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Fig. 1. Schematic diagram of misalignment tile structure: (a) Unshaped tile; (b) beveled tile.
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Fig. 2. (a) Temporal evolution of the highest temperature of
W armor and Cu heat sink materials of dual chamfer tile
for misalignment of a 2.5 mm and perpendicular heat flux
of 1.5 MW-m~2. Here the calculated results are represented
by the dash lines, and those represented by the solid lines
are taken from the work by Li et al.; (b) schematic dia-

gram of quarter dual chamfer tile.
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Fig. 3. Energy fluxes received by divertor tile: (a) Unshaped tile for § = 0; (b) unshaped tile for § = 0.3 mm; (c) beveled tile for § = 0;

(d) beveled tile for § = 0.3 mm. Origin of coordinate frame is set at tile center, absolute coordinate value is distance along surface

away from center; sign ‘+’ denotes direction to right, and sign ‘—’ to left.
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Fig. 4. Temporal evolution of energy flux of an ELM with

peak heat flux of 3333 MW-m~2 plus an inter-ELM steady-
state heat flux of 10 MW-m~2.
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T T, I RN, AR BL R R THE B 7
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1 2 AN AR R A 20 pm, 0.13 ms J5 07 & 1 4b
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Fig. 5. Temporal evolution of temperatures in areas near
location 1 and 2 of unshaped tile with no misalignment.
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(a) t = 0.37 ms B, HEAT IR 0 B9 B A LA MRS ; (b) ¢ = 0.29 ms B, HEATER 22 0.3 mm (9 ELA FL A 92 531

Fig. 6. Temperature distribution of unshaped tile with (a) no misalignment at ¢ = 0.37 ms and (b) misalignment of 0.3 mm at ¢ =

0.29 ms. Solid line represents an isotherm of 3683 K.
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Fig. 7. Highest temperature of unshaped tile versus mis-
alignment.
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Fig. 8. Temporal evolution of temperatures in location 3

and 4 of beveled tile with no misalignment.
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Fig. 9. Temperature distribution of beveled tile with (a) no misalignment at ¢ = 0.38 ms and (b) misalignment of 0.3 mm at ¢ =

0.38 ms. Solid line represents an isotherm of 3683 K.
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Fig. 10. Highest temperature of beveled tile versus misalign-
ment.
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Fig. 11. Melting volume ratios of unshaped and beveled tiles

with misalignment of 0 and 0.3 mm versus time.
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Fig. 12. Maximum melting volume ratios of unshaped and

beveled tiles versus misalignment.
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Fig. 13. Vaporization volume ratios of unshaped and

beveled tiles with no misalignment versus time.
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Fig. 14. Maximum vaporization volume ratios of unshaped

and beveled tiles versus misalignment.

4 7 w

ITER {8 #5 ¥ A £ R 12 17 B BE 7R 32 1) B
KHE % T U 10 MW-m—2, 18 BES F1F (2
T 43 M 2 2 R BRI 2 10 2 AR 4T B8 R
FOMR B G:, RRLLT ] — Ry JURD ) h B AR 22 1
HORARETU N 20 MW -m—211401 75 b i i 25
YERRR, B AR BU R 5 e T R HE A 12 22 A8 1k
KRMLE 15 P, HEfiR2E R o i, EA L &
R TE 10 MW-m—2 BB JEMER T, Bt
o 9129 9 1482 1 1590 K, 7E 20 MW-m~2 RE i
HEAEMT, BRI 50 28 2767 Al
2993 K, H A LR 1Y S5 e BE o IR T RBA T A,
B HEAR R 22 3G T, 295 0.105 mm B, B
B 1 doe e T R v b U R, Xt B R SR FH AR
IR AR 2, HEA R 224 0.3 mm B, B LA
£ 20 MW-m—2RE I % BEAE F T~ 3G 1k, (A2,
KA —JE ELMsH, HETR 220 0 A B M LR &
R T RN R, R E T B
1B G A5 B AR — M b i X (B 1 1
Ab) R BE AR K, HR I X I R /N, il A5 A
AR S IR T, A8 1 X6
F/NTREL LA RS 4 XBUERERT, B L Ahg
BUT, LA PR A SR e TR bl B R 1) e e Ui
FE. (HR, M55 T IARRE T B AR WE I, 2B
B A R BER R T B 3 KR REN, A H
FA L ) e T RN PR A B iR . [ 16
BT HEARZE N 0 B ELA | #h0 B R d5 e TR B
NS5 B TR RE T AL R, AT LA, Y
NS AE B IR BRI 2 B R T2 60 MW-m~—2 B,
£ U P e e T v TR B ) e e L

K

4000
20 MW.-m~—2
3000
X — AT
& — REARH
2 - EARY
18 o REAT
2000 -
10 MW'“‘iz.--.-_::::'.’_'.'_'_'_'.'__.__-.__ ....
1000 . . . . .
0 0.05 0.10 0.15 0.20 0.25 0.30

HEAii iR 2% /mm
Bl 15 EfA AL R Rom R R R 2 Ak, Hop
NS % B 10 1 20 MW -m~—2
Fig. 15. Highest temperatures of unshaped and beveled tiles

versus misalignment, where the incident heat is 10 and 20
MW-m~2.
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Fig. 16. Highest temperatures of unshaped and beveled tiles

versus heat flux.
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Numerical simulation of erosion of misaligned W/Cu
monoblocks caused by ITER-like type-Iedge localized modes”
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Abstract

The thermal performance of the divertor W/Cu monoblock tiles under the ITER-like transient events has
been one of the main concerns for ITER plasma facing components. Owing to the assembly tolerances during
installation, the leading edge caused by misalignment between toroidal neighboring tiles will receive the
extremely high cumulative heat flux and be damaged. In this work, we develop a two-dimensional heat
conductivity model, including evaporation, radiation, melting process, and coupling cooling water condition, to
investigate the thermal erosion of two shapes of tiles of W/Cu monoblock (unshaped and beveled tiles) with
misalignment in a range from 0 to 0.3 mm, within the allowable maximum misalignment for ITER. To reflect
the geometrical effects of castellated divertor tiles on the properties of its adjacent plasma, the energy flux
density distribution arriving at the castellated divertor tile surface is evaluated first by using a two-dimension-
in-space and three-dimension-in-velocity particle-in-cell plus Monte Carlo collisions code, and the obtained
energy flux distribution is then used as input for the heat conduction model. The simulation results show that
the maximum temperature of the unshaped tile with no misalignment is lower than that of the beveled tile
under the steady-state inter-ELM heat flux, which increases more quickly than that of the beveled tile with
misalignment increasing and will be larger than that of the beveled tile when misalignment is not less than
0.105 mm. Two shapes of the divertor tiles would melt and vaporize under typical heat flux density of a
transient event of type-I edge localized modes (ELMs) for ITER, deposition energy of 1 MJ-m~2 in a duration of
600 ps. The highest temperature, the maximum melting thickness, the maximum vaporization thickness of the
unshaped tile with no misalignment are higher than those of the beveled tile except the melting volume ratio.
The thermal erosion of the unshaped tile increases more remarkably than that of the beveled tile with
misalignment increasing, and the melting volume ratio of the unshaped tile will exceed that of the beveled tile
at a misalignment of 0.17 mm. In comparison with the unshaped tile, the beveled tile is more resistant to such a

high heat flux of an ELM and misalignment.
Keywords: edge localized modes, W/Cu monoblock, misalignment, thermal performance
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