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EAST NBI engineering upgrade for long pluse operation

« Shift of Counter-NBI
(F- port) to Co-NBI
(D-port)

- Development of
beam re-turn on for

long pulse operation cir-F mn.

- Optimization of the
feedback control
system:Langmuir
probe --> Arc power

NBI-FR

No. Items Specifications

| Size of beam line | L:5800 mm W:2400 mm
H:2400 mm

2 lon source number 2

3 | Typeofion source Hot cathode

4 Beam cross section 100 mm x 480 mm

5 Beam species deuterium

6 Beam energy 50-80 keV

7 Beam power 2-4 MW

8 Beam duration 10-100 5
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Long pulse of 40-s beam injection with
beam re-turn on method on EAST

Xie et al, leee T
Plasma Sci, 2022
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Duration of ~60s High Performance Plasma Achieved with

NBI+RF on EAST due to Beam Re-Turn on method

EAST 104243
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1 Optimization of the beam heating for high performance
plasma

€ Shifting beam direction to reduce beam loss
€ Increasing beam power for high performance plasma

€ Enlarging gapout to decrease beam loss in high collisional
plasma
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Shift ctr-NBI to co-NBI to greatly reduce prompt loss

Beam absorption ratio Prompt loss ratio ~50%(ctr-) I:> ~10%(co-)
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S SRR ctr.ng) 0 Optimizing beam direction to reduce beam loss
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Experiments verify Heating improvement and loss reduction

by optimizing beam injection

Shot 94820 ; i Shot 94758 ‘

4001 (a) ;. . @ 0 Shot 94820 with CC-Ip
' | . (Counter-Clockwise) :

e nN_~4x101"m-=3, gapout~3.6cm,
P.:~3.2MW, NBIAL~blips; ctr-
FR with E,,~60keV

Nevu. (a.u.)~0.1

0 Shot 94758 with C-lp
(Clockwise) :
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Increasing beam energy and power for high beam heating and B

109696-45kV 109693-50kV 109694-55kV 109695-60kV
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O Discharges with different beam energy and

a

power:
l5=500KA, Ne~4.1x101"M-3, Gos~6.0,
PLHCD~] 7MW, PEC~] MW

Neutron intensities show beam heating
increases as beam power
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O Ip=400kA discharges: B;=-2.4T
e Nn_~4.3x10"m3, Pee~SMW

O Ip=500kA discharges: B;=-2.4T
e n.~4x10”"mMm=3, Ppe~1.5MW

Q By increases linearly with beam power

(higher absorpted power)
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Enlarging gapout for Long Pulse High-f3; Scenarios with NBI in

high collisional plasma

#101726 # 101731 EAST # 104243
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NBI_AR Beam heating and loss Q Larger gapout in high ng (~4.5x101?m-3) leads
gapout |ST(%) |Prompt |Total Neutron to less frapped particles, less prompt loss

loss (%) | heat (%) |rate (n/s)
8m [9.98% [15.67% |76.38% |2.5E+13

a In the longest NBl H-mode discharge on EAST,
b6em 19.4%  117.11% |75.24% | 2.1E+13 higher By and B,. gapout 9cm. (normal 5~7cm)
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a Optimization of the non-inductive current for long-pulse
operation
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Optimizing beams and T, for high NBCD and Bootistrap

current

NBCD in different beams injections
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O NBCD was greatly |mproved by sh|f’r|ng ctr-beams to co-beams.(less loss and higher ;)
O For co-NBI-AL with E,~80keV, 7cp ~0.2 (T,~2keV); Nep ~0.6 (To~4keV); Nep ~0.77 (T.~10keV),
Nep versus T.(0) has the similar trend with DIII-D NBI. @

O BS current ratio (lgs/l,) increases with E,,; and ne,
12
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High NBCD and BS current expand Fully Non-inductive High-

3, Scenarios
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<ne> (1 019m-3) <n> (1 O‘Qm-s)

O Before NBI upgrade (before 2020Y.) with RF and co-NBIA +cir-NBIF : Bp~2.5

Huang J. 30Th
ITC,oral talk 2021
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High NBCD and BS current expand Fully Non-inductive High-
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O Shot 70187 with ,~2.0:
[ <ﬂe>~3.3X] O]9m‘3, q95~6.7, H98y2~] 25, PRF~4'OMWI PNB|~25I\/\W/55|<6V, be~22%

O Shot 80339 with ,~2.5:

® <ne>~4.7X] 019/m3 (fGr~O.78), H98y2~] 25, ﬁN““Q.O, PRF~4.0MW, PNB|~3.2MW/6O|<8V, fbs~47%;

O Shot 101485 in 2021 with p,~3.1:
L <ne>~4.3X] O]9m‘3, H98y2~] .2, 6N~2‘] , PRF~6MW, PNB|~25I\/\W/65|<6V, be>50%;

J.Huang NF 2020
Huang J. 30Th
ITC,oral talk 2021
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Conclusion and discussion

a Significant progress has been made in long-

5

pulse operation with NBlI on EAST (~60s). sl B ¥
. Forward power 1%¢
O High By / By scenarios have been expanded s or s
by optimizing beam heating and non- | 3
inductive current. $ 20f 09 ®
s t Gas pressure 5
w 15§~ | @
a Although gapout is beneficial fo NBI heating, 10l 1% e
it needs to be considered comprehensively : 1as
due to its effect on RF heating. . Reflected power ﬂ
0 C i A | A | i | L | A 1 0.0
. _ 0 200 400 600 800 1000
a A 1000 s plasma generation with RF source on the Time (s)
test bed has been obtained, which is beneficial for Waveform of plasma generation with 1000 s duration

long-pulse operation with NBI on EAST.

Hu C.D. PST 2019 @
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Thanks for your attention !
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