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DIII-D, JT-60U A1 JET %636 % I, X} 1 ¥ ELM fig
I IS 1) 2% [8) 43 A 1 0 RN 22 M B R 34T T IR N
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N/ A ELM 5| 1) BE 2= K &, R
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) (LFS) [f1768 75 3 7 S$Onkh (SMBI)ES191 B % 4
FE RS (PDRY. % RS R FE T EIHA, W]
DA% 1—30 Hz (13 S AR E N iR 2 T ik 40 4>
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Wit I, 29 175 KA, Y [HiE DI % Pecrp = 1150 kKW,
HPE R IR Pygp = 450 kW. & 5(b) Haf LLE H,
K ELM 5 K38 R IR &5 25 1 i RE 401 K T 10%,
K 5(a) S T /N ELM G 25 5351 il R 1l ) 33
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e 4 T84 ELM 22 i, & 45X I MHD 56K
P, FEETB B, MR T & 3855 5 7 s b
F&£ (YIS, X Le TG n] DL 26 [ A BRASA TY fif R
R G218 38 K 1 e IR 3R 37 A% an T 3 3 ETB il 211,
WEATE I ER BT Re 45 & BE R AR RE. Mirnov
BREFEWFST ELM HIRESC IR IS 2] (1 B8
Btz —, 78 HL-2A 2%5'E I Mirov #4215 5 1
B R AEAZE A 1 MHz, A% 17 FNER ) B8 7y 7 R 55
H(m < 14, n < 10), 5 /D3R AE R 1 215
P ATIT . AN IS A A AR AR BB AR A
7 R 55 B T AR BE S IR ST DA SRS 2
N, 4T M sk 1 dgnie 26270 ELM iEfk
REFE (28] 5 MHD & % 290 25, A% A% b A s
e 5 Morlet /N R

2

W(T) = \/;_ED exp(i2mF,T) exp (—;—b> , 3
K Fo 2 mOBiieg, By o2 o(r) 1. 0 A 4g
RV Ji5 1) /Ne h

Ym,s(T) = Y[(T —m)/s]/V/s, (4)
EHE m A TPBSE, s B RESEL XS5 K
LI TR (AT R A ot (MBS HUE 5 @y, HEIESL /N AR
EX V)

N .
Win(s) = wnt)” (rTmét) (5)
j=1

Wi 6 Brask 14011 YO, B 555 I AR R AR
U Docaiy 5895 5 AT A1 1 P9 145037 000 i
PREHE 5 (MPO4) A1 -1 P 1455 3% I ik Rt
5 (MP13). A8 1] Morlet /INBOH 55 3 N RGR £ 15
5 Sy M 4 R Ha/D, WA 5 i BER & 1 44
XA €, NAT = AL, BEER S5 5 MP04, MP13 %5
(A K T/rs. ELM ME2 21 (PR 5 R B8l HoAT Ak
BORRAE, F BRI A n > 4, BB EA
SR AN RR, X BRSNS FRAE PM13 A1 PM4 (0 2 {5
5 R BRI K. WE 6 W LUR H, 553501 6E
MM E] ELM 26 I, H 58 37 00 00000 A 2. 3X 2 1
JeIREHAE ELM i BT 0.3—2 ms WUR, S 4y
k) 45 kHz, Y HLF I REEERS J ). 75 ELM i HiTZY
J 1 ms, iZ5GIKILE (PM13 A5 5) JFiE L,
0.5 ms I FE W] B3 K, MI0R T B Se ek 8l (1 +F
SLI AR A AT BRI, Wil 7 Pras it 13723 IR,
M EAENE SRR UERS 1) Do FaHE 5 Wk
TREF MP13 (1455« ELM 26 Ik I 5L - 35053 ) #7
S5 K 6 AT LUE Y ELM A B30 1 26 J6 P sh £

