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Abstract

The reactor of the Nuclear Thermal Propulsion System is a compact ultra-high-temperature gas-cooled reactor,
whose extremely high-power density makes it highly likely to experience flow instability, which is related to
the coupling and feedback of core flow, heat transfer and pressure drop. Considering the special packing
structure of the particle bed is similar to that of a porous medium, it can be simplified as a porous medium
model for analysis. At present, there are few studies on the flow and heat transfer characteristics of particle
beds, and the pressure drop and heat transfer models selected have significant differences from the actual
structure of the particle beds. This paper conducts a comprehensive investigation of flow and heat transfer
models for various packed beds, analyzes the key influencing factors, and evaluates the applicable models
with the structural characteristics of the particle beds. Based on the simplified two-dimensional model of the
particle bed, the influence of two parameters of the flow heat transfer model on the instability boundary was
analyzed using the computational fluid dynamics method. Starting from the conservativeness of the instability
safety analysis, a recommended resistance and heat transfer model was developed.
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