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Motivation

• Heat flux to the pool surface and vaporization rate 
is observed to increase for medium diameters and 
level off for large diameters.
• This is associated with increasing radiation heat flux 

followed by optically thick conditions where 
radiative flux to the pool surface is constant W.R.T. 
pool diameter.

• Experimentally studying the how flame interior 
radiative heat transfer evolves with changing pool 
diameter is difficult for large sooting flames.

[1]  Ditch, de Ris, Blanchat,  et al. (2013). "Pool fires – An empirical correlation." Combust. Flame, 160(12): 2964-2974. 2



Model formulation: governing equations
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Model formulation: Flamelet equations

Scalar variance: 
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turbulence model 
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Computational setup; ICs, BCs, mesh

10 � pool

4 � pool

� ���� 0.3 m 1 m 2 m 5 m

Pool mass 
flux [g/m2s]

23.46 48.15 60.35 61.64

Mesh 
resolution

0.3 cm 1 cm 2 cm 2.5 cm
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Results
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Radiative heat fluxes at pool surface
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Radiative heat fluxes at pool surface

Aksit-Moss Hansen
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� pool = 0.3� m� pool = 1� m� pool = 2� m� pool = 5� m
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� pool = 0.3�m � pool = 1�m

� pool = 2�m � pool = 5�m
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Behavior of mixture fraction distribution
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Summary and conclusions
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Questions?



Soot concentration and radiative heat flux heat flux vs. mixture 
fraction 
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Divergence of radiative heat flux
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Enthalpy defect, temperature, soot concentration, and scalar 
dissipation rate
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Non-Adiabatic Flamelets

• To allow for radiative quenching and generalize to other heat losses, a new heat-
loss term is proposed:
• Proportional to χ for complete cooling
• Linear in temperature temperature: better off-stoich coverage

• With the larger sink term, flame cools down to ambient T
• This is ‘cooled product’, not reactants mixing

• Enthalpy defect γ is introduced

adiabatic H     

enthalpy 
defect
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χ=10; took 0.001s χ=0.1; took 0.16s
χ=0.01; took 2.1s

Unsteady flamelet cooling

20



Tabulation

• Tabulation of χ-based enthalpy defect approach is preferred for fire and 
similar scenarios over progress variable approach.
• Progress variable predicts ignition delay, local quenching/re-ignition for 

fast mixing. 
• No heat losses are associated with progress variable decrement.
• χ is orthogonal to γ.

γ=0

γ=-2E6

Z 
χ:0.01-100 

γ

 Sub-filter PDF applied to the 
mixture fraction: results in 4-d table
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Tabulation – orthogonal transformation
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