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Upgraded Vacuum System for Long Pulse High Parameter Plasma Discharge in EAST
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Abstract: The vacuum system of Tokamak provides adequate vacuum, clean wall condition, real-time fuel injection and
particle exhaust, which directly influences the high temperature performance. The vacuum system, as an important integral
part of EAST, includes vacuum pumping system, plasma fueling system, wall conditioning system, vacuum measurement and
control system. To realize the targets of long pulse and high parameter plasma discharges for EAST, some upgrades of the
vacuum system have been conducted, including increased the number of pumps, increased the pumping speed and capacity of
cryopumps, improved the reliability of SMBI and increased new divertor SMBI system to reduce gas injection delay time, in-
creased ICRF cleaning power to >50 kW. Through these upgrades, it increases the pumping capability, improves the effect of
wall conditioning, and results in a recorded pressure of 1.5x10 ° Pa in vacuum vessel. Based on these upgrades, some record
plasmas, such as >400 s high confinement mode (H-mode)and 1056s long pulse plasma are successfully achieved in EAST,
which provides a very important reference for vacuum system design and operation for ITER and future fusion reactor devices.

Key words: pumping; wall conditioning; fueling; vacuum system; plasma

%5 B #5: 2023-10-26

BEE&TR: BEEE AN LI H (2022YFE03130000., 2022YFE03100003) ; [ %% H R Bk 5L 45 (12105322, 12105135); 1 [
b2 Bt 7 A58 X AT H

EE® A AR, L, R R, FENFIE RIS WSS TR SR EER . B BEH AR, E-mail: zuoguizh@ipp.ac.cn

BB R ek, JUR T, FES AR, 45, W 17 BEAST 25 & K kb B S8 B F RS RS R iR T[], B 5K,
2024, 30(3): 229-237.

ZUO G Z, YUAN J S, ZHUANG H D, et al. Upgraded vacuum system for long pulse high parameter plasma discharge in
EAST[J]. Vacuum and Cryogenics, 2024, 30(3): 229-237.


https://doi.org/10.12446/j.issn.1006-7086.2024.03.001
https://doi.org/10.12446/j.issn.1006-7086.2024.03.001
https://doi.org/10.12446/j.issn.1006-7086.2024.03.001
mailto:zuoguizh@ipp.ac.cn

230 H2 SRR

5304 3 )

0 3§

7R J7 # 25 (Experimental Advanced Superconduc-
ting Tokamak, EAST) & 1 [# [ £ % i1 2 & 19 [F= b
BRI AL RIB TR A IR D
BB E o T H R S RS AR S S it
FER 5 i 2 8 il e gy BRI, AR 55 R ST
SC A AR S A BOREER, RIS AR R AL
S HEM . EAST 2% 8 ELAT plURe i AR (B w4
T X R TN IREE ) =R, W AR TR R
SGE T ARSI EE TR, BEAST =R AR A:
PR =1 MA AR RS TR s 5 TR R SR I
IR E] 1000 s; 75 i Dy R AT it 5 ad — A2 5%
R,

55 R YRy EAST 4% 8 1 2 4] i 43,
G E S ARG G5 TR RS BEAL ] R
GELL R S R g, Hastr g A E 9L 0 i
SR AR, Ry S5 B AR B R 1 e s PR,
PR RD T, [T A S 30T 2% o R - 1) Pk
b5 AP B 0 2 o D B REAUR
FER 5 Ban AT A SR 1, 2 R A B
TR SR B R, & EraE EAE K
W RE . MAUBTTR S RS, 2R D
IBATAS A] R/ ) E A R

_____________________________________

o EASTREHIERZE 1 1 HERS |
I EEES B Lo R | |
1 ! H | 1
: =T Se=cmI.T =T L : ol 3o :
1 i : - j][]*‘l’%\éf !
e PHERRG -y
1 ! LR R
1| EC \ | 1 EXon :
:iél- ————— :—1 : 1
B CEERE ;
| Y | RAL | WAL |
/[ AR SS—
1 | S | e e 3 :
| U

