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c FRTAVT AT BANARRET H5FEDDTEERTIE, YA XAGIZKY

FAIN—ZTORGHHEXRZEM = N, Ne, AldE D ASEERNTHN TS

ITER
IDfusion =05 GW
(Pheat:Pa+Pax:150 MW)

P_,. = 100 MW

ll P.s “50 MW

rad

Major radius  : R =6.2m
Minor radius  :a,=2.0 m
Plasma current : 1,=15 MA
Toroidal field :B=5.3T
Plasma volume : V=830 m?

e =100 MW

out”

¥

DIVERTOR

Power density (MWm32), T, (eV)

20 /|
£ i
DTign /-*' 5
6.1 i
] :'_'i'f‘._x_,,--”
I:)Tneutral e L
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|
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1043

Density (m-3), Flux (m2s-1)

104

10¢

A. Kukushkin, ITER B2-Eirene case 585

Distance along divertor target (m)

ITER outer divertor (JNM Federici, et al, 331-336 (2003) 11



3. ITER(ZEERIF) o [REIFTHO R HIEHDRRE

”SlimCS” (P, <3 GW, A=2.6, reduced-size CS) (X, ITERERIEEDND T FETH

BH—hH.ME/NNT—(aRFHLVEMER-FRERE) (& 600-700 MW
= SOLAHEHENS/8T—I[L ITER(P,,,= 100) KV H5-6{ZFEE RE1
HRNEB(TSXVIEER, FA/N—3ERET. AHIERETEMBLOFER) I REERE

— S

R P,.q°"*(brems.&sync.)
/\\ = 100 MW
- 1S —HIB D /3FA—E(P/R)IE
0 00“\\\\\\\\\\\ ITERKY6-7TER=LN

! S ITERKYIERENF /13—
P =500-600 MW | (F+IvP) TOWMEHELNNE

out
\\\/// Power handle SIimCS ITER
P, .. (00 + external) 650 MW 150 MW

PradDiv&SOL&Edge = 450-550MW

SlimCS
IDfusion =2.95 GW 5.0
(P, ..=P +P_=600~700 MW

P_,. = 500-600 MW

Z (m)

‘ P =450 ~
l - 550 MW | 0.0y
A _

<50 MW

target

p =P, -P_cor 550 MW 100 MW
P/R, 100MW/m  16MW/m
Py, (G PP 7°")  <SOMW  ~50MW

Major radius  : R =5.5m
Minor radius  :a,=2.1m
Plasma current : 1,=16.7 MA
Toroidal field :B=6.0T 5.0
Plasma volume: V =941 m?

= PradDivertor/ SOL/Edge ~5 OOMW ~5 OMW

AN )
3.0 4.0 5.0 6.0 7.0R (m)



I[TERS A /\—2E LT DER TREFT (/N —2(IATHEH ?

BRI ITERFT A/3—5 (“JEEAFT A /N—2", T = a few eV) DR RZR1E

(1) FAN—FDFESLERFIZEN=>SFEL. BERHMER. o IEEmMRELEIZHF

(2) VEIO—F—ZERE=> $FIC Z|~747,\\1TL0)')'U'47')/71E§'7]D

(3) F—LMDFE= FAN—FDEKFZ-AN)ILEHDIEN

(4> THEERA A AET (Ne, Ny, Ar, Kr, Xe) = Iy &R A /IN\—RZTOHRSIERZIEN
o RAAFIILaAILHE D?"*&')%{EIIGI A /1\—ZDflux expansion [F/NELY

= BRARELGHSHEIRILITEREFREE

geometry parameters | SlimCS ITER
(2008)
leg length, L, (in/out) 1.37/1.83m 0.97/1.14m
impurity seeding |, angle,0, (in/out) 21°/18°  38°/25°

\ La rge |nclinal—ion Dome tOp below Xp ~0.5m ~0.55m*
V-shaped corner out ** in & out
Flux expansion(in)/(out) 7/3 7/6
Wet area for A ™= 2.2/1.9m?*  1.4/1.9m?

V-shaped corner < Smm (in/out)

*  Lower dome design (2009)
** Inner divertor is detached without V-corner
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RF N8 TEFL/~SOLDOR/NEUT2DI—F%EAL T, 7L IV EELE—FE
ELTEREREEM (WMUFT A /83— :n, /n = 5% SOLERNEIF A /N—3:1%)
Input parameters at edge-SOL H. Kawashima, et al. Nucl. Fusion 49 (2009) 065007

Pou= SO0 MW, I, 20 5xA05s8(K/@S085) | 1, /7 352 /<T@ I41,,,=1x102 5 (200 Pam’s)

out™ out

i =Xe=1m?s1, D=0.3m?s?

