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Figure 1- Gas burner, boiler and nebulizer used in the experiment
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Figure 2- Placement of S and K type sensors in the 45 degree valves of the combustion chamber
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Figure 3- Heat flux sensor HFS01 and TESTO 350 gas analyzer
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Figure 4- 3D design of nebulizer device (standard view)
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Figure 5- Side view and top view of the nebulizer
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Figure 6- Schematic of the experimental setup used in this research
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Figure 7- Comparison of axial temperature of the flame in the case of nebulized ethanol injection and without it
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Figure 8- The effect of nebulized particles injection on the radiation flux measured in the body of the boiler
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Figure 9- The effect of nebulized particles injection on variations of radiation heat transfer and flame temperatures
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Figure 10- The effect of nebulized nanoparticles injection on NOX pollutant production
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Compared to liquid and solid fuels, natural gas produces much less soot during combustion, and the melting
and reaction on the surface of these soot is one of the main factors in the production of radiation in the flame.
The use of natural gas as a substitute for liquid fuel in industrial and household burners has caused a decrease
in thermal efficiency due to the weak radiation bands of gas fuel, therefore the combustion of natural gas has
a lower thermal efficiency compared to liquid and solid fuels. And improving the radiant heat transfer of
natural gas flame is one of the main challenges of active researchers in this field. In this research, the ethanol
fuel was reduced to micron size by the nebulizer and injected into the flame with turbulent flow and as a
result, better mixing, and its effects on the radiant heat transfer of the flame as well as the reduction of NOX
pollutant were investigated. The results of the present research show that the injection of 1 percent by weight
of ethanol in a nebulized form causes a 1 percent increase in the average temperature of the natural gas flame
along the length of the boiler and a 3.5 percent increase in the radiant heat transfer flux, and also the injection
of micron ethanol particles causes the production of NOX pollutants to decrease by 12.5 percent.

Keywords: Natural gas flame, Nebulizer, Ethanol injection, NOX Pollutant, Radiative heat transfer
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