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Table 1- Key Advantages, Applications and Limitations of Premixed Combustion Chambers [23, 24]

Aspect Description

- High efficiency through complete combustion - Reduced emissions (e.g., lower NOy

Advantages levels) - Rapid and stable ignition - Enhanced control over the fuel-air ratio

Applications | Gas turl_:)ines fo_r power_generation - Indu_st_rial burners for high-temperature processes -
Automotive engines for improved fuel efficiency and reduced pollutant output

Limitations - Risk of flashback - Complex design requirements with advanced materials and precise

engineering - Sensitivity to fuel composition and flow rate variations
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Figure 1- Annular combustion chamber geometry
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Table 2-Boundary conditions

Parameter (Unit) Value
Fuel mass flow (kg/s) 0.0032
Species Mean Mixture Fraction 00315
at the injector inlet )
The temperature of the fuel-air 870
mixture from the injector inlet (K)
Air mass flow (kg/s) 0.31
Outlet pressure (KPa) 333
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Table 3- Validation of results

Parameter Experimental data Numerical data ([22]) Numerical data (This Study)
Tout, ave (K) 1173 1270.4 1193

NOy at15%0, (ppm) 9 6.95 9.4

CO at15%0; (ppm) 40 7.6 50.9
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Figure 5- Temperature distribution comparison along the combustion chamber using the PDF model from this study and the
EDM model from reference[22]
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Table 4- Fuel compositions: pure methane and syngas mixtures

Fuel Composition | CH, (%) | CO, (%) | CO (%) | H, (%) | H20 (%) | N2 (%)

Pure Methane 100 0 0 0 0 0
Syngas 1 0 10 15 45 0 30
Syngas 2 21 38 29 7 5 0
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Figure 6- Velocity streamlines in an annular combustion chamber
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Figure 9- Temperature distribution across the combustion chamber
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Figure 10- OH mass fraction across the combustion chamber
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Table 5- Emission of pollutants

Case CO NOy CO, (mass fraction)
Pure Methane 50.9 ppm 9.4 ppm 0.02952
Syngas 1 227.3 ppm 3.23 ppm 0.03617
Syngas 2 2914 ppm 29.94 ppm 0.07968
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In this study, the performance of an annular combustion chamber of a microturbine was simulated using syngas
derived from coal and biomass. The primary objective is to investigate the combustion chamber’s performance
and pollutant emissions under premixed combustion conditions. The simulations are conducted using a partially
premixed combustion model and the k-epsilon Realizable turbulence model. The partially premixed
combustion model, by integrating the advantages of both premixed and non-premixed combustion, enabled an
accurate analysis of the combustion process and provided precise predictions of complex turbulent flow
behaviors and chemical reactions. The fuel and air were assumed to be premixed, which improved temperature
uniformity and contributed to a reduction in NOx emissions when using syngas. An analysis of the OH mass
fraction revealed that coal-derived syngas, due to its high hydrogen content and faster combustion rate,
produces the shortest flame. The NOx and CO emissions for this fuel were 3.23 ppm and 227.3 ppm,
respectively. On the other hand, biomass-derived syngas generates a temperature field similar to that of pure
methane combustion due to its methane content. However, the high concentrations of methane and carbon
monoxide resulted in a significant CO emission of 2914 ppm. This fuel also exhibited the highest NOx emission,
reaching 29.9 ppm. The findings indicate that utilizing coal-derived syngas in premixed combustion conditions
reduces NOx emissions and thermal hotspots.

Keywords: Numerical simulation, annular combustion chamber, microturbine, syngas, NOx emissions.
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