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An experimental investigation of CO. diluted oxycombustion
for decarbonized industry

Carbone capture by oxycombustion falls within the low-carbon national strategy, which aims at
achieving carbon neutrality in France by 2050. In anthropogenic CO; emissions reduction scenario such
as the roadmap recently released by the International Energy Agency for the transition to net zero
emission, CCUS is always mentioned as one of the key pillars to achieve this goal in the industry sector.
Most of industry sectors using boilers for utility are concerned by heat production and the
development of oxycombustion processes is of primary interest for thermal power plants and industry
in manufacturing sectors with high temperature process and high carbon emission like glass, steel,
petrochemicals or cement plants for which the CCS technologies are the most effective solution to
reduce significantly the carbon footprint [1-2].

The present PhD offer is part of the OXY3C targeted project of the French National Research Program
PEPR SPLEEN (France 2030) and is co-funded by Normandy Region. The PEPR SPLEEN aims at improving
knowledge and skills in CCUS oxycombustion technologies for decarbonization and intensification
processes. The concentration of carbon dioxide in flue gas can be optimised by associating
oxycombustion (i.e. with oxygen as oxidizer thanks to prior separation of nitrogen from air) and
dilution with CO, coming from dry exhaust gas recirculation [3-4]. Such specific operating conditions
have an impact on turbulent flame features [5-6]: limits of stability, flame structures, heat release
levels and locations, changes of heat transfer to the load, as well as on flue gas with NOx emissions in
the case that some amount of nitrogen remains in the reactants or if air inlets occur in the combustion
chamber [5-8], or with CO emissions if the combustion is not complete because of large carbon dioxide
dilution [5, 7]. The objective of the thesis is to characterize experimentally in a lab-scale facility the
specificity of oxycombustion diluted by carbon dioxide to point out and enlighten these phenomena.

The first part of the experimental work will be devoted to the design of the burner in a canonical
representative configuration with (CH4-CO,) blend as fuel (representative of natural gas and biogas)
and (02-CO;) blend as oxidizer. This burner will be implemented on the CORIA lab-scale multi-fluid
combustion facility which modular features enable in-flame optical and laser diagnostics [5-6]. Then,
a stability diagram will be established depending on thermal power and CO, proportions. The
association of chemiluminescence imaging, wall temperature and flux measurements, thermal balance
and flue gas emissions will give a characterization of the different types of turbulent flames generated.
A few operating conditions of CO, diluted oxyflames with be then selected for a detailed analysis by
laser diagnostics. The limits of stability of the massively diluted turbulent flames will be studied thanks
to the coupling of high-speed (several kHz) Particle Image Velocimetry (PIV) and OH Planar Laser
Induced Fluorescence. Time-resolved measurements will highlight the correlations between the flame
extinction phenomena and the local aerodynamic conditions [9-10]. Last part of the work will consist
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on the application of Spontaneous Raman Scattering (SRS) developed in CORIA [11-12], in the multi-
fluid combustion chamber in order to obtain instantaneous and simultaneous measurements of
temperature and (CH4, O,, CO,, N,, CO, H,, CO,, H,0) species concentrations in the confined turbulent
flames. The whole of the results and their analysis will give a comprehensive database for high fidelity
LES simulation that will be performed by other research group within the OXY3C project, and will
provide new insights in CO; diluted oxycombustion for the deployment of CCUS for the decarbonation
of industry.
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Required skills
Applicants will hold a Master degree in Physics or Mechanical Engineering. Background and experience

in experimental study in fluids mechanics (reactive or not) and/or optical diagnostics will be
considered. Ability to work in a team on collaborative projects. Finally, fluency in spoken and written
French or/and English is a requirement.

Application procedure
Candidates must submit their application (CV and cover letter) to Armelle Cessou
(>4 armelle.cessou@coria.fr — & +33 (0)2 32 95 36 02).
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