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Fig. 1. Sketch of melt layer and melt motion of the
target.
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Fig. 2. Crater depth of tungsten under the peak power
density of 1350 MW-m~2 and the heat load duration
of 1.8 ms: (a) Calculated results; (b) inset, profile of
the melt surface in the Ref. [17].
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Fig. 3. (color online) Temporal evolution of the tung-
sten melt surface. Incident heat, 2900 MW-m ™2, kq,
—9.0 x 1075 N-m~1.K~1, and initial sample temper-
ature, 1000 K.

R BRI P s AR BA & 0.05 ms
TRJ 16 P B4 S22 T v 2 R AR A A
Table 1. The maximum height of the lump on the melt

layer edge, and increment of the lump in 0.05 ms.

t/ms JBRERRAE /pm 0.05 ms W JEEEEF /pm

0.60 ~3.83 ~0.67
0.65 ~4.93 ~1.10
0.70 ~6.20 ~1.27
0.75 ~7.67 ~1.47
0.80 ~9.24 ~1.57
0.85 ~10.92 ~1.68
0.90 ~12.81 ~1.89
0.95 ~14.81 ~2.00
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Fig. 4. (color online) Temporal evolution of the surface
temperature with the incident heat of 2900 MW-m~2,
ko of —=9.0 x 10~% N-m~1.K~1, and the initial sample
temperature of 1000 K.
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Fig. 5. (color online) Temporal evolution of the melt
front with the incident heat of 2900 Mva_Q, ko of
—9.0 x 1075 N-m~1.K~!  and the initial sample tem-
perature of 1000 K.
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Fig. 6. (color online) Calculated crater depth of
tungsten under ELM with a peak heat flux of
2000 MW-m~2. The heat load duration is 0.8 ms,

the initial sample temperature is 1000 K.
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(b) temporal evolution of the tungsten melt surface
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ko is —9.0 x 1075 N-m~1.K~1, and the initial sample
temperature is 1000 K.
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Abstract

The high-Z material tungsten (W) is a promising candidate of the plasma facing components (PFCs) for the future
tokamak reactors due to its high melting point (3683 K), low tritium retention and low sputtering yield. However, there
are still many problems about W PFCs. One of them is the material melting under off-normal transient heat fluxes—it is
one of the most outstanding open questions associated with the use of W divertor targets in international thermonuclear
experimental reactor (ITER). This requires us urgently to understand the W melting behavior under high power flux
deposition condition. In this paper, a two-dimensional (2D) fluid dynamic model is employed by solving the liquid
hydrodynamic Navier-Stokes equation together with the 2D heat conduction equation for studying the erosion of the
divertor tungsten targets and its resulting topographical modification during a type I-like edge-localized mode (ELM)
in ITER with a Gaussian power density profile heat load. In the present model, major interaction forces, including
surface tension, pressure gradient and magnetic force responsible for melt layer motion, are taken into account. The
simulation results are first benchmarked with the calculated results by other code to validate the present model and code.
Simulations are carried out in a wide range of fusion plasma performance parameters, and the results indicate that the
lifetime of W plate is determined mainly by the evolution of the melt layer. As a consequence of the melt layer motion,
melted tungsten is flushed to the periphery, a rather deep erosion dent appears, and at the dent edges two humps of
tungsten form during the ELM. The humps at both edges are almost at the same height. Calculated results show the
topographical modification becomes noticeable when the W plate is exposed to a heat flux of 2000 MW-m~2 for 0.8 ms
(in the simulation, the parameter k, = da/0T is taken to be —9.0 x 107> N-m~1.K~!, where o is the surface tension
coefficient and T is the temperature). The values of the humps are both about 2.1 pm, and the surface roughness is
about 1.1 um. The longer the duration of the ELM, the more rapidly the humps rise. The melt flow may account for
the higher surface temperature at the pool periphery, and for the larger melt thickness. It is found that when the energy
flux is under 3000 MW-m~2 the surface tension is a major driving force for the motion of melt layer. Under the same
heat flux, the bigger the k, used in the simulation, the more severe the surface topography of the target becomes; while
at the same k., the higher the heat flux, the more severe the surface topography of the target becomes. In addition, a

modified numerical method algorithm for solving the governing equations is proposed.

Keywords: edge-localized modes, tungsten divertor plate, melting, flowing
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