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RELAP5 Analysis of Reflux Condensation Behavior in
Heat Transfer Tube Bundle of a Steam Generator
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Abstract In case of loss of the residual heat removal system and other alternative cooling

methods under mid-loop operation during shutdown of the pressurized water reactor plant, reflux
condensation in the steam generator (SG) may be an effective heat removal mechanism. In reflux
condensation experiments 7.2c with injection of nitrogen gas using the BETHSY facility in France,
which is a scale model of a pressurized water reactor plant, 34 heat transfer tubes were divided into
two kinds of flow patterns, which were steam forward flow and nitrogen reverse flow. In this study,
we simulated the BETHSY experiments using the transient analysis code RELAP5. Modifying
calculation equations for interfacial friction force and wall friction force between the inlet plenum and
heat transfer tubes, nitrogen reverse flow was successfully simulated. In calculations with alteration
of the flow area ratio of two flow channels for the heat transfer tube bundle, the number of active
tubes with the maximum nitrogen recirculation flow rate agreed rather well with the observed
number of active tubes. In calculations with three flow channels for the heat transfer tube bundle, the
average number of active tubes in several calculations with different flow area ratios of the three
flow channels predicted the number of active tubes well.

mid-loop operation, steam generator, reflux cooling, non-condensable gas, heat transfer tube
bundle, BETHSY experiments, RELAP5
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