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Development of Thermal Stratification Formation Criteria with
Applications to Pressurized Thermal Shock Evaluation
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Abstract

When a cold HPSI (High Pressure Safety Injection) fluid associated with an overcooling
transient, such as LOCA (Loss of Coolant Accident), enters the cold legs of a stagnated
primary coolant loop, a thermal stratification phenomena will arise due to incomplete mixing. If
the stratified flow enters the downcomer of the reactor pressure vessel, the failure probability of
a radiation embrittled vessel is increased by local overcooling. The thermal stratification
phenomena have recently raised both reactor pressure vessel integrity and Pressurized Thermal
Shock (PTS) evaluation concerns in the nuclear industry. Therefore, it has become important to
identify the formation possibility and time of thermal stratification phenomena. This paper
focuses on development of a numerical analysis model for buoyancy driven thermal stratification
formation criteria using PHOENICS code which can predict the unsteady 3-dimensional mixing for
stratified turbulent flow in reactor coolant system piping and apply to PTS evaluation. The
developed model was validated by the test results performed in CREARE 1/2 scale test facility.
Richardson (Ri) number and dimensionless time were introduced to present the thermal stratification
formation criteria. The thermal stratification formation line expressed in this paper may be used as
decision criteria for the detailed thermal-mixing analysis recommended in Regulatory Guide 1.154.
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