Chinese Physical Society
IR Acta Physica Sinica __

. Institute of Physics, CAS

ERE RS B F Rt T ZL4E R0 Kelvin-Helmholtz 52 52 M4 8938 & 514
EhEx Mk RAM K OZEW

Excitations of tearing mode and Kelvin-Helmholtz mode in rotating cylindrical plasmas
Bi Hai-Liang Wei Lai Fan Dong-Mei Zheng Shu Wang Zheng-Xiong
5| H15 2. Citation: Acta Physica Sinica, 65, 225201 (2016) DOI: 10.7498/aps.65.225201

7 £ )13 View online:  http://dx.doi.org/10.7498/aps.65.225201
I N %¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/122

AT RERCH B B S &
Articles you may be interested in

Fal i A5 B 1 o U RN AR R 1 ) BB AR 7T
Numerical study of double tearing mode instability in viscous plasma
YH%4:.2013, 62(2): 025205  http://dx.doi.org/10.7498/aps.62.025205

HL-2A $6-~ 1 5 b (30 2 Ry U AT 25 1 7
Preliminary behavior studies of edge localized modes on HL-2A
PP 22H%.2012, 61(20): 205201  http://dx.doi.org/10.7498/aps.61.205201

ANBAR AT HT-7 Tokamak BEFAR SN 7 741k 5 S A5 73 A o 1 82

Application of wavelet transform in the dynamic frequency spectrum analysis of magnetohydrodynamics
oscillations on HT-7 Tokamak

PP 2E4%.2010, 59(10): 7209-7213  http://dx.doi.org/10.7498/aps.59.7209


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.225201
http://dx.doi.org/10.7498/aps.65.225201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I22
http://wulixb.iphy.ac.cn/CN/abstract/abstract51838.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51838.shtml
http://dx.doi.org/10.7498/aps.62.025205
http://wulixb.iphy.ac.cn/CN/abstract/abstract50526.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50526.shtml
http://dx.doi.org/10.7498/aps.61.205201
http://wulixb.iphy.ac.cn/CN/abstract/abstract16292.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract16292.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract16292.shtml
http://dx.doi.org/10.7498/aps.59.7209

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 22 (2016) 225201

hEE RS S F iR iizitEf Kelvin-Helmholtz
AR EMRE LM

e
Kzl

Bk

wAEY  AHY

FEMD

1) CREB TR, MBS A A S seie &, MBSO TR AR, K& 116024)

2) (h AR RG RIS

HIREO Ik, b5 100048)

(2016 4F 6 A 19 HUK#; 2016 4 8 H 18 HUBEEH )

K F LRI RLT A )3 58, BB W T8 T A 55 5 A g 1 T AN AR 1m) e e T 0 ¢ = 1 RSN AR

E 1 Kelvin-Helmholtz (K-H) AF e YIS0, B BE 5B, m/n = 1/1 BRSBTS, &b

R (W m/n = 2/2, m/n = 3/3%) G JIVUA X [A]: HERURE R AR X A i 2R S0 X R] L AR e 1 11 X [R]

AK-H AFRE R X ). SHdt—2, ATRIL, m/n = 1/1 BB K 5 B e i 5 1) 2o 2 5 80012 JT Ak for

BA K, I HBTY)ZE AR A BRI N A0 25 AR — 5 SR m B i A e BRI R 53 4, A7 i 4k
WEBTUNER/N, RO ES 5 W B U inta, f B 5 W0k K-H A FesE 1.

