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Figure 1 — The experimental setup used in this study
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Figure 2- Positions of Type S and Type K thermocouples in the 45-degree valves of the combustion chamber on the test bed
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Table 1- Specifications and Accuracy of Equipment Used in the Experiments
No. Equipment Model Accuracy Measured parameter
1 Natural Gas Counter +1L/s Volumetric ﬂ_ow rate of natural gas
Flowmeter entering the burner
Combustion Air TES-1340 (Hot-Wire Velocity and volumetric flow rate of air
2 +3% .
Anemometer Anemometer) entering the burner
3 Water Flow Meter ACAO1 (Metal tube +0.1L/min Volumetric flow rate of Water passing
rotameter) through the boiler
4 Flame Temperature Type S thermocouple +1°C Flame temperature inside the
Thermocouple with Ceramic Sheath combustion chamber
5 Flue Gas Temperature Type K thermocouple +1.5°C Flue gas temperature at the chimney
Thermocouple outlet
6 Inlet/Outlet Water PT-100 +0.1°C Inlet and outlet water temperatures of the
Temperature Sensor boiler
+£5% Measurement of the volumetric
7 Gas Analyzer Testo 350 = concentrations of Oz, CO, NO, and NO-
of measured value .
in the flue gases
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Figure 4- Schematic of the experimental setup used in this research
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Figure 5- Variation of flame temperature with equivalence ratio
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This study presents an experimental investigation aimed at improving the thermal performance and reducing
pollutant emissions of industrial gas burners. Tests were conducted on a steel boiler with a thermal capacity of
100,000 kcal/h, focusing on key parameters such as flame temperature, combustion efficiency, and concentrations
of NOy and CO across a range of equivalence ratios. Each experiment was repeated and analyzed using the
expanded uncertainty method to ensure reliable results. To evaluate multiple performance criteria simultaneously,
a genetic algorithm coupled with data normalization techniques was employed. The results showed that increasing
the equivalence ratio up to ¢ = 0.83 leads to noticeable improvements in both flame temperature and efficiency,
after which both begin to decline. The highest NOy levels were observed near this ratio but remained within
acceptable environmental limits. The lowest CO concentrations occurred in the range ¢ = 0.80—0.85; however, in
some cases, CO exceeded regulatory thresholds and was identified as the limiting factor in determining the optimal
equivalence ratio. These findings suggest that fine-tuning the air-to-fuel ratio using intelligent optimization
algorithms such as genetic algorithms, can serve as an effective and practical approach to achieve a stable, efficient,
and low-emission combustion in industrial gas burners. This method can be readily applied in various sectors
including thermal furnaces, power plants, baking processes, and the food industry.

Keywords: Gas burners, Genetic algorithm, Equivalence ratio, Emissions, Efficiency, Experimental setup
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