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Temperature and thermal stress analyses on the graphite block of the fuel

specimen for OGL-1 irradiation

Kazuo MINATO, Taketoshi ARAI+, Kousaku FUKUDA,
Fumiaki KOBAYASHI, Teruc KIKUCHI and Kazumi IWAMCTO
Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERT
{ Received July 31, 1980 )

Temperature and thermal stress distributions in OGL-1 graphite black
were calculated with two-dimensional finite element method in order to
confirm a mechanical integrity of the graphite block during irradiation.
These analyses were performed for the graphite block of 4th and 5th OGL-1
fuel specimen(785 mm in length and 80 mm in diameter with three holes for
the fuel pins) using the irradiation temperature data measured in the 4th
specimen and physical property data of the IG-11 graphite.

Tt was found from temperature distribution analysis that the maximum
temperature difference in a horizontal cross section of the graphite block,
which appeared at the position of 588 mm distant from bottom, was 150.5°C.
The maximum tensile stress and the maximum compressive stress obtained from
thermal stress analysis were 65.9 kg/cm2 and 82.1 kg/cmz, respectively.

The former was 0.27 times and the latter was 0.10 times as large as the
corresponding uniaxial strength of the graphite. Thus, it is concluded
that the graphite block is stable against thermal stress under the normal

operating conditions.

Keywords;
OGL-1 Fuel Specimen, Thermal Stress Analysis, Temperature Analysis,

Graphite Block
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Table 2.1 summarized specifications of fifth fuel specimen.
Item Spec.
Coated particle Coating type TRISO
Diameter of particle (Fm) 320
Diameter of Uo2 kernel (um) 600
Enrichment (%) 19.5
Fuel compact Particle loading (%) 30
Outer diameter (mm) 24
Inner diameter (mm) 8
Length ({(mm) 36
Fuel pin Number of compacts 20
Outer diameter (mm) 30
Inner diameter (mm) 24.2
Length (mm) 790
Graphite block Number of holes for fuel pins 3
Outer diameter (mm) 80
Inner diameter (mm) 32.6
Length (mm) 785
Téble 3.1 Stress of the graphite block at axial 16th mesh
(588 mm distant from bottom).
(kg/cm?)
rumber | % Ty Txy | O F 7z
25 14.7 36.4 24.5 52.3 - 1.3 25.8
74 - 4.4 -43.0 10.8 - 1.5 -45.8 =18.9
104 -51.1 - 2.1 - 3.3 -1.8 -51.3 —82-1*
118 45.2 13.8 25.1 62.3 0.8 13.3
143 50.5 - 1.0 2.9 50.7 - 1.2 27.1
174 -23.2 -22.5 21.3 - 1.5 -44.2 -15.6
210 -18.0 ~37.6 -24.2 - 1.8 -53.9" | -72.9
212 -18.6 -13.7 -13.2 - 2.7 -29.86 -76.5
246 -41.3 - 4.4 10.8 - 1.5 -44.2 - 3.2
269 21.5 6.9 ~11.8 28.1 40.5 10.5"
293 . 9.2 39.8 -20.7 50.3 - 1.2 6.6
318 0.9 65.8 - 2.7 65.9* 0.8 29.1

* indicates the maximum or

the minimum value.
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Fig. 1.2 Methods of temperature and thermal stress
analyses for OGL-1 graphite block.
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Fig. 2.1 Schematic representation of the cooling system

for the fuel specimen.
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Mesh number
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Fig. 2.4 variation of coolant temperature with axial

position.

Core center 4.5 % )
- 620 %

8C.0¢

Fig. 2.5 Graphite block model for temperature anc

thermal stress analyses.
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Fig. 2.6 Finite element model for temperature and thermal
stress analyses. Numbers in the figure indicate
representative elements and parenthesized numbers,
representative nodal points.

Heat transfer by convection r-heating

) " o
RRIRRERCITRKK

Adiobatic boundary

Fig. 2.7 Boundary conditions for temperature analysis.
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Mesh number
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Fig. 2.8 Variation of graphite block temperature

with axial position.
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Minimum temperature
814.0

964.5
Maximum {emperature

Fig. 2.9 Temperature distribution at axial 16th mesh
(588 mm distant from bottom) in the graphite
block. Numbers in the figure indicate the

temperatures (°C}.
826.2
(measured )

845.6
(measured )

949.2
{ measured )

Fig. 2.10 Comparison between calculated and measured
temperatures in the graphite block. Numbers

in the figure indicate the temperatures{°C).
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Ty 7
Fig. 3.1 Restraint conditions of in-plane strain for

thermal stress analysis.

Fig. 3.2 Distribution of x-direction stress (o~x) at
axial 16th mesh (588 mm distant from bottom)
in the graphite block. Numbers in the figure
indicate the stress values(kg/cmz).
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Fig.

3.

3

Distribution of y-direction stress (a“y) at
axial 16th mesh (588 mm distant from bottom)
in the graphite block. Numbers in the figure

indicate the stress values(kg/cmz).

Fig.

3.

4

Distribution of shear stress (1:xy) at axial
16th mesh (588 mm distant from bottom) in the

graphite block. Numbers in the figure indicate
the stress values(kg/cmz).
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Axial maximum
40.5

Distribution of z-direction stress {Crz) at
axial 16th mesh (588 mm distant from bottom)

in the graphite block. Numbers in the figure
2
).

indicate the stress values(kg/cm

In-plane _
maximum
| 65.9 i%&
N o, J K

-8.5

Distribution of maximum principal in-plane stress
at axial 16th mesh (588 mm distant from bottom)
in the graphite block. Numbers in the figure

indicate the stress values(kg/cmz).
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-44.2

In-plane
minimum
-53.8

Distribution of minimum principal in-plane stress
at axial 16th mesh (588 mm distant from bottom)
in the graphite block. Numbers in the figure

indicate the stress values(kg/cmz).
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