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Analysis of bowing of irradiated OGL-1 fuel rod

Kazuo MINATO, Kousaku FUKUDA, Teruo KIKUCHI
Fumiaki KOBAYASHI, Katsuichi IKAWA, Kazumi IWAMOTO

. . . . ++
Kiyoshi ISHIMOTO+, Hiroharu 1TaMItt and Masayuki SATO

Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERI

(Received February 25, 1983)

The greatest bowing of graphite sleeves irradiated in lst or
2nd fuel element holding three fuel rods was observed to be about
1 mm. Hardly recognized, however, was bowing of graphite sleeves
irradiated in 4th fuel element, which was the same configuration
as 1st or 2nd fuel element. Graphite sleeve bowing of 3rd fuel
element, which holded single fuel rod, was observed to be about
0.7 mm. Graphite sleeve bowing analysis with computer codes and
out-of-pile experiments were carried out to discuss the causes of
the bowing observed in the post-irradiation examination. It was
found from the out-of-pile experiments and the bowing analysis that
as-machined graphite sleeves possessed bowing of 0.15 mm at most
and that irradiation-induced bowing depended on supporting

conditions for the graphite sleeves in the graphite block.
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3. Flow chart of BOW code for bowing calculation.
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Fig. 3.2 Dividing of a specimen intc ring elements

for bowing calculation.

Fig. 3.3 Dividing of a ring element into finite elements

for bowing calculation.
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Fig. 3.4 Supporting conditions of graphite sleeve

for bowing calculation.

Fig. 3.5 Estimation of maximum slope of

fast neutron flux.
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Fig. 3.6 Thermal expansion ccefficient changes

of graphite by irradiation.
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Fig. 3.7 Young's modulus changes of graphite by irradiation.
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Fig. 3.10 calculated bowing directions of graphite sleeves

of three rods type 0OGL-1 fuel element.
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Fig. 3.11 Calculated bowing direction of graphite sleeve
of single rod type 0OGL-1 fuel element.
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Fig. 4.1 Schematic representation of the apparatus

for graphite sleeve heating experiment.
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Fig. 4.2 Observed bowing and temperature of graphite

sleeves in heating experiment.
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’//Inner tube

Graphite
blocks

Fig. 5.1 Possibility of graphite blocks bowing
of 1st or 2nd fuel element in inner tube.
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Fig. 5.2 View of lower part of irradiated
ist OGL-1 fuel element.

Fig. 5.3 View of lower part of irradiated
2nd OGL-1 fuel element.
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Fig. 5.4 View of lower part of irradiated
4th OGL-1 fuel element.

Fig. 5.5 view of connected part of irradiated
" '1st OGL~1 graphite blocks.
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Fig. 5.6 View of cross section of irradiated
lst OGL-1 graphite block.

Fig. 5.7 View of connected part of irradiated
2nd OGL-1 graphite blocks.
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Fig. 5.8 View of cross section.of irradiated
2nd OGL-1 graphite block.

Fig. 5.9 View of inner surface of irradiated
) lst OGL-1 No.2 graphite sleeve.
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Fig. 5.10 View of inner surface of irradiated
3rd OGL-1 graphite block.
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Fig. A.3.1 Schematic representation of bowing measuring

apparatus based on outer diameter measurement.
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Fig. A.3.2 Schematic representation of bowing measuring

apparatus based on inner diameter measurement.



