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PROPOSITION DE SUJET DE THESE 

Intitulé : Optimisation de la métrologie optique laser pour la combustion d’hydrogène dans des 
foyers aéronautiques à haute pression et haute température 

Optimization of laser-based optical metrology for hydrogen combustion in high-pressure and high-
temperature aeronautical combustors 

Référence : MFE-DMPE-2023-24 
(à rappeler dans toute correspondance) 

Début de la thèse : 02/10/2023 Date limite de candidature : 01/07/2023 

Mots clés: hydrogen combustion, optical metrology, aeronautic combustors, harsh combustion 
conditions 

Profile and competences  
University or engineering school degree, Master II in physics, fluid mechanics, energetics or combustion.  
Competences: lasers, optics, the interaction of matter with light, combustion and fluid mechanics, 
thermodynamics. The candidate must be familiar with data interpretation and statistics and have a good 
knowledge of English. Significant experience in Python programming and/or image processing would be 
appreciated. 
Présentation du projet doctoral, contexte et objectif 

The aviation industry is continuously putting effort into developing the next generation of aircraft engines that 
rely upon affordable propulsion solutions with a diminished environmental impact. A long-term sustainable 
solution envisages the replacement of Jet fuels with hydrogen, despite the high costs necessary for the new 
design of aircraft combustors and airport infrastructure. However, hydrogen combustion still raises technical, 
environmental and safety issues. So, its implementation takes time and necessitates new ideas for its 
practical applicability. In this context, we propose a three years fellowship to experimentally study hydrogen 
combustion in representative aircraft combustors with advanced optical metrology tools. 

In this Ph.D. thesis project it is aimed to study hydrogen combustion on various operating conditions (OC) 
similar to the Landing and Take off (LTO) cycle in terms of air mass flow rate, temperature and pressure on a 
semi-industrial test rig. Furthermore, this research platform allows the implementation of various optical 
diagnostics used to study the combustion behavior (flame dynamics), pollutants formation (NO), unsteady 
phenomena, flash-back and flame relight in lean combustion conditions. The knowledge of combustion 
parameters is important to improve the combustor design concerning fuel efficiency, establish the domain of 
flame stability near lean operating conditions (reduced NO production) and determine possible unsteady 
phenomena in such combustors. In completing this task, a large part of the Ph.D. work involves adapting and 
developing optical diagnostics that give access to experimental parameters such as OH (a tracer of the flame 
front and reaction zone), NO, spontaneous emission of the flame and flow field velocity vectors. Optical 
diagnostics cover an extensive domain of applications based on the phenomena of laser-induced 
fluorescence of OH and NO, tracking of particle displacement (particle image velocimetry), analysis of flame 
emission on a broadband spectral domain and capture of fast phenomena with high-speed cameras. A 
significant part of this research is dedicated to studying the feasibility of implementing such optical diagnostics 
in harsh combustion conditions, developing the PLIF-NO technique, identifying the error sources that play on 
the quantification of the observed signals and translating the laboratory scale experiments on the test rig 
platform for the study of targeted OC. Furthermore, advanced data processing tools based on Artificial 
Intelligence (AI) modules will be implemented to correlate dynamic combustion parameters (determined 
experimentally) with physico-chemical phenomena characteristic of selected combustion conditions. Obtained 
results will be compared with data obtained from the different theoretical models used to simulate 
experimental OC and give a prediction for more complex combustors geometries or configurations. 

The selected candidate needs to have the following aptitudes: passionate about experimental research, have 
the know-how of at least one of the requested competencies, be able to master the multidisciplinary points of 
this research topic, be curious about how things work, deal with data processing and have a team-work spirit. 

Collaborations envisages  Laboratoire de PhysicoChimie des Processus de combustion et de l’Atmosphère 
(PC2A), Université de Lille, France 
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Laboratoire d’accueil à l’ONERA 
Département : DMPE 
Lieu (centre ONERA) : Palaiseau 
Contact : Cornelia Irimiea 
Tél. : 0661055393 Email : cornelia.irimiea@onera.fr 

Directeur de thèse 
Nom : Ajmal-Khan Mohamed 
Laboratoire : ONERA 
Tél. : 0180386188 
Email : ajmal_khan.mohamed@onera.fr 

Pour plus d’informations : https://www.onera.fr/rejoindre-onera/la-formation-par-la-recherche 
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