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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.
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@ 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.
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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
P
(@ EIRENE code with full 3-D mesh
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=Y Design of CHD was carried out by using
(€Y EIRENE code with full 3-D mesh
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closed helical dlvertg[ Ir

(CHD)

The 3-D simulation using EIRENE code predlcted about 10
times higher neutral pressure in CHD than that in the
present divertor.
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=Y Much higher pressure was observed in
(@ CHD as predicted by the 3-D simulation
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— 7 o ° | » Though divertor particle
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© o &  open divertor were almost
2 ° . 21 same, more than 10 times
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Line averaged density dependence of the neutral
pressure in divertor.
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=N Ho emiss_ion 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
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simulation
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=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%)
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 50% of toroidal section is closed and
equip with an in-vessel pump in a toroidal
section in 2012.
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v’ Divertor heat control experiments
—Application of RMP

—Impurities seeding
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=~y Itis 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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Two scenarios to achieve stable
enhanced radiation were investigated

e

Density increment

Temp. reduction

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

- Stable
nsity ‘\ncre_mi -, ergod Enhanced
_ reduction N radiation
Impurity

seeding
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radiation enhancement with n/m=1/1 island Intense
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n/m=1/1 island in the ergodic layer
generated by RMP field enhances radiation
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Expansion of low temperature region in

the edge cases the radiation enhancement
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{@ 3-D effect on divertor particle load
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Two scenarios to achieve stable
enhanced radiation were investigated

e

Density increment
Temp. reduction

Application of RMP for
generation of n/m=1/1
island in the ergodic layer
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Stable enhanced radiation (P,,4/Ppngr™~0.3)
@ was achieved by Ne sdding e
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=N Drastic reduction of divertor particle flux was
(@ observed only at the peaks of its profile
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Radiation limit is P4/ Pyg;=0.3-0.6,
@ and depends on clen;ityNBI
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N 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.
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