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on the Open Basket Type Instrumented Capsule
for Nuclear Fuel Irradiation Test

Preliminary Analysis of Temperature and Thermal Stress
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To develop the open basket type instrumented capsule to be used for the irradiation
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test of various nuclear fuels, it is necessary to examine the thermal behavior due to a
thermal gradient as well as the compatibility of a capsule with HANARO and the
structural integrity of a capsule. The dimensions of open basket type instrumented

capsule was determined in the basis of the pressure drop criterion in OR test hole of

HANARO(mass flow rate m<12.7kg/s, pressure drop AP>200kPa) and several
analyses of structural integrity. The thermal analysis of instrumented capsule was
performed by using ANSYS which is a commercial finite element analysis(FEA) code.
In the FEA, the convection condition on the surface of cladding and the conduction
condition in the gap between pellet and cladding were considered. To ensure the
accuracy of temperature analysis results by ANSYS, the theoretical analysis based on
the heat transfer theory was done. From these two methods, the center temperature
of pellet was 1927°C(FEA) and 1949°C(theoretical analysis) in the case of maximum
linear power=44.7kW/m, and 2125°C and 2123°C respectively in the case of maximum
linear power=48.8kW/m. The calculated temperature at the each layer of fuel rod was
consistent with the values by theoretical analysis. The maximum thermal stresses in
the cladding due to thermal gradient were 177.0MPa and 194.0MPa in each linear
power. At the contact part of bottom end cap and cladding, the thermal stresses
88.7MPa in 44.7kW/m and 97.2MPa in 48.8kW/m respectively. The thermal stresses
calculated by ANSYS and the mechanical stress due to the difference of internal and
external pressures of fuel rod were satisfied with the strength criterion of ASME
Boiler & Pressure Vessel Code.

Through the above thermal analysis, it could be decided whether the irradiation
temperature condition of pellet agrees with that requested by users. In addition, it
was ensured that the instrumented capsule for nuclear fuel irradiation test meets the
strength criterion in ASME Boiler & Pressure Vessel Code during the irradiation test
in HANARO.
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