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Abstract

Boiling phenomena are widely encountered in various scenarios of nuclear energy systems. However, studies
on radial temperature distributions and superheated layer thickness characteristics during boiling remain rel-
atively insufficient. Existing research mostly follows the definition of single-phase thermal boundary layers,
and inconsistent criteria for defining the superheated boundary layer thickness unique to boiling have led to a
lack of unified consensus on wall-normal temperature gradients and boundary layer evolution dynamics. This
inconsistency hinders the quantitative description of energy transfer and phase-change heat transfer mecha-
nisms within the bubble boundary layer. To address these issues, this study develops a micro-thermocouple
(MTC) experimental method for fine-scale temperature measurement of near-wall fluids, along with high-
precision synchronized measurement techniques featuring micron-scale spatial resolution and millisecond-
level temporal resolution. Furthermore, a vapor/liquid phase separation algorithm based on physical mecha-
nisms is proposed to obtain the pure liquid-phase temperature distribution and local void fraction.
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