(a) EAST 28 H% RGUREK

P

T EAST FEREBTT. 2R, AE RGELH 24
BEAT, W BT & Ak, PERE AT IS % I, fE )
O 2R B, Y)Be . S EORHs 178 =k DL 2
EAST F—F5E T2 1 AR = S5 N
R>10 MW, %5 3 IR B> 1 AZHR IR, H D, Kiknh
(ARG L B[] ]RUBE ) (9 45 2 Ak L, X B2
RGP T HE R EOR: WM E N B
T V1Y) 28 RE A5 0 DR X iR e R K b A R A
TBATXF S —BE B S R e b A, kit O 2% o e AR R
85 K I TR R R LR B i B 5 P 2 0 T A
& AT R B s HE B B T S T B ) RUE B A
S 2 I 22 R AR A R B S R B A B R, R
Pk A S AR J S R s TR

AL R AR BAST 255 F IR i B s = (e
FRZAHNEER)MEZS R, B84 EAST &
25 RGNS AT T T I 0 Tm) R, DA R T v e Jok e v
SR B TR B2 AT RS R A T
MU, B 5 4 A RGETERERR TR

1 EASTEZRZ%K EMIE M

EAST HZE ARG G THE MR AR, 8T
IRTRE R g0, BEALH R G5 DL K N S s R 4,
K 1R

il i 2 AR K R RN S8, H A R ST A R R P
PE

G T B EE MRS

BEQL BT 22 50 0o 50 G NN el 1) G
PALRELD B

PR Al TR
HILEA RS

FZORAE | IR | L

(b) HZEXTRGELL

Bl 1 EAST H% R4
Fig. 1 The vacuum system on EAST

i Z2AF KR, RGO 55 3 T RistT
FRpt TR e S IR, IR RERS AT A R T HE L,
ARG A B IR B i o MIORE R G M Rt )5
FEARGE, BRI TIHEAG. BB A TR
FISRLTE A RS, P 745 3 TR e, ik
AEAN[R) A B A A 75 22, ) I T 45 8 1 1A
PO fEdl . KR T 5 eAs HRE KB
RE AR 1 IR R 48, i B L S LR

WESCHCR R T, e TR T IR R, A AR R
TIRARBOKF, IS R T HR PR . A T 4
PCBEAL PR ARACER AL BEAL B], mT DL B8 b1 AR
B, P2 0™ A, BRSO B AR i, 4R
195 A B T IR, A i RO A TR RS
PEREHR = 9 A S R RF D B R DTk . S R Ao
PR AR K, A ko 45 B R s ATl A
A ) 52 A8 52, S IR I )R 5 B R A L ek



ZERESBAF T [0 EAST 3% 8 Kk ohim 2808 8 TR W H 2= REPEREHE T 231

B R FR AR E P, IR TR I ] 52 4
0 20 5 JR BUE I v 2 PR B AR, RS AT
A, R AP T A R . SRR kR,
Iz T EAST 26 5 TR Y S 50 0 5%, FERL T
ST I B 2% S5 A T A BRI ST 5T T U
T RZINCH R
1.1 AZWHAZAFELEEE

EAST %¢ 8 45 5 T2 1775 B2 15 18 o H A
IRBE RN R B A TR T HEBRBE J1 . BEAST %%

BRI R

BRI R LA A R G H AT R EER TR
IR AR A il B, 2 TR 2 A T
T, T ARG R A 3 T2 A A U E AN B A
DI, [ p il A P 2 A B s = AR IR 1 e
A E AR R . G FT EAST S AR GER B K
HF i RN A 2 B o T 2 BREARAT
it =81 My I N R e 5 VAR B 1
I T FEMCAAE T, MR SR M v (07 P K
EAEEMATT I TR N, ATRE BT i

(b)) o A I B S

B2 BGETT EAST i UR G fo S o ilnfih U il
Fig. 2 The layout diagram of pumping system and the main pumping tube on EAST before upgrade

