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Abstract: Hydrogen blending into natural gas serves as a critical technology for promoting the low-carbon
development of gas turbines. However, the high diffusivity, high reactivity, and wide flammability limits
of hydrogen simultaneously affect flame stability and pollutant formation characteristics, posing challenges
to the adaptability of existing combustor heads. This paper systematically summarizes and compares the
research progress on hydrogen-blended natural gas combustion, focusing on fuel fundamental properties,
flame propagation and structure, flame stability, and pollutant emissions. Furthermore, along two techni-

cal routes, namely swirling combustion and micro-mixing combustion, the flame stabilization mecha-
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nisms, hydrogen adaptation ranges, and engineering performance of typical hydrogen-compatible burner

heads reported worldwide are comprehensively reviewed. The results indicate that the core contradiction

of high-proportion hydrogen blending is the coupling between enhanced combustion activity and increased

flashback, thermoacoustic oscillations, and NO, emissions. The swirl head is suitable for the gradual ret-

rofitting of existing units, while the micro-mixing head shows greater potential for applications involving

high-proportion hydrogen blending and pure hydrogen. In the future, research should focus on the coordi-

nated optimization of mixing scale, flow velocity, equivalence ratio distribution, and acoustic boundaries

under high-temperature, high-pressure, and variable operating conditions to support the engineering appli-

cation of hydrogen-blended combustion technology in gas turbines.

Key words: hydrogen-enriched natural gas; gas turbine; combustion stability; pollutant emissions; swirl

combustion; micromix combustion
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