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Specifications of LHD (2001) Cryostat Poloidal coils  Helical coils
Plasma Major radius 3.5 —-4.0 m mainly 3.6 vessel
Plasma Minor radius  ~ 0.6 m average
Plasma Volume ~30m3
Coil minor radius 0.975m
Magnetic field ~29T (at R,,=3.5m) ]
Heating power
ECH 1.9 MW
N-NBI 9.0 MW Plasma =
ICRF I—
2.4 MW SToTo
Plasma Parameters (2000)
Te Ti s I:)abs ﬁe

High T, 4.4keV 2.7keV 0.06s 1.8 MW 5.3x1018 m3
High T, 3.3keV 3.5keV 0.09s 3.9 MW 1.0x101® m3

High tz 1.1 keV - 0.3s 2.0 MW 6.5x101° m=3
ntT 2.0x101% keVem-3esec
Maximum Stored Energy 1.03 MJ
Highest Beta <B>~3%atB,=05T

Maximum Density 1.5x10%0 m-3
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Designed for Steady State Operation
Actively cooled first wall panels and divertor plates were installed.
Cooling

Graphite plate (IG-430U) bolts

SS316L
Back plate

_ _ Heat sink
Cooling pipe

Divertor plate

SS316L bolts
\4 ﬂ

r ‘SR
/ V/V wall surface
Claded copper Torus inboard side of LHD

Coolina channel |, temperature is limited below 95C

First wall panel to avoid the heat invasion to SC coils.
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helical coi .
I\ divertor legs

I~
stochastic Iay’«<y

1. Island and stochastic layer region \ e e

Edge magnetic structure can be
divided roughly three regions.

divertor legs

2. Edge surface layers region

3. Divertor island (n=10)
101 E | ] ] I3 } ] ] 1E hnlinal 5 |
F i (R =36m|f i R _=3.75m S
: : 2 B : P —103L .
. 4 F ; £ X-point
_ : _ S F
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1L ] 310 |
- g E :
N : — [ |
10_2 i i | i | 1 i i O 10 = | 4
120 140 160 180 120 140 160 180 & - | open field lines layer
Position (mm) Position (mm) c i | !
] ] } O 1l v Yy Y
F_’roflles of connection Ieng_th offield O g 4.6 4.7 48 4.9 5
lines connected to a torus inboard R (m)

o R,=3.9m
side divertor plate.
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R4=3.6m R,,=3.75m R4=3.9m

6 ‘ LCFS for outward
DR LCFS for shifted R,

R,,=3.6m
outboard | K

Ricrs (M)

" inboard

3I.6 3I.8 éll
Rax (M) Positions of the X-points do not change
R, dependence of positions of largely in different R,, operation. The X-

LCFS at horizontally elongated points have same rotational transform
cross-seciton. 3 0 as helical coils, 1/27 = 5.
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R,=3.6m R,=3.75m R,=3.9m
D (@)
o
LCFS for outward
LCFS for shifted R,,,
R,=3.6m

s (arb. units)

R,=3.90m

0 90 180 270 360
ex_poim (degree)

S= (Uy-point = Wers) (Mxpoint = TLcFs)

Positions of the X-points do not change
largely in different R_, operation. The X-
points have same rotational transform

as helical colls, /271 = 5.
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Profiles of Particle Deposition on the Divertor in tokamaks

(Calculated by T.Morisaki)
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Typical profiles of particle flux to #1-#3 probe array
(R,=3.6m).The profile at #1 array is so extended and

the array cannot obtaine complete profile. In this R,
case.
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R,=3.75m
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Photo by M.Shoji
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Boundary of open field lines layer
Divertor legs

Divertor plate with L-probe array

Profiles of particle flux to a divertor
plate shows that the positions of I,
peaks agree with peaks of L, profiles.

Only long field lines, over several
hundred meters, approach the
vicinity of LCFS.

They are the main channel of
particle and heat transport from
LCFS to the divertor.
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-200-150-100-50 O 50 100

Profiles of particle flux to a
divertor plate at torus inboard
side.
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Both n, and T, decrease drastically
comparing with them at LCFS.

T, and n, at the divertor have almost same n,
dependences with them at LCFS.

Signs of high recycling or divertor detachment
have not been observed.

. time traces|
‘.. le(’_‘I’tOIJ ——#11562 | 1
1017 e BBy | T, rises with an increase of heating power.
—————— However, in the regime of P_, . >2MW, the
LCFS (Thomson) increase becomes modest. T~ 3x10° m®
10° e .
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107 ~ j 10%° 1 2 3
n, (m?) P_..(MW)
abs

Electron density and temperature at LCFS
and divertor versus line averaged density.

Electron temperature
versus heating power




@ e

NIFS

P2

""F - Tore Supra

HeIiotron—E i gl with ED

power (MW

- T : - = ‘aﬁiﬂﬁ’
% 1018 b FIEI:I:-:lur-darr]- ] _—
e T o 100! § o ibj | -'""'-_ )
o 8y il =
~ ] = 5\ | & .
> 1 E { THOM —--""I‘ .ﬁ:: 0=
® et Hell | e | S
S 1012 | aﬂl < = 2201 A | & 3
© = @ : " ‘;E: L =
b 4
o ‘ : ; —id . - } " - i . i 1
= - =
. . "
§ 2? i~ Gl IO
5 10t p e q.. 4 & Maam ' l e~
y < | 2 0w R 3,
L | E:. ] 5 -“.:,"‘.‘l ‘ * !l -] 3"‘
P i Er \ - A ﬂ;
1012 1013 1014 1015 ol e . Ay

FIR central density (cm-3)
19 -3
*=n¢== (10 " m7)
H.Matsuura, et al., Nucl. Fusion 32 (1992) 405. J.P.Gunn, et al., Plasma Phys. Control. Fusion 41 (1999) B57.



. K.Narihara

LCFS
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T.Morisaki
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0 He puff (12/12)
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After the 3'rd campaign in 1999 (shot # 7120 - 17311)
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