MU HT EAST K 2 8053+ 5 % ATl & B 45
AR ™ 207258, Wi il B R 5. X
PR RO A ARl T B AR T BE & R AR Y
R 47 b Ao A0 B A e e S SO TR O, TS G A
BT A S, R E A
W T (10 4R 0L ), 800 TR R B ™ &, £
2 IR 2L O . [RIE, B EAST ¢ 8
FL SR B w8 T A R B B — BERAE i 3, S8
T R v i B Y A5 B TR TT B T 2R AR — BE KA R
FECORFERE KR . XA S TS M T,
A RE T R, BT Y 4l SR AR N A2 B 7
JE T, Qi 3 iR . B AP RAEAGESRE K
BN T FY Jg, T N B2 =S L BRK L BRih &
J& B L2 BEAN PRAFER K, SN TS TR
PRSI PR PRI o 2005 T S I — 22 00
TR LA, RT IS 8, SN CR R A 4 T B s
W&, WA R TS L BB T %4,

EAST 7 R F A A% I 258 K38 43k 2 8 i i )
WL E, BAR R SCO TS # AT B R 4, B2
KEBSY & T B, gt efb i i

K&

P& 557 T A SR IR i S R A R RO KR
PG, 2ot EE M, 2 IHAR IR 5 i B oA Hobr
R Y 1/5.

(d) TR

(c) iEHERIER

K3 EAST {5 50122 LI
Fig. 3 Common problems of molecular pumps

and cryopumps on EAST



232 B 50

5304 3 )

AR, B T iR S AR RGO R &
M TR IR . AN 55 R R R ke T R, Sl
BEATUR, D A 5 2% B 4 R D AR A AR ARl
2 288 10 L 10 000 YR FF O F i, — L1 A 1)
Mr &2 ARSI, A 43 I T AF A S <5 [ R
1.2 %5 F kb4 %M

EAST Nkt R 40 & B AL 5538 2 L R4 (GP) .
R T SR (SMBI) A K 3L A (PT) = Fh
K, Hrp i wiAp o EAST % H 89y X Sod& A, i
B R GEA  AG SR an &l 4(a) s . EAST 258 A %
FIY SMBI R 48 5 R A RGEAFTEA B,

[l B, SMBI Z& 4t 19 ik o L 8 1 1R 2 IR OF K45 5
AR TG B S Y6 [B] B 46, R SMBI R 45 #0524
RBUR . s AR, HiFBK (A3 X). 5
A, SMBI 11 ik i i #1645 1 , 5 BCtE 45 4 R 4
RE ARG ST, AN, EAST 7E R g 407 & 5
i g W 7E R O i G AT 28 A, an
B 4(a) s o 8538 78 R0 i g B R EE A K, 4
600 ms, A~ g1 /2 52 BRI AR, ek ik
T AR ey Esh L i 4 s . Kok
EAST %% & i FL 0 /9 5 ol 5 o 2 07 e He g g of
11 R YRR Pk b2 17 A T4 45 .

35
il ARG ol 12.5%10°
E 251 {2.0x10° &
/f;m—é%‘:iﬁ 20} =
J.(A‘ﬁ \/4‘/::‘\ ~/:(l R
A UARSE R % sl 15210 &
1o}
- o 11.0x102
LSE I LREG 0.5}
0 ' ' 5.0x10°
8000 8500 9 000 9500 10 000
ARG i IAl/s

(a) EAST fiBH B4 7] 46 B

(b ) b e 30 7 =) BZ I ]

Kl 4 MoE T EAST 5 AR R G000 5 i -5 78 AR G R I SE IR

Fig. 4 Fueling system location and response time of gas puffing in the divertor before upgrade on EAST

13 BARRZAPHMALE

EAST B 4bH R 45 = 2 A5G 6 11 A48 18 AL
RO HIMECHRIE R RS . B el A i 1k
RS RV VR BT 0 Rk Ak AT AL TR 2 DL B S
PEEANFE R G045 . XU RGBT RIS, REH
A ™, Han s O E NS R Ak, ik
22 255 W ST B A, M RIS AT 13 4R, &

