a1 E FE1 W 1% Hi ¥N Vol.41, No.1
2018 4E 1 A NUCLEAR TECHNIQUES January 2018

/7_;‘:/ }?E;EE)\R1£I:T CFETR e HB{E-I%/ i&}g
iR EEDETIER

OB fRERY AR sktex! B PRV
BB Bk HRiE!
1 CHEREFHARARE BRFHARER AR 230026)
2 (hEBFEABES TAYEGI AT A8 230031

FEE R R EOPDRIAS AT 4232 (1 10 J b 6 DL B AR LR 10 0 R, oA o TR A8 o v B 75 B {44 B . Pl T4
(EUSI R AR A I IR, R A 2% R A B T R AE JE R AR AT (251070 o i I 3RAE T3R50 E (China

Fusion Engineering Test Reactor, CFETR) %R H = DI Fa 11T, RMEERNAFZ RN TR, N TG E:

CFETR IS A IR, IS5 8 TR BEAS Y 1/ SOLPS (Scrape-off Layer Plasma Simulation)%f T 5

ZAMIELE AL G A F A (Ne) it 28 BUE NE & MRS RGO A EE TG 5, BARAZER R KRRy

DIVIMP (DIVertor and IMPurity)X} #5322 Jii F#iz AT AL, 2 Ne JE N BRRAK . SEHGR TR B =R, /)

EAN 25 FRSEAR NG ARE, SRS 2R B BRI Ry o A MERR VG EIR BE PR A2 10 eV I, B3 B S o 3 g 4

JRHRFE I TTR A 25 T e SZ KOs (EA RS 58 PR S RE A TTRRAT , SO A4 IR BE U8R L 31 107 fI/KF

Rl Ne Z iR R miT, I m A 2 Pk 15 R ER IR T RS 3 TR s RE . SRR TAE PR ES—

S S A RE o S A 2% B AR R AR R

KR PERATERKHE, DIVIMP, S5 FRSGEEAEER, BUEHERM, BaRHhE

FESES TL627

DOI: 10.11889/j.0253-3219.2018.hjs.41.010602

Simulation study of core W impurity concentration with Ne seeding
for CFETR

WU Liang1 XU Guoliang1 ZHOU Yifu'! ZHANG Chuanjia1 MAO Shifeng1 LUO Zhengping2
GUO Yong” PENG Xuebing” YE Minyou'
1(School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230026, China)

2(Institute of Plasma Physics, Chinese Academy of Sciences, Hefei 230031, China)

Abstract [Background] Due to unacceptable high erosion rate of low-Z material and the problem of tritium
co-deposition, full-tungsten wall is excepted for future fusion reactor. However, the core tungsten concentration has
to be limited to very low level of 107 due to its the high radiative cooling rate. China fusion engineering test reactor

(CFETR) requires high-power steady-state operation, full tungsten wall is preferred. [Purpose] This study aims to
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evaluate the core tungsten concentration for CFETR with full tungsten wall. [Methods] Edge plasma simulation

software scrape-off layer plasma simulation (SOLPS) is employed to simulate the edge plasma with different Ne

seeding rates for the lower-single null configuration. With the simulated edge plasma as the background, Monte Carlo

impurity transport code DIVertor and IMPurity (DIVIMP) is used to simulate the transportations of the impurity of

tungsten. [Results] When the Ne seeding rate is low and the target temperature keeps high, the simulated core

tungsten concentration is too high to be considered. The contribution of tungsten target becomes acceptable when the

target temperature is lower to about 10 eV; however, when the main chamber tungsten wall is included, the core

tungsten concentration is still at the level of 107*. [Conclusion] The tungsten source from main chamber wall is the

main cause of high core tungsten concentration when seeding impurity rate is high. The influence of tungsten wall on

the core tungsten impurity should be further focused in future work.

