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Fig. 1. (a) Scheme of the poloidal cross-section of HL-2A Tokamak, including plasma separatrix (red line), limiter (black line), HL-

2A vacuum chamber wall (dark blue line), and proposed new conductive wall (light blue line). Four kinds of conductive walls are

preset, and the sketch is as follows: (b) Original wall, (c) circular section wall, (d) polygonal wall, and (e) optimized polygonal wall.
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Fig. 2. When ¢qo = 1.05, the equilibrium configuration of (a) 8, =0.45 and (b) B, =2.00, and (c) the safety factor (g) profile
calculated by GATO at B, =2 (According to the comparison between Fig. 2(a) and Fig. 2(b), the larger the By, the larger the

plasma Shafranov displacement).
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Fig. 3. When ¢o = 0.95, the poloidal projection of the mode and the Fourier decomposition of the radial perturbation of the corres-
ponding mode X at lower B, and higher By: (a), (b) By = 0.45; (c), (d) Bp = 2.5.
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Fig. 4. When ¢o = 1.05, the projection of the mode displacement vector on the poloidal plane and the radial component of Fourier
decomposition of the perturbation x: (a), (b) By = 0.45, g5 = 4.37, A= —0.4492 x 1077 (c), (d) Bp =2, g5 = 5.35, A=
—0.1247 x 1076; (e), (f) Bp = 2.3, g5 = 5.67, A = —0.1198 x 1073; (g), (h) By = 2.5, gy5 = 5.80, A = —0.4774 x 1073.
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Fig. 5. (a) Under the condition of the ideal optimized conductive wall, the position relationship between plasma and wall; (b) the

projection of perturbation displacement on the polar plane when S8, = 2.3, go5 = 5.67, A = —0.1418 x 107° and (c) B, = 2.5,

qo5 = 5.8, A = —0.4985 x 10~*4; (d) Fourier decomposition diagram of radial perturbation X when Bp =2.5, qo = 1.05.
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Fig. 6. Geometry and configuration of plasma under free boundary and various wall conditions: (al) Free boundary configuration;
(b1) original wall configuration; (cl) circular section wall configuration; (d1) polygonal wall configuration; (el) optimized wall con-
figuration. For each configuration, the poloidal projection of the mode is given respectively at go = 0.95 (panel (a2)—(e2)) and
1.05 (panel (a3) —(e3)), and the corresponding mode eigenvalues A are given under the projection diagrams: (a2)\ =
—0.2162 x 1072; (a3) A = —0.4774 x 1073 (b2) XA = —0.2162 x 1072; (b3) A = —0.4315 x 1073 ; (c2) A = —0.1846 x 10~ 2;
(€3) A=—0.1991x 1073; (d2) \=—0.1761 x 1072; (d3) A =—0.7246 x 10™%; (e2) A=—0.1727 x 1072; (e3) A=—0.4985 x 107%.
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® 1 go =095, A MRS T LA I RHAL
BEAF R VH O BURFAE

Table 1.  Eigenvalues calculated under free boundary and

ideal wall conditions when gg = 0.95.

A/103
o FHA R ik Z PR 2Rk [ RE
0.10 —0.9944 —0.9944  —0.9944 — —
0.30 —0.8297 —-0.8297  —0.8297 — —
045 -0.7713 -0.7713  -0.7713 — —
1.05 —0.9110 —0.9101  —0.9001 — —
200 -1.2690 -1.2410  -1.1840  -1.190  —
220 14730 -1.4620  -1.1301  -1.352  —
250 -2.1620 -2.1260  -1.7270  -1.761 -1.846
3.00 -5.9170 -5.6920  —3.6110 — —
400 —21.930 -20.700  —9.7990 — —

CERNTR LR 2, AU EEGR. — &
qo WITEH: X8, $2.14, qo = 1.05HF, firfy & 5rh
1) 45 B AR & MHD A2 5 1124 qo = 0.95 1), 4%
B ARG LA T MEHD AR ERS. XEHT
qo < LB, 55 B FIRAAE A FUE 1 N A, Y
qo > 11, PNFHL AR AR Ak, T B, BT S i
B AR, AR LAG | 4 5 & MHD AFa e .

