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(Temperature Calculation and Structural Analysis
for the Creep Capsule(01S-01K))
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Abstract

To design and manufacture the creep capsule(01S-01K) for in-core irradiation test,
structural - thermal analysis and temperature calculation were performed. In this analysis,
the integrity and the compatibility of capsule with IP test hole were confirmed and
temperature considering onset of nucleate hoiling(ONB) condition(<124°C) were reviewed.



The nuclear properties such as gamma heat, neutron flux were investigated for IP hole
at which the irradiation test has never performed, and the heat transfer coefficient was
estimated for temperature calculation inside the capsule. The calculation of temperature
for the specimen and the external tube are 250C and 85~110C respectively, and the it
meets the temperature criterion of ONB. For the free-drop impact stress analysis of the
capsule in the coolant, the analysis result is found to be lower than the design stress
intensity of the capsule material. The maximum stress intensity in the external tube to
thermal gradient was 6.63MPa. At the contact part of the bottom plug and external
tube, the maximum stress was 2b4MPa. As a result, the thermal and mechanical
stresses due to difference of internal and external pressure were satisfied with the
strength criterion of ASME code.
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0.3mm ¥R skt [P 2AE A A= P25 ago] gl7] Wi ArdAdFol o
Aubabwt gl=d dA o] Agol dle dAGAST) AR AE FAH YA &
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¥ 1 Neutron fluence at 2dMW power for 10 days operation(nvt)

E > 0.1 Mev E > 1.0 Mev
Height |C-SUS304 C-5SUS304 . .
. . C-SUS304 (inner) | C-SUS304 (middle)
(cm) (inner) (middle)
lower upper fsd fsd fsd
-24.2 -13.2 |1.77E+17| 0.2944 | 1.86E+17 | 0.1192 | 1.32E+17 | 0.1787
-13.2 -2.2 258E+17| 0.1993 | 259E+17 | 0.0958 | 1.23E+17 | 0.1615
-2.2 3.8 2.76E+17| 0.2140 | 294E+17 | 0.0897 | 1.82E+17 | 0.1405

2 AN dddM Y 2k ZE(EIH 2kW)

Gamma(W/g) 0.86

S H kW)L E % 0 20 40 60 30 100

Al 7 F4(C) 14 219 278 332 383 430

T) 14 219 277 332 382 429

T) 149 215 274 328 378 426
C

3lH 3EH(C) 136 188 235 278 318 355
oA HH(C) 114 145 174 202 228 253
Al sER(C) 111 141 168 194 218 241
2l%F HHE(T) 95 121 145 170 195 218
2F FH(C) 39 112 135 157 180 202
3. =144 44
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APPES AT AT ] A S EH e IP =AY 9] receptacle ol e R
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(D % #Aadst =484
APAEE UR T2 YA 9 F ZAbEd ZEEtr] g9 AFVIFREE 2Ed
Ago] FFolA FHOR AfFHdtete] xR vigoly B FxEI S5 W 5 A



Fus 24 o AGAEY] FAMALS B AY AEe FA glo] FHom vl
sttbar JhAsta, FEdA "R el viA Y FERA SASEE ALtste]
A4 e FAsksiv,

43 W FAfFEd gk Reynolds 7o 7HdE vl Ao AdshE Moody diagram
’4¢) Reynolds 9] #ol7k 744 &g we) &% V7b pakas s e $AENEE
ﬂﬁ,aﬂﬂ*w skl 8840m/sec® Aol A48H FALUEE Vol ©BE AHYE
oA e] &4 1418 & AR FE 8t 7

O pppact = V\/fp
= 8.840 V (193.98x107)x7800/9.81 (Pa) (1)

= 109.51 (MPa)
o714 E : Young’'s modulus, STS304 (=193.98GPa, 40°C)
p: U, STS304 (=7800kg/m’)
ol ol ﬂ”ﬂ FASH Oppar= ZEAEE AEA STS3040] dieh 5882
(=172.2MPa, 40°C) Rt} 22 e Holnz % Af49ste] 40k do] gty

e
FHAA e YEode o 47199 sl A& e A
2te A 9 HE A FEEAAE SR AR Eo] HASIRR o5 &5 %@r
of wg dge 9 dAWFo] d/drt. welA ASME Boiler & Pressure Vessel Code,
Section III, Division 1¢] i@ 7|Fa A &35t ZHAE o5 2 oF Fo1o g &

e g T3
b 959 Wl - YAt gF E
APPES AT A A 9% R 959 EAHP)= oF 0.3MPalls]e]H,
o5 gEAfolo] 9ste] 9)Fd #&3t= 2 ASME Boiler & Pressure Vessel Code,
Section III, Appendix AdlA TFAsL e AE5S A&ato] ALsS
Qo QFug gk 9 akgukake] FSEEL A(2)9 o] Aol

