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ABSTRACT

For the optimal design of plasma facing components of a fusion reactor. thorough understanding of thermal
behavior of high heat flux components are required. The purpose of this research is to investigate the
characteristics of heat flow and thermal stress in divertors which are exposed to high heat load varing with time
and space. Numerical simulations of heat flow and thermal stress for three types of diverter are performed using
finite volume method and finite element method. Respectly., commercial FLUENT code are used in the heat flow
simulation, and maximum surface temperature, temperature distribution and cooling rate are calculated. Commercial
ABQUS code are used for calculating temperature distribution. thermal stress. strain and displacement. Through

this computer simulation. design data for cooling system and structural provided.
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(a) geometry and boundary condition

(b) grid
Fig. 1 Schematic of flat-tile with centered cooling
pipe
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(a) tile surface ( y = 45 mm )

(b) middle Section ( y = 125 mm)
Fig. 2 Temperature contours for flat tile

544 Tile 398 FYolA dEs7t adz 22X
7] qEoltt JYErt EEHE Tile ¢ &
HolAe] 28T E AHNY FYPgtog 2%
7t A9 dAEY, W a Fae Y4 4o
2 3ty 257 njay A B¥dc) Tie B9
cz2iyY Axd d& W4dH H-92 T
Backing Plate 3@ %713 AL 9588 B
ow 53] Y4g FHANE W29 4
deoz Aty 2xFu7t AA YeEhvE RE
T At}

Table 12 Tile®} Backing Plate Az &9 ¢S
g e W, Set=vts 1027 79 F Tile ¥
HolA e HQYLEE HodFn gk Y A
Tileoll u]a}e] Backing Plate )& o] OHFC, AL-15,
CuCrZr 59 A2 Hd A4S, Tile FRAA Y
HAd ez {fAEHA JElEd O oj/E olE Al
2o 9E, Auld, EAGAF 59 EAAI &
Aldle €& AEdE Tl I8 F4Eid ¥
& AFste= TEHol vlxdr] wWieldh
TZM, SUS-304 Agx 9E, AHgu|deS OHFC,
AL-15, CuCrZr 53} v &3y, A% AF7) do}
gdAgoe] AAdg7] wid) Tiled] do} A% 4
5o} g1y Fwolr e OHFC S #& Agol v
3l A &7 Aoz Yeyd

A
&

[«}
s
x

=



o4& - A¥H : AFAYFHNA A16W AT

Table 1. Comparison of maximum surface temperature
for flat-tile with centered cooling pipe

Tile | CX-2002U | NI11 |DMS704
Backing plate (K) (K) (K)
OHFC 1150 1124 1180
AL-!5 1160 1153 N/A
CuCrZr 1151 1128 N/A
TZM 1384 1320 N/A
SUS-304 1560 1530 N/A

2.2.2 Mono-Block® &%

Fig. 32 7}2 35 mm, ¥°] 35 mm, Zo] 250 mm
ol Blockol], A7 o] 14 mmolZ %717} 2 mmY 3
z} o] Block?] FA R A& A3 tHE §
A3 AXNAAE JeEld 2ol A& £ X %
2370, Y uhak 2370, Z =3k 20702 FA s
GB3 2 AAZAL Flat-Tiled 72 $9 FYsict
Blockel Al 2= CX-2002U, N11, DMS7040) 1, 32}
#ol A g OHFC, AL-15, CuCrZr, TZM, SUS304
2 Wi gl Aake Block A28 nAs W
7+3e] A8 E WA JHEA AAdHAY g 3
%t} Fig. 4= Blocke] A&7} CX-2002U°] 1, ¥Z}
@] Mgt TZMY %4 102 ¥ Block RE# F
Getol s S EEE JEd Il EE2T
E FYoA4 Az &eprla U TSR
2 gol XEEX digo] 2 YEsn. Av
 LEE ¥ EAL FlatTiled] 3£ 9 #4153}
a3 Block B9 £9€ ¥HE W Flat-Tiled
o2 A YZadel Aurte FAAHAA Hy2
=7t £¥HE £ dge] Ueud, ol W
o g Fol vlH AGHA £33 dol FHEHAN O
Qo g Qstd %7t F43] st 1 d¥
o] Block Edol7tA] 43 g vX& Aoz AZE
o JWEEr BXEHE $Y ©HAE Flat-Tile
Agoe o8 PAe REEIV) YAHE RS
2 & Qg

Table 2= Block®} W4 # ASES EAx =%
o] @& Block ERM HUREE Yetd Ho)
ot oA QL AAY JZrge] disted Block )
Zo| CX-2002U, N11, DMS7042 H3g 74 $-o
Block EHA HfexEx FAEHA Jelygd. o
ol M dUx, A¢uld, dHALAFT F

g

O -

olf&

241

Inlet Heat Flux Outiat

Wall 1jmaii 2 Ooundary
8lock | cooling pipe

=3

i
i

Fig. 3 Schematic of mono-block with centered cooling
pipe

(a) tile surface ( y = 35 mm )

(b) middle Section ( y = 125 mm)
Fig. 4 Temperature contours for mono-block
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Table 2. Comparison of maximum surface temperature
for mono-block with centered cooling pipe

Block | CX-2002U { N11 |{DMS704
Cooling Pipe (K) (K) (K)
AL-15 1453 1430 1484
TZM 1568 1540
SUS-304 1730 1700
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Table 3. Schematic and material of divertor
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(a) Flat-Tite (b) Mono Block (c) Standard Flat-Tile

Fig. 5 Boundary condition for structure analysis
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@) Oma = 119,335 Pa . cooling tile

() Omax = 120,371 Pa , armor tile (b) Emax =8.34X 107>, slanted block

{c) deformed shape and deformation (c) deformed shape and deformation
Fig. 7 Stress and Strain Distribution for mono block Fig. 8 Stress and Strain Distribution for slanted
of AL15-TZM(t=10sec) flat-tile of Ni1-TZM(t=10sec)

Table 4. Result of thermal stress analysis

Sape | Flat-Tile Mono-Block Slanted Flat-Tile
CX2002U CX2002U-
ALIS-TZM NI1I-TZM (N11-CuCrZs} N11-TZM | N11-CuCrZr
Time AL1S CuCrZr
5 114784 1.869E4 | 3.042E4 3.091E4 7.858E4 8.492E4
Stress 10 N/A 3.437E4 | 4.244E4 4.240E4 3.684E5 1.199E5
15 1.129E4 3.246E4 | 1.550E4 1.904E4 1.732ES5 8.015E4
20 . 2.379E4 | 1.097E4 1.215E4 9.591E4 6.316E4
5 8.926E-2
. 10 1.568E-2
Strain |3 N/A AA16E-3
20 2.150E-3 2.019E-3
5 2.028 2.246 1.310 1.395 1.196
Displacement ! 10 2.351 2615 1.421 1.534 1.590 1.695
(mm) 15 1.277 1.624 1.670 1.188 1.232 1.154 i.361
20 1.266 1.0 1.412 1.119 1.138 1.201 1.234

N/A @ Not Applicable
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