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Limiter cut all field lines :
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toroidal extent : A¢ ~ 12 deg. (1.6m)
poloidal extentis ~ 2.1 m

Surface area ~ 3 m?/each (Beryllium)
PsoL ~ several MW

Assumed symmetrically placed
(6=180 deg. apart each other)
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Power fall-off length : A/

<Simple estimation>

I fuxtube  rOmM energy conservation

// 2Ty 2p =T L
/ Ilp L
: C L~ (D,
r, /Ipoc\/ c(Di,x1)

Cs

D, x| : cross. trans. coefficients
(assumed to be anomalous)

» For ITER, L. is long, 2rRq~240m.

» Because of localization of limiter, L. >> 2nRq, at rational q surfaces.
» Dperps Xperp Unknown for ITER.

» Long A, -> leading edge, short A, -> higher peak power load
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Parallel energy flux : T,

<Simple estimation>

Iy flux tube 20y /Ip =I'| Lc

// [y =T Lc/24p o \[LcT)
Iﬁp g
A/ Le Ly OC\/E
Ly

»Longer flux tubes are fed with more energy.

»Because of localization of limiter, L. >> 2nRq, at rational g surfaces.
»When they hit limiter, they cause a hot spot!?

>Cross trans. eases the dependence, I, « \/Lc. To what extent ?
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B field structure : connection length profiles

Connection length {GR_33_1225_44 1 limiter}
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Mode structures identified (resonance)

Connection length {(GR_33_1225_44 sym)

=
T

0.8
III|I'II||II||I|'IIIII|'I|I B E B EEEFERESR.
-g : TIIIIII1I r ! IIIII
204 I :
- 1 1 I L i’ T i 1 4
0.2 - 2 limiters (at $=0, 180 deg.) ]
oob . . . L L C ]
0.0 0.2 G.4 0.6 0.8 1.0
poloidal

Resonance from both limiters superposed
Connection length reduced
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Fluid equations solved in EMC3

Plasma fluid equations

<density> v” . ('?ﬂ"r”) +V, - (—Dvlﬂ-) =

<momentums> V- (maVyVy —gV V)

+V o1 (VDY i — 1.V 1 V)

I"

<ion energy> V- (=Y T+ nTV”}

5
+V - (=xinVLT — §TDYJ_”} = k(T. = T3) + S,

<electron energy> V- (—£.V T, + - HTV”)

Fokker-Planck equation

+V i (=xenViTe —

T DV n)=

Vi-lagf =Vl +Vi-laf —Vibof)] =

<Coefficients for different f's>

f: density n velocity V| temperature 75,

a : Vi mnVy + V) V) + Vkie

b” : 0 F}‘” Kie

a 0 0 (Xie — 5D)V1in

by : D mgn ) 1Y e

S Sp —V P+ Sm +Eh(T. —T;) + Seice

F11EEFRE

— _THp + S’rn.-r

(T Tj]—‘_bti“r



Computational domain
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Plasma parameter modulation with Lc profile

Te (GR_44_1224_39_6.5MA 6538 0 deg)
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Results of EMC3-EIRENE

Strong poloidal modulation

due to limiter shadow

Ti (GR_44_1224_39_6.5MA 6538 O degq)

lon temperature

5 6 7 8
R (m)

Ti (eV)

200

150

100

D,: scaled from JET data with respect to Ip
x .=4D ;, => A /A, ~1.5, agrees with experiments
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No clear corre

ation between deposition & L.

GR_44_1224_39_6.5MA 6538

B power deposition

MW /2

0.667]

0.227

—-0.5 0.0

Y (m)

0.5

No clear evidence of

GR_41_1224_39_6.5MA 6502 Lc

1.5

Z (m)

0.5

L profile

"log10{Lc) '(H

=]

3.907
3.707

3.507

I'yy < /Lc

1 transport smears out ?!
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Te (eV)
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) Simple estimation of

ZF//ﬂ,p =I'| L¢c

F// :FJ_LchJVp OCJLcFJ_

65

41

Ly

Lc=1800m

L VY ST,

| et

Lc=200m
140 n

—

PRI

™

R

Te prnfilp 3

lona.B.lir
g

1S

/\
60

40 Lo Almost same Te at limiter

20

500
s

1000

m)

1500

2000



Parameter scan

S
x
|_

N,ps Psow <= core transport simulation
D, : scaled from JET data with respect to Ip o« | 020 ——
X 1=2~4D | => AfA=1~1.5 Lty 0.5 ng, +50% —k—
%
0.2n, N @|E %
Ip (MA) Psol (MW) D, (Mm**2/s) Ate/An Nup (€19m**-3) %ﬁ :l 3"\
2 i

