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INTRODUCTION

 Strong collaboration between AMU and EDF R&D  

 Objective: High fidelity modelling of fire flames

 Fluid dynamics: natural convection, buoyancy

 Well and under-ventilated combustion 

 Radiative transfer is the dominant mode of heat transfer

 Soot production 

 All these processes taking place in a turbulent flow

 Interaction flow/chemistry/radiation/soot/turbulence

 Phd Thesis Antoine BOUFFARD

 Outlines

 Numerical model

 Soot production model and soot production/turbulence interaction

 Results and discussions

 Conclusions

Essai-Heptane, IGNIS - EDF
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NUMERICAL MODEL
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SOOT MODELLING
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(Xiong et al. 2021)

RESULTS AND DISCUSSIONS
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 Comparison with experimental data
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0.340 0.389 0.496 0.261

0.300 0.255 0.370 0.286

0.222 0.192 0.267 0.322

 Comparison with experimental data: radiative properties
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 Flame structure 
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 Radiative and heat feedback outputs
 Vertical and radial distributions

 Good agreement

 Not significantly affected by heptane radiation

 Rad. Fraction (Exp.: 0.37±0,065, Mod. with Fuel: 0.352)

 Radiative feedback 

 Heptane radiation: clear impact 

 Neglecting fuel radiation overestimates 

the rad. feedback by 10%. 

ISF workshop - Sat 20th July - Sun 21st July 2024

RESULTS AND DISCUSSIONS



|  1340th International Combustion - Emphasizing Energy Transition, Milan

 Soot emission: 40%

 Radiative gas emission: 60%

 Optical thickness

 30% emission is reabsorbed

within the flame

 Total heat feedback to the center of the fuel surface

 Exp. 18.5 kW/m2 vs. Model with Fuel 19.02 kW/m2

 without Fuel: overestimation by about 8% 

RESULTS AND DISCUSSIONS



|  14

CONCLUSIONS

 LES of ethylene and heptane pool fires by using a 2 Eqs. C2H2/C6H6-based soot model and a 

detailed modeling of gas/soot radiation.

 Account for the correlation between mixture fraction and oxidative species (mixture fraction) to 

close accurately the filtered soot oxidation rate

 LES reproduces reasonably well the  sooting flame structure as well as the radiative loss to the 

surroundings.

 The radiative contribution of heptane vapor reduces the radiative heat feedback by more than  

10 %.

ISF workshop - Sat 20th July - Sun 21st July 2024


