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Abstract 

High-fidelity simulations of gas turbine combustors face challenges due to multi-

regime combustion and high-Reynolds-number flows, making turbulence–chemistry 

interaction (TCI) modelling essential. This study proposes a hybrid approach 

combining the Thickened Flame Model (TFM) for premixed combustion with the 

Eddy Dissipation Concept (EDC) for non-premixed regions. Two EDC variants are 

evaluated on pseudo-2D counterflow flames, followed by the first application of 

TFM–EDC to a rich-lean configuration. The impact of flame index formulation on 

regime detection is also assessed. 

 

Introduction 

Driven by the global push for decarbonisation, modern gas turbine combustor design 

increasingly targets low-emission technologies [1-2]. These systems often involve 

complex flame stabilisation, leading to multi-regime combustion [3]. To capture 

distinct premixed and non-premixed behaviours, multi-regime models typically rely 

on a flame index to trigger regime-specific TCI closures. The common species-

transport-based approach applies TFM in premixed zones, disabling thickening in 

non-premixed regions, effectively defaulting to a Finite-Rate (FR) model [4-5]. 

However, FR neglects TCI and requires DNS-like resolution, limiting its use in high-

Reynolds-number flows and introducing significant inaccuracies [6].  

This work introduces a hybrid approach combining TFM for premixed regions with 

EDC for non-premixed zones. Two LES-adapted EDC formulations are compared 

against FR to assess accuracy and robustness. The influence of flame index choice 

on regime detection and heat release prediction is also evaluated. Finally, the first 

implementation and validation of the TFM–EDC model is presented. 

 

Multi-regime Combustion Modelling: TFM-EDC 

The proposed approach is built around the Dynamic TFM for LES (DTFLES), 

originally developed by Legier et al. [7], utilising Colin’s [8] formulation for the 
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efficiency function (E). Here, the transport equation for the i-th species is written as: 

 

       
𝜕

𝜕𝑡
(𝜌𝑌𝑖) + 𝛻 ∙ (𝜌𝑣⃗𝑌𝑖) = 𝛻𝜌(𝐸𝐹𝐷𝑙 + (1 − 𝑆)𝐷𝑡)𝛻𝑌𝑖 +

𝐸

𝐹
𝜔̇𝑖 (1) 

 

with S the flame sensor and F the thickening factor. 

When a non-premixed regime is detected via a flame index, Equation (1) becomes: 

 

 
𝜕

𝜕𝑡
(𝜌𝑌𝑖) + 𝛻 ∙ (𝜌𝑣⃗𝑌𝑖) = 𝛻𝜌(𝐷𝑙 + 𝐷𝑡)𝛻𝑌𝑖 + 𝜅𝜔̇𝑖 (2) 

 

where κ is the fine structure volume fraction from the EDC model. Two LES-adapted 

EDC variants – EDC-S and EDC-PF – are compared in non-premixed conditions. 

For model details, the reader is referred to [9] and [10]. 
 

 
Figure 1. Computational domain (left) and laminar case results (right). 

 

Computational Domain and Setup Validation 

A pseudo-2D CH4–air counterflow diffusion flame was used for setup validation, 

replicating results by Cuenot et al. [11] on the effects of mesh resolution on heat 

release rate (HRR). The domain is a 20 mm square, with a single cell in the z-

direction. Walls are adiabatic. A 19-species, 62-reaction reduced UCSD mechanism 

was used. Three mesh sizes (80, 300, 800 µm) and two strain levels were tested. 

Results in Fig. 1 show that coarsening reduces the HRR peak while significantly 

overestimating its integral – especially at higher strain – matching reference trends 

and validating the setup. 

 

Turbulent Counter-diffusion flames 

The goal of this study is to recover the global HRR on coarse meshes by 

incorporating TCI, which is absent in the FR approach. A turbulent campaign on the 

same domain was conducted to evaluate the two EDC formulations and their 

sensitivity to mesh resolution. As shown in Fig. 2, both EDC variants show reduced 

dependence on mesh coarsening compared to FR, with PF performing best – despite 

a slight HRR underestimation due to its more conservative κ expression. 
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Figure 2. Effects of κ on the instantaneous HRR (left) and turbulent results (right). 

 

Rich-lean Configuration: Flame Index impact and TFM-EDC 

A rich-lean configuration was used to assess the impact of flame index formulation 

on regime detection and global HRR prediction using the DTFLES-FR approach. In 

Fig. 3 (left), the Takeno index (FIT) [12] and premixedness index (FIPF) [13] are 

compared and overlaid with the thickening factor (F). Despite the globally diffusive 

nature of the flame, FIT incorrectly identifies a nearly fully premixed regime, 

activating F and overestimating HRR by ~50%. In contrast, FIPF correctly identifies 

a non-premixed regime, leading to an FR closure and accurate flame reconstruction. 