B IR | A TR I Ak e, T L T FL A A
Z AL, BT AR A R, I S BT RS IE
HERERE I AN L | 3BT ARE , MELU PR BRI 2 25 Y
M BRE B 2R 5 o [ e HR T e R SN IAT 5 PR,
KSR RAR, PR L LS H— | BRE AN AL,
LPRIZ AT IAALN 10~30 kW, TH RS & 51K 324
HEARS MR, Joikih I 25— BE 2 HTE VE A 73R o

(a) BHHL

(b) BT RBERERFETAH  (c) B

114 Py R 1541

K5 BOE AT E T R RS

Fig. 5 Ion cyclotron discharge cleaning system before upgrade

(d) KebRi L T45

i



ZERESBAF T [0 EAST 3% 8 Kk ohim 2808 8 TR W H 2= REPEREHE T 233

WANMZ R Gz T ZAEC AP BLI R, ARk
YEABAR T B 3~5 KN [A], 52 1A SE 56 (9 1E 5 1T, JC
T2 JEE S R b B 2K

& EAST % B PERERG 4R TE, Xof BE b 2 42
TR LR, YT R GoME LA 2 EAST 4 35
B 1 oK, AT o, BRI RE AL B YIS AT
SEOM RG] 55k, LA & EAST AR = DK ik i
E B TR A BT | IR R KT A S50 7 2K

2 HERFEFRBE

2.1 AEIAAGKE

M EAST %682 4075 K % I8, A X 48 B 25 4R
FHBE A AR SR I B A S AT 1 TR, LASE g il
ARG L AEMTENE, IR K EAST HimZ

\ |

‘ :1rjﬂﬁ%

i \

RS

fgx

| = |

Y mEEE
BT

(a) FA-UEET SR ER

B B R I ARAT P A R Ak b HEBR B
211 FE TR B E A T GE
MO T EAST 45 B F i B 5 %= B
BRTEAMRGIE, 4 60 F RSB T I,
2 AR TMAEE L, 542 GIRIEFEN
THAE BT RS E T -, WK 6(a) rn .
TESLAT R, A8 8 b AP I 2 i v 1) 3% 1 e ok 25
XTI o 5 R AR KA A B i, DRk b <A
T iER%E 180°, ] i T 400 mm 1142 AR IR <
24, i 6(b) Uron . & fe, EAST W H S %
FAEE LR PRI RS L
BB, AV G 2 ) 2 B A il S I R AR, X REAE N R
i A S5 1T ARAR bt TR B kA, S T
RGN R TERE

(b) FHGE 5 9 F A U IE

6 EAST WHEZZE EEEAH T E

Fig. 6 Upgrade scheme of the main pumping tube of the inner vacuum vessel on EAST

AR, JEFEMAEE L 45 mES TR
(TYFB3600), 4= #5546 Ry To it . XF /oy F SRk
AL EE R K 2 REETE N TR, S
5 mm JE B BRI £ 6 B8 I R R CER, T L 4 B G
IR T2 (EffAE STP-XA4503) 43 % F T 11 [
B LR T, T LA R B N, 2P
PEE T 4 T AR, T A X 4 2 45 4 i AR
AR kb G T R I M e S ORGSR e e - R
R0 o B B E BT 6 B Rt REIRIR
FE K CP-16), e KHi 42 & T EAST N H 5 =
T AEE FARIR RGN B 17 AR
HE I o

AR TRk, — AR S TR R
Gext /Ny AR (D, He 45) fAh < BE ST, B AN—T7
AT A AR A sk e 1 (8 FH I 20 s >R % L A8 =
FORGE

