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Fig. 1. (a) Magnetic configuration for shot #80443 at ¢ = 6.5 s; (b) grid meshes for SOLPS-ITER and DIVIMP calculations.
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Fig. 3. Radial profiles of plasma density (a) and temperature (b) at the outer mid-plane calculated by SOLPS-ITER using the full-
charge-states (blue, 74 fluids) and bundled-charge-states (red, 23 fluids) fluid models.
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Fig. 4. Radial profiles of plasma density (a), (b) and temperature (c), (d) at the inner (a), (c) and outer (b), (d) target plates, calcu-
lated by SOLPS-ITER using the full-charge-states and bundled-charge-states fluid models.

# 1 SOLPS-ITER RHMAFATT RS +1 s+ (W) BB IEAESMmuE#% X3 (OD) . Mg #s Xtk (ID).

FIHIZ (SOL) Ftsi (core) MBREE (FAf: 101 s71)

Table 1.  Strength of W't ionization source from neutrals in the outer divertor (OD), inner divertor (ID), scrape-off layer
(SOL) and core calculated by SOLPS-ITER using different fluid models (in 10" s~1).

Fluid models OD ID SOL Core Total
Bundled-charge-states 9.31 0.93 0.002 ~0 10.2
Full-charge-states 38.7 10.2 0.04 ~0 48.9

# 2 SOLPS-ITER R R AR A AT AN R B 76 8 /4N (IT/OT) F3 8 M fUA Sl i (B s—)
Table 2.  Total target fluxes of deuterium (D), neon (Ne) and tungsten (W) together with the D, Ne and W ion fluxes at
the inner/outer divertor target (IT/OT) (in s~!), calculated by SOLPS-ITER.

Fluid model Species OT/10Y IT/1018 Total/10%
D 2280 26500 493
Bundled-charge-states Ne 7.46 43.2 1.18
W 9.26 9.20 1.02
D 2360 24800 484
Full-charge-states Ne 6.13 44.7 1.06
W 37.8 98.7 4.76

HI 77 % 2 T A TR ZB R BEARAG T 48 2% o
BTORIR (1R 2), i B I 4
FEAEHE AT BN 43 A /N T 5 %6 1R AH
NAE (] 5). LB 5(a) FIE 5(b) AMEL B, R4
PR3 S8 A5 30 B A5 2 o 8 B 1 22 3K, fH

TH P A AR TR AR A DX (AP /oM
i, TIHIZ, BE0) BFIR A AR — 2 HAK
Pk, 51 ITR 2 TR AR RY], K
Z0% JOU 8 A0 1) 457 B A Dl D e X (fE H2 HE AR
BFIT ), T A ) S AR AR A8 L T DX el ) 55 2 o
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SOLPS-ITER
Full charge states

Z/m

SOLPS-ITER
Bundled

()

1016

1015

1014

W impurity density/m—3

1013

1.4 16 1.8 2.0 22 24

1.4 1.6 1.8 2.0 22 24
R/m R/m

14 1.6 1.8 2.0 22 24
R/m

B 5 R AR A I R 0 (a) WK (SOLPS-ITER) ¥ 45 % T-F 1 74 FfiAR; (b) WAKK T (SOLPS-

ITER) ¥ 3873 th 545 85 T4 46 (bundled) ; (c) 3h 12588 (DIVIMP)

Fig. 5. Two-dimensional distribution of tungsten impurity density calculated by different models: (a) SOLPS-ITER using full-
charge-states fluid model; (b) SOLPS-ITER using bundled-charge-states model; (¢) DIVIMP.
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Fig. 6. Calculated radial profiles of tungsten impurity density at the inner/outer target plate (a)/(b) and outer mid-plane (c) to-

gether with the poloidal profile of tungsten impurity density along the flux surface in the SOL near the separatrix (d). It is notable

that the vertical axis is logarithmically scaled in panel (d).

