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Development of Numerical Evaluation Methods for Multi-Physics Phenomena under Tube
Failure Accident in Steam Generator of Sodium-Cooled Fast Reactor
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Multi-physics analysis system for a heat transfer tube failure event in a steam generator of sodium-cooled fast
reactors has been developed. The analysis system consists of the multiple computer codes. In this study, applicability of
the newly constructed numerical models in the analysis system was investigated. The droplet entrainment / transport
model which was incorporated into the SERAPHIM code was verified through the analysis of the related experiment.
The experimental data about the pressure variation when the droplet entrainment occurs was reproduced by our model
successfully. The TACT code is integrated by the numerical models of fluid-structure thermal coupling, stress
evaluation and failure judgment of the structure. The fluid-structure thermal coupling model could predict the
temperature distribution formed by the flow around the circular cylinder. About the failure judgment model, the
predicted time of failure occurrence showed good agreement with the results of the tube rupture simulation experiment.

Key Words : Sodium-Cooled Fast Reactor, Steam Generator, Sodium-Water Reaction, Multi-Phase Flow, Numerical
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(a) SERAPHIM: Analysis of compressible multicomponent
multiphase flow with sodium-water reaction

J \elocity, temperature, concentration

(b) TACT: Analysis of heat transfer and stress, evaluation
of wastage rate and failure propagation

! Eai ! A
3 Failed tube Adjacent tube 3 Temperature, HTC
Sodium-water reaction

| (c) RELAPS: Analysis of boiling two-phase flow

Fig.1 Multiphysics evaluation system
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Fig.2 Liquid droplet entrainment experiment by Epstein et al.®’
Fig. 3 Comparison of pressure variation
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Fig. 4 Computational domain used by TACT code Fig. 5 Temperature distribution along tube surface
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Fig. 6 Tresca stress and rupture stress in analysis of Fig. 7 Accumulated damage in analysis of TRUST-1
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Fig. 8 Tresca stress and rupture stress in analysis of Fig. 9 Accumulated damage in analysis of TRUST-2
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