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Non-inductive Operation in QUEST
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Gyotron Development at Tsukuba Unmiversity [ 28 GHz |
[High Power mm-Wave Source]
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I Il - 28 GHz gyrotron has been
I Il Diamond
; | / Window developed for Gamma-PDX
[ i £ projects at Tsukuba
I L a University by themselves.
1 — , ] DC Break
RF™ d:
Deceleration J
voltagevcp g ' Bi-directional collaboration
1 ! LS F"’/ conode among National Institute
, ‘ : :
Mai : for Fusion Science (NIFS),
ain DC Cavity .
voltage —L Electron Tsukuba Univ. and Kyushu
VM TEis6 Gun .
mode Univ. has been begun

since 2011.

Acceleration
voltage \/xp
|

Length :3104mm
Weight : ~800kg




Gyotron Development at Tsukuba University [ 28 GHz ]
[High Power mm-Wave Source]
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[2013-] mm-Wave Heating and Current Drive [ 28GHz ]
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1) 15t : 8.2 GHz: production
2) 2" : 28 GHz : density ramp-up
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ECH/CD Exp.
Plasma start-up and sustainment
with assistance of 8.2 GHz injection
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Installation of Gyrotron System in QUEST
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Non-inductive Start-up and Sustainment [28GHZ]
High Density Operation
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Non-inductive Start-up and Sustainment [28GHZ]
Low Density / High Temperature Operation
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Line-integrated density [10 "m

Non-inductive Start-up and Ramp-up [28 GHZzZ]
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Non-inductive Start-up and Sustainment [28 GHz]
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Inductive Start-up and Non-inductive Sustainment [28GHz]
High Current Operation
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Superposed RF Injection to Ohmic Plasma
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RF power is injected into the 30 kA ohmic plasmas “-“
controlled by feedback regulation of the center solenoid
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The densities are clearly increased beyond the cutoff by the RF
injection with N, compared to the perpendicular (without N//)
injection, while the changed plasma currents and loop voltages do
not depend on the incident N, conditions well.
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Propagation and Deposition Analysis with TASK/WR + a code
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m The minus (-) sign of N"* is changed into positive (+) N along the propagation after the
mode conversion.

W Any incident (+/-) N"** , becomes large positive (+) value in the Bernstein wave-propagation,
and are +2 +4 at the Doppler- shifted absorption layers, expecting Fish-Boozer effects
so as to increase the plasma current.



Change of N, sign along propagation
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Historical development for SSO on ggUEST @
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How to estimate deposited power to
%

50 ] ] ] I I 4 ] I I —
#18836-18883 = @
(=Y —_
g M i}riﬂﬂj{ % il ® ]
—~ I it > - 44 2kW
5 40 A ) | -
5 = 2F \ ~
> | % 0.‘
E | _— N > ® o ®
= A
= —— Upper 315 S8 ® ..
—— Lower o ~ .
Lower 56 L% : 60% Of P|n
25 1 1 1 1 ] 0 l 1 1 ]
0 5 10 15 20 2530x10° 0O 20 40 60 80 100
Time (sec) RF pulse length (s)

Vacuum vessel temperature is a gOOd monitor of |njected power was 70kW and 63% of the
deposited energy, because thermal insulation of  jnjected power was deposited on the

the vessel is quite good as shown in the vacuum vessel.
temperature flatness during lunch time.



Calorimetric measurement was applied to investigate
heat load distribution in various magnetic configuratio
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Various types of magnetic configurations are applied.

Limiter , Non-inductive SN Divertor , High 3p ( Natural Divertor ) é 2
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Three time scales of interest in particle balance @
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Heat load can be removed in SSO on QUEST @
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Future Plan — Hot wall —

Radiation
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Thermal
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Hot wall Vacuum Vessel

Some cooling channels will be installed on the vessel