KRR I, e R, R AR E PE, Kelvin-Helmholtz ASFESE I

PACS: 52.55.Tn, 52.30.Cv, 52.65.Kj

1 5 =

B N Y TR | - R S NS RN
Ep ARSI R S N ) i) N I 5 2 o S
SR E A AP AR N AT LR B R A
TANE R, RO A 2 B A2 AN RS ()3
R (67, S5 B A e 2 mT LAl R AR A R e
PNl E e S e A R R NIV i A ]
N, SRS e AT DUIE gk N AN R E B R AR
FMR B IRGRAR BN D1 AR e M, JF BT Lhd
I M A O i g g (407, #£ JET, DIIL-D
FINSTX FE RS2 B, #W 2] T 87 U] it %t
}ﬁﬁ ZUtE e sEVEH 89, Chen A Morrison [101 ££ 3
W ERGHE T FARALTE T B UIR A7 AR I 5L
W38 (dm/n = 1/18L) FH £l (ﬁu m/n = 2/2
B m/n = 3/3BL) iR 5B, X e gh &

DOI: 10.7498 /aps.65.225201

T 55 BY DA ml b A5 iR R AR B D1 IAU0S T RS ) S
IR SR A7 AE 9 5T V) ) 55 B 1A, )”'JAélf&Kelvm-
Helmholtz (K-H) A vk 112 K-H AN e M@
A S R A R, ‘“%%E?ﬂlﬂfm
Hh i I 3 e 11, (B B AT DATE A 8 S RS R R
B3 AR T O U4 FE JT-60U SE5a 3k & o
C WS E] 1 eh B 7] I BK 5l A Hh A i TE) RO R 2R
L K-H A i 191,
£ Chen Al Morrison Y 3 Z 7 #8 H, 85 J) it
of JAEH BOEE (A0 m/n = 1/185%) R BOgE (o
m/n = 2/28Mm/n = 3/3 1) #RBE A
J b SRESRANIE g D01 SR Ay s B T v 1017
WIFF USR8 m/n = 1/1 iR AR 2 1
508 U4 R 3 1) PR B I B B A SR AN T
AN q = 1R BB AT IR AT, B
DA, AATTE kA 9 SO ) g = 1 i i e K

* EFAARRIEIES (kS 11322549, 11275043, 11305027) KIEM A H AA L4 (dES: 2015R001) A Je A S ARl
FWETE 4 (WS : DUT14RC(3)157, DUT15YQ103) % Bl

T I E1E#E. E-mail: laiwei@dlut.edu.cn
1 #E/E#H. BE-mail: zxwang@dlut.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

225201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.225201
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 225201

AR BORGE  m /= 1/1 AL i 2 2 A 4 K
RE/NE L. Aot £ E TFTR, WT-3, HL-2A,
ASDEX Upgrade F1HT-7 ) &% 1T S2 56 45 B o, #5
MEER T g = 1ETERER (Wm/n = 2/2
Bflm/n = 3/3 8) 5m/n = 1/1 B —FE 58, I
HLAE B OB R0 3 1 4R 37 1) 358 B 65 R e A B B
AR PO HAN m/n = 2280
m/n = 3/3 KA W] LIE I R A PRGSO F L
B4 M A BOSTT ZEFR X g = 1R IE
WA S AW TSR /D, Furth 25 58] 88 22 56 96 IR
KA Wim/n = 1/1 AT T BSHE T, SR1, XA
SRR EHMBREARK A FIm/n = 2/2
m/n = 3/3BLMSLIEHE. Bk JLE, A B Y
I TERE B AR R T T ¢ = 1 P i e s
[ g BT AR B9). B — 2, Wei Ail Wang [0) 78
PEIEAE B8 T AR A BEEE T ¢ = 1 i i v B e
(52, Fan 25 1 0 Xof [t 5 W3 0 4% 1940 38 5 o 40
U B K-H AT E M 1 3 A B AT 7 B 4080
Wot.

ARSCR FH LA I RETAR ) 25 B8 BT R T
FERL Y S5 B A AN [ 14 g 3510 T RHAS [] ) e 2 ik o
KRB, 2B T T ¢ = 1103
WRWLE (m/n = 1/18E) MUHEBHEE (m/n = 2/2
BRI m/n = 3/388) Wi F AL IE B, AT
K 2K/ A 0 A TR SR 920 D b 2 A
Bl F q(r = 0) B3] 207 B A4 35 1H A 1 85 1)
S(rs) 2 YR THILER.