2,12 RIRAE AR 25 LA

T R EAST B S S8, A Bk vp 45 55 11k
SR SEBR AR oK, i — 2P $E T EAST R R G ny il
Shed . EAST WHA 1 KdhE . KA RMRA, it
O AT 2R Al 254, 35 it = 1 TR B, A/ N7
R UZNO)E Wi 115 N (AT O N e i W N<E
3 S M R U T, SR — PN D,
A 1, I HLR FH A o B e 1 A LR 32 T
YA RN S WEINR 15 W), &t f
TR, AR TR A B A 18 m/s, Xt /N o TR AR
H, A E145] 9.8x10° Pa-m’ (TR AR EE {IRIE SR
R 12 mYs, X} H, 558 2 5.0x10° Pa-m’), f#i I
TR B AR REAS BIAR K27t . s s IR
R E 7 Fs . BT, X AR K
i 5 25 IR 2R O 42 AE EAST 1 8 #5107
BT, £ S BEAST SE80 217, 45 Wk e 44 1



234 B 5KR %3045 3

W, PRIIE T i 8 i DX IR B R R RLRE T S HE
v S5 B A R R E

(b) MO I

()Lﬂliﬁﬁﬁ

K7 R O i S AR A5 0 LK
Fig. 7 Comparison of baffle structure of cryopump before and

after the upgrade

2.1.3  FImuEdRLsttiie

TEFE R H v 6 8 1Y 45 B IR s f v, 4T
FARBRLF- IO 10 S i iz, 282 FEwE 126
G195 HE A I8 A DX BT b Ak, g &R A
Je Bk FIE B4, I Ak T HERR R Gk R
PRSI B R HE A B A X T ik ol A S R
FRASIBATIN G, IR UE A B vei 5 HE B X 4 bk v 2
JEE AR E Pl 28 DG T, DI 3 fo A B8 A IR 9%
W BRI A AR o A FE R v 2B B OB A 1)
DEAS, CLFEIRUE A AR | U8 S MR L B r i) )
g% Dome B, % i T B P~ N AMT i 45 51
BRSSP RO R MEAR L, AEAF B AR R
KA AR T A e A DX Bt vk, i 8 2K
PEALJE Bk TFICRIEE o HT LI I IE 2 3 KR g 77
P ANE 5 i 6 2% Dome iz =22 [8] A 18] B2, BV A T
P gL - HE A, AT Ak AR HE A
29 53 mm, LR A RLFHE 8 A (28 mm) B R T
A%, $Em TR IR RCE . FIF COMSOL il
T T 3 TH e 358 2% DX 3l DA R Al <3048 10 5, BVFE
WBRELAS T, W E SRR 13107 Palp,,)
T I A B S Ak B S (S,) S 60 mYs, AR
IS 2 1H i I8 28 AN 845 B T 200 10.14 m'/s,
780 09 O 306 1, LT £ 13.83 m'/s. K 8 A
i 1 7 1X 38 BT 55 ) DA A ABL A T o0 A

WE AR, X6 i 38 1 205 ) o5 S A s 0 4 <
ARG AT bR 2, B8 T T O T8 # BT b o 42
T 22%.

x107®
9
B g
IIILL 7 &
6 R
5
1 o]
3
2
x107®

jﬁfﬁ

nlnﬁﬁL

[\SAVSIN SV, N NN No o iN e}
JE71/Pa

Ca) fi s B DX A 2

(b) i

P& 8 FHEHI S i DB BT DX Al ) 2540 7 B PR R0 Ik
FMEN 15345
Fig. 8 The diagrams of the area near lower divertor and the

pressure distribution by simulation before and after the upgrade

Wil EZSRAENFR, 46KEEM6S
TR, 2ENERRE, K L M RIESICERE . PP

AE B ARE IR T T 20 20%. IR RG]
DA 2 4 BR 25 5 1, A /2 EAST %€ & kL
THEA R <10 Pa-m’/s B FR A kovp 45 B 1A il
%m*ﬁﬁmﬂﬁ%m%%%*o
22 FB TR RGRE

o e, e T BAST Ik R g,
E 9 fin, s T 2 55 E m ARG B
FHRAG ., #ILEA RGAE EAST 24 B R [ # 1] 47
B

