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@ Introduction

Helical devices are free from
plasma current, and thus
from disruption. This is a big
advantage for fusion reactor
design.

Plasma performance of LHD
has been developed largely
in this decade.

Understandings of core and
" edge plasma properties have
been accumulated.

arge Helical Device
R=3.9m First wall : SS316
a=0.65m Div. plates : gaphite
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@ Introduction

To realize a heliotron-type reactor, further divertor heat and particle
control experiments have to be conducted in LHD to gain

understanding of their physics which can be extrapolated to a
helical reactor.

25 May 2012, S. Masuzaki



@ Helical divertor

» Helical divertor is an intrinsic magnetic structure in a heliotron-
type magnetic configuration.

> It looks like double null divertor in tokamaks.
> Poloidal field component is dominant in the divertor region.

» A few meter from X-point to divertor plates.

25 May 2012, S. Masuzaki



heat and particle depositions on

( the helical divertor are non-uniform

Poloidal angle, 6 (° )

-100

-150

150

100

50

outboard

bottom

outboard

40 e O 20 40 60
Toroidal angle,» (° )

25 May 2012, S. Masuzaki



heat and particle depositions on

( the helical divertor are non-uniform
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» The profiles are roughly
determined by the magnetic
field structure connecting to the
divertor plates like the “lobe”
structure.

» Long field lines coming from
near LCFS, are the main channel
of particle and heat flux.
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» Divertor experiments
v’ Divertor particle control experiments

—Towards a closed and pumped divertor
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heat and particle depositions on
the helical divertor are non-uniform
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\ Design of CHD was carried out by using
(€Y EIRENE code with full 3-D mesh

W//

Present di ertor

(CH D)
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Y Design of CHD was carried out by using
(€Y EIRENE code with full 3-D mesh

(CHD)

The 3-D simulation using EIRENE code predlcted about 10
times higher neutral pressure in CHD than that in the
present divertor.

25 May 2012, S. Masuzaki I



installed in twojout of ten tordydalgsections to examine

the neutral partic’:fle-'c?@rés‘sj n:2010.



% Much higher pressure was observed in
(€Y cHD as predicted by the 3-D simulation
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Q.1 fluxes in CHD and the
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Ho emission in the ergodic is significantly
reduced in the CHD configuration
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» Filtered CCD camera image of CHD
and the open divertor were
reproduced by using EIRENE code

Divertor Plate

Ho emission distribution

Divertor Plate

Filtered
camera

simulation
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L~y Summary of

(€Y particle control experiment

» Divertor modification from “open” to “closed” has been
conducted at torus-inboard side.

» Test baffle components were installed partially (20%o)
In 2010, and examined neutral compression in CHD.

» Neutral compression predicted by 3-D neutral
transport code, EIRENE, was confirmed in experiment.

» Higher neutral particle confinement in the test baffle
divertor than that in the present open divertor was
also observed by filtered CCD camera.

> Divertor in 5090 of toroidal section is closed and
equip with an in-vessel pump in a toroidal
section in 2012.

23 July 2012, S. Masuzaki I
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v’ Divertor heat control experiments
—Application of RMP

—Impurities seeding
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It Is a crucial issue how to achieve
(@ stable radiation enhancement

> To reduce divertor heat flux, radiation enhancement is
necessary.

» But, P, 4/Pyg IS less than 0.2 in LHD usually, and discharge
becomes unstable in the region of P_,4/Pyg—0.3.
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=Y Two scenarios to achieve stable
(@ enhanced radiation were investigated

Radiative
Density increment
Temp. reduction

Application of RMP for
generation of n/m=1/1
island in the ergodic layer

Stable
Enhanced
radiation
Impurity
seeding

Radiative

collapse
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@ 3-D plasma simulation with EMC3-EIRENE code predeict
(bv
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e n/m=1/1 island in the ergodic layer
(@/ generated by RMP field enhances radiation
-

3 T P
- 00
) . o .
= 2 E’@' | » Operation parameters
2 )"“" pLs v Py ~ 8MW
© N
QE 1p &w @@“g@/ﬂ ' v’ Magnetic axis R=3.9m
o ra |at|ve. collapse v IRMp:3-4kA
[ I S IR [ I [ B
| dic
ra |at|ve oIIa se . :

1 o /\/@mf y p > Divertor particle flux decreased
< W;@;\Qf” \, > RMP did not change density limit
— = ~~‘~: )

oL.. ° A rf

0 6 8 10
19
ebar (10 m )
Experiment

23 July 2012, S. Masuzaki



Expansion of low temperature region in
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Radial profiles of n, and T,

the edge cases the radiation enhancement

» T, at peripheral and in the ergodic
layer reduced with the island
generation.

v While T, and n, in the center was
not affected.

» The island structure extend low
temperature region in which impurity
(mainly carbon) radiate intensely.

v’ Carbon radiation increases with

Te reduction in the range of
10eV<T,<100eV
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Two scenarios to achieve stable
enhanced radiation were investigated

(@)
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Density increment
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generation of n/m=1/1
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Y Stable enhanced radiation (P,,4/Pyg;~0.3)
(€% was achieved by Ne sdding
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=Y Drastic reduction of divertor particle flux was
(@ observed only at the peaks of its profile
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Radiation limit is P4/ Png=0.3-0.6
== ra NBI 7
(@ and depends on density
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Effects of Ar, N2 seeding on the plasma properties

@ are similar to them with Ne seeding
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» It should be noted that in N, seeding case, radiation power
reduced promptly after terminating seeding.

v" Difference of recycling between N, and Ne, Ar.
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Reconstructed radiation distributions measured by AXUVD

( array shows the penetration of Ne and Ar into the core
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In the case of N, seeding, the shallower penetration was observed.
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@ Summary

» Particle control experiment using closed helical divertor has
been started.

v Partially installed test baffle components proved high
neutral compression in CHD as predicted by simulation.

v Experiment campaign in 2012 will be conducted with
CHD installed into 70% of toroidal section.

» Two control knobs, application of RMP and impurity
seeding, for divertor heat control have been investigated.

v 30-60% of heating power can be radiated stably.

v’ Further investigation is necessary to understand their
physics and achieve higher radiation power.

23 July 2012, S. Masuzaki I
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