Cowr-9706131--49

“The submitted manuscript has been authored
by a contractor of the U.S. Government under
contract No. DE-AC05-840R21400.
Accordmgly the US Government retains a
e, I\l -ll fm li (0 blish
reproduce lhe publuhed form of lhu
coantribution, or aliow o(hen to do so, for U.S.
Government purposes.”

EDGE PLASMA CONTROL USING
AN LID CONFIGURATION ON

CHS*

by

S. Masuzaki, A. Komori, T. Morisaki, N. Ohyabu, H. Suzuki,
C. Takahashi, S. Sakakibara, K. Watanable, T. Minami, S. Morita,
K. Tanaka, S. Ohdachi, S. Kubo, N. Inoue, H. Yamada,

K. Nishimura, S. Okamura, K. Matsuoka, O. Motojima

National Institute for Fusion Science
Oroshi, Toki 509-52, Japan

and

C. C. Klepper, J. F. Lyon, A.C. England
Fusion Energy Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee, U.S.A.

to be presented at the
European Physical Society Meeting

Berchtesgaden, Germany
MASTER

9-13 June 1997
*Research sponsored in part by the U.S. Department of Energy, under contract
number DE-AC05-960R22464 with Lockheed Martin Energy Research
Corporation.

19980330 015

DISTRUTION OF THIS DOCUMENT 13 (N1 warTen



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commerdial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.



Edge plasma control using an LID configuration on CHS

S. Masuzaki, A. Komori. T. Morisaki, N. Ohyabu, H. Suzuki, C. Takahashi.

S. Sakakibara, K. Watanabe, T. Minami, S. Morita, K. Tanaka, S. Ohdachi. S. Kubo,
N. Inoue, H. Yamada, K. Nishimura, S. Okamura. K. Matsuoka, O. Motojima
National Institute for Fusion Science, Oroshi, Toki 509-52, Jupan
C.C. Klepper, I.F. Lyon, A.C. England
Quk Ridge National Laboratory, Ouk Ridge, Tennessee 37831, U.S.A.

1. Introduction

A Local Island Divertor (LID) has been proposed to enhance energy continement through
neutral particle control [1]. For the case of the Large Helical Device (LHD), the separatrix of an
m/n=1/1 magnetic island, formed at the edge region, will be utilized as a divertor configuration.
The divertor head is inserted in the island, and the island separatrix provides connection
between the edge plasma region surrounding the core plasma and the back plate of the divertor
head through the field lines. The particle flux and associated heat flux from the core plasma
strike the back plate of the divertor head, and thus particle recycling is localized in this region.
A pumping duct covers the divertor head to torm a closed divertor system for etficient particie
exhaust. The advantages of the LID are ease of hydrogen pumping because of the localized
particle recycling and avoidance of the high heat load that would be localized on the leading
edge of the divertor head. With efficient pumping, the neutral pressure in the edge plasma
region will be reduced. and hence the edge plasma temperature will be higher, hopetully leading
to a better core confinement region. An LID configuration experiment was done on the Compact
Helical System (CHS) to contirm the effect of the LID[2.3]. The typical effects ot the LID
configuration on the core plasma are reduction of the line averaged density to a half, and small
or no reduction of the stored energy. In this contribution, the experimental results which were
obtained in edge plasma control experiments with the LID configuration in the CHS are
presented.

#2 Langmuir Probe Li beam probe

2. Experiment (5 pin) (from bottom)

The CHS is a heliotron/torsatron type . gdditional coils )
device whose major radius is 1.0m and NBI
average plasma minor radius is .2m, (#1)

respectively. The toroidal magnetc tield —
is 0.9T, and the magnetic axis 1s fixed at
R =99. 5 ¢m in this experiment. Plasma
was produced with ECH or ion Bemnstein
heating, and was heated by neutral beam (#2)
injection (0.82MW 38kV). The

separatrix of the m/n=1/1 magnetic tsland

formed by & pairs ot additional coils was #1 Langmuir Probe (2 pin)
utilized tor the LID configuration. A~~~ —~ """ 777

Plasma center

cryogenic  pump  (21.000L/sec)  was  CCD camera

installed behind the divertor head for 11 with interference filter for Ho
particle exhaust. Fueling was done by ‘ | . V

gus putting. Edge plasma moditications ] iy ——==-n
by the LID configuration were measured ¢ @———— Langmuir probe tips :
using Langmuir probes, a Lithium beam | T S o 1D head ’

probe and Ha detectors, as shown in :
Fig.1. There are two types of Langmuir _TopviewoftiDhead . ___;
probes. one movable (#1-#3) and the
other attached to the back of the LID
head. The Li beam probe is located 135° (CCW direction) trom the LID port, and the beam line
comes into the plasma from the bottom port [4].

