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Abstract

The narrow flow channel and local blockage accidents in the fuel elements of the Tsinghua High-Flux Reactor
are one of the key issues affecting core safety. This study uses CFD to analyze thermal-hydraulic phenomena
induced by local flow blockages in a high-flux reactor. Results show that heat accumulation in the blockage
wake contributes over 90% of the superheat required for Onset of Nucleate Boiling, far outweighing pressure-
drop effects. A critical “vortex trapping” mechanism was identified, where vapor clusters are sequestered in
recirculating eddies, forming a persistent vapor blanket. This thermal-shielding effect isolates the cladding
from the subcooled mainstream, drastically increasing Departure from Nucleate Boiling (DNB) risks. The
study concludes that micro-scale multiphase dynamics, not macroscopic pressure fluctuations, govern reactor
safety margins during blockages.The physical mechanisms revealed in this study provide a theoretical foun-
dation for monitoring and alarm systems for blockage accidents in high-flux reactors and offer a reference for
the optimized channel design of advanced fuel assemblies.
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