30

25

20 |

15
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25 B 2 F B A, B O I A T A PR TR

Fig. 7. Average charge state of W ions in each grid cell
plotted against the local electron temperature for SOLPS-
ITER with full-charge-states fluid model and bundled-

charge-states model.
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*3

JEFRIX I (OD). FlHIJZ (SOL) Buth# (Core) M43HR (i kW)

Table 3.

SOLPS-ITER >R HIA R G AR B TR (D). 7 (Ne) RAEAS (W) 475 DS BR A IR ISR X 3k (ID) . #M

Contributions of deuterium (D), neon (Ne) and tungsten (W) to radiation power loss in the inner/outer divertor

region (ID/OD), scrape-off layer (SOL) and core calculated by SOLPS-ITER using the full-charge-states model and bundled-

charge-states model (in kW).

Fluid model ID OD SOL Core Total
D 20.76 25.03 13.59 1.75 61.13
Bundled-charge-states Ne 23.56 26.50 73.57 89.08 212.71
w 46.07 31.07 10.08 1.28 88.50
D 21.59 26.54 14.10 1.72 63.95
Full-charge-states Ne 28.51 28.81 79.43 94.10 230.85
w 386.26 237.45 32.11 6.69 662.51
108 F 5L M (b) LR
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1016 a 4+
|
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Fig. 8. Poloidal profiles for W ions at different charge states calculated by SOLPS-ITER and DIVIMP: (a) Wt—W10+; (b) Wit Wis+,

(c) WitF—W20t: (d) W2H—W™*. The vertical coordinates represent the poloidal distance from the outer target measured in the up-

stream direction.
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level at 2x10% s~ (a) and 5x10Y s=1 (b).
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Abstract

Accumulation of tungsten (W) in core is a serious challenge for achieving high-performance plasmas in
future tokamak reactors, thus W impurity transport is a highly concerned topic in the tokamak physics
researches. Multi-fluid model and kinetic model are the numerical tools widely used for investigating and/or
predicting impurity behaviors in the boundary of tokamak plasma. Generally, the applicability of multi-fluid
model for impurity transport modeling requires that the collision mean-free-path should be smaller than the
gradient scale lengths of particles, which may not be always satisfied. It is performed and comparatively
investigated to evaluate the applicability of multi-fluid model for W impurity transport modeling, multi-fluid
(SOLPS-ITER) modeling and kinetic (DIVIMP) modeling of W impurity transport in the edge of high-
confinement plasma in Experimental Advanced Superconducting Tokamak (EAST) during neon impurity
seeding. It is found that low-charge-state W ions are mainly located in the divertor region near the target plate
where plasma collisionality is relatively high due to the relatively low/high local plasma temperature/density.
Hence, the fluid assumption for transport of lowly-charged W ions can be well satisfied. Consequently, the
density of lowly-charged W ions predicted by SOLPS-ITER and that calculated by DIVIMP are almost similar.
Owing to the fact that the density of highly-charged W ions is relatively low and these particles mainly exist in
the upstream (e.g. the main SOL and core) where plasma collisionality is relatively low, the fluid approximation
cannot be well satisfied. However, the total W impurity density calculated by the kinetic code DIVIMP and the
multi-fluid model SOLPS-ITER are found to be in agreement with each other within a factor of 1.5 for the
simulation cases presented in this contribution. Besides, the multi-fluid simulation with bundled charge state
model has also been performed, the obtained results are compared with those from the multi-fluid modeling
with W ions treated as 74 fluids. It is revealed that in simulation cases with neon impurity seeding and with
divertor plasmas in high-recycling or partially detached regimes, the bundling scheme, which is commonly used
for saving the computation cost in multi-fluid modeling, tends to overestimate the average charge state of W
ions and thus tends to underestimate the radiation power loss, especially in the divertor region. Consequently,
under the circumstance that W impurity radiation dominates the radiative power loss in divertor region, plasma
temperature/density can be largely overestimated/underestimated, leading to the underestimation of W ion
ionization source and W impurity density. Moreover, simulation results demonstrate that W accumulation in

core can decrease effectively during divertor detachment promoted by neon seeding.
Keywords: tokamak, tungsten impurity, multi-fluid model, kinetic modeling
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