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Figure 1- Schematic of the Sydney burner with a cross section of the burner inlet.
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Figure 2- Axisymmetric computational domain of Sydney burner with an angle of 5 degree
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Figure 3- Effects of grids resolution on the axial component of velocity at different axial locations calculated on the grids with 21000,
41000 and 64000 computational cells. The red squares represent the experimental results of the flame, the black line is the grid with
41,000 cells, the green triangles are the grid with 64,000 cells, and the blue squares are the grid with 21,000 cells
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Figure 6- Comparison of axial velocity distribution and temperature with experimental data along the radial distance at different

axial locations.
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Figure 8- Axial velocity contour and flow streamlines showing the primary and secondary recirculation zones in the non-reacting

flow of methane and air with LES (left). Axial velocity contour and flow streamlines showing only primary recirculation zone in the
reacting flow with RANS (right) .
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Figure 9- Temperature contour of methane and air flow (left side). Temperature contour of methane-20% hydrogen and air flow
(right side)
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Figure 10- The effect of adding hydrogen to methane on the distribution profile of temperature, carbon monoxide and carbon
dioxide species for different axial sections according to the radial distance. The line represents the flow without hydrogen and the
.dashed line represents the flow with hydrogen
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In industrial applications, pollutants from the combustion of fossil fuels in gas turbines of power plants are
being emitted, and therefore, the investigation of their emissions, especially in non-premixed flames, is of
great importance. In this research, the effect of adding hydrogen to methane in a non-premixed methane-air
flame is investigated using numerical simulation in OpenFOAM software. For this purpose, the combustion
of methane-air in the Sydney swirl burner (SM1) is modeled using k-g¢ and k-o SST-SAS turbulence models,
P1 radiation model, and Partially Stirred Reactor (PaSR) volumetric combustion model. In this regard, the
effect of hydrogen volumetric flow rate and the resulting temperature increase on the flame structure and
combustion species is investigated. Also, the pattern of the secondary recirculation zone is shown in the non-
reacting methane-air flow using the Large Eddy Simulation (LES) modeling. By adding hydrogen at the
upstream, the high-temperature regions move away from the nozzle axis due to the rapid penetration of
hydrogen. Also, with the addition of hydrogen, the lack of calculation of the secondary recirculation zone by
the Reynolds Averaged Navier-Stokes (RANS) models, the high-temperature regions slightly increase in
height. The reason for the reduction of carbon dioxide in the upstream is the decrease in the amount of
hydrocarbon fuel and the incomplete combustion in the downstream and the increase in carbon monoxide.

Keywords: Non-premixed Flame, Sydney Swirl-Stabilized Burner, PaSR Model, OpenFOAM, Hydrogen
Combustion
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