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Challenges in turbulence suppression and real-time Control

O Efficient attainment of a high triple product requires suppression of neoclassical vs gﬂbulence Su.ppref;sion by
: turbulence in tokamak oron power injection
turbulence-driven (anomalous) transport. J. Candy+ PoP2009 F. Nespoli+ Nat. Phys.2022
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Large Helical Device

Key diagnostic

CO,/QC laser imaging interferometer ,/
two-dimensional phase contrast imaging

K. Tanaka+ RSI2008,
N-NBI (#3, ¢tr) 1 inoshita+ JINST2020 2023

FIR laser interferometer
N-NBI (#2, co)

I
Image of
fluctuation

K. Tanaka+ RSI2008
CXRS

P-NBI (#4, perp) Control knob

ECRH

Device diameter 13.5m
Device height 9.1m

Major radius 3.6~3.9m
- 34MW : : N
! p NBI  (N-NBI#14243:16MW in total) Minor radius 0.6~0.65m
(P-NBI#4#5:18MW in total) Plasma volume  20~30m?3
- ECRH 2-°MW Coil minor radius  0.975m
CXRS (77GH2x2, 154GHzx3) Magnetic field  3[4]T
thomson scattering ICRH 3MW Maaneti
; . gnetic energy  0.9[1.6]GJ
T | Vamadas RSI2016 N-NBI (#1, ctr) P-NBI (#5, perp) ——
Key diagnostic
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Turbulence transition between

Experiment
300 :
250 ; 'ﬂoc\ T 25
:i 200 - i o ' é 2.0 A
© :
2 (% e 15
o ®0 X
ZQ I 3
100 - ' > 0.5
ITG<> RI 0.0
1
Simulations
8
GKV ® H two-fluid MHD o
6 - 41
et E 3 ® ®
4 1 4 [ o
o = ¢ ®
C E 27 o
N
2 ] O///:s\/ . e(;\(;'\
% 1 - (\6(
@}%@f il w®°
0 T T N 0 “’. T T T
1 2 3 4 p) 3 4

ITG and RI

2.00
1.75
> 1.50-
— 1.25 -
1.00
0.75 -

T. Kinoshita+ PRL2024

\. .ETe

.
T,
A“‘M\u:m

Ne [10¥m~3]

* Turbulence and anomalous transport are minimized

— Efficient confinement is achieved
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1 Turbulence transitions between ITG and resistive
interchange (RI) modes
J When turbulence transitions:
* |on temperature reaches a maximum

O This study focuses on turbulence transitions and attempts
operations that minimize turbulence.
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Turbulence suppression is not determined by density alone
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Determination of TSC using SVM 5
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Exploring turbulence suppression conditions via ES-SVM

Best combination coefficients
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Controlling plasma heating to achieve the TSC
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Turbulence suppression by heating control

averaged at p=0.5-0.7
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Effect of turbulence suppression control

O Total transport slightly higher
— mainly due to increased NC from
additional ECRH

O Anomalous transport strongly reduced
 atp=0.5-0.7, transport is close to
the neoclassical level
e consistent with turbulence
suppression

Next step
Simultaneous reduction of both neoclassical
and anomalous transport
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Impact on confinement

1 Total confinement slightly deteriorated
— Increase in neoclassical transport due to
additional heating

(d H-factor (ISS04 normalized) improved
— Demonstration of improved confinement
through turbulence suppression

>

This clearly demonstrates the effectiveness
of improving confinement through
turbulence suppression.

approach 2: Adjust gas-puff
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Turbulence suppression also achieved through density control 1

free choice of heating
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Summary / Key Takeaways

J Turbulence suppression achieved via real-time plasma control

e  Temperature control adjusts ECRH to follow the Turbulence Suppression Condition (TSC)
. Density control uses gas puffing to maintain target density along TSC

J Turbulence suppression reduces anomalous transport

e  Transportin p =0.5-0.7 approaches neoclassical level

d Suppression of anomalous transport improves the confinement
e  Total confinement slightly reduced due to increased neoclassical transport
. H-factor improved, demonstrating the effectiveness of turbulence suppression

J Future Work

 Density control: Optimize parameters for more stable turbulence suppression
 Another approach: Explore operation without prior machine learning
 Extension to other devices: Investigating the applicability in tokamaks and optimized stellarators
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Summary) w/ heating control experiment
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Summary) w/o heating control experiment

2024-06-14 12:49:02
193313 B=2750T Rex=3.600 m y=1254 Bg=100 o5y, 0
Boronization, HeGDC, Div.Cryo:ON
I' — 565G 15U 100.¢+ 13.4kA__ i 3 t=3.03365 (s||0.25 | i
10.F —— 776G 5.5Uout A 0. 6.} frame=91
I -100 3 N N | ’9.7lkA 3 02F 4
O —l — 154G 20LL | ' t f '
w g5t | 4 g — H 4. r 0.15F b
|_— 154G 20lR 1 § 7.5F 01f .
= < S%H D) 2' '
. T T T T = P L] | + 0. - 4
508 - T T : } 1T 5.¢ Ha 30 *
. — #3350 ] § o. |45 f 0. F———+——t
z — L Rl N t=4.06698 (s] .| _
= —— #B 4.5 ] 6. frame=122 |I™
0. n I i I T 0. 02f 4
Wp max= 286 k| t= 5.866s <Bd1a> 0. 29—‘— wp 4. 4. 015F 4
_ integration= 14.101s — NBI 1 S h
2 400.t - 5 o1f ]
= L — el g2 | ]
= )—'-—"-’1; o = 0. } } 0. t t +
% 200.7 —t M N .‘:\?-: N ) 0. t=4.53365 (5], ;5| R
V= —T 6.k frame= 136 ’
. . . , 75t y - —_3.5LIHc—] o2f .
' ' ! = (FIR) 5 - J L) L — el LI 4.+ 0.15 + -
— A L — -
4 [ max= 1,596 e1om 3 t=7.865 FIR(nl) 3489 ] ' e s :
m T H=1.860m 25E 3 i i
E 3 R=3669mm HE%;; gg%g ——t
>>F . = n ] 0. : : } : - '
= - max=0.796 MW t=10.493s— prag cha | = 293302 Sloast .
z 2. = L |
T S 2.r 1 L |
< 1 J | i
0. — L i
_. 0. S max= 0.470 t= 10.360s — FeXxVl ) . .
2 % a.b — Clll ] o.f + t t t t
g & —_ oV t=5.53366 (s}, s | i
= = 6. L frame=166 ||
= Oaoll . 02f -
g 2 =
S o 4. 0.15 F 4
"o 0
0. 2. 4. 6. 8. 10. 0. 2. 4. 6. 8 10., 01f 1
_ . . . ' ; ; . o.0s | _
@ 1000.} Wp max= 286 kj t= 5.8665 <B,;.>= 0.29 % — wp ] oL
- integration= 14.101s — NBI'1 0 M ; N ' '
¥ 500.E — NBI 3 e a1 o f l
= e o S — 6. L frame= 181
0O besasasssasaaaaagag s - NBI 4 021 4
A easmsttees \
= 0. t p } } - t } at 015 4
13.4KA... pa - b |
N — ip 1 2} oosh |
0 . . . i . . . I -9.7 kA— Ac(FIR) . R
0. 5. 10. 15. 20. 25. 30. R

4q"osh|f<| K|nosh|ta 30 R IAEA’Eusion Energy Conference (FEC2025)



Summary) Density control experiment
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