High Power Heating of Magnetic Reconnection in
ISYE) TS-3, TS-4 and UTST Merging Experiments
O b Y. Ono, H. Tanabe, T. Ii, T. Yamada, M. Inomoto, Y. Takase,
M. Gryaznevich, T. Asai, H. Sakakita, F. Cheng , TS/MAST groups

Univ. Tokyo, NAOJ, JAXA, AIS

—~

[ \\ Y

I\\ o

Ay 4

'( » s!.“
>
N

bs \ 7
VE A :
MﬁSTﬁW
ORI (
i [T 1| I T—_—— [T

- N ='—__":""_‘.-'_ .
> _"-'M,h |

i

[IT]

Large Scale Mergi

ng Exp.

hST/CT Fusion Science

T, Japan, CCFE UK, Cheng Kung Univ. Tw

UTST
Spherical Tokamak
Merin‘g Device

.

" »
! ¢ - .
LT -»" '




Number of merging-type reconnection experiments is over 10 now.
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TS-3 Spherical Torus Merging Device
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2-D Doppler Measurement System

2011 RSI by Tanabe et al.
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ICCD Image Reconstruction to measure 2-D T, Profile
1. Extract each code spectrum from ICCD Image
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Merging of two STs produced by PF coil induction

High power heating of merging supresses paramag. B, of ST,
increasing 3 quickly / significantly.
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Measured 2-D Ti Profile during
Counter Helicity Merging of Two Spheromaks
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First 2-D measurement of Ti
Clear evidence of ion heating by outtflow!
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Evidence of
Fast Shock

r

High resolution
n, measurement by
pair double probes

Push Merging

shoc}k shock
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flow are observed, indicating
formation of fast shock .

At down-stream, hot T, spot, steep
increase in n, and dumping of lon
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The reconnection
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1) Plasmoid Eje
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FIG. 10. Temporal evolutions of (a) the jon temperature and (b) the electron
temperature at the reconnection point for the same cases as Fig. 8, where an
open circle, a clased circle, and an open square correspood to the simwlation
results for case B, case A, and case C, respectively,
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The B?-scaling holds true for the merging/
reconnection heating with arbitrary guide field B..

IB2/2p, dv
~0.8fW_,

where p~0.5 (FRC)
-0.1 (high-q ST).

An additional
complete merging will

increased AW. by
another 5-10%.
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TS-3 TS-4 and MAST Parameters

Formation methods used:

- merging-compression
(Reconnection Startup)

- direct induction

(Center Solenoid Startup)

MAST [TS4 [TS-3
R;m 0.9 0.5 02
a,m D.7 02 |0.07
L. MA a5 |01
BT @ 7 |64 @
Prees ] |None
Pre, MW 1.5 {0.9)|None |None
Pu 53 10 15
B, Yo 16 50 |80
T S 5.7 |? 7
Rad Dachiaved

From MAST data (UKAEA, Gryaznevich)

Pre-ionisation methods and tools used:
- ECR pre-ionisation
- EBW current formation
- NBI pre-ionisation
- UV lamp, TS laser, hot filaments
- combination of these



T. Yamada et al 29-1-1 MAST

MAST-TS Collaboration
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Comparison with
Troyon Scaling
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High-f3 ST Sustainment

2) Electron Heating 4mm NBI(0.7MW, 25kV), HHFW
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1) Ion Heating 4mm Intermittent Merging

drive becaus\e of the rectifying effect of ST f

Intermittent merging is useful for ion heating/ current-

ormation.
~

Y. Ono et al.
Nuclear Fusion2003
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Intermittent Merging for Ion Heating/ Current Drive
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2) Electron Heating 4@ Intermittent Merging

Development of Washer-Gun Type NBI
1) Maintenance-free, 2) Low-Cost, 3) Air-Cool

Collaboration with Nihon Univ.,

Osaka Ui.
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Development of Washer-Gun Type NBI

1) Maintenance-free, 2) Low-Cost, 3) Air-Cool
Collaboration with Nihon Univ., Osaka Univ.(T. Asai)
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Development of Washer-Gun Type NBI

1) Maintenance-free, 2) Low-Cost, 3) Air-Cool
Collaboration with Nihon Univ., Osaka Univ.(T. Asai)

Neutralization cell Plasma confinement vessel
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Initial Results of Neutral Beam Injection
into High-beta (30%) ST , Spheromak & FRC

in TS-4 (15kV, 40A)

25 T T
20
o 15
; -
E f ST without NB| -——-
5 10 F ST with NB| ——— -
Spheromak without NBI
5 Spheromak with NB| —
FRC without NBI
FRC with NB| ———
0 % i ;
<
x
st

300 350 400 450 500 550 600




-

:l .

y

-

Future plans:
The new NBI #2 and #3 will be installed
to increase the NBI power over 1.2 MW

e
\ o
and to sustain oblate FRCs .
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CONCLUSIONS

2-D visible light tomography system for T, and T..
2-Dscan of electrostatic probes for T,
1) Direct observation of outflow heating of 1ons
significantly higher than electron heating.
2) Ohmic heating of electrons inside the current sheet.
3) Formation of fast shock for outflow dumping.
4) T, peaks at X-point while T1 does at downstream
5) T, increases with inversely with B_.
6) lon heating energy & T, increase with B2,

High power reconnection heating for ST experiment
' Reconnection heating in MAST tokamak experiment
up to T.=1.2keV, T.=0.8keV.
Successful Double—Null ext.—coil startup in UTST






