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Development of a new method for edge plasma control using scrape-off-laier in a
toroidal plasma

Toi, Kazuo
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Electric biasing of toroidally segmented divertor plates with adjusted
phasing was applied to a small tokamak for active control of plasma in the scrape-off-layer(SOL)
surrounding a confined core-plasma. Fourier decomposition of the observed SOL currents driven by
the biasing indicates generation of resonant magnetic perturbations with specified toroidal mode
number. Positive biasing is most effective for generation of RMPs because high SOL currents and the

long length of the current paths are realized. This biasing also showed the radial expansion of
particle flux to the divertor, reducing the local peak value. In conclusion, this new biasing
method has high potentiality for effective control of divertor heat load.

(S0L) SoL



ITER
DT
2 H
H
edge localized mode: ELM
ELM
ITER ELM
(RMP) ELM
ITER
RMP ITER
ELM
ITER
(DEMO) RMP
RMP ELM
ELM
ELM
2
RMP
ELM

(SOL)
SOL
RMP
SOL
3
SOL
QUEST
4
@0)]
SOL
jis
jes mi/me
m: Me:
jes/jis
[1,2] QUEST
jes/jis 3 SOL



SOL
SOL
RMP SOL
SOL
Lc
L, =2nRqqys5 R
qos
(LCFS) LCFS
SOL dsoL
[3] SOL L,
SOL
[4, 5]
SOL
by
Iy Ay + AL =0
SOL SOL
d
h
Ay =dh A;=2(d+h)Ly,
L”f:dzhv”/[S(d + h)D,]
Yy D,
SOL
Lyer
SOL
RMP
SOL
Lyecot = [ AeiLyes
Aei
SOL
d=0.03m D,=0.3 m’/s
ITER

R=6.2m B=5T

h=(27R/4)sing;,~0.42m
D,=0.3 m/s
T, 100eV,n, =5 X
10°m=3) SOL
dsor 3.5
L.~136m

Ljecor=51 m

SOL

40%

SOL 11 kA

(a)

1.0
08F

06}
0.4 —
00 02 04 06 08 10
(b) ¢/2n

0/2n

A n=2im~7

n=4/m~14

(L 072

o—0
SOL (b)




SOL SOL
[0) 0
RMP
1(a) SOL
1(b) n=2/m-~7
2 n=4/m~17
SOL
Ar/<a>~0.05(Ar~0.13 m)
RMP B B
br/B~ 6x10™ ELM
(6]
2) QUEST
QUEST 4
84 GHz 30 W
<ns  1x10"™ m?
Te~20eV,
Nne~1 10"m? R~0.8m, Qgo ~10
B=0.3T D,=2 m?/s
Bohm
LC~50H1 L||eCOlN19 m
0.1~02A
QUEST

X
11kA <ng>~1x10"% m?
SOL

180°

TSU302  TSU306

2 TSU304 TSU308
+90V 2kHz
+85V
2(a)
Vhias TSU302  TSU306
Ibias
(a) [ v —I,,,, [TSU302]
e — 1, [TSU306]
: \ 15
iy
i1 i
il [ 1
hy o] i 2
) R =
I\w W“: I g
N W W Y
100 : . . 0.
27 27005 2701 27015  2.702
time(s)
(b)
5 #33843_Vbias&lbias&l_LD 02
® [l—1,., Tsus02] X -
3 | "sue [TSU3061 :016
<
8
g
fos : . . 0.08
27 27005 2701 27015  2.702
time(s)
2 (a) QUEST
(TSU302 306)
I bias Viias 5
(b) 2
I bias
IIower—dp
2(b)

SOL




2
2(a)
0.04-0.08 A (Nower-dp)
IIower—dp
2
5
40%
2(b)
0.1ms-0.2ms
( 3
10 V +40V
30

0.6-0.7A

SOL

[TSU302)(A)

4 (23843 Vbiassibiasal LD

osk 1=1.8625 s -1.8725|s

0.6 F
0.4F
0.2F

0
02f

bias

-0.4 .
-100 -50 0
me [TSU302] (V)

50 100

#33843_Vbias8lbias&l_LD

f t=1.8625 s -1.8725

[TSU306](A)
=

bias
o

.0 .4 I L L L I L
80 60 40 -20 0 20 40 60 80
V.5 [TSU306] (V)

3 QUEST
2
(TSU302, 306) —
2kHz 10ms
40

ISprofile_33841_1_5_2_0_05_0_005_14_0_001

0.0001 —&-1=1.875 s (w/o Bias)
1,=105kA —+-t=1.875 s (I Bias)
Averaged over 0.05 s
- 10° 4
<
z
3
£
8
A .
v 10° E
Biased plates ¢ iom
Pttt Y ;
1o~7 1 L L ) : 1 il
03 04 0.5 0.6 0.7 0.8 0.9
R (m)
4 QUEST



SOL

ELM

SOL

[1] G.F. Matthews et al., Plasma Phys. Control.
Fusion 32 (1990) 1301.

[2] B. Koch et al., J. Nucl. Mater. 313-316 (2003)
1114.

[3] S. Abdluaev, Chapters 1 and 2 in “Magnetic
Sochasticity in Magnetically Confined Fusion
Plasmas”, Springer, 2013.

[4] S. A. Cohen, J. Nucl. Mater. 76 & 77 (1978)
68.

[5] P.C. Stangeby, J. Phys. D: Appl. Phys. 18
(1985) 1547.

[6] G.M. Schaffer et al., Nucl. Fusion 48 (2008)
024004.

, QUEST

SOL

()

@)

, 33
, 30pP39, 2016

11 29 12 2
K. Toi, “Generation of magnetic
perturbations for ELM control using SOL
currents in a tokamak plasma’(

), 22th International Conference on
Plasma Surface Interactions in Controlled
Fusion Devices, 2016 5 30 6 6

, The Pontifical Urbaniana University,
Rome, Italy.

K. Toi, “Interaction of ELMs with the SOL
plasma in EAST and HL-2A tokamaks and a
plan for the external control”( ), A3
Foresight Program Workshop on Critical
Issues Specific to Steady-State Sustainment
of High Performance Plasmas, 2016 5

17 20 , Yinchuan, China.

K. Toi, “A new control method of edge
MHD stability in tokamak plasmas using
scrape-off-layer and divertor plasmas”(

), A3 Foresight Program Workshop on
Critical Issues Specific to Steady-State
Sustainment of High Performance Plasmas,
2015 12 1 4, Gotemba, Japan.

>

SOL

32 , 25pB02,
2015 11 24 27

TOI, Kazuo

20093057

ZUSHI, Hideki

20127096

YAMAMOTO, Satoshi

70397529