2 WEEL

TEARSCH, BATR RN R IL40 F 37 Rk
Weah )1, B R R SR e = o/R <
LR a5 BIAFER B oa R/ 48) UK B 1E (8
N B TR IR ARG R (L3R, W7 v LLROR N
WIARLGE TR B = Be€ + Vo x E(H Be N
H, € = 2/Roq(a) IR BN H R, o 2 WY 17 38
A, BANERBEH E = -V x B +nJ fRNIE
P RN E OB /ot = —V x Eth, W13

%—fé:VxBfnJJer, (1)

XEERH, JEEREE, n %5 Tk
R AR KR (1) 5K € T 4 B B
F €&, N

0 . 0
=€ (VxB)-wier gl ()
(V x B), +Vix=0. (3)

AEAN AT AT IAR A 1 T, W3R 1 1
W, BT AVE TR RAV = —Ve x (¢ £
VD), RAJTHL(3), TUARE) ¢ = —x/Be. BT

PLJTHE (2) X A5 N
0 0 . 5,
G =€ (VX B)—njie - Boe
-~ B-Vo- i (@

Hrje = =V, R BERE LD BRiE
IVp-Vo| < p|V2¢|, U =V x V, BRATIIZES)
J7 R T g

p%U:—V~VU+V><(J><B), (5)
HREBEU =V XV = V2L FEAV-J =03
HV-B=0, 71 (6) WA RS E SN

B,
pa U=~V VU +B Vi (6)

K ITHE (4) FIJTAE (6) H—Ak, AT 4558 138 bR
AT IR BRI 518
o) ¢

5 = el - 5t S Vi, (7)
oU i
o =001+ [je. 0] + aigg + Re VU, (8)
Horbog SOatsts 5
_é _1/0f9g 9g0f
ol =€V x Vg =1 (- 205,

[IEEAEoR: R S VAR KRS

1/0 8 1 9
vi= () e
EEUH— S H: KR B TR 45 39 F 7N
AT aTL TR BT IR S5 SE By (a) / /1o~ BT /R S5
6] 74, = /1pa/ Bo(a) P38 SR 1818539 By (a) KA
—tb. Sup = 7/ THp NHEEER, Kb, = a®/un
ST FBHY 8L [8); Repr, = 70 /7Hp N EEL, H
7, = a? /v B TR BT E (v 2 B TR ).
M RG T, TRE(7) M7 (8) iR —
NIHABE f(r,0,€,t) HATLLS AT UG P & foq I
Bt A AL S B A R f(r,0,6,t) =
Foq + fi(r,0,6,t). FT M RER Fa 1 3000 45 1,
P& f1 o7 LURE T R B 25 5 i o X

~ 1 .
fl (T> 9) 53 t) = 5 Z fm,n<T, t) el(meing) —+ c.c.,

9)

225201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 225201

XL M 73 50l 52 W TSR A RO R a3 4
S RAERIREPY

o 170 0\ m

Vi=g (aﬂ“m) R
H T PEPIRES T foq ABEI A4, H 50T
x, Brf af:q =0, Oca _gpn9%ea _ o 5

) o0 o€
JI R (7) M7 (8) W K
o . - - -9
% = [Yeq, 01] + [¥1, Peq + [¥1, P1] — ;21
ou, - - _ o .
W = [Ueqa ¢1] + [Ula(ybeq] + [U1,¢1} + []eqﬂ/’l]
- - - i
+ (1, Yeq] + U, 1] + aig
+ Reph V3 U, (11)
j‘JFE.EI U\?%"@J Ul = Vid}l 74“] 31 —Vi?/;l.

