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1056 s plasmas in EAST superconducting tokamak
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v Double Null, 1 MW LHW + 0.4 MW ECH
v" Stable density control during 1056 s discharge

v" Recycling control: R 5, ~ 0.95 - 0.97 @

2 ASIPP




Recycling conirol strategy

Recycling control is vital for long pulse plasma operation.
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Recycled flux

» Fuel retention/inventory

» External fueling efficiency

» Wall temperature

Integrating methods to control different recycling processes. @
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EAST divertor and wall conditioning system

O W divertors since 2021 with actively cooling

O In-vessel div. cryopumps: 75%2 m3/s

O Advanced wall conditionings
» GDC & ICWC under strong B,
» Lithium coating & real-time injection
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Discharge cleanings to remove retention

O Both GDC & ICWC works well under strong B, "
O Higher efficiency of GDC due to better homogeneity
O GDC & ICWC to remove deuterium retention

» between shots without any change of B,

» during night to decrease deuterium retention

» assist lithium coating
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Divertor cryopumps and magnetic configuration
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» Da: Recycling + external injection
» Decrease div. pressure by div. cryopumps

to control recycling
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Recycling control capability
> LSN-H > LSN-V
» DN-H > USN > DN-V

» Tiny difference @
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Lithium real-fime injection
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O Enhanced wall pumping by lithium injection
O Wall pumping rate proportional to Li-11
O Rop, decreased from 0.98 to 0.86

O Very strong recycling control by lithium injection

7 ASIPP



EAST fueling system

O Gas puffing (GP), Supersonic Molecular Beam Injection (SMBI), Pellet Injection (PI)
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High fueling efficiency = low retention
- Depress wall outgassing

-> Improve recycling control @
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Recycling conirol methods in EAST

@ High particle exhaust rate

> Divertor cryopumps: 75m3/sx 2

Sox Plasmas
C » Magnetic configuration optimization
as
injection Recycling @ Low wall reflection rate

fueling

D > W (0.9) > Lithium (0.1)

Recycled flux
\ » Lithium coating & real-time injection

pumping @ LOw wall outgassing rate

- » GDC & ICWC + Lithium

- » Gas puffing > SMBI
wall | o
TR S — SHENNSs. » Actively cooling of divertors
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Influence of heating power on recycling
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Influence of plasma density on recycling
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Recycling conirol in 1056 s plasmas
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v" Real-time lithium injection

v" ne control via SMBI: (1.8 2> 1.4 )x10%° D/s
v" Wall saturation: ~700 s, 25% pumping

v Recycling control: R, ~ 0.95 - 0.97
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Particle balance in long pulse discharge

EAST #106915 @ 1000 s N EAST#106915 @ 1000s
dNe Ne E15% 0 -
“ar = Pex et Rypppu=1) -7 =0 z 133% .
o ®o ’ z 11.3%
T 10% -
i~
RS =
o £
T
96.7% S 5%
Recycling E
fueling =
14.1% 0% — oy .
\ Injection Qutgas Lithium Div. pump
Pumping cI)wall(_z'g%’) — cI)Injection (1 13%) _ CI)Div. (141%)
13'3.% - }0'5% CI)wall (_2'8%) — cI)Lithium(lo's(%) B cI)Outgats (133%)
Normalized by Ne/r, Recycling control mainly by lithium + Div. cryopumps @

1 ASIPP



Recycling with first wall temperature

EAST#106915

» Ho+Da = Recycling (baseline) + SMEI

» Recycling: increased by 8% 70 H/(H+D) (%)
>

>

H/(H+D) increased by 30%
Ho+Da decreased from ~700 s due to reduced SMBI
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» Successful global recycling control

‘ ‘ ‘ » Slightly increasing fuel recycling with
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O Fuel recycling is related to plasma heating power & density
O Effective recycling control in EAST tokamak

> Intensive discharge cleanings to decrease retention
» High efficiency SMBI to further control retention

» Lithium coating & real-time injection & divertor cryopumps

O Successful recycling control in 1056 s discharges

» Wall changed to outgassing from ~700 s

> Outgassing rate: 13.3%

» Successful recycling control: div. cryopumps 14% + lithium 10.5%

> Slightly increasing fuel recycling with wall temperature/accumulated retention
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