B2 10 ms, SR 2Ny 45 kHz, B 6(d) A
P 7c) HgELBe T BB, A2 T AR5 B
S BT, (ELR A1 5 M40 BRI,

w
BRI
T2 04 MJ\
2.0
"% g
act (b) t/ms
= 0.0
o
—0.5
< (C) t/ms
E 0.5 /
0.0
667.5 668.5 669.5
t/ms

fewns /kHz
—
[ew]
o

668 66 670
t/ms

6 5 14011 YRR R H O (R), @4 4 JK 0 4R Bl 1 Ol
(a) IRIEHS = Do 155, AT HT- MR W03 HL 7 45 2 1 A b s Rl
(b) T MBAE S MP13; (c) 5% LS 5 MP4; (d) X MP13 /)
W IrHT ISR

e —
666 667

@

Da-div/arb.units

t/ms

()

MP13/arb.units
I
_

f/kHz

655

t/ms
K7 513723 WOBOB T B B AR SE IR (a) TRVE RS
F [ Do 155 (b) 593 MKIHLE T MP13; (c) $53 M1 MP13 ik
AT L I AR 45 2R
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ELM 7t i 25 [X (SOL) ¥ ft 4y 22 4R 45 85
& (ELM-filaments) £, "&ATT 23 4% 4l K& 1 g &
P Rk 1 ) 2 b i a0 B, R B — BE I R A T
TGS H 2% 0, 6F TTER (1) % 4 1E 3 I8 AT 8 B K
JE . DRI 9 22 R 55 B 1 R I AR R R AR . AR
MU DA B F ohl 5 vE B AT L 53 X /F HL-2A 3%
B b A o R R R BE S (1 [R] 3
1 us, A A48 35K 4 mm) X R T 2k i U DX S
TR IR R 22 4R 55 28 1~k 48 W A 3R R AE A T 14
W 27 %5 ELM 7E SOL [z R 40 e 1 o gk
1T THIE IS, G138 T 2R 55 8 7R A7 AE
I 6] KA 7E 20—40 ps T M ) 42 1) 2% () R
) 0.5—3.0 cm. IX L R IR AN T AE 7 20 AR X
TN AREE B T ARG MR IE . RE BRI RE .
EHUHIBEE T B IERE, A ISR &5 R AR
AN SCE A4,

4 B AEAT ELM 47 89 %

7F HL-2A Py EE S8, JFRE T3 N
T A SRR 7R AR IR ELM AT A 5% Wi FE
F, MEEH] ELM S5 38 iy i B ol R 5% AT
W F R 2 P R 48, RUK T X Fl 3 sh i
1010 258 B 1 b = AR SL AR MG 37 30, N it 48 i =
] ELM i 35 1) 5256 B 5. 3 HLA G R N
K ELM ANFa e 15 560 25 L. S Bl AL yde N S50 1)
TEMABEBHON: Br = 2.38 T, O-f B 7~ [0 jig in #4;
AR B A B /M (1.3 mmx 1.3 mm), 8 56 55
B TR B (ORI B LT, B 1 A5 Ao L ]
JHE R 1D 2 35 8L Rk A 1 e /ME (29 200 m/s), £
R AL Z A TR] DB 4 50 ms. &1 8 S 3R 15596
S5 B 1 A L () ELM-H A% 3 1), 78 701.4 ms
I 3 AL N R RGP 3 J ELM jiii 3. B 8(a)
1 TD 9 AT 1] 46 Do/Ho LSS 9 S
5%, 7F 700.8 ms /=41 A & ELM X5 5% H
S, H BE 5 R AnT S M R SRR 9 Rl A 1K Dy
5. Mimov #8415 5 PM13 8 PM4 B R XHPH
K ELM IR Eh RS M1 2928 0.2 ms. TD 9 #4530
FPHAAE 701.4 ms I 778G 73 ST (LCFS), PM13
FI PM4 #7E 701.6 ms IR 2] B & ELM i@ %
ARG BN A5 5, B ALV E AN il & T —A ELM,
IG5 AL 7R LCFS 2928 4 cm. 3855 55 R N il
& ELM 5 B & ELM [P 4k ) ¢ 22 15 8] & nT L
g 301 (H ply 1 H AR AL E N R GE R S R T