U IR 25 € 22 4 R THT g () R [r) Jig B ) THD
Qoo (1)~ W15 B3 ahoq (r)~ 117 25 B8 - P i 2 &
Jeq (1)~ FHTIERREL oq (r)~ P IR Usq (r)~ HEBT V)
S(r) vl 4y HiE R 58 R 3RS

1d -
g '(r)= — ;E%q(r)v

Sy ld
rdrq(r)’

Jeq(T) =

q-HTAi

10 - Ve
;E(beq(r) = T = 090(7“),

_ 10 [ Opeq(r)
)= 15 ()
__r_da(r)
(r) = q(r) dr °
TEARSCH, 22 4 R 1 35 T g (r) A0 8K 9] Ji s 3 T
Qoo (r) WA 1 AR, q(r) IR SR m 0 R 142
0(r) = a0+ 1+ (rro) ] ),
X rg = rg[m/(ngo)]Hs) — 1|71/200) - p(r) =
po + par?. ZE{qo, rs, o, p1, m, n} AT LA RN E
q H XA B R BTIR. X g A0k
K KN, rg e F B ALE, m A n A58 70 5 2 W
) AR R IR e R . I e e B <5 D ) AR AR A S
R b9,
290 = Voo /7
= QO{Cl — tan_l[(r — To)/do]}/C(],

(12)

(13)

He, = tan (1 — 70)/do], Co = C1 —
tan™'[(—ro)/do], 20 = go(r = 0) NHA LI
OB 1] Jie e i e IX AN e e I T 5 TFTR H R
BB 3 0 T A A AR g 124),

W B A Rl B, RSO Z 80T
N, = 512, ¢ = a/R = 0.25, Sy, = 2 x 10° Al
Repp = 107.

1.0

0.8

0.6

ro=0.4(rs) |

Q2go-FH

0.4

r
S

\
|
|
\
|

0.2} !
\
\
|
|

0 0.5 1.0
r

1 (a) ZERT g HIT; (b) WA I Qgo; HH rs = 0.4 G EEBLARR ¢ = 1 MA@
Fig. 1. (a) Radial profile of safety factor ¢; (b) poloidal rotation profile. Here, the green dashed line rs = 0.4

indicates the ¢ = 1 rational surface.
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Fig. 2. (color online) (a) Dependence of the linear growth rate v, /1 on qo for different rotational frequencies; (b)

dependence of the linear growth rate of each order harmonic mode on go without shear flow; (c) the dispersion

relations of unstable ¢ = 1 modes with different rotational frequencies (go = 0.9).
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mode on rotational frequency (29 and shear layer location rg.
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Fig. 4. (color online) Dependence of the linear growth rates of (a) m/n = 1/1 mode, (b) m/n = 2/2 mode,

and (c¢) m/n = 3/3mode on rotational frequency 29 and magnetic shear on rational surface S(rs).
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Excitations of tearing mode and Kelvin-Helmholtz mode
in rotating cylindrical plasmas®
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Abstract

The influences of safety factor q profile and poloidal rotation profile on the ¢ = 1 tearing and Kelvin-Helmholtz
(K-H) instabilities are investigated numerically by using a magnetohydrodynamic model in cylindrical geometry. With
increasing the poloidal rotation, the m/n = 1/1 mode is suppressed, while four domains exist for the high-order harmonic
modes (such as m/n = 2/2, m/n = 3/3): the destabilized tearing mode domain, stabilized tearing mode domain, stable-
window domain, and unstable K-H mode domain. Further, we find that the growth rate of the m/n = 1/1 mode is
related to the location of shear layer. Roles of shear flow in the m/n = 1/1 mode for the shear layer located t on both
the inner and outer sides of rational surface are almost the same, which is different from the scenarios of high-order
harmonic modes. In addition, the smaller the magnetic shear on the rational surface, the smaller the growth rate of

tearing mode is, and the more easily the K-H instability is excited.

Keywords: g profile, rotation profile, tearing mode instability, Kelvin-Helmholtz instability
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