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/ A tool for engineers and scientists

» Predictive Maintenance
» Real time systems

Data Valorization

» From real world data

Surrogate models
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Test Data
Flight Data

Maintenance Data

Large industrial datasets require Data Engineering

Collection, cleaning & labelling, access
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Fieldwork campaign organized by Prof. Martin Wooster (Dept of Geog. University College
London) in Kruger National Park, 2014 South Africa.
Work performed at Cerfacs by R. Paugam, N. Cazard, M. Rochoux
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Lapeyre, C. J. et al. (2019). Reconstruction of Hydraulic Data by Machine Learning. SimHydro
2019, Nice, France, June 12-14, arXiv:1903.01123. - ~
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. Yewgat, A. et al. “IMEX-AUNET: Deep Learning proxy for multi-phase subsurface flow”. Submitted to 3/st ACM
> International Conference on Information and Knowledge Management, Atlanta, Georgia, USA, Oct. 17-22 2022
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3{ Training (scientists and engineers alike)

Interdisciplinary collaboration
Domain Experts Data Engineers

Data Scientists
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First full engine computation with large-eddy simulation _
Project FULLEST - C. Pérez Arroyo et al. - 2020
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(Good tradeoffs

ML for low-cost models

DL as a RANS surrogate

ML
‘ System
Models

Accuracy
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Guo, Xiaoxiao, Wei Li, and Francesco Iorio. "Convolutional neural networks for steady flow

approximation." Proceedings of the 22nd ACM SIGKDD international conference on TR - NS FORM'NG D INTO INTELLIG ENCE

knowledge discovery and data mining. 2016.
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(Good tradeoffs

ML for low-cost models
DL as a RANS surrogate
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I\/Todels .’ h|gh f|del|ty?
Accuracy
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Xing, Victor, et al. "Generalization Capability of Convolutional 5 : . | . | .

Neural Networks for Progress Variable Variance and Reaction 45 Reference

o o : , Law-of-the-wall model — - —
Rate Subgrid-Scale Modeling." Energies 14.16 (2021): 5096. 4l TCE3DD-B2 model — — -
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14
Dupuy, D. et al. "Data-driven wall modelling for turbulent

separated flows." Submitted to Physical Review Fluids (2022).
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precision if needed

Pressure
Correction

Cheng, L., Illarramendi, E. A., Bogopolsky, G., Bauerheim, M., & Cuenot, B. (2021). Using Ajuria Illarramendi, E., Alguacil, A., Bauerheim, M., Misdariis, A., Cuenot, B., & Benazera, E.
neural networks to solve the 2D Poisson equation for electric field computation in plasma fluid (2020). Towards an hybrid computational strategy based on Deep Learning for incompressible
simulations. arXiv preprint arXiv:2109.13076. flows. In ATAA AVIATION 2020 FORUM (p. 3058).
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Drozda, L. et al. (2021). Data-driven Taylor-Galerkin finite-element scheme for convection problems.
The Symbiosis of Deep Learning and Differential Equations - Neurips 2021 Workshop
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| HPC for Hybrid Simulation

CPU/GPU architectures

» |Interpolation strategies

Mesh issues - Innovative network architectures
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Serhani, A., Xing, V., Dupuy, D., Lapeyre, C., Staffelbach, G. (2022). High-performance hybrid coupling of a CFD solver to deep neural networks.
33rd Parallel CFD International Conference, May 25-27, Alba, Italy.
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Iraining Hybrid simulation:

Interdisciplinary

. Al inside CFD
collaboration
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Hybrid simulation: Hybrid HPC:

Interdisciplinary
collaboration

Al inside CFD CPUs/GPUs/ ...7
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