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Optimizing the performance of non-premixed burners to simultaneously achieve high thermal efficiency, low pollutant
emissions, and maintain robust operational stability requires computational fluid dynamics (CFD) predictive tools that
accurately model turbulence-chemistry interactions (TCI) at the microscale. Conventional Reynolds-Averaging Navier-
Stokes (RANS) models often suffer from poor capture of microscale effects for predicting thermal NOx formation and
near-quenching phenomena. This study, employing a dual numerical approach, couples an adapted RANS solver with
a large eddy simulation (LES) framework equipped with a flame-generated manifold model (FGM) and the GRI-Mech
3.0 kinetic mechanism, and validates both against experimental data. This combined approach is used to predict the
performance of a fuel-air coflow burner under systematic variations in the air-to-fuel mass flow ratio (MFR). Time-
frequency analysis of fluid and thermodynamic oscillations identified a dominant low-frequency (10-50 Hz)
hydrodynamic instability related to the collapse of vortices in the flow separation zone. Quantitative results showed
that while co-current airflow-maintained carbon conversion efficiency (CCE) above 80% up to MFR=5 and strongly
reduced NOx emissions through thermal dilution, increasing the dilution ratio resulted in reduced thermal stability and
increased risk of sustained hydrodynamic oscillations. This comparative modeling approach provides a robust
predictive framework for the design of safer and more efficient industrial burners. The LES-FGM model demonstrated
superior accuracy in capturing TCI, flame stability boundaries, and thermal NOx sensitivity compared to RANS,
especially in high-strain regions.
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Table 1 Burner geometric specifications and fuel and air conditions

Concentric double-tube nozzle specifications
Inner tube (Fuel)

Inner diameter: 5.54 mm Outer diameter: 6.35 mm

Outer tube (Air)

Inner diameter: 22.9 mm Outer diameter: 25.4 mm

Fuel composition and inlet conditions

CH4, C2H6, C3H8, C4H10, CO2 and N2

Molar composition of natural gas o, g/ " 1o; 0 19, 0.01%, 1% and 1.3%

Air inlet conditions 59.2-11.8 gr/min and 22-24 °C

Fuel inlet conditions 14.2 gr/min and 50-121 °C
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Table 3 Network validation error and numerical model accuracy for
temperature, CO and NOx prediction
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Fig. 3 Comparison of maximum temperature in three networks with
different cell densities on the nozzle axis line
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Fig. 4 Comparison of the maximum speed in three grids with different
cell density in the axial line of the nozzle
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Table 2 Independence analysis of the numerical model network

GCIT GCIU

Grid Level Cells Ax (mm) r TX) U (m/s) (%) (%)

Coarse 500K 1.00 - 1505 9.02

Medium 1.2M 0.7 1.43 1475 8.85 1.05 0.88

Fine 2.5M 0.5 1.4 1468 8.81 0.28 0.22
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Fig. 9 Instantaneous radiation contour of the flow of combustion gases
in the cylindrical computational space of the burner and instantaneous
imaging of the flow of combustion gases resulting from changes in the
mass flow rate of the air exiting the central nozzle of the burner [41].
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Table 5 The results of the values of efficiency indices and pollutants in the
numerical model with different mass ratio of air to fuel

CO2 mass Carbon

NOx mass A S A
.. emission BC Mass Emission  Conversion

MFR emission rate . )
. rate Rate (g/min) Efficiency
(g/min) .
(g/min) (%)

LES EXP LES EXP LES EXP LES EXP

0.8 0.015555 0.0183 31 38 0.00025 0.00001 81 100

1.7 0.015834 0.0182 30 38 0.00033 0.000014 81 100

2.5 0.01649 0.0194 32 39 0.00034 0.000014 82 100

3.3 0.015189 0.0183 32 39 0.00034 0.000014 82 100

4.2 0.001215 0.0015 32 39 0.00035 0.000014 82 100

4.6 0.00088 0.001 31 38 0.00035 0.000014 81 100

5 0.00088  0.001 30 35 0.00035 0.000014 81 100

5.3 0.001232 0.0014 20 24 0.00035 0.000014 57 77

5.8 0.001144 0.0013 7 2 0.00035 0.000014 4 4

6.2 0.001157 0.0013 2 2 0.00035 0.000014 B 3
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with changes in the mass flow rate of air exiting the burner nozzle.[Y+]
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Fig. 11 Emission index of pollutants resulting from combustion with
changes in the mass flow rate of air exiting the burner nozzle.[Y+]
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