIEW Water tan k

Laser

Jet

Lenses

Pump
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Experimental jet flow PHD

At = 0.4t

—-—- LOR Interpolation — GM *  NTR data
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Experimental jet flow PHD

At = 0.8,

—— LOR Interpolation — GM * NTR data
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Experimental jet flow PHD

At = 1.6t,

Lo ——- LOR Interpolation — GM *  NTR data
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The fluidic pinball PHD

Fluidic pinball community:
* DRL control: Feng et al. 2023 PoF
‘ *  Model Predictive Control: Bieker et al.

2020 TCFD, Marra et al. 2024a JFM

* Actuation manifold learning:
Marra et al 2024b JFM

* Experiments: U Calgary, LISN/CNRS
(Paris), UC3M (Madrid)

The fluidic pinball encapsulates key features of real flows
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A multi-frequency flow oD

o 30/: | brop(t) = cos(2m3¢fyt)
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Divide and conquer complex flows PHD

Which variable to cluster?
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Manifolds of manifolds — Divide... PHD
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Results — Jet flow

Galerkin model

371 POD-modes for 95% of the energy

N
1 system of 371 equations
« 138012 terms each
J
~

10 systems of ~55 equations
« 3080 terms each
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