TR B MR L Y Btk — 2B 1 B 2 2,390,
qo = 0.955 1.05 X P AP L 4 1) H e o AL 45 8 71k
B SRAR SRIBE N, (155 B FIARAL T AR R
B SIEBEMER: HT R 1T, Y g =095,
By < 2.141F, ARARGE M 320 P A A, PR RE X
WO ORI FARAE IR/, 24 8, > 2.14 1, BEXTRRUE
FEAE FEARSCRAT BT BB, (HAR . PRI S A R
Xof YA AR LT A M IE . 2o > LI, &8
SREEI , ANReE MR AR AZ B E], R
REB B TR B R B N, RE R RS 2 LA
FHEE. OEFE RARBE IR T, 55 T1ikiE1T 8
e BR AT BT . IS 1T 45 5 AT 05 DU

® 2 qo = LOSHE, AR AAF T I ABUREE (B
Table 2. Eigenvalues calculated under different

conditions when go = 1.05.

A/107
R SRR (RS SR
0.10 —0.4284 —0.4284  —0.4284 — —
045 —0.4492 —0.4492  —0.4492 — —
1.05 —0.4647 —-0.4647  —0.4647 — —

B

1.50 —1.2230 -1.2230 -1.2200 — —

2.00 -1.2470 -1.2460 -1.2380 -1.239 1.240
2.20 -393.40 -313.70 -1.2010 -2.246  -1.258
2.30 —1198.0 -1054.0 -14.180 -60.220 -195.20
2.40 -2460.0 -2200.0 -103.00 -211.90 -546.0
2.50 —4774.0 -4315.0 —498.50 -724.60 -1391
3.00 —38850 35570 9185.0 10780 15430

e Hriis T A1 FR HCIE 5 I 2 358 B LA AL
Hi A% 32 1 MHD A Fee PRI K% > 1070, [ i
LA A 32 09 MHED ASFaE HETF iR 2 i K
AbHY BAE. T8 7 45 GATO HAERAHER (1H—1k
B B B, (AR IR G R . AT UL, 7E A LR A
SRALEE ST, qo = 0.95 B A4 AE (R 4 X 35
Al > 107, RIAEE T HRIGZIERTUE . AaE
PERRRAR I n = 1, m = LNHLINAL. 22 & B4
SREEIABEE Z R e k. (Hqo = L.OSBY, L HE S
PARBE R e A A AR A LR R T

A MR RAET, M BH5A% (S 2.14) B, 4k
0SB 5 A B0, 48 B RS2 MHD 2 E . Y
By > 2.14 )5, SMH A IE Kok, FRAEAE [N 1
1075 ZEE FRE A MHD AEIRAS; WAELHT
& 7(a) LR E qo = 0.95 40T WA B
PR . L, 817 Bl FHE R Bov = 2.14,
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(a) Ao FAIES&AF; (b) MUALEE S0

Fig. 7. Absolute value of mode eigenvalue (|\|) variation with B,: (a) Free boundary configuration; (b) the condition of optimized

wall.

IR IEAT B FR By = 2.56 28, 55 —TJ5 i, % Eiifk
SREESS, 7E By < 2.39 0, 7E qo = 1.05 M ALALEERY
A %58 IRFa EfL. 28, > 2.39)5, KT
Sy A SN ST BRI, FRAE(E A > 107°, fif
SR FREEA MHD AR RE. [, anlgl 7(b)
ML TR, BLBTTE go = 0.95 Z%0F 1 P4 i s 43
KR WG P RE . ke, WA R, b
Bo.nv = 2.39, IBAT BIIR By ~ 2.73; BnHB A H
LA (R BE 5 A TC 55 A ) #2081 240
6.5%.

L5 TR, QSR AR A B RS NE MR B AL
— AR AR RE IR A REAE(E (FH M, 552 1A
MHD AFa e PEL PG %) W BEAIR, AMH Hh A
2 BRI AFRUE RSB RRIR R KN S 2
TBRERPAIRFNOL B A B VI OCR . SARREZ]
RAAVE RS BEIUCE AE B S5 B AL
KRNI L HEAL Z . HL-2A JFERERE (AR |- 5
AN R XA AHIZRE A A2 A PN 5 5 B AR
B, AT 1.5 /N TR N, BO7E % SR JRRE Sy
FREEJ ) WK ORIA R — SRR

