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Abstract

Metallurgical reactors serve as core equipment in metallurgical production processes. The coupled behaviors of multiphase flow, heat
and mass transfer, and chemical reactions within them directly impact product quality, energy consumption, and pollutant emissions.
Traditional experimental research methods struggle to comprehensively capture the complex physicochemical phenomena occurring
inside reactors. Numerical simulation technology, with its advantages of low cost, high efficiency, and strong reproducibility, has
become a crucial tool for revealing multiphase flow field characteristics, optimizing process parameters, and elucidating enhancement
mechanisms. This paper systematically expounds the fundamental theories and methodologies of metallurgical reactor numerical
simulation, analyzes the distribution characteristics of multiphase flow fields in typical metallurgical reactors such as blast furnaces,
converters, electric furnaces, and continuous casting tundishes, explores key strategies for flow field optimization and process
enhancement, and demonstrates the practical value of numerical simulation in optimizing metallurgical reactor design.
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