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Abstract

This paper presents a systematic review of the research background, fundamental principles and
inherent advantages, current domestic and international development status, as well as future pro-
spects of oxygen-enriched combustion technology applied in heating furnaces. Traditional air-
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assisted heating furnaces suffer from considerable flue gas losses, relatively low energy efficiency,
and elevated nitrogen oxide (NOx) emissions, primarily due to the high concentration of nitrogen
(N2) presentin ambient air. In contrast, oxygen-enriched combustion technology enhances the oxygen
concentration in the combustion-supporting gas, which leads to a significant increase in combus-
tion temperature and overall thermal efficiency. This approach also contributes to a marked reduc-
tion in the formation of thermal NOX. Additionally, oxygen-enriched combustion generates flue gases
with a high concentration of carbon dioxide (CO2), thereby facilitating conditions conducive to low-
cost carbon capture and storage. Furthermore, existing research has demonstrated that Computa-
tional Fluid Dynamics (CFD) numerical simulation serves as a powerful tool for investigating com-
bustion mechanisms and optimizing operational parameters within heating furnaces. Industrial ap-
plication cases from both domestic and international contexts have validated that oxygen-enriched
combustion technology is highly effective in achieving energy savings, enhancing production output,
reducing carbon emissions, and lowering overall pollutant discharge. However, the economic feasi-
bility of this technology remains constrained by the relatively high costs associated with oxygen
production. Looking ahead, future research efforts should prioritize the integration of oxygen-en-
riched combustion with low-carbon fuel alternatives, the advanced combination of artificial intelli-
gence techniques with CFD modeling, and the exploration of innovative, low-cost methods for oxy-
gen production. These strategic directions are expected to drive the evolution of industrial heating
processes toward greater sustainability, enhanced efficiency, and increased intelligent automation.
This comprehensive review is intended to offer valuable insights and practical references for re-
searchers, developers, and industry practitioners engaged in the advancement and industrial de-
ployment of oxygen-enriched combustion technology in heating furnace applications.
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