T I CamEwe W% PP FOMBRE AN “FFI0F T
o ]y ] T (T, 0, )T ArOIRETHE %%
ﬁfﬁffﬁffffffffﬁfffﬁ]!ffﬁfﬁffﬁf ﬁfff‘f'fé;ffffﬁfffﬁffﬁf 1 RIS A N—2 L IEER . <EMW/m?
oA N /n DN (2% —5%) [2&Y . SMEIS A

o OISR N—ATDa,,, ., [FIE (26 —9 MWm2)

Ay oer (MWM?)

% Jei . éTotaI heat:ioad = gk*ﬁﬂﬁﬁ\’r/ {_9( Te < 3 eV)\ 7b§r£ll\§ﬁ
ETRoND“TEEIFEMT 1/\—4F7

P_4°/P, . Z~98%FE TIENMMNHE

20

10

0

57 58 R(m)  Distance from separatrix (m)
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TS5 XN KB NI >T- 2% (conduction/convection) L F 4>
RAFERD-HICLETRSTEKZSOLDOR/NEUT2D THRET L =151
MHEHERNIEEICKRELGEFETHILT 2O L. FAYEEDYIEETILHNEE
e Evaluation of major heat load on the target
qtarget = y'nd'csd'Td t nd'Csd'Eion t 1Cl(Prad) t f2 (1/2mV02n0V0)

Y '
Transport component Surface-recombination  radiation neutral
(incl. electron&ion- loss power load power load
conduction/convection)
R 5 FEFEA A A 7/ N—2(n,./n=2%) ST IEHEMAS 1/ 3—H(ny/n=5%)
30 30
(a) +neutral load (Total) (b)

/3(+radiation load
20 A +surface recomb.

+neutral load (Total)

/ +ion convection] - diati .
:' ~ +conduction +radiation load
H \\ electron +surface regomb.
] y convection )
10 \ - convection

/ +conduction
(ion + el.)

~

qtarget (IVIWm'Q)

| A& Y
FLUINMJOLLIOT
N\
N
~
~

b
-
-----

050 0.1 02 0 0.1 0.2
Distance from separatrix (m) Distance from separatrix (m)
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EUTHINAFEICESDFAFPEEI—FIMPMC)DEA

Most impurity transport processes are

incorporated in original formula:

e Tracking impurity neutrals and ions
= CX-loss, n-collision, recycling etc.

Radiation & Recombination at

multi-charge states

e Kinetic effect = Thermal force

e Gyro-motion = Erosion (for PWI)

Kinetic thermal force (F;
decreases with

impurity ion speed (V) =
approaching to ion —

thermal velocity (v, ;). =

T

e}
|8

5)22,6

3

(1+

Vv

3

2

-1

o

analytic
... MC

——

~
w
-~
~

by Reiser N.F. 38 (1998)

(humeric calculkation)

T~

i toward

s divertor target

[ toward

S upstream ™

2, Fluid approximation]

0 0.

2 .0.4 OTG
|‘71 - i} I/"m_;

0.8

ination
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JEEM T AV EBIR

TILIAU AGtEETSATED( [, "4=0.35x1021/s) EX A /8—5( [, #=0.7x10%/s)
MBITIET, TIATEDEET A /IN—F TODREGHE K Z &N

Y EEEET HE. MEHELEEIFIEIO T EEHETIILEYNBIETENS
SMAUF A N—BTHLEWEE T RIEDT XV (T, ~T <2eV) EMED

= [ZIFREIFEMT A /N\—5 (FzFL15cmEYS TIET.~5eV, T~24 eV )

10%°m3) _wxgr-23 (ev

; : 50
at outer target

42
, Inner divertor wllle

A 40
3.8 MW/m -
100
L a0 30 T. 130
80 / 'I—-—
- 70 20 A P
60 / \
r 50 -4,
40 10}
Ve 30

Radiation profile
Outer divertor

(0.7x1021 Ar/s)

20
10 80 p

-4, ; k
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i 2842 20 F .
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ST IEEMA 1 /\—2Z%/[A5=DIC[ETRELHRF R LR ISHE