THIR, 3 AL RSTHROR, M09 Bl 44 22 7= 4= MHD $t
), BB AES] 0.5 ms 247, B 8(b) #antl)
I Do/He FEFIE 5153 21 1 5 ALV il = (1) 22 48, A
K22 (CF) 7k BY 50159 20 6 oy S 47
B reep L9439 om. 7 Sk HE A2 HH ALY Rl 2 A
H SR ALIS BB, & 7R 5 AL K ZITE 701.4 ms ]
7 LCFS, 5 8(a) H TD,9 M4 80 g ALE
A ELM-H B85 55 & &5 JE X fil & ELM 2 45 il 2%
fil ELM (HJ [ 25305) ELM $i% . 4% ELM fig &
R HIHARTER, 72K ITER 2 & b A7 HEH
N7 FE i S5, R L L ) BRI AN g i 4 (521,
FH T8 AL 5 25 3 AR PR AH B AR R T v e, M A
T ORI 2 FE T I BRI, 25 P BRI I, o
SR TR LI FLUR A A A, AT ik % ELML
Z W b b RIS E M R 25 R, & 5L R 5o A
()95 FE 4 4—6 cm AT 1321 BT LA, ml LAk 3 R £E
FESR G B B K s 23 = A4 T ELM i
Boy. RFS AL A AR I B () 450 FIRK [m) 1520 m
()53 B, LA e ATTRE IR ) R A A 0, R 53 ST 4.
TR 8 SORAE & BE DI A B L AL S
FEXT ik 2 ELM [ 5% Wi 55, 75 BERT 6 2 45 44 1) vy 1]
25503 B R, i) Atk o A b 0 5 KL PR32 B,
XN TR AL

2 (a)
s L1 64, 29 LCF S I %1 |

0.5 (b)

700 701 702 703

t/ms

136.6 197.8 259.0 320.2 381.4

r/mm
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5 %
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[5) ] B 44 (T LK 2] 30 ms), K ELM X 25 35 144
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P, 7299 7 M REERET 5 5 BE LI 2], H 5 5 37 0 20
AN MR, ELM SE IR AR 214 45 kHz, H #T
LI E ) 5 K 1 26 IR 56 T ELM 1740 10 ms H 3.
FFRE T 3R ALE AT ELM 5% W (1) SE S0 5, W0 21
5 RLVE N By S0 LA 4 em A Ay A I, A
FLVH RS A SR ZNEE 30 T B ELM i 3, B R
AT G B0 B 24 v 208 1 5 AL 3 RS 1)
AR UL S 5 KLk A A ) G I T, ALY N PR
B 5K ELM A 35 2 ) 1R DGR 580 R 9 fik
K ELM ¥ 7E4) FEALH B FEn] SETE SR, D8R 2 %
A fE ) ) B, 2 TR EEAE HL-2A 5236 H L gk skt
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Abstract

The edge-localized modes (ELMs) are often excited in an H-mode plasma, and they are helpful for cleaning the H-mode plasma
to sustain a steady state for a longer time by controlling plasma density and exhausting impurities, but energy and particles carried
by ELM burst will badly damage the first-wall of fusion device, thus the characteristics of and the control and mitigation of ELM are
studied necessarily prior to the basic operational regime operating on ITER. ELMs of different perturbation amplitudes are observed
experimentally on HL-2A tokamak. The frequency of small perturbation amplitude ELM decreases with the increase of net heating
power, and it is about 300400 Hz, and energy loss induced by per ELM is usually less than 3% of the plasma energy. The small ELM
is type III ELM. While for large (type-I) ELM, besides that the energy loss induced by an ELM is generally more than 10%, they also
exert an obvious perturbation on other plasma parameters, such as plasma current and electron density, and the {gr.m may be longer
than 30 ms. ELM precursors are poloidally asymmetric, which can be measured by Mirnov probes on the low field side, but not on
the high field side; the frequency of ELM precursors is about 45 kHz, and the longest precursors last approximately 10 ms prior to the
ELM bursts.

Keywords: HL-2A tokamak, H-mode confinement, edge localized mode, pellet injection
PACS: 52.55.Tn, 52.35.Py, 52.70.Kz
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