Finally, the TFM-EDC model was applied to the same case using EDC-S and FIPF. 

As shown in Fig. 3 (right), the results align with the FR reference, with κ ≈ 1 near 

the flame front. The TFM-EDC is successfully implemented and shows strong 

potential for future application to more complex 3D flames. 

 

Figure 3. Comparison of FI impact on F and HRR prediction (left), and results 

from the TFM-EDC model with EDC-S and FIPF (right). 

 

Conclusion 

This study demonstrates the feasibility and advantages of the TFM-EDC hybrid 

approach for multi-regime combustion modelling in LES. By enabling accurate HRR 

prediction on coarse meshes, the method offers a promising foundation for future 

applications in realistic 3D combustor configurations. 



47th MEETING OF THE ITALIAN SECTION OF THE COMBUSTION INSTITUTE   
Advancing Combustion for a Sustainable and Low-Carbon Future PISA, ITALY - 2025 

 

References 

[1] Stefanizzi, M., Capurso, T., Filomeno, G., Torresi, M., & Pascazio, G. 

“Recent Combustion Strategies in Gas Turbines for Propulsion and Power 

Generation toward a Zero-Emissions Future: Fuels, Burners, and Combustion 

Techniques”, Energies, 14(20), 6694 (2021) 

[2] Öberg, S., Odenberger, M., Johnsson, F., “Exploring the competitiveness of 

hydrogen-fueled gas turbines in future energy systems”, International Journal 

of Hydrogen Energy, 47 (2021) 

[3] Masri, A. R., “Partial premixing and stratification in turbulent flames”, Proc. 

Combust. Inst., vol. 35, no. 2, pp. 1115–1136, (2015) 

[4] Castellani, S., Meloni, R., Orsino, S., Ansari, N.,Yadav, R., Bessette, D., 

Boxx, I., Andreini, A., “High-fidelity H2–CH4 jet in crossflow modelling with 

a flame index-controlled artificially thickened flame model” International 

Journal of Hydrogen Energy,  48 (2023) 

[5] Han, W., Wang, H., Kuenne, G., Hawkes, E., Chen, J., Janicka, J., Hasse, C., 

“Large eddy simulation/dynamic thickened flame modeling of a high 

Karlovitz number turbulent premixed jet flame” Proc. Combust. Inst., 37 

(2018) 

[6] Meloni, R., Babazzi, G., Giannini, N., Castellani, S., Nassini, P. C., Picchi, 

A., Galeotti, S., Becchi, R., and Andreini, A., "Thickened Flame Model 

Extension for Dual Gas Turbine Combustion: Validation Against Single Cup 

Atmospheric Test." ASME. J. Eng. Gas Turbines Power, 147(3) (2024) 

[7] J. Legier, T. Poinsot, D. Veynante, “Dynamically thickened flame les model 

for premixed and non-premixed turbulent combustion", Proc. Summer Progr. 

(2000), 157–168. 

[8]  O. Colin, F. Ducros, D. Veynante, T. Poinsot, “A thickened flame model for 

large eddy simulations of turbulent premixed combustion”, Phys. Fluids 12 

(7) (2000), 1843–1863. 

[9]  I. R. Gran, B. F. Magnussen, “A numerical study of a bluff-body stabilized 

diffusion flame. Part 2. Influence of combustion modeling and finite-rate 

chemistry”, Combust. Sci. Technol. 119 (1-6) (1996) 

[10]  M. Farokhi, M. Birouk, “A new EDC approach for modeling 

turbulence/chemistry interaction of the gas-phase of biomass combustion”, 

Fuel 220 (2018) 420–436. 

[11]  B. Cuenot, F. Shum-Kivan, S. Blanchard, “The thickened flame approach for 

non-premixed combustion: Principles and implications for turbulent 

combustion modeling”, Combust. Flame 239 (2022) 

[12]  H. Yamashita, G. Kushida, T. Takeno, “A numerical study of the transition of 

jet diffusion flames”, Proc.: Math. Phys. Scie. 431 (1882) 301–314 (1990). 

[13]  J. Lamouroux, M. Ihme, B. Fiorina, O. Gicquel, “Tabulated chemistry 

approach for diluted combustion regimes with internal recirculation and heat 

losses”, Combust. Flame 161 (8) (2014) 2120–2136. 


