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Abstract
A local island divertor (LID) has been proposed for the edge plasma control of the Large Helical

Device (LHD), and technical and design studies of the LID have been done in detail. A clean

m/n:t/t island for the LID has been demonstrated numerically to be surely generated with 20 island

control coils and 3 electric dc power supplies, which have been already fabricated. Based on this island

shape, an LID system has been designed, and especially, careful attention has been paid to the design of

a divertor head and a pumping duct to achieve high overall pumping efficiency of > 30"h.
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1. lntroduction
It is one of the key research issues for enhancing

helical plasma performance to control the edge plasma

of the Large Helical Device (LHD), which is a super-

conducting heliotron-type device under construction at

NIFS [1]. The edge plasma control is important in
determining heat and particle fluxes to the wall and en-

hancing core plasma confinement. A local island diver-

tor (LID) has been proposed for this edge plasma con-

trol in the early stage of the LHD experiment [2], prior
to a closed full helical divertor which utilizes a natural

separatrix existing at the edge region of heliotron type

configurations [3, 4]. Recently, fundamental LID func-

tions have been proved experimentally on the Compact

Helical System (CHS) [5]. The results obtained have

provided us critical information on the edge plasma be-

havior in the heliotron type configurations [3], and

helped us to optimize the design of the LID for LHD.
This paper will summarize the technical and design

studies of the LID for LHD. The LID experiment will
provide us critical information on the edge plasma

behavior in the LHD.

2. Principle and Functions of the LID
The LID is a divertor that uses an m/n:1,/1, is-

land formed at the edge region, as depicted in Fig. 1

[2]. The outward heat and particle fluxes crossing the

island separatrix flow along the field lines to the back

side of the island, where divertor plates are placed on a

divertor head to receive the heat and particle loads.

The particles recycled there are pumped out by a

pumping system. The geometrical shapes of the divertor
head and pumping duct can be designed to form a

closed divertor configuration with high pumping effi-
ciency q of > 3O"/o. Unlike conventional pump limiters,

leading edges of the divertor head are located well in-
side the island for the standard LID configuration,
thereby being protected from the outward heat flux
from the core.

The LID is ideal for the high temperature divertor
operation which leads to a significant energy confine-

ment improvement, because of a closed divertor
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Fig. 1 LID configuration and particle flow to divertor
plates.

equipped with an efficient pump. A divertor plasma

with. a temperature f of a few keV will be produced in
this operation. Such a high-temperature low-recycling
operation has been demonstrated experimentally to im-
prove the energy confinement [6, 7], although this is

not clearly understood theoretically and is still open to
studies of its underlying physics. A closed divertor also
provides the high plasma plugging efficiency required
for the high recycling operation, where a low tempera-
ture and high density divertor plasma is produced for
radiative cooling. Thus, the two operational modes can

be realized vdth the LID as well as with the closed full
helical divertor [4].

3. Design Studies
The LID experiment is performed by combining a

coil system for controlling the magnetic islands and an
LID head system for receiving the heat and particle
fluxes from the core.

3.1. Coil system
A clean m/n:l/l island for the LID has been

demonstrated numerically to be generated a copper coil
system, as shown in Fig. 2 [2]. ]Vhen a resonant pettur-
bation field, generated by a couple of island control
coils located above and below the torus, is added to the
standard LHD magtetic configuration, an m/n:I/t is-
land appears at the t/2n:1 surface, together with m/
n:2/l islands which appear owing to the toroidal
coupling at the il2n:0.5 surface. However, since the
m/n:2/l islands can be generated by another couple
of island control coils, the m/n:2/l islands are elimi-
nated by a proper arrangement of the control coil cur-
rents. One of the remarkable features of this type of
configuration is a very sharp transition (within 2 mm in
radial direction) from the closed magnetic surface to
the open region, where field lines circulate around the

Fig.2 Schematic view of island control coils with distri-
buting current feeders and cooling pipes.

Fig.3 A clean m/'t.-111 island for the LlD. A vaccum-
chamber wall and helical coils are also depicted.

torus less than several times before striking divertor
plates. This is in contrast to the case of the helical
divertor, with a transition width of about 50 mm [4],
and is useful for removing vague edge plasmas.
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We have fabricated the 20 island control coils. and

3 electric dc power supplies that provide currents for
the coils. The 3 electric dc power supplies are necessary

for generating the rn/n:1/1 island and eliminating the

m/n:2/l islands, individually. The island control coils

have been already installed around the upper and lower
ports of the LHD cryostat, as shown in Fig. 2. Figure 3

shows the LID magnetic configuration, obtained nu-

merically by this system. An island with a full width of
about 15 cm will be formed in a steady state with a to-
roidal magnetic field Bo of 3 tesla. In a pulse operation,

a factor of 1.4 wider island can be generated. For
generating these islands, the output voltage and current

of one of the three power supplies arc 24O Y and 7,920

A, respectively, in a steady state, and 350 V and 3,840

A, respectively, in a pulse. Those of two other supplies

are 460 V and 1,920 A, respectively, in a steady state,

and 680 V and 3,840 A, respectively, in a pulse. In the
pulse operation, the ramp-up and ramp-down times are

1 - 5 sec, and the flat-top duration is 5 - 10 sec. The
time interval between shots is 5 - 60 min. The higher
harmonics are generated in the ac line by thyristors,
and distort the voltage waveform on the power lines.