25 1.0 1.0~3.0 1 0.12 g
4.5 2.0 03~1.0 15 0.17 . decrease faster than :

6.5 3.0 02-~04 15 0.22
/Ip oC 4/ DJ_!ZJ_
0.5n¢ ° 2 45 6.5
2.5 1.3 1.0~3.0 1 0.30 / Ip (MA) '
4.5 2.6 0.3~1.0 15 0.44 ‘
6.5 4.0 02~04 15 0.54 ’ 0Zne —— IT
0.5"ng, +60% —¥— .
25 2.0 1.0~3.0 1 0.30 L
4.5 4.0 0.3~1.0 15 0.44 5 I £
6.5 6.0 0.2~0.4 15 0.54 F *
P ¥
1 4%
. 17 .
A, <afewcm : no dependence _of Ay ocw_/L? 1 ol — - .
More than 90% of power deposited on limiter!! i (WA
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Role of magnetic shear to squeeze short & long flux tubes

1

Without magnetic

1

radial limiter shear radial
. ~1m :r;
‘ ‘
R r . .
Poloidal or toroidal ~ short L ‘ ‘ Poloidal or toroidal

v

Large energy loss to outside of

\ SOL through long flux tubes
r With magnetic via perp. transport.
/ shear
q

Short flux tubes effectively
collect energy from long
radial ones via perp. transport.

B, N

Poloidal or toroiaal

13
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Connection length Lc : squeeze of long & short flux tubes

Connection leng:h (GR_30_1064_39_2.5MA )
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“"_‘-"“ = “r‘,.-"- 1 'G r F I N T Tl E e B 4-0
T B0 / ] 0.8 | I TN N
----------------- : 3.5
______ 06l

radiLs

e | = - ]
5.0

40 ||||||||||||||||| | I | N | I | I I I )
0.0 02 04 0.6 0.8 10 0.0 0.2 0.4 06 0.8 1.0
polo'dal 2.0

_0G1¢(Le) (m)
(&%)

Ceonnecticn length (GR_41_1224_33_6.5MA )
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long-Lc reduces ||-to-_Ltransport ratio

tau_e para_s

. 10 ——— —

||-energy transport time scale: : collisional E
[ mmmmmmm- collisionless /

Collisional: - 1
3n,T, S 3n, T, S 21n,, 52 o 50 eV / 3

u'u u'u u . ) :

TE) = = = _—
Collisionless: s Lu: 10 //74 =

3ngTys  3nyTys  6s

TEN = =
n C -3
A ¥ ZquTu 7%s 10

1 -energy transport time scale: 0 500 1000 1500 2000
s (m)
TEL =, Tlmems Te profile along flux tubes
with Ar being SOL width ~ 5 cm. O eiagom —
140 oy s K SV
“hn,
TEL < TEJ 120 _JMW;-J TE g TEH Rﬂ\
) ) . 100 ; < >
the energy flux is directed radially. > NPT E R . R—

at s > ~500m. «|  No parallel Te-gradient,
indicating no net energy input

g~~~ - = -
No dependence of "
0
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Transport process : in poloidal direction

Field line pitch relative to rational surfaces In ITER start-up,

or_fiddf1 O*~2x1073 >> |[ZL 1074
R dr q Xl
r; . distance from rational sf. Parallel transport is effective to distribute energy in

poloidal direction

Physical picture of energy transport
Connection length (GH_:H 1224_.59_5 SMA )

1 +E} . ' I -'.-rt;-:_ “ - 1 HEEE mE . i n
0.8 I - Cross field transport

in radial direction

radius

T T [T e e Sy
0.2 - - Parallel transport in = _>l
0oL poloidal direction ~1m \ .
0.0 0.2 0.4 0.6 \ 0.8 1.0
poloidal

Remains as shadow of limiter
Cross. trans. too small to smear out
(main resonance gq=6)
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Summary

1. Toroidally discrete limiter introduces non-axisymmetric flux tube structure.
Resonance feature of flux tube trajectories at rational g surfaces
=>a complex 3D pattern in L. profile

2. The 3D edge transport code, EMC3-EIRENE, has been implemented on the ITER
start-up limiter configuration, in order to analyze 3D transport properties and to
investigate the limiter power load.

3. The severity of problem associated with very long flux tubes was mitigated
and no significant power loss to outside of SOL.

-> Due to magnetic shear, long & short flux tubes are squeezed and the energy
Is effectively collected by short ones via radial cross-field transport.
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