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Experimental Study on Dynamic Magnetic Limiter in JFT-2a Tokamak

Yasuo SHIMOMURA, Hideo OHTSUKA, Hikosuke MAEDA, Shin YAMAMOTO,
*
Haruyuki KIMURA, Masayuki NAGAMI and Noriaki UEDA

Division of Thermonuclear Fusion Research, Tokai, JAERI

( Received November 19, 1975 )

Experimental study has been performed on a dynamic magnetic limiter in
JFT-2a (DIVA) Tokamak. The magnetic configuration can be changed with in 1 ms
by increasing or decreasing a divertor hoop current., The time variation of
heat flux to the divertor region is measured with a conventional thermocouple

by using the dynamic magnetic limiter; decreasing the divertor hoop current

to zero at any given time,

* On leave from Mitsubishi Atomic Power Industry, Ohmiya, Saitama, Japan.
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1. Introduction

Effects of impurity, and skin current profile during current raising
phase become serious in a future large Tokamak device. A static magnetic
limiter provides a possibility of lowering impurity content, while a
dynamic magnetic limiter can control a plasma diameter and current profile.
Basic characteristics of static and dynamic magnetic limiters are studied
in JFT-2a (DIVA) device.

‘ The cross-sectional view of JFT-2a is shown in Fig. 1. Detailed
description of the device is given in ref. (1). A plasma equilibrium with
a separatorix magnetic surface of magnetic limiter is obtained in a shell
with an opening toward 'a divertgor hoop which carries a current parallel to
the plasma current. Various configurations with and without a separatorix
magnetic surface are obtained by changing the ratio of the divertor hoop
current to the plasma current. Configurations with a static magnetic
limiter were stably obtained in JFT-2a, and their properties were investi-
gated in detailz)3)k). In this note, preliminary experimental results
concerning a dynamic magnetic limiter is described, where the ratio of the
divertor hoop current to the plasma current is increased or decreased

within a few hundred microseconds during the discharge.

2. Experimental Results

In Fig. 2, typical oscillograms of discharge parameters are shown.
Dotted lines correspond to the case of increasing the ratio of the divertor
hoop current Ip to the plasma current Ip at 5 ms, while solid lines
represent the case of keeping the ratio, Ip/Ip constant. The ratio Ip/Ip
increases from 0.9 to 1.8 within 0.4 ms (Fig. 2-a), and Ip decreases
20%, which is due to the incomplete decoupling of Ip-~circuit from Ip-
circuit (Figs. 2-b and 2-c). Electron line density ne? of a main plasma
column begins to decrease at 0.7 ms after increasing Ip/Ip and continues
decreasing as is shown in Fig. 2-d. The total number of electrons in the
main plasma column decreases about 30% during first 2 ms. The ion satura-
tion current Ig at R=40 cm and Z=-6 cm in the divertor region increases
immediatly after increasing IP/ID and reaches a quasi-stationary value after
1 ms as is shown in Fig. 2-e. The electron line density profile of the

main plasma column and the ion saturation current profile at R=40 cm are
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shown in Figs. 3-a and 3-b, respectively. After increasing ID/IP the Eet-
profile shrinks and its half width at 9 me becomes about 60% of that with
keeping Ip/Ip constant as is shown in Fig. 3-b. It can be concluded that
the separatrix magnetic surface near the main plasma column shrinks after
increasing Ip/Ip. The peak of Ig-profile shifts about 1.5 cm outward and
it can be said that the separatrix magnetic surface expands into the

divertor region.

Tt is shown that the configuration can be changed by increasing Ip/Ip
from 0.9 to 1.8. When the ratio Ip/Ip exceeds 2, the plasma column
collapses, which may be due to the loss of equilibrium or stability with a

large value of Ip/Ip. .

In the case of decreasing Ip/Ip down to zero, the separatrix magnetic
surface is expected to disappear. The ion saturation current considerably
decreases after decreasing Ip/Ip to zero. The path of runaway electrons
is also investigated by measuring X-ray from a target (4 mm¢) placed in
the divertor regionz). It is shown that runaway electrons to the divertor
immediatly disappear after decreasing Ip/Ip. These results show that the
gseparatrix magnetic surface disappears after decfeasing Ip/Ip to zero and

a plasma does not expand to the divertor region as expected.

