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Mechanism study on effects of oxygen-enriched combustion on flame characteristics

and nitrogen oxides emissions of ammonia-hydrogen premixed swirling flames
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Abstract: To address the low-carbon transition in high-temperature industries, ammonia has broad application prospects as a zero-carbon
fuel, yet its low reactivity restricts its application. Oxygen-enriched combustion, which increases the oxidant (O,) content in the oxidizer, can
effectively enhance combustion stability. However, current studies on ammonia-hydrogen premixed swirling flames under high-temperature
industrial conditions remain insufficient. Based on a kW-scale industrial swirling combustor experimental platform, combined with
Reynolds-averaged simulation and a chemical reactor network model, the effects of air-assisted combustion (oxygen volume fraction of
21%) and oxygen-enriched condition (oxygen volume fraction of 25%) on the flame stabilization and emission characteristics of low-
cracking-ratio ammonia-hydrogen premixed swirling flames were investigated. The results show that oxygen-enriched combustion
significantly broadens the flame stability limits. As the oxygen content increases, the flame shape changes from a “V” shape to a
cylindrical shape. A competitive-inhibition relationship between unburned NH, and NO in the flue gas is observed, and the synergistic low-
emission window shifts forward from an excess air ratio (1) of approximately 1.2 (oxygen volume fraction of 21%) to A = 1.1 (oxygen
volume fraction of 25%). Numerical simulation results indicate that, compared with air-assisted combustion, oxygen-enriched condition increases
the peak OH concentration of the flame by approximately 24%, accelerating ammonia oxidation through reactions such as NH, + OH == NH, + H,0
(R278), while suppressing the conversion of NH; intermediates to N,, thereby promoting more reactive nitrogen toward NO formation. The
relevant results clarify the mechanism of oxygen-enriched enhancement of ammonia combustion and its emission trade-off relationship,
providing theoretical and experimental support for the clean and efficient application of ammonia fuel in high-temperature industries.
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Fig.1 Schematic diagram of experimental setup
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