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Abstract: The bypass flow characteristics in such structures as graphite brick arranged in the
pebble-bed high-temperature gas-cooled reactor (HTGR) during full-power steady-state operation
is numerically simulated. In view of the structural features and flow characteristics of the HN-750
pebble-bed HTGR developed independently by Huaneng Group, a three-dimensional geometric
model of the reactor including narrow gaps. top reflector layer, core pebble bed, bottom reflector
layer, and bottom pebble cavity, along with a physically realistic mathematical model, is
established. A hybrid grid with a mesh count of 260 million is generated. The results indicate
that the total bypass flow accounts for 29. 25% of the total flow rate, with narrow gap bypass
flow with reflux characteristics occupying 24. 43% , discharge pipe bypass flow occupying 3. 87%, and
control rod channel bypass flow occupying 0.95%. The non-axisymmetric inlet and outlet

structures are considered in this research, serving as a complement and enhancement to the
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existing two-dimensional axisymmetric models of pebble-bed HTGR. Large-scale three-dimensional

numerical calculations for pebble-bed HTGRs are represented, with abundant data support being

provided for the thermal-hydraulic optimization and safety analysis of pebble-bed HTGRs.

Keywords: pebble-bed high-temperature gas-cooled reactor; bypass flow; narrow gap; porous

medium; 3D numerical simulation
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