
HAL Id: hal-04400813
https://hal.science/hal-04400813

Submitted on 17 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Temperature field inference using physics-informed
neural networks in turbulent natural convection

Kevin Doria, Anne Sergent, Lucor Didier

To cite this version:
Kevin Doria, Anne Sergent, Lucor Didier. Temperature field inference using physics-informed neural
networks in turbulent natural convection. 22nd IACM Computational Fluids Conference – CFC 2023,
IACM, Apr 2023, Cannes, France. �hal-04400813�

https://hal.science/hal-04400813
https://hal.archives-ouvertes.fr


Temperature field inference using physics-informed neural networks
in turbulent natural convection

K. Doria∗, A. Sergent∗,† and D. Lucor∗
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ABSTRACT

The Rayleigh-Bénard convection originates from a temperature difference imposed across horizontal
walls. In the turbulent regime, the flow is multi-structured and multi-scale, characterized by the interplay
of small-scale plumes, a mean flow and turbulent fluctuations.

The evolution of massively parallel direct numerical simulation (DNS) now allows to tackle calculations
at regimes close to experiments. However, it remains difficult to statistically approach all flow scales,
store them, or easily replay their sequences. Complementary experimental data despite being noisy and
incomplete (probes time series, 2D fields / images), are often well converged and can reach high forcing.

Considering the turbulent convection, many efforts have been done to infer hidden quantities. Re-
cently, inference of the full continuous three-dimensional (3-D) velocity has been obtained by deploying
physics-informed neural networks (PINNs) to 3-D temperature snapshots measured by a Schlieren tech-
nique [1]. Inspired by this approach, we have built reduced models to infer 3D flows from temperature
DNS dataset [2]. The tracking of the large scales of the flow has been carried out by using the good
segmentation properties of U-Net convolution networks [3].

In this work, we attempt to develop a non-invasive temperature field measurement technique, based on
PIV measures and/or shadowgraph images. We compare auto-encoder and U-Net performances, and
assess the improvement to add physical constraints. DNS data are used for preliminary tests with a
future perspective of merging experimental and numerical databases.

This work benefits from the French National Research Agency funding (THERMAL project).
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