MR Y
WA

— HALTEA RS

Tl S TARGE

PR TR RS
FALHEA RS
e
® SILEARS
AR B4 T RS
‘ui?ﬂ (ARG Tl ARG
FATRAESG T ARS

Kl 9 FHUS EAST Ikt RS 5A0
Fig. 9 The layout diagram of fueling system after

upgrade in EAST

R B IER KT A% OB SMBL RSB A T
C T . JF¥JE K SMBI £ 45 Jbk b B 4 18] 14 )5 g



ZERESBAF T [0 EAST 3% 8 Kk ohim 2808 8 TR W H 2= REPEREHE T

235

GRS ey RN R B i I L R e R VA
Ak, GnE 10 fros o 3R B 45 B SMBI R Gt 4
oy 5 7 B, AR ARG /N, AR T R GEAE S g rh R
J& PEAT 4 P FE A (SMBI £ 45 % A i ik o e @ 1)
TESL I 2 2R B T A G M, 5 By IR, 5 Bk
Ty #4E) . ZHTSES H, SMBL R G 11 =
RV TR ERY, @ BBt EEg
B T A TR EAMI Y i R ARAL o 7E = R AR
T e T A B AU e R R G, R R S 5 ]
SMBI & AR A FH 22 4

WA, X6 3 30 78 Ay 2 0 A4, AN AT
SR FH S5 4 1) 10 32 X8 O 108 i PAG IR A T A R T
(1) B, B & T D O o SMIBI 22 45 LA A R B 38 76 <
T3, SEEAE AR U8 2807 A PR T A ST A E
XoF it 118 g AL A o PR e 7 P A ol D e PR

BT A R G0 2 E MR T AT AR T2 E Ak
B4 B S AN ITHI B . AR IT R R IR
0 L, 5 THAE, B2 B e EAST RS HAZIR,
FE1/NF 13107 Pa, K254 78 AN & 11(a) iR .
T VE A BATT G F i S S 7 B R WS, IS8 A7 T 0 31
AR 5 T, R OB A2 B B Ak S5 28 i BLIR W
W P VRN, R A 7 T R AT A RN R
1o R HL R 7 T EAST T A28 % 1195 22 40, i
B AN SR R S IR BE, 7E AL 3 i 4 B W 7 ot i R
it G R 1 %o FL R IR ) T, R UE R R R DE R A
HAGAE EAST %45 T 4 E{myE#s SMBLEA R4,
ST R D AR O i A1 B 11 7K SF #0 AR A
T ECMAR . W 11(b) Fros, 280k IR0 R 48
I [ 2 80 ms, I PR T+ 3d 78 A [ B B[R] (2
600 ms) o

CF100
H R S CEso HA 5
i R /
NG —
Al
L ) —— [ —
g el B iU P
(a) HIEHT (b) W&
Pl 10 SMBI it Hi 5 254 15
Fig. 10 Structure diagram of the SMBI before and after upgrade
6
5| ) 80 ms 135
EAST R 130
B A > 4t {55
. mw{)ﬂﬁii&%{?*‘@’r‘fi o ; - 5
; £94~6 m ‘HiH de3t 120 £
ik se SAAemEE | | = >
MBI #7 = B
SMBI %4t D/ j / E,| 15 ¢
ikt i P LR B 110
tr 15
MmA A At
0 - T — 0
10.8 109 11.0 11.1 11.2 113 114 115
Ml /s

(a) fWIESS SMBI RGi45 0 m E K (b) fmuE#E SMBI & 4¢ 2 i i [i]

B s RIS SMBI R G HLH 52w I [H]

Fig. 11 SMBI system on the divertors and its response time

23 BRAFERLAEKE

R T AR T T I T R R G A TR
UL TAE R M, R T+ ks AU T
T I 50 kW ISR R G, B —4 50 kW IHVE R4,

LM E R G ML R IEAT, 488 vE D R A
ZRIRHIIEERACR . [N, REENIE 7K REE, WK
SEPLERBERSE . AT RE A RAE R o BT B N ) AR
s, ST IR RO BT, BER A



236

Hos HRR

5304 3 )