To measure the time evolution of heat flux to the divertor region by
a conventional thermocouple, ID/IP is suddenly decreased at a prescribed
time5) . Fig. 4(a) shows the output of the thermocouple Vp and Fig. 4(b)
Ve-profiles obtained by scanning the thermocouple at R=40 cm in the
divertor region. Time response of the thermocouple probe is about 5 ms“).
The solid line in Fig. 4(a) shows the output Vg with keeping Ip/Ip constant
and the broken line shows Vp with decreasing Ip/Ip to zero at 15 ms. The
time integrated heat flux to the divertor is determined from Vg at 40 ms
when Vp saturates. The time integrated heat flux with decreasing Ip/1p is
smaller than that with keeping Ip/Ip constant as is shown in Fig. 4-a.
The profile of the time integrated heat flux Vg with decreasing Ip/Ip shown
by broken line in Fig. 4-b almost coincides with that of the output at
20 ms as expected because Ip/Ip decreases at 15 ms and the time response
of the thermocouple is 5 ms. The time evolution of the heat flux to the

divertor region can be measured with a time resolution of 1 ms with
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decreasing Ip/Ip to zero at a prescribed time, because the configuration

can be changed within 1 ms.

3. Conclusions

The main results are: 1) magnetic configuration can be changed within
1 ms by increasing or decreasing the divertor hoop current, 2} the time
evolution of the heat flux to the divertor region can be measured with a
conventional thermocouple by decreasing the divertor hoop current to zero
at a2 prescribed time.

Characteristics of a dynamic.magnetic limiter is now under intensive

investigation. .

4, Acknowledgments

Our particular thanks are due to the Diagnostic Group and the JFT-2a
Operation Group for their helps. Many thank are also due to Drs. M. Tanaka

and M. Yoshikawa for their fruitful discussions.

Reference

1) Shimomura Y. et al.; JERI-M 6102 (1975).

2) Shimomura Y.; Seventh European Conference on Controlled Fusion and
Plasma Physics (Lausanne), September, 1975.

3) Shimomura Y. et al.; Physics of Fluids (to be published).

4) Maeda H. et al.; Nuclear Fusion (to be published).

5) Maeda H. et al.; Nuclear Fusion (to be published).



JAERI-M 63390

e7z-LA[ JO uUOF3O8s-8501) 1 ‘313

31V d zo_onmn_\ 10D vadiodoL
7

d dOOH

(wo)y HOLYANIA
_ 08
|
31vd

NOILO310Md OANG
3IGVAOI

FHM A0 TIV-1L

JIGNVHD | (wo)\ TT13HS I18WA0N

ANNNOWA ¥

114HS
1100 OG0T Nyl |




JAERI-M 6330

IF: EE() [~
(kA) 10}

O
Vi 10}F
(V) st

O
- 2r
Ng L

(10%em2)
I L

O

IS 40 |
(mA)ZO-

O

@) 2 q 6 8
T (ms)

Fig. 2 Oscillograms of discharge parameters.
(a) ratio of a divertor hoop current Ip to a plasma
current Ip, (b) Ip, (c¢) loop voltage Vi, (d) electron
line density ne? of a main plasma column and {e) ion
saturation current Ig In the divertor region. Solid
lines correspond to the case of keeping Ip/Ip
constant and dotted lines increasing ID/IP at 5 ms.
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Fig. 3 Profiles of electron line density Eez of
a main plasma column and ion saturation
current in the divertor region. Selid
lines correspond to the case of keeping ID/IP
constant and dotted lines increasing Ip/Ip
at 5 ms.
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Fig. 4 Oscillograms of output of a thermocouple
and profiles of the output in the divertor .
region. Solid lines correspond to the case of
keeping Ip/Ip constant and dotted lines
decreasing In/Ip down to zero at 15 ms.



