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Turbulent combustion 

 

• Turbulence 

• Chaos 

• Combustion 

• Important 

 

• ICE engines 

• Furnaces 

• Gas-Turbines Aero 

• Gas-Turbines Stationary 
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• Greenhouse 

• Emissions 



Combustion modes 

• Introduction 
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Combustion modes 

• Thin reaction zones 

• DNS 

• Experiments 

Comsol Conference 2013 PAGE 4 31-10-2013 



5 31-10-2013 Comsol Conference 2013 

Fuel Consumption 
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Turbulent Probability Density 

• -PDF 
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Turbulent Manifold 
 

• Calculate a represtative laminar flamelet 

• Take the laminar flamelet 

• Convolute it with the beta-pdf 

• In CFD add equation for the progress variable, pv 

• Use an extra equation for var(pv) 

• Look up the source term of pv from the manifold: 
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Example 

• Mean progress variable 

• Variance of progress variable 

• Enthalpy 

• High pressure 

Comsol Conference 2013 PAGE 9 31-10-2013 



Comsol 

• Simple start 

• 2D quasi steady  

• RANS flow model 

• Adding diluted species as progress variable 

• Use Comsol 

• Solve flow stationary 

• Add time integration to stabilize the turbulent flame 

brush 
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Banhawi et al., Comb. & Flame, 1983 

 

• Backward facing step 
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Want to know the result and how it works? 

Come  

 

to my 

 

 poster!!! 

 

It 

 

 looks like 

 

this: 
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And …. 

• Read the paper 

• Sit next to me at the dinner 

• Contact me by email 

Comsol Conference 2013 PAGE 13 31-10-2013 



Conclusions 

• Physics based turbulent combustion model 

• No assumptions 

• Good implementation in software 

• Usable in RANS, LES and DNS 

• Ability to predict emissions 

• RANS approach possible in Comsol 

• …. 
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Thank you for your attention 
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Disclaimer - CO with RANS ?? 

• Consistent difference between 
LES and RANS  
 

• CO and NO production strongly 
depend on peaks, not included 
in RANS 
 

• CO emission is a primary 
concern during the design of GT 
combustor 
 

• FGM gives access to all minor 
species  

LES instantaneous 

LES time averaged 

RANS field 



Methane-hydrogen mixtures 

• Hydrogen blending with methane recieves 

a lot of interest 

• It allows for leaner operation of premixed 

turbulent combustion 

• It results in reduced emissions and higher 

efficiencies in engines and turbines   
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Preferential diffusion effects 

• Hydrogen (H2) is highly diffusive 

• Thermo-diffusive instabilities 

• Cellular flames 
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M. Day, Lawrence Berkeley Nat. Lab 



Flamelet-Generated Manifold 

• Rewriting the full 3D transport equations in a flame-

adaptive coordinate system results in quasi 1D 

flamelet equations including the most important 

transport effects 

• Solutions of these flamelet equations are used to 

construct a chemical look-up table 
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Validation in laminar counterflow flames 

Mass burning rate versus strain rate 
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• 1D FGM is fine for 

100% methane 

• 2D FGM captures 

preferential 

diffusion effects 

• Not sensitive to 

the way FGM has 

been created  
(constant stretch or 

stretch derived from 

constant curvature) 



Results with detailed chemistry 
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Mass fraction of H radical 



Comparison detailed / FGM 
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Detailed 1D FGM 2D FGM 

c1 

c2 

t = 0.36 ms 



Comparison detailed / FGM 
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Mass fraction of H radical 

t = 0.36 ms 

FGM reduces CPU time by 2 orders of magnitude! 

2D FGM has nearly same CPU time as 1D FGM 