Key words CFETR, DIVIMP, Plasma-wall interaction, Numerical simulation, Tungsten impurity transport

AT BRSBTS HORD R v B T A 0 B A
A PR, DL A 5 i A L ORI 3 35 i i B i)
B, FEARSRIVERAHED, 752G 2 A AR
Ve AT S5 B TR R, e Bk R T80
ZK(D+ T He)VIBEIKS 51 AE B B DL S R AT #4
WUBRIERE, H TR A A BN TR SRR AL HfE
231, 7 JET (Joint European Torus)!*. ASDEX-U
(Axially Symmetric Divertor Experiment Upgrade)?..
EAST (Experimental Advanced Superconducting
Tokamak)'®, DII-DU&sizid 4 & v, Sl 34 4
0K BE B ORL B M A . [ B AL R AR SIS M
(International Thermonuclear Experimental Reactor,
ITER) H i T8 52 K 1 24 e 2% o bl 764 i 45
VENTH [F) 55 B AR AT RL N 2 S BUS 28 724, TR
AR A AR A AR SE A, R B SR F AR 7%
HER, DI AR A TR BE o 0T S HE
PRI TAR, IR IPREZ N 107 P,
Bb, W TACKRIRAHE &, FIRBEME T L 2%
J5 A JEE R 11 e A BEERH AR BT 7 S S A U TR R 5%
B —

N T SRS ASHE R TR AT AT 1%, R
T E A TR 058 HE (China Fusion Engineering
Test Reactor, CFETR)fE A ITER 5 7 i HE uf
(Demonstration power plant, DEMO)fJ %, H 5%
B HARA R 50-200 MW, LAE RE0% F|
0.3-0.5 LLAIR A A #6102, BT CFETR mi2
PR BAT BT K, A R BRI SeE IR T &,
AT S5 8 B 2% Jo KT BEAT PR 2 L 20T

BT ST RefA A Ml A, BlbrBOtE LLE
LA SN SRR REAT R, B AT — R
FRI 7 AR AE ] 58 BT 55 TR SR B AAS A
RIS . ASCHH PR U5 S 2k T 1A A A
Yy HA LB E SOLPS (Scrape-off Layer Plasma
Simulation)!" /5 B M F 5% 5 AT 5, BRIAS

FE R % 2% i ie £ 7 DIVIMP (DIVertor and
IMPurity)! BEAT £12 BE I S A4S 2% 57 s IR AL, %
J7 RO 2 S H T fiE R ASDEX-U # JET sk
5 S DL T ITER 45 4% i 4is> "), Wang
2005 Fl SOLPS+DIVIMP () 75 30 A 0L 75 3 T
CFETR 7ETREFEN Ar FE5F 24 RG24, BT
T A BIRR I S 7 2R (S 2 T AT 5 B A A T K
o Ne fENIEMEAME, b Ar HAT BRI B AT 5L
B b e T 7E S AR ST Th 2, Ne t% F Ar it
B AE Y R K 4% 5 4 5 X o [l B, Ne tH42 CFETR
DL AR TR AR M £ R IR A 2 SR 2 —

AL LR T RIE RS MU FEN Ne 55 44
R GG 7ER) ] SOLPS 4733/ CFETR T
FIE WA FBITRE AR TR 5 L, F
FHl DIVIMP ##l T CFETR 4458825 N 1089 4% 5
IS S s i R, B3] T S A IR . &
I S e AR SRR A AS I B 25 T E, B TR
Ne JENEF KM RO RIRE FERE 5
BT B S R DT R

1 HERMIRE

CFETR ({1 iS5 A K42 R=5.7 m. /¥
% a=1.6 m. YPIZ5EE Br=5.0 T & FIRHN L=
10MA. Fitbba~2. ZAHT qos=3. H— %S
TARLLIE 2o IRIERSALIE LT 8 T 2840 ITER
()T B {8 B T S5 R 5 1 I i g 5y e U122,
F&RAZ )% 200 MW, BB IN# L% 100 MW %8,
B O R ST Th 2N 40 MW, 3R E TR 2
100 MW, SRHAREER, 0ok 5 g5
WA, N T BRAREIA S 28 FEAR AR, 35 g
EHAGFALT 10 MW-m > TR, 52D
Ne. Ar SE4R 024 BP0 N R MELRAIIE, £
[F] ) Ne 28 BLiE N ZKAF R, JET SOLPS #i4l43
BT EAEANFARIELSSITIRE L RS E k.

