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DESCRIPTION DU STAGE

Thématique(s) : Exploitation de données expérimentales et numériques
Type de stage : X] Fin d’études bac+5 [X] Master2 [ ]Bac+2abac+4 [ ]Autres
Intitulé : Study of energy-based methods for the analysis of irreversible performance losses

Sujet: Numerical simulations in the aeronautical field are becoming increasingly accurate and robust,
enabling us to calculate flows in complex configurations. The results of these simulations therefore require
adapted post-processing codes, which are evolving in parallel. ONERA is developing a post-processing code
based on an exergy approach which allows the performance analysis of numerical simulations of complex
flows [1]. The approach is based on the two principles of thermodynamics, and provides a formulation for
dealing with disruptive configurations (Boundary-Layer Ingestion, Open fan, ...). Recent works in particular
allowed to extend the validity of the exergy-based analysis to turbomachinery flows, with different levels of
decomposition [2,3].

The exergy balance formulations in use at ONERA were derived in addition to other power-based methods
in the literature. Some of these formulations also rely on exergy [4], with a different decomposition of its
various components. Others rely on different physical quantities, such as mechanical energy [5] (to
investigate external aerodynamic configurations) or euergy [6] (which is the potential of mechanical work
recovery, used for cooled turbine performance analyses). The exact links between such balances, based on
different physical quantities, is not always direct. Detailed investigations are therefore required in order to
establish such links and to accurately identify the advantages/drawbacks of each decomposition. A particular
domain for such comparisons is turbomachinery cases with significant heat transfers.
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Figure 1: Iso-surfaces of irreversible exergy loss due to viscous effects [3] (left, exergy balance) and
thermal creation due to heat transfers across pressure gradients [6] (right, euergy balance)

The aim of the internship will be to analyse the results given by the different formulations, and provide
additional physical insights regarding the different decompositions investigated. First, a theoretical
investigation will be performed in order to better interpret the differences between the exergy and euergy
balance formulations. At a second step, CFD simulations of a flow field around an aerodynamic body (e.g.
2-D airfoil) and inside a cooled turbine will be performed. The numerical results will be post-processed with
the exergy-based analysis tool FFX of ONERA [1] to compute exergy and euergy balance components and
to compare the results obtained with each approach. Finally, the results obtained will be used to provide
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physical insight into the interpretation of the different balance components. Depending on the results,
improvements of the approach used at ONERA may be proposed.

Through this research the intern will acquire a valuable experience in the numerical simulation of
turbomachinery flows and a state-of-the-art method enabling a better understanding and quantification of
the physical phenomena that dominate internal flows. This work is a contribution towards more efficient
aircraft engines
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Est-il possible d'envisager un travail en bindbme ?  Non

Méthodes a mettre en oeuvre :

X] Recherche théorique X] Travail de synthese

X Recherche appliquée X] Travail de documentation

[ ] Recherche expérimentale [] Participation a une réalisation
Possibilité de prolongation en thése : Oui

Durée du stage : Minimum : 5 mois Maximum : 6 mois

Période souhaitée : From the first trimester 2025

PROFIL DU STAGIAIRE

Connaissances et niveau requis : Ecoles ou établissements souhaités :

M2, mécanique des fluides compressibles, Ecoles d’ingénieurs ou Master 2
aérodynamique, thermodynamique,
connaissances en codage Python
appréciées
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