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Parameter Analysis on the Temperature and Thermal Stress of the

Cylindrical Structure with Multiple Holes
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Abstract

During fuel irradiation tests in the in-core of HANARO, all components of the capsule with
multiple holes act as heat sources due to high gamma and fission heat. In the design stage, a
series of design parameter study were performed to confirm the thermal integrity of the
capsule with multiple holes. The main parameter reviewed in this study are as follows: the
position of the specimen, the thickness of the support tube and gap size. From the analysis
performed by using of the FEM code ANSYS, it is confirmed that gap size effect on the
capsule is one of the most important parameter of the capsule integrity. And the final thermal
stress and displacement of the support tube with a increase of gap size are also under the
allowable limits of ASME code.



| A SR 2AAUAEE 488 A AT, A4 8
aAe 7 -fuxel dfew Aedd. v Ml A3 Wy dile dIUTY Fx
72 pye Jlad 546 wel g LERES exd o@ A 54L 5
[1~4. webd Bedsy 722 %l&{ﬂ.iﬂé%vhhlﬂ4§@%@ A7E Bast
o 53 430%Y 2 @
Gl o3l 1hAe]

e

Lo "””
ol
o,

=
)
)
[0
oy
rlo
m}‘:
Y
2
o
&
N
N
-z
i
o

2 44 3 g2 A44E FHsor dri2~4]

 A7e veded TxE s fle A 9A, e A7), AX B FAS AW
FZ o] 48Y, TRRE, MPES FEHTes T2 ANSYSE Foto] E5A4S AT
skt

2. %2

2.1 A==

TR

Fig. 1 Schematic of the capsule Fig. 2 Finite element model of the

capsule
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Table 1 Variation of temperature at capsule by Fuel Pin location

Fuel Pin Fuel Pin Cladding Support tube Out tube
location | Center Outer Inner Outer Inner Outer Inner Outer
(mm) |[[Temp.(C)|Temp.(C){Temp.(C)|Temp.(C)|Temp.('C)|Temp.('C)|Temp.(C)| Temp.(T)

F1 2475.00 903.98 741.12 694.99 629.77 567.56 181.65 94.50
F2 2469.00 897.63 734.29 688.19 634.64 571.73 182.92 95.01
F3 2459.00 890.72 72771.62 681.73 639.82 576.10 184.27 95.55
F4 2440.00 3884.12 721.11 675.33 645.41 580.96 185.76 96.16
F5 2431.00 880.37 715.77 669.74 651.78 586.46 187.43 96.83
F6 2424.00 873.46 709.61 663.80 658.06 591.93 189.11 97.51
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Fig. 7 Variation of temperature at capsule by increasing of
gap size
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Table 2 Variation of temperature at capsule by increasing thickness of the support tube

Thickness Fuel Pin Cladding Support tube Out tube

of support| Center Outer Inner Outer Inner Outer Inner Outer

tube (mm)|Temp.(C)|Temp.(C)|{Temp.(C)|Temp.(C)|Temp.(C)|Temp.(C)|Temp.(C)|Temp.(C)
S1 2417.00 871.30 706.08 659.94 642.08 590.42 188.62 97.31
S2 2419.00 871.27 707.16 661.24 647.38 590.94 188.80 97.38
S3 2423.00 872.53 708.41 662.53 652.71 591.44 188.96 97.45
S4 2424.00 873.46 709.61 663.80 658.06 591.93 189.11 9751
S5 2425.00 874.73 710.93 665.11 663.48 592.47 189.29 97.59
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Table 3 Thermal stress of various geometry of the capsule
Thermal stress of Thermal stress of
. .. Thermal stress of . )
various position of Fuel ) ) various thickness of
various gap size(MPa)
PIn(MPa) support tube (MPa)
S Tt S Tt S t
HPPO Cladding HPPo Cladding HPDOT Cladding
tube tube tube
F1 87.8 136.0 Gl 83.6 135.0 S1 67.6 134.0
F2 87.4 135.0 G2 81.4 135.0 S2 73.8 134.0
F3 87.1 135.0 G3 79.4 135.0 S3 80.0 135.0
F4 86.8 135.0 G4 774 135.0 S4 86.2 135.0
F5 86.5 135.0 G5 755 135.0 S5 92.3 135.0
F6 86.2 135.0 - - - -
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Table 4 Variation of displacement at support tube and out tube by Fuel Pin location

Support tube Out tube
Displacement of the| Displacement of the |Displacement of the|Displacement of the
inside radius(mm) | outside radius(mm) | inside radius(mm) | outside radius(mm)
F1 0.1969 0.2112 0.0446 0.0481
F2 0.1962 0.2106 0.0440 0.0475
F3 0.1954 0.2099 0.0433 0.0469
F4 0.1945 0.2092 0.0426 0.0462
F5 0.1936 0.2085 0.0418 0.0454
F6 0.1927 0.2077 0.0410 0.0447
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Fig. 8 Variation of displacement at support tube and out tube by

increasing of gap size
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Table 5 Variation of displacement at support tube and out tube by increasing thickness

of the support tube

Support tube Out tube
Displacement of the|Displacement of the|Displacement of the|Displacement of the
inside radius(mm) |outside radius(mm) | inside radius(mm) |outside radius(mm)
S1 0.1932 0.2048 0.0409 0.0446
S2 0.1931 0.2058 0.0409 0.0446
S3 0.1929 0.2067 0.0410 0.0446
S4 0.1927 0.2077 0.0410 0.0445
S5 0.1925 0.2086 0.0410 0.0447
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