010602-2



RO, FARFE AR T CFETR (O #4528 R ik B O ASEADLAIT 5T

SOLPS (it 5 Ml 1 fizn, % ITER 1)
SR EPY, BTy EBAB D =03 m>s !,
T/E TR R 1 =1.0 m*s™" QEEHAETR
TAE AP 255 AR S 5 s R 50— AR I Sz 46
GER MRS, IOEA TR TR, MR,
s RE SRR HE SR, BN AR L T
POIRES DA RAR N (59 44 T [ %iiE , PRIt — 20 TAE
A 75 B AT BIF 9T o ZE O B i Ao B A B 1
M & —2RThR, ¥ 50 MW, [HE5HE
WA D B TEE N 8.0x10"° m>. FA Bk
AMEIALE (B 1 A Sk B, [ 78 D,y 1 Ne,
Horh D, Z8AE B SE N 6x10% 7' CR 78445 i
AP separatrix HL P REIAF] 2310 m™?),
Ne VENEZE 3 HIE 0.1x10%" s7', 0.7x10* 7',

1.7x10*' s BLJZ 2.1x10% 571
5.0 T T : -

4.0}
3.0F
2.0F

1.0F

Ne+D, Puffing

-5.0 . oy
2.0 30 40 50 60 7.0 8.0 9.0

R/m

B 1 CFETR brifE T~ E g b T H R (96x36)
Fig.1 Computational grid of CFETR lower-single null
divertor in SOLPS (96%36).

7E SOLPS 11545 2| ()7 5% & 714k, 7] LAFIH
DIVIMP it — DDA BE (1 o fe 2k i nis, 7532
FENE [R5 24 J5R 190 AT

DIVIMP 4] 1 H b e A0 1 25 HH ik 1 D it
A%z, R RE AL R AN PP X i I 2% FEAR
PSS . FERSF, AT ESENT Ne XHmiEds
BEAR DR S, AR SOLPS #4045 21] 1) i 1€ 25 HE AR 11
FMYASHE) D A1 Ne BIRLFi, FIH Eckstein-Preus
ATV IR P, A5 ) R S
4N 2 DIVIMP 325 115 R 2 o i JiE 25 41
W RE B R ()5 H) .

E =2T +3ZT, (1)
XA T T 5N E 5SS AR S AR TR
FE5 Z NPT SR AT S . BT SOLPS #5481

1% S EEEAAAE IR, Dy 1A T3 5 2 A = B
XA A R EE IR, 2% Geier 251PIRY

ASDEX-U AL TAE, A€ i A% FEFE SOLPS
THEAS LLAR ) BE SR B8 K B EL 80 mmD),
T AT DA HE B AR A B 1 A A o 2 — BES 1Y
TS I &

&5 4 5, DIVIMP I EIRENE /5278
ER R T BRI A S S TR S, RS T
A S MR AT W 1261052 7 UL S T LRG3 75 W) 1)
RETEGEATIBER . “PATHIA RN ) 3 B FE AT
JESRBEEE /). 5 SEEB FAREEE 1. Hg A
FAVES IR ERRE 17, B 7 7 0 R s
ZHEUCHN 0.3 m?s L,

X T BEAR ST 1945, Bl T pRs F TR
N S B B R S A HE N T AN
TR, RO R R b RN T- e 28
B, TEREFHAE T B .. (BT %S
TR BE PRI R B A PO R A B IR . TR
FI AT AR IIE 72 p 8T A A 2 Ay 22 4 SR P
T30 T R R B P B 2

