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Abstract Rich hydrogen fuels, as a typical low-carbon energy source, have attracted significant
attention under the “dual carbon” strategy. Micromixing combustion and water vapor dilution
can significantly reduce the risk of flashback in rich hydrogen fuels. This study investigates the
flashback boundaries of various rich hydrogen fuels under water vapor dilution through experiments
with micromixing single-nozzle jet flames. The experiments reveal that the flashback processes of
the tested rich hydrogen fuels exhibit boundary-layer flashback characteristics. Parameters such
as the water vapor dilution ratio, hydrogen content in the fuel, and equivalence ratio significantly
affect the mean outlet velocity, laminar flame propagation speed, and nozzle edge temperature at
the flashback onset, thereby influencing the flashback process. A predictive model for the flashback
boundary of micromixing single-nozzle jet flames under water vapor dilution was developed based on
the critical velocity gradient theory of boundary-layer flashback. The model predictions qualitatively
and quantitatively match the experimental results, with a prediction error of less than 17%.
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Fig. 8 Calculation results of laminar flame propagation speed Si, corresponding to the operating conditions at the flashback

moment of different hydrogen-rich fuels
(a) Variation with steam dilution ratio; (b) Variation with adiabatic flame temperature
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