=SSR LP,, /P, = 92%D IEHEIMT A /N —F=>2E—V B A T EF 14AMWm2[ (KB
TS5AIEDEREFT A IN—ETOBREHELDENSXIT-60THN-FERERIEE

Power flow /MW (normalized by P, )

Radiation / heat loading

SONIC

P ™114 [

PradEdge&SOL (fr adEdge&SOL) 195 MW (39%)
Pmdi'diV (fradi'diV ) 114 MW (23%)
Pmd"'diV (frao"'div) 151 MW (30%)
P (.4 460 MW (92%)
Peak q (trans/recom/rad) 3.2/ 3.3/ 6.3 MWm2
Ex.1 Radiation fractions at main / divertor SONIC
for Ar and/or Ne seeding in JT-60U () pe— : :
, Outer target
&t}?g%m” i & +ne§utral load ﬁ' ota
A \} ¢ £ 20
e @ﬁ\ = -:;-radiation Ic:;:ad
- = ;I\\T\Vpe""\\ E; {surface reciomb.
Aomon N Biol— o
o (ion +§el.}|
00102030405 06 07 08 0 i
0.2

Piaa" /Pabs

N. Asakura, et al. Nucl. Fusion 49 (2009) 115010

0 0.1

(froa "=23%)}

Distance from separatrix (m)
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= BAN=AZABELIVETSATDEGLEENNEYHIBINSETREEA T LY
OVNINGERBRTIIFAN—FRFTEEBRAET LB E

(1) Super—X divertor = A A/N—R%Z5NEIIZIER T HEHE (TG EIEZIEM

(2) Snowflake-like divertor = XJLRFTETOHKEDILITS (HOEEHIET)
(3) Helical field = HIFIEFHICKYUEEITSAIEILET S (E—VRETFTDIKR)
& FAN—FAHLWNIEBHIGAIMIIL O TEERET (P EF— }l/I\ AN,

TBRIEBIMDIRETHE ) KL E wo o ome

(41 MA)  (-6.5 MA) (2.0 MA)
my

N snowflake-like snape
; = ) ) .
e s L\ TF
j mhel iy o
=
Neutron 5
{ g .
_ T 12 & <
=2 : :
Super-X S 6F 3 - 3
divertor - = GE ..... W T IR T
I 0 45 80 135 1E{] 225 270 315 380

10 L1 12 10 14 18t Poloidal Angle (deg.)
Kotschenreuther Ryutov, Phys. Plas. 14 (2007) 064502 lakase, et al, Nucl. Fusion 35 (1995) 123
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Pedestal

L

- Width
%%Ci&&)'liﬁ'éd)?oﬁf'?d)ﬁ E%B_G(i g Core | Gradient
ELM(Edge Localized Mode)(Z& V) 8o ELMs
0 o -~ o —_ o o s g | Pedesta ELM
FITSIRXIMLSOLAN—RMYIZERTSXAIHHEH B | Wped k\ﬂm
0 radius

IREORKRBEBETHE A(/N\—FAD Type-l ELMD I )LF—ILE100kJ
SITERTIES20MIEFT B (KB NATID TARSTT LI IRE ~ 8S)
ITER77Z0)$3'ZHEAJU="C(EJI XtRIM DA -IEFENIET BN NHS

I* 3 54 J-1ELN_(36322)
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Da brightness Peak heat flux
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Type-1 ELMELEIZHFSIRIILT—RH EBAATTOME

s TSXIMNESIIRIILF— (AW, M EEE
5&']1:?[./1’:9\\/(/ {_9*&—6\@ ?&ﬁﬁ' (AWdiVELM) . 02
AR—R1ET |

Qg M. AtdepELM\ }\’depELM%’ﬁ:‘
AlELIZ,. IR F—ELEE (AW, EM/
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- v¥(neo) DB DIZ&KY AW, /W
ITER(v* ™ 0.06)Tl& 0.15-0.2

HEEN
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- BAN—FRTOHBREXRFZTSLUVEY
AT TH0.5 MIm2LL T EEN S
- BEREIVLRFEOAMAKRESLHIFIEHE

= RAERFIRILEF—EBXREEGZ1/208E
[ZARR - FlE T S EMBEFSN TS

ITER # JET &=0.25 3.5MA0.07
025 T & 0 JET &023 252 7T & 19207
1 ® 0 JET 20.33 peif pelist 2006402 7T
! & JET &=0.41 25002 7T low &,
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tyep M AT VENEMNSOLEGIMET FFE (T ) ~L / CFrod) DEUE ELLERIEL
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