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Thermal and Stress Analysis of the Creep Capsule(02S-08K)
with the Heater Source
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Abstract

The creep capsule is one of the special capsules, which can be simultaneously performed
the irradiation and creep test in the normal operating condition of the research reactor,
HANARO. In this study, the temperature of the creep capsule(02S-08K) with heater power
only is measured in the one-channel flow test facility, and the thermal and stress analysis
using a finite element(FE) analysis program, ANSYS is performed. The FE model is generated
as a quarter of 2D area for the section of the specimen parts based on the design values.
The heater powers for FE analysis are converted to the heat generation density and the
complex-shaped heater is modeled as an area of the annular shape. When the heater powers
are 1.0kW and 1.5kW, the maximum temperatures of the capsule are 362°C and 445°C for
the test, and 330.6°C and 448.6°C for the analysis, respectively. In case of the heater power,



1.5kW, the maximum stress intensity of the capsule is 74.2MPa at the connector, but that is
lower than the allowable stress of the connector made of stainless steel. It is expected that
the FE model developed can be applicable to the generation of data to compare and verify
the results of the irradiation test in the HANARO in-core in the future.
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Fig. 1 Schematic view of the creep capsule



Table 1. Material and dimension of the creep capsule

Dimension Material Out diameter Gap size Thermocouple
Component (mm) (mm)

Specimen STS316L 3.8 0.05

Spacerl STS304 8 0.05 TC1

Spacer2 STS304 14.2 0.1 TC2

Heater holder STS304 23.6 0.1 TC3

Connector STS304 31.8 0.1 TC4

Thermal media A1050 55.2 0.4 TC5

External tube STS316L 60 -

Mo, Component
1 Specimen

2 Spacer |

3 Spacer 2

{  Heater holder
5  Connector

f  Thermal media
7 Extemal fube
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Fig. 3 Schematic view for the FE modeling of the heater
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Fig. 4 FE analysis model of the creep capsule
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Table 2. Temperatures(°C) with the heater power (water temp. 35°C)
R. Coord. Heater power, 1.0kW Heater power, 1.5kW
Thermocouple
(mm) Test | ANSYS | Error* Test ANSYS | Error*
TCl1 4 362 330.6 8.68 445 448.6 -0.81
TC2 7.1 366 330.6 9.68 450 448.6 0.31
TC3 10.4 358 320.4 10.5 438 434.4 0.82
TC4 15.9 234 224.5 4.04 278 303.7 -9.25
TCS 27.6 177 171.9 2.85 215 231.6 -7.72
* Brror = (Test-ANSYS)/Testx100(%)
[ s AN ; AN
— 2
(a) Temp. distribution (b) Temp. profile in the radial direction

Fig. 5 Temperatures of the creep capsule for the heater power, 1.5kW
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Table 3. Effects of the cooling water's temperature of the creep capsule by analysis

Heater power, 1kW Heater power, 1.5kW
Thermocouple Cooling water Cooling water Cooling water Cooling water
35 °C 40 °C 35 °C 40 °C
TCl1 330.6 334.1 448.6 451.7
TC2 330.6 334.1 448.6 451.7
TC3 320.4 323.9 434.4 437.5
TC4 224.5 228.5 303.7 307.2
TC5 171.9 176.2 231.6 2354
600 T T T T T T T T T T T T
3 —®—(0.Imm Gap
| TC1 TC2 —e—0.2mm i
200 TC3 0.3mm
VIV TYT—Y— —v—0.4mm
400 T 0.5mm -
0—0—070\ TC4
—a—u -\¢

[/

Temperature (OC)
(%]
S
T

100 | — —

Radius (mm)

Fig. 6 Temperatures of the capsule with gap size between the thermal media and the external
tube for the heater power, 1.5kW
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Table 4. Stress intensity with the heater power (water temp. 35°C)

Heater Power 1.0kW 1.5kW
Item Max.(connector) | External Tube | Max.(connector) | External Tube
Stress (MPa) 52 11.5 74.2 17.2
Temperature (°C) 330.6 448.6
44.2/36.8 48.7/37.6
(Inner/Outer surface) (250.9/224.5) (340.8/303.7)

(a) Stress distribution (b) External tube stress

Fig. 8 Stress intensity of the creep capsule for the heater power, 1.5kW
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