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Experimental Study and Numerical Simulation of the Impact of Adding Incomplete
Combustion Products and Methane on Methane Flame
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Abstract

One of the strategies for improving efficiency and reducing emissions in combustion is the injection of additives, including
combustion products or specific species, into the flame. In this paper, the effects of adding incomplete combustion products and
methane to the flame on temperature, radiation, and the emission of key pollutants were investigated experimentally and through
numerical simulations. The experimental results were obtained using a setup consisting of a carbon black furnace for producing
incomplete combustion products and a main furnace for combustion. Numerical simulations were conducted using ANSYS Fluent
software. The comparison between numerical and experimental results showed relatively good agreement. The simulation results
indicated that, in general, the maximum average temperature in the simultaneous and uniform injection of incomplete combustion
products and methane is higher than the case of injecting methane and incomplete combustion products injection alone. Injecting
additives into the flame caused the flame color to shift from blue to yellow, increasing radiative heat transfer. Also, injecting the
additive into the flame initially increased NOx emissions by 5% and then increased to 15%, reducing NOx emissions. The highest
amount of soot occurs when incomplete combustion products and methane are added to the flame.

Keywords: Combustion products, Methane, NOx, Soot, Radiation, Numerical simulation.
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