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Abstract

In High-Temperature Gas-Cooled Reactors (HTGRs), pneumatic conveying is used to achieve continuous re-
fueling without shutdown. However, the conveying process operates at high Reynolds number, further effi-
ciency enhancement may induce drag crisis. The pneumatic conveying process can be modeled as the flow
past a sphere in a pipe, exhibiting complex flow features such as boundary layer separation and vortex shed-
ding. When the ratio of the sphere diameter to the pipe diameter (blockage ratio) is large, the pipe wall will
significantly influence the flow past a sphere. Currently, there are few numerical simulation studies on the
drag crisis of flow past a sphere in a pipe under high blockage ratios. In this study, the Spalart-Allmaras
BCM transition model (SABCM transition model) is implemented in OpenFOAM. The validation of SABCM
transition model code is performed using two zero-pressure-gradient flat plate cases. Four turbulence models
are selected to simulate the flow past a sphere in a pipe. Among the four turbulence models, the simulation
results of SABCM transition model agree best with the experimental data while requiring the least computa-
tional resources. Therefore, the SABCM transition model is capable to predict the drag crisis phenomenon.
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