PR A RE R A B B — L.
By 2 2TFUR, Bl B, RN, finRE J5 3K AR Y
FUBIFESRS K, X f T B Bk, T 45 114/
EARIR AR (X ALRE I EAF (I 1T e ok
W T] LA EFIT 321725 8 30 45 H /N A2 4L
Pt AT LA ). 22 AR BE ) — M ALAE T AT L
24 B B B (8 2 2) UA, ARE ik e
TR ARG — 2k NIk F R T B AR
Gt E], Br LA TR, IRAAREEXT g0 < 11
LA SR AT — BT S X qo > 1, RIUA MR

AR FE S A, A o4 0 B 4R L
L.
4 BEAE R A EAE K AT 6

FATNEE IR 22 &, T Sk
BEAE HTY 3R DG . 45 B IRPE sh #aemT LS 1
I FEEA:

1 1 2 Bj 2
SW:* d’l" ;‘Blll +7|V€J_+2£J_k|

2
FARIV €= TP (€ x By) - Bu
0
—2(&L-VR) (& k):|a (1)

Hr e85 BRI, Kk RIEEL, Pos V-
JEik, BofURP#EY, JofERTF- i %,
REREIRIL, piett T2, SR 0. 9t
TR AT =305 RS g 2 . R 4aimidk B
WY . BRI R AR AR = T R B F e &, #E
RIEAE, BEEVEH. 55 5 Wi i R om i B Al R
BEA IR ATRE S B, e 4 100, 502 AT
it (K B ) At 3K S B AR AR, HH I A AR
FEPLShE HFR LM, 34T e TinT A& B, ik
B B F B IE BN, S sh g i 8 B i
By (By) fi %, M S V171 705 By, 6
XK. WL REFEPL sh il 7 ) 2 BL 41728 o0 0, JUJHL
Bt g ik, oA BeR (1) s pum o 248
HO0.

KAV TR F B FRA R 2N — 2 R
X, REH TR EE. FES X, FEE
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YLshit Byy, W5 20T F e

V-By; =0, Vx By =0. 2)
HANO B A s - e A
nw - By; = 0. (3)
Hopr, mw AUREEE ) B0 0 . I, A5 XA E)
WEREN

1 1 )
Wy = = —|B dr. 4
=5 [ 1Bl (4)

U7 X RIBEE I PR R A8 v b, S ph T
S AT AT P 46 T
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T P A RN

1 B2 B2
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2/ g 2u 2u
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(11 25 PF AT 7E 75 — 280 O SRR By =
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BENGOL T B EL S PEsh G RE STy .
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Abstract

In order to explore the conductive wall effect of plasma magnetohydrodynamic (MHD) instability and the
wall designing idea, the various forms of ideal conductive walls based on divertor equilibrium configurations in
the HL-2A Tokamak and their role in suppressing kink modes are studied. The MHD instabilities and the ideal
MHD operational g limits under free boundary or ideal wall conditions are compared. In the stability
calculation, n = 1 kink mode is considered, which has a decisive influence on the MHD instability of Tokamak
plasma. The research focuses on verifying the effectiveness of various shapes of conductive walls in suppressing
internal and external kink modes, and observing the operational § limit changes, and discussing and analyzing
related physics. It is found that an ideal conducting wall placed at a suitable distance from the plasma can
effectively suppress the external kink modes. Under the condition that the average distance between the wall
and the plasma surface is the same and small enough, the circular cross-section wall is not necessarily the best
option. Setting an optimized polygonal conductive wall can more effectively suppress the MHD instability. It
makes the ideal MHD operational § limit of the device, By, increase to 2.73, which is about 6.5% higher than
that for the device with a wall assumed to be set at infinity (~2.56). This implies that it is necessary to
optimize and make a polygonal conductive wall as close as possible to the average distance from the plasma
surface according to the poloidal-section shape of the elongated and shaped plasma, so as to achieve the
suppression of external kink mode and increase the operational ( limits. The physical mechanism of the
stabilizing effect of the ideal wall on external kink modes is analyzed. With the development of the kink mode,
when the plasma column is twisted closely to the wall, the plasma column will squeeze the magnetic field in the
vacuum area, making the magnetic field line compressed and bent. At this time, the magnetic pressure and the
component force of the magnetic tension in the opposite direction of the radial direction push the plasma back,

thus stabilizing the kink mode. Finally, a conclusion is given.

Keywords: Tokamak, ideal conductive wall, magnetohydrodynamic instability, kink mode, operational g

limit
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