The edge plasma was controlled with the m/n = 1/1 magnetic island and insertion of the LID
head. The island’s phase can be changed as tollows: O-point of the magnetic island is formed at
the position of the LID insertion port (normal case) andat the opposite side of the torus

Fie 1 Schematic view of experimental setup
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3. Experimental results -‘Eg F T . ; .
3-1 Edge density profile 8 : (d)
Scince one of the typical LID elfects is the 5 3¢ 2\
decay of the line-integrated center-chord density, 3 4 i kA P
o . ~ . . - =1 -
the change of the density profiles with the island @ o
is very important for understanding the LID St
experimental results. Figure 2 shows the ume b | - o06KA
- . A s 5 . L0 :
developments of the line-integrated density for 3 b oopasite case
chords [z = 0 (center chord), z = 63.9 mm, z = - E t=75msec
. . . . (w/ gas patfing)
116 mm, z: vertical axis]. The density reduction o] SRR aR—— i
caused by the island occurs in not only the EEAREEDARET RO A
center chord but in the other chords as well. The 2, fem)

reduction rate is almost the same in all the
chords except in the ‘normal case” without LID
head. In this case, the reduction rate is larger in
the outer chord(z = -116 mm) than the other
chords.

Fig. 3 Edge clectron densiry profiles obtained by
Li beam probe; (a) and (b) are normal and opposite
case, respectively. without insertion of LID head.
(¢) and () are normal and opposite  casse,
respectively. with insertion of LID head.

Figure 3 shows the edge density profiles
obtained using a Li beam [4]. The horizontal axis (Zy,) is the position on the Li beam line
whose origin is on the equatorial plane. Figures 3(a) and (b) show the density profiles without
insertion of the LID head, and Figs. 3(c) and (d) are with insertion of the head. In the ‘normal
case’, the O-point of the island is opposite the Li beam probe port, and is on the Li beam side in
the ‘opposite case’. In Fig. 3(a), the density profile shrinks with increasing Ipjp. This is
considered to be due to a change in magnetic structure, that is, the ergodic region surrounding
the last closed magnetic surface (LCFS) is broader near the X-point of the island. On the
contrary, in Fig. 3(h), the density profile is slightly spread outward with increasing Ipp untl
Iy p reaches 0.6 kA due to the existence of the island separatix farther out the LCFS without
the island. The tail density (ZLi>15cm) also increases with Iy until 0.6 kA, and decreases at
larger Iy ;p values. This result suggests that o large a value of Iy destroys the closed
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Fig. 4 Toroidal distributions of normalized Ha intensity. All signals are normalized by the corresponding
values for the case of no Iy, and LID head. (a) for normal case. (b) for opposite casse. (c) At the position of
toroidal angle of 13500 (Li heam probe position)

magnetic surface in the edge region. and spreads the ergodic layer. This is clearly indicated 1n
the case of I;;p = I kA in Fig. 3(b).

In Figs. 3(¢) and (d), the position on the Z;, axis corresponding to the edge of the LID head
is Z;; = 13.3 cm. The edge plasma is scraped oft by the LID head, and the density profiles
reflect that [4]. The eftects of the island are qualitatively similar without insertion of the LID
head qualitatively, though a discrepancy occurs for the ‘normal case’ with the LID head
inserted.