2 RUERSTIR

ANTA] Ne 2% 5 78 SR 2R Y AR [ R 2
AT 2)F . ATUEE], HIASH BRI
IF(0.1x10%" s7"), #EAR_E PR 2 W o, Fr
PO TR A W1 A 6 T T 10 MWeom > [ TR
FRAE. BEAZ4BRIE R IETE, 0 4R S E 1
BEEIZWI L . VENGE LS 0.7x10%" s I, 4R
WP O3 R . 2R w4 R
B, PAMERR A IR R 5 5 MWe-m > LT,
VLB T FEN Ne 245 ] LA R PG 2101 i 36 25 ¥EAR
HIFAIE

B 2(b)45 H T i I8 25 P9 A B AR 1) H R FE
i, BE% Ne VENBEZMRT, HAIERERZILE
A5 (A B A PR — 8. R A AT LA
FH, FFENERRARE, N AMNERES A TR
TEIRIIRZS . Ne HEAE R A 0.7x10°" 57" 1, py#e
B B, HE— B N2 FOE N IR, RO
AT, ANBEAR S 4 B B o VR N A ) 2.1 102 §7
W, AMEAR LT 58 A L

5 SOLPS 3 B {0 FH45 88 44, 1+ E A3 2
D Al Ne Hi—F 2% il (i Ji8 55 BT LA S F13 B 7= A 10 45 2%
o e 3 P A AR T 3(a) . T DA B 24
JiR 72 A ) B B Y AMmIE AR AR L T LA K Y
HMEESEIT S B R X 48, iX5 Baelmans 2512°f
SOLPS 7E4™ J 2 BE (1) 1H 5L M % b5 ITER [ BEES
T EAREAN N 45 R B IRSHE R s
7 B E eSS N AMER, HIE 3T LA H, RE

010602-3



o R

2018, 41: 010602

FEEFHRERAEE KM, (E8 00 E
ATH AR L BEAR b B I S i A

et 18 7 SRR A (1) S 0 2 5 A P S
TR EHEDIMI . MEEREN (RFRENEE
0.1x10*" 71, HEMRIEST EEh D BTS8 (nE
3(b), D S IEE L 5 AR S IR B R 71.8%).
MENGHEE N 0.7x10% sV I, BT AR5 B TR

14
. 2@ Inner Target
g 10F Ne Seeding Rate
z gl —=— 0.1x10%' 5!
s f —e— 0.7x10%' 57!
=~ 6 r —a— 1.7x10% s
g 4F —v— 2.1x10% 5!
= 2F
oF T
- [ Outer Target
! 8
g 7l
Z 6
s
~ 4
:é, L
= 2
0 1 1

.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Distance from Strike Point / m

|
[=1

N, R B B XA T i BB 2 (5 Ne
X RERR KNS B35 0 N, & D i TTEk. BE—
AN FIENTESE e o UM 55 8 7R L
F TR, SEAHGIRSE R R TR, MEIREZR
BEAR, WL 7% dr AR A BE BRI N F, D X EEAR K
Wit B DR 2 25 R B, Ne % BURL 1~ I o A=
PRI E SRR

180
[ nner Target
150 ® Inner T
% 120f
B o0
 60F
30F
0 1 " 1 " 1 1
E Outer Target | Ne Seeding Rate|
200 F —a— (.1x10*' 5!
> 150k —e— 0.7x10% §7!
5 1S4 e 17X10% 57!
% 100 —— 2.1x10% 5!
& s0F

0
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Distance from Strike Point / m

B2 AR Ne i ENER TN, FMEHRAIE E (2) AT (b) 4345

Fig.2 Heat flux (a) and electron temperature (b) onto inner and outer targets with different Ne seeding rates.
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