
 
Joint Meeting: French and Italian Sections – IFRF and The Combustion Institute 

 
ANALYSIS OF HEAT LOSS EFFECT 

ON THE STABILIZATION 
OF SWIRLED CONFINED FLAMES 

 
T.F. Guiberti, L. Zimmer, D. Durox, T. Schuller 

thibault.guiberti@ecp.fr 
CNRS, UPR 288, Laboratoire d’Energétique Moléculaire et Macroscopique, Combustion (EM2C), 

Grande Voie des Vignes, 92290 Châtenay-Malabry, France 
Ecole Centrale Paris, Grande Voie des Vignes, 92295 Châtenay-Malabry, France 

 
 
Burners equipped with swirling vanes are widely used to help stabilizing flames. The inner 
and outer recirculating flows of hot products produced by swirled burners continuously 
help to initiate and sustain the combustion reaction near the injector. In confined furnaces, 
the burnt gases in the outer recirculation zone are cooled when they interact with the solid 
walls of the combustor or with the load where heat is transferred. This alters in turn flame 
stabilization. A laboratory scale burner, equipped with quartz windows, has been developed 
to examine effects of heat loss on the stabilization of lean swirling CH4/H2/air premixed 
flames. The configurations explored are chosen to reproduce similar conditions as those 
prevailing in steel reheating furnaces fed by coke oven gas mixtures. The flames take a V-
shape or a M-shape depending on the swirling rate and the hydrogen content in the fuel, but 
these states also depend on heat losses. Heat losses are determined by exhaust gas and solid 
surface temperature measurements at a 4 kW thermal load. Gas temperatures are obtained 
by various thermocouple measurements and the inner wall temperatures of the combustor 
are inferred from laser-induced phosphorescence. In parallel, OH planar laser induced 
fluorescence measurements are carried out in different planes to delineate the location of 
the flame front and burnt gases and deduce the shape taken by the flame. These diagnostics 
are used to characterize different non-adiabatic configurations where heat losses are varied 
by adjusting the flow in a water-cooled steel plate replacing one quartz window of the 
combustor or by conducting experiments with four quartz windows during the thermal 
establishment of the combustor from ignition to steady state. These measurements highlight 
the major impact of heat loss on flame stabilization when the thermal power exchanged 
with the surrounding gradually increases.  
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