3-2 Parricle Recycling

Ha intensities were measured for various Ipyp values to make the effect of the LID
configuration on particle recycling clear. Figures 4(2) and (b) show the toroidal distributions of
the normalized Ho intensity for ditferent Iyp values for the ‘normal and the ‘opposite’ cases,
respectively. The toroidal angle is defined CCW from the LID position. It is very clear that the
Ha intensity decreases when the LID head is inserted except in the region near the LID head. In
this case, the LID head plays the role of a normal limiter. In Fig. 4(a), near the LID position
(()°) where the island has its maximum width, the Ha intensity increases even without insertion
of the LID head. On the other hand, in Fig. 4(h) for the opposite case, the Ha intensity
decreases near the LID position where the X-point of the island is located. In the case of Ip =
| kA, the ergodic region spreads outward, and the particle recycling increases. At the toroidal
angle of 135°, the Ha intensity change for various I;p values can be compared with the edge
electron density profiles measured by the Li beam probe. In Fig. 4(c¢), nermalized Ha
intensities at this point for various cases are shown. For the opposite case, the Ha intensity
increases with increasing Ipgp up to 0.6 KA, and decreases at larger Iyyp values. This change 18
similar to the change in the tail density mentioned in the previous section. On the contrary, the
‘normal case’ is not so simple. In this case, the Ho imnensity depends not only on the tul
density but also on the density profile near the LCFES. It is reasonable tor the case with the LID
head inserted that the Ha intensity decreases because the LID head scrapes the edge density as
shown Fig. 3(c). (d). These resulls suggest that particle recyeling closely depends on the
magnetic tield structure, so that moderate [Lp values and insertion ot the LID head can be used
for particle recycling control.

3-3 Distribution of the Parrticle tlux on the LID head

The amount of the particle tlux to LID head, and its disuibution on the head, are important in
determining the LID pumping etficiency. They are estimated using Langmuir probes attached
on the up and down sides ot the LID head, respectively. Figure 5 shows the distribution of the
particle flux on the LID head for varous NBI cases. The toroidal tield direction corresponding
to the NBI direction is CW for NBI(#1) counter and NBI(#2) co injection, CCW ftor NBI(#1)
co and NBI(#2) counter injection. The horizontal axis 1s the LID head position, and the orgin
of this axis is the normal position of the LID head where the edge of the head is at the center of
the island. A negative sign means that the head is retracted outward trom its normal position.
This tigure is for the ‘normal case’. that is. the outer separatix of the island strkes the LID



head. All distributions have a peak at the position
corresponding 1o the outer separaliix suiking point. ;
Though the up and down side probes were sct
symmetrically. the striking point is asymmetrical.
The down side striking points are 1-2 ¢cm farther in ,
than that of the upper side. The reason for this r
asymmetry is not clear. One possibility 1s that the 05+
phase of the island is moved due to an error tield. A
small error field was shown to exist in the CHS by
magnetic surface mapping and its  strength and
direction estimated [5]. but it is not enough in this
case. The decay length of the particle flux on the
LID head is estimated with the assumption that the
particle flux decreases exponentially. The results are
also shown in Fig.5. The decay length for the
particle flux distribution on the upper side 1s larger
than that on the down side, though the decay length
for the case of NBI(#2) co-injection is relatively
short. So this asymmetry does not depend on the
direction of NB injection (co or counter), hut rather 05¢+
on the toroidal tield direction.
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4. Summary
To understand the mechanism of improved
confinement, edge plasma control experiment using

. - . 'down side
this contiguration was done. 1 s

Line integrated densities tor 3 chords mainly 4 2 -6
inside the LCFS and edge density profiles were : LID head position [cm]

measur_ed by an interferometer and a Li beam pmbc, Fiy. 5 Distributions of normalized particle flux
respectively. Former results suggest that the density g, vrious NBI directions, and decay length of
profile in the core region is not changed that much 00 0
by the island. The edge density profiles clearly

show the effect of the LID configuration. The density profiles which retlect the broadened
ergodic region due to destruction of closed magnetic surface were observed in the case of
relatively large I values-

Measurement of the toroidal distribution of the Ha intensity was done tor various I p values
to understand the etfect of the LID configuration on particle recycling. Insertion of the LID head
decreases the Ha intensity except near the head. For the case without LID head, the distribution
depends on Ipyp. Due to a broadened ergodic region, the Ha intensity increased signiticantly in
the case of a relatively large T value. This is consistent with results from Li beam probe
measurements.

Measurement of the particle flux on the LID head was done using Langmuir probes attached
to the LID head. The particle flux distribution on the LID head has a peak at the position
corresponding to the outer separatrix of the island for the normal case”. Two types of up and
down particle flux distribution asymmetry were observed. One is the peak position, and the
other is the decay length. The latter is considered to be related to the toroidal field direction.
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