Thus the harmonic filters (5th, 7th, and 11th) are in-
stalled at the 6.6 kV power line when the power sup-

plies are operated. The ripple of the output current has

been designed to be less than abortt 2"/o. This system

can be also used to eliminate the natural islands. which
may be produced by error field, for example, due to
ferromagnetic material located near LHD and small

misarrangement of the helical and poloidal coils.

3.2. LID head system
The LID head system consists of a divertor head, a

pumping duct, an LID chamber, a driving system of the
divertor head, and so on, as shown in Fig. 4. The length

of the LID head system is so long that the driving

Divertor head

Fig.4 An LID head system.

system requires a long bellows in order to take out the

divertor head from the vacuum chamber and to seal up

the vacuum chamber with a gate valve whose inner

diameter is about 1,400 mm. These driving system and

gate valve are required for maintaining the divertor
head and performing experiments without the LID.

Figure 5 shows the divertor head, which has been

finally designed using the LID magretic configuration

shown in Fig. 3. Its size is about 1,000 mm x 600 mm

in the front view. The main area of the divertor head

that receives the particle flux is > 0.3 m2 and wider
than that of the divertor head, designed before [8], to
reduce average heat fluxes onto the divertor plates.

Angles between the divertor plates and particle orbits is

less than 10 deg. The average heat flux onto the diver-
tor plates is 5 MW,/m2, since the power, carried to the

divertor plates, is considered to be 1.5 MW in the 3

MW steady-state discharges. The maximum heat flux is
expected to be less than 1.0 MW/m2 at the island separ-

atrix on the divertor plates. As shown in Fig. 5, the

Top view

Fig. 5 A divertor head. Top and front views are depicted.
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divertor head is formed with many small planar plates,

although ideally they should be three-dimensional
curved plates which match the magnetic surface. This
method of fabricating the divertor head is useful for re-
ducing the fabrication cost, but makes the angles be-

tween the divertor plates and particle orbits being dif-
ferent from each other, depending on their striking
points onto the divertor head. The divertor head is

divided into many small elements along the straight

slanting lines, drawn at regular intervals in the front
view. Each element consists of carbon tiles joined to a

copper heat-sink with a cooling tube. The brazed joint
is used between the carbon tiles and copper heat-sink
on the side which the particle flux strikes, and the
mechanical joint is used on another side facing the core.

In the latter case, the carbon tiles protect the copper
heat-sink from high-energy neutral particles produced

by charge exchange.

In LHD, steady-state plasmas whose duration is
longer than t hour are planned to be produced and

heated with the total input power of 3 MW. Half of the

total input power is assumed to be carried finally to the

divertor plates by the particle flux, while the rest is as-

sumed to be carried to the wall of the vacuum chamber

by the radiation from the plasma. A pumping capacity

and a maximum pumping flux of the pumping system,

required for our edge control scenario, can be calcu-

lated from the flux reaching the divertor plates. In the

low recycling operation, the necessary pumping capac-

ity and maximum pumping flux of the pumping system

are calculated to be more than 3x103 Pa m3 and 0.8 Pa

m3lsec, respectively, assuming T and 4 to be 1 keV and

307o, respectively, while those in the high recycling

operation are more than 3X10a Pa m3 and 8 Pa m3lsec,

respectively, assuming T and 11 to be 10 eV and 37o,

respectively. The pumping speed of the system should

be large enough to realize a molecular flow for the high

7. It has been shown by numerical analysis using the

Degas code that 4 is mostly determined by the geome-

trical shapes of the divertor head and pumping duct

when a molecular flow is realized, and depends little on

the position of the pumping system. On the basis of
these results, the pumping duct and pumping system

have been designed, although the analysis for the accur-

ate value of 7, achieved in our LID head system, is still

under way. As shown in Fig. 4, the pumping system

consists of eight cryogenic pumps with a hydrogen
pumping speed of 42 m3/sec. The effective pumping

speed has been designed to be 1X102 m3/sec at the po-

sition of the gate valve, situated between the LID
chamber and vacuum vessel, and large enough to real-
ize a molecular flow. The pumping capacity and maxi-
mum pumping flux are 4X10a Pa m3 and 10 Pa m3lsec,

respectively. These satisfy the values required for the

LID pumping system to control the LHD edge plasma.

4. Summary
Technical and design studies of a local island

divertor (LID) for enhancing helical plasma perfor-
mance have been developed to realize our edge control
scenario in the Large Helical Device (LHD). A coil sys-

tem has been already fabricated and island control coils

have been installed around the upper and lower ports

of the LHD cryostat. The LID head system, which con-

sists of a divertor head, a pumping system, an LID
chamber, and so on, has been also designed for 3 MW
steady-state discharges. We believe that the LID can

function reliably and enhance the LHD plasma quality.
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