ARSI I, 5 BT RCIA Y . TR IR
PURBC RS, S U <5% mfssg sy, 1271
THUERCR . THR B0, 5 )50 P B G R T4
B VUIR LA BB, Sl SR AL, SR T T 4 Gtk
REFIBLARSR B2, [ o R 1 R 88 1 LA BB RE
U S B T I RETE U R GLas A RS I AT 12 B

3 EERGMEREEABR

31 AR AZA%HABIE
EAST X RE LT H i fF B2 m& T
4 EAST 5256, £ ik s 48 pn e 2] TR KA Tt

80
— AT AT
— A
60|
=
ﬁ 40
R
20}
0

58.5 59.0 59.5 60.0 60.5
Hifa)/s

(a) &5 B e ) A<

TEREE AEHL 22 J5 45 B IR0 s % i /N I #F
SEYEFEAE 5x10° Pa LA, 1345 T 07 S el & 77
1.5x10° Pa, 4N 13(a) JB/R T 2021 4E 4R KK
L2350 AR g O, BT G o A8
L 77, G1.7 2 4 A I8 I v e T, TPGLS Sk
H L 2S ZAR —REIR I . anlE 13(b) FoR, i@t A H
JiE AT, HO 5 B 23k 8] T <2.9x107 Pa K-,
1E EAST Kk npilcd i # vp, BT IR R 38 17°F
Fa, A BN &L, i EAST 5 S 50K Bk o 45
B RR AR T & B L KA O

He 757 Mgt

(b) &1 e vt RGBT kA

12 i BB IR g U R 4L

Fig. 12 the ion cyclotron cleaning system after upgrade

160
1140
1120
1100
180
160
140
120

JEF1/Pa

shcd bl

SN I TR 2B e BN SHBR\ MO SR
SRR ROMAMINEENE

IJ ]
(a) MR HEZFEEI1H

&l 13 EAST 2021 4EAZ i B %

TRLE/C

——Pu,——Pue——Pu,0 =—Pn,——Po,——Pr—Pco,

104}
107

10,

JE/1/Pa

107k

| A

11/10  11/15 11/20 11/25 11/30 12/04 12/09
1]

(b) Al ELA 2 AR AL

HESIRG

Fig. 13 Vacuum condition in the vacuum vessel of plasma discharge on EAST in the winter campaign of 2021

Xif T BIE R ) i B SMBIVE AR 483 i N
B R 1D R 2 s A o A AR R T R AUHE IR S R )
W, S PR s Rz A A, 0 RIS TR ASUE 7E 25 ms.
XTI B BEAR R S, I B T e 2R 4t ) I
IBAT AT LS B L 70 kW SRR S A3 H Y U v

DA, PR HIAE 5% LT, X ST 9006 2 K

Jok e RS 28 A5 1 R PR e LA PR ORE T R

PGP 17K o

32 AR AZGIEI N S HB RN F BT RKA
EAST % & 2 /i 19 45 B9 5 PR 0 H bk e 4 2



ZeAE B A T 6] EAST ¢ B bk i i S 8045 88 1Mz 17 ¢

HZE RGPERERT 237

X, R IR TR B AR BEAE .
HEBOR - HEBR B 1 45, A Bk b (>100 s) B2 A8 = 24
PGB TR & EAST N — B By =% How, ik
5 EZS RGURAS T I I 0 A B, iR K
(L7 HF BB T LA R BRSOk T AR B
i EAST K ik i i 2 50055 85 AT i R4S 4 1 4
RIZHE . W 14 s, JBR T >400 s £ Bk o 45 2%
TG RAS . It B RE M TERERE T, A AU
fEHET EAST 3¢ & | #MO R . 1WA #> H A T 7
ok e 45 Z2 3B 5 20 S R R A

shot: #106664
00 F

— >

m\

D\

E& -
0

“1072r

&

R107F J

]—-‘ﬂlofzt:r

0 50 100 150 200 250 300 350 400
G EI

Pl 14 KBk (>400 ) 55 B AR
Fig. 14 Long pulse(>400 s)plasma discharge
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