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Nov. 41 2002, the 15t plasma of SUNIST

AGot a plasma (40 kA / 2 ms) in the FIRST discharge with all fields together
AStart of the TWENTY years of research
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~100 k shots in 20 years

No. of shots v.s. year
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Intensive

~100 k shots in 20 years

installation
of SUNIST-2

started at
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Other statistics

A Similar to normal workplaces in China

AFast maintenance, quickly resumed to experiments, no seasonal
experimental campaigns

No. of shots v.s. month No. of shots v.s. hour
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Chinese New Summer  China National Day Wall condltlons
Year vacations  holidays + autumn are better at night
meetings
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reconstruction
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Design of SUNIST

A Parameters
AYgwi g d
A o4 patldp®
A6 g whog 1E !
A Ohmic flux: 60 mv.s
A To save flux, the vacuum vessel was split by
a 3D Viton seal
3D seal was challenged by many colleagues
Actual vacuum performance: overall good (2E-5 Pa)

Small leak at initial seal, no leak after 2008 upgrade

IOTW 2022
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3D model of SUNIST

Split VV to save flux

DOI: 10.1088/1009-0630/4/4/003



Effects of the gap

Insulation
: gap
ATotal flux saving
2 W Connector
Not very much X 40
10 :
ALoop voltage g o\/_
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—g' Harnd peaks
AEddy current 3 1 breakdown
= Vs
ST T °T " Tailed
Strange distribution 1 | | | | |
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Time (ms)
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Abnormal responses
1.2

- (leading)
3D eddy current in VV | %
ADue to the gap, the eddy current :
: 2 Normal | *~
flows ina 3D path responses (lag) |
Experimentally verified by an orth- ——fu2f
probes array 02w w % a8 w0
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current ? ;f v 306
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The orth-probes array
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Include 3D eddy current in equilibrium
reconstruction

40 #131213008 #131213007 0.5
a o C 0.5
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Abnormal | ¢ "~ . ! i
responses ‘ k . . ‘ . . l . 0 | | | 7
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Magnetic measurements are corrected by Magnetic surfaces are successfully reconstructed from the
response functions . Eddy current very beginning of discharge with 30 MA/s ramp rate when
components can be accurately separated. eddy current effect is huge.

DOI: 10.1063/1.5002190
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Upgrade power supplies

AAll field power supplies have been upgraded >1 times
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Discharge performance improved

Al

B, pulse length: 2.2X, 1.8X, 2X design values
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Two coll faillures due to fatigue

‘Dec. 2017
el ' = = | =7 & Fractured
" after long

. Quickly repaired : ong
time vibration

_ In one week

* Fractured after long = ————en >, E8Y /4 2= QUICKITEpaired
time vibration &Y 4 4 Inoneday

Dec. 2017, the bottom lead of CS Sep. 2019, a lead of a top compensation coll

)% 44 SUTIST ISTW 2022 .

4 Tsinghua University The 21% International Spherical Torus Workshop



High field side SMBI supplement

Gas injected from HFS top at 1500 m/s

AA small vacuum proof

valve with a Laval nozzle

Turn on time: 1 ms

n, profile (#190919077)

——58~59 ms
—60~61 ms

Repeat interval: < 3 ms _ _
Density profile

after injection

Injection speed: 1500 m/s

n, (10*% m®)

Installed on the top of HFS

AAtiny, mid -plane HFS SMBI  The vave inside v .|

IS belng develOped 04 0.5 - 05 055
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Electron cyclotron wave startup

Br + By

Return

ADue to low frequency (2.45 GHz), s
spikes of IP, ne are widely found at -
the beginning of discharges ¢ Cueti

Long wavelength and evanescent field  auens i
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Alfven wave current drive

A0.4 1 1 MHz, hard to couple, measured loading

Alfven wave antennas inside VV
High quality boron nitride plates were loaned from PPPL
(by courtesy of Dr. R. Majeski, PPPL & DOE)
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Mode conversion: XB or BX

AOhmic plasmas of SUNIST are very over dense

¢ v® prl

Microwave 2.45 GHz, ¢ Xx& pTa

AComprehensive methods are used in EBE
conversion ratio estimation:

62% in SUNIST

Point 0 1 2 3 4 Sum
N, 0.00 0.88 0.01 -0.88 0.01
N, -0.01 0.01 -0.27 0.00 0.26
s 37% 13% 18% 14% 19% 100%
n 2220 1335Q 2460 1279Q 249Q
Couple 93% 69% 96% 70% 96%
Iy 100% 100% 89% 99% 90%
Ip 0% 0% 11% 1% 10%
MC 92% 25% 79% 7% 80%
Total 32% 2% 13% 1% 14% 62%

Detailed in Dr. WANG S h o u zthlk 6 s
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EBW heating in ohmic plasmas

AExperimental apparatus f ]_\L =
2.45 GHz 30 kW microwave =) M

FX-B mode conversion
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IRE (internal reconnection event) and
minor disruptions

A High frequency (>200 kHz) magnetic perturbations found in both IREs and minor

disruptions

A But only in minor disruptions exhibit Alfvenic properties, r
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Tearing modes

ARamp up rate up to 30 MA/s

Tearing modes often excited

AAn internal radial mag. probe
array clearly measured the

structure
Its effects on confinement studied
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Temporal-spatial structure of the tearing mode
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Phase-I
(current ramp-up)

50

(a) Top view of the SUNIST tokamak

(b) Probe head-1
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Magnetic thrust probes

ﬁ,&ﬂ\ll; \l' ALeft, horizontal, reciprocating
.. | probe up to 20 m/s

,lﬁ

ARight, vertical, floating probe
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Very fast, very sensitive interferometers

A105 GHz,05¢es,p p |  resolution

160 MHz SSBM LNA Filter Multiplier Isolator
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Block diagram of the five-channel The optical paths of the
interferometer system five measurement chords
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Full electromagnetic spectrum utilized

f(Hz) 10° (Cgms 108

Langmuir
probes

mm wave Filter scope,
interferometer fast camera,

Doppler
broadening

hf (eV)10-12 10°9

DOI: 10.1063/5.0043631
DOI: 10.1063/5.0043678
_,é . DOI: 10.1063/1.5038085
N, .
)4 % % 2 SUTIST I$DTW 2022 DO: 10.1063/1 5038652 a1
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Future plans

ASUNIST will continue running, platform for new ideas and education

N

SUNIST at 2002 SUNIST at 2022
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Discharge v.s. gas puffing timing

A About 80 ms is needed to form a

—=—<Discharges when
gas puffing stops

gas normal |

uniform pressure profile

Discharges when
gas ahead |UNIfOrm pressure
i gas normal  Profile formed

Repeatability of discharges can be improved if

discharges start at a uniform pressure profile

é 1 —gas al.lead |
o - o T o
3 4 5 mPa 3 4 5 mPa = 3t
=
ﬁu 2_
o
=1
? o
E O
e =" toroidal = 4N
=3[
-10 ms 30 ms 80 ms ot
uniform pressure 136 37 28 39
profile Time (ms)

) ﬁfunfii SUQIST EZ;“T"IHZITOEE DOI: 10.1088/1009-0630/16/8/03 34



Wall conditioning

AMolybdenum limiters
ABaking <373 K
AGlow discharge: H ,, He

ASiliconization was test several times before 2008
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