1+ Z*
0, = 0, = PT—I = 5.196 MPa
1
0y, = 0, = PY27—1 = 2.504 MPa (2)
1—7°
o, = 0, = PT—I = —0.189 MPa
714 1, 2, 32 zZhzh AFw), Ssuek 9 whg ek
Yool d# A8 ¥=D./Di=56/62=1.077
Z 95 o3 At 2o A

=Do/((Di+D,)/2)=56/((52+56)/2)=1.037
P e 95 W -2 A (=0.3MPa)
D, : 2lF 217 (m)
D; 9% W4 (m)



o HE oFe W - A T HAUWSFHAES)= F&HEY Hd A= HEhd 5 3l
=
S=1lo,— 041 = 539MPa
=, oF W - 99 b= Atel skl Agets VA 82 6.39MPazA, 2T AR
STS3169] 388 (=116.72MPa, 90°C) Bt} wjg- wtAl 2gatnz od o5 2P AL ¢
T kAol FEE

(b)) Wzhpsdol 9 259 =S

JE

AFPPE F FUd z2= Yzkeg 93k H(P)L oF 0.4MPall2]o]H, dzZet
o 9% F=eHEP)2 12MPaolt). skH 2 & tiste] wdek Yol =8 H9-o o
AF=ESH(PHLS 3 ez dojxiy,
E#f
p, = —EL— =18
o =R 18.93MPa (3)

o714, E : Young's modulus, STS316 (=190.72GPa, 90°C)
t: 9% FA (=2mm)

v : Poisson’s ratio, STS316 (=0.3, 90°C)

R, 9% 97 (=56mm)
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int )max, Pe)olRA 0™, o] gk 9% A8 S 489 (=116.72MPa, 90°C)2.t} & x
w$e gholvh. SEEA dRE V2R AHfEY 2AMNE T FEF AdAS ZsH
95t ASME Boiler & Pressure Vessel, Section III, Division 19 #x#H7} 7|&8 A&
stdvt. L® 6ol Aok e HUldSH (P, 9F ‘ﬂﬂ%} 2ol o & T (Pr), 283l Y
zZhpo ok F=H(Pr)s 1Es A= d3e 1 49 2k ZAA ek o] 71AA
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3 AR Gl zE AACAM Y] Y

A BUE ga zhomyy
H FTHOETY H 2 (mm) 97 (mm)
%E;ﬂlm) by ANSYS | Qwe 5 -

AlHFt 0.00 0 0.00
Al AR 1.00 0.0025197 1.0025
Spacer W™ 1.25 0.0030559 1.2530
Spacer &J™ 2.50 0.0061117 2.5061
Spacer W™ 2.60 0.0058951 2.6058
Connect <] 12.00 0.027172 12.0271
Shield equipment W™ 12.10 0.029490 12.1294
Shield equipment % 25.90 0.063121 25.9631
External tube W™ 26.00 0.033866 26.0338
External tube $JH 28.00 0.036471 28.0364




X4 APAHEA digk 7| A4 2 EeE
Design Allowable
Parts Stress C%&%Eged stress stress AC%%/[eE
item ! intensity, intensity, .
OMPa) S, (MPa) | S, (MPa) | Feduirement
Py 5.39 116.72 116.72 Pn < Sp
External _
tube Per 18.93 1.2 P < 3P
Put+Pe 5.39+6.63 116.72 350.16 Put+Pe < 3Sm
6. 248
2qPEe YR &A}%oﬂ FAse] e 94 Ane) 2 2UAE YohE
fistel 2" ootk B AFdAE mwAbd Jed9 FuUR =A(CT EE IR £
AbE el A Al = EL%‘ZB%Q AA - Az A R 2AR(IP-15)9 KA 5SS A
Esta e WRAAMY 2EALMNS stdom A7 AFA A dd448 HdES
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