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Abstract: To further investigate the key influencing factors during the jet crushing process of the
core meltdown material in sodium-cooled fast reactors and deeply analyze the jet crushing morphology,
penetration depth, and crushing mechanism, a numerical simulation of the crushing behavior of
the meltdown material jet in sodium coolant is carried out based on an improved least-squares
moving particle semi-implicit method. Firstly, the applicability and reliability of this method are
validated by comparing the simulation results with existing experimental data. Secondly, this

method is employed to study the interaction between molten metal and sodium coolant, and
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numerical simulations of the jet crushing process of the meltdown material jet are conducted,
yielding a large amount of numerical experimental results. Finally, based on the simulation
results, it is observed that at low Weber numbers, the Rayleigh-Taylor instability at the jet front
dominates the crushing process, while at both high and low Weber numbers, the jet crushing is
primarily driven by the wave-like peeling mechanism induced by the Kelvin-Helmholtz instability
on the lateral surface of the jet. The effects of parameters such as jet diameter and initial velocity
on jet breakup length are analyzed, and a correlation formula for the crushing length in sodium
coolant was fitted, validated against experimental values and other model results, with errors
controlled within =230%, thus establishing a new jet crushing model. This research can provide
valuable references for improving the design of sodium-cooled fast reactor pressure vessels and
holds significant importance for evaluating the potential impact of core meltdown material jets on
reactor pressure vessels in sodium-cooled fast reactors.

Keywords: sodium-cooled fast reactor; jet-breakup length; least squares moving particle semi-

implicit method
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result with respect to inlet diameter of a melt jet
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