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Thermal stratification in the upper plenum is one of the most important issues of a reactor vessel in
sodium cooled fast reactor. The steep temperature gradient across the stratification interface may cause
the thermal load against the reactor vessel wall. Therefore, it is necessary to evaluate the thermal
stratification phenomena in order to secure the structural integrity against the thermal stress. Water
experiments using a 1/11 scale model have been carried out for the Japan Sodium-cooled Fast Reactor
(JSFR). In the previous study, it could be shown that the thermal stress due to the temperature gradient
would not cause the damage to the reactor vessel under the forced circulation condition. However, the
operation condition in recent design of the JSFR was changed from use of heat removal system with
force circulation to that with natural circulation. In the natural circulation condition, operation of the
direct heat exchanger (DHX) installed in the upper plenum was considered at sever conditions.

In the study, the water experiment was carried out using the 1/11 scale upper plenum model in order
to evaluate the thermal stratification phenomena under the natural circulation condition. The effect of a
DHX operation on the stratification phenomena was investigated. The temperature gradient under the
natural circulation condition was approximately 1/3 times smaller than that under the forced circulation
condition. It was found that the tolerance of structural integrity against the temperature gradient across
the stratification interface increased drastically. In the DHX operation case, the steep temperature
gradient occurred in the lower region of upper plenum due to the cold fluid from the outlet of DHX.

Keywords: Thermal Stratification Phenomena, Upper Plenum, Sodium-cooled Fast Reactor, Natural
Circulation, DHX, Richardson Number
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