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The numerical modeling of turbulent combustion is a very challenging task as it combines the 

complex phenomena of turbulence and chemical reactions. This study becomes even more 

challenging when large detailed kinetic mechanisms are used in order to better understand some 

special features of the combustion process (such as the formation of pollutants), since the 

number of species can be huge and the resulting problem can be very stiff because of the wide 

range of characteristic chemical times. Because of these reasons, turbulent combustion is 

 

Figure 1: contour plots for the syngas Flame A 
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usually faced using simplified or global mechanisms, involving a very small number of species 

and reactions, specifically tuned or optimized for very specific conditions. Unfortunately, 

detailed chemical schemes are required for studying complex fuels (like large hydrocarbon fuels 

or biofuels) or new combustion technologies (like oxy-fuel or flameless combustion), for which 

the global kinetic mechanisms available in the literature are not available or usually less 

accurate. 

In this work we implemented a new OpenFOAM solver for turbulent conditions able to use 

detailed chemical reaction mechanisms with hundreds of species and thousands of reactions. 

The adopted turbulent combustion model is the well-known Eddy Dissipation Concept (EDC) 

of Magnussen [1], which assumes that the reactions occur in small, turbulent regions, called 

fine structures. The solver was developed both under the steady-state form 

(“edcSimpleSMOKE”) and the unsteady form (“edcPimpleSMOKE”) and was specifically 

conceived for managing very large numbers of species. In order to reach this goal, it was 

coupled with the OpenSMOKE library [2]. 

The solver has then been validated against several experimental data of diffusion flames, 

experimentally studied in the context of the Sandia/TNF Workshop [3]. The validation was 

especially focused on flames fed with syngas (Flames A and B), and flames fed with methane 

(Flames C, D, F and E). The solver was tested using different detailed kinetic mechanisms, up 

to 114 species and 2105 reactions. All the simulations were carried out using the standard 𝑘 −

𝜀 turbulence model. Radiation was also taken into account using the P1 model already available 

in OpenFOAM. The results showed a very satisfactory agreement with experimental data. In 

particular, both major and minor species were correctly predicted by the solver. 

Further improvements of the solver are expected with the introduction of ISAT in order to 

speed-up the calculations. 
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