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Numerical Analysis of m=1 Multi-Tearing Mode

Hiroshi SHIRAI and Masafumi AZUMI

Department of Large Tockamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

{(Received January 30, 1986)

Linear stability and neonlinear evelution of m = 1| multi-tearing modes,
which become unstable in case there exist more than two resonant surfaces
with safety factor g equal one, has been studied by using the reduced set
of MHD equations in a low beta and cylindrical plasma. Results of
linear calculation show that the eigenfunction corresponding to the
largest eigenvalue of m = 1 multi-tearing mode takes finite value from the
plasma center to one of the resonant surfaces with ¢ equal one, and the
perturbation due to the mode extends to the plasma center region.

Results of nonlinear calculation show that there are two different cases
of the nonlinear evolution. The first case 1s magnetic flux exchange
including the plasma center region accompanied by the intermal disruption.
And the second one is the saturation of magnetic flux exchange in the
local peripheral region with the plasma center region unchanged. The
difference in nonlinear phenomena can be explained by the values of
magnetic flux function at plasma center and each resonant surface. This
local magnetic flux exchange due to m = |l multi~tearing mode is considered
to be the mechanism of double sawtooth oscillation obserbed in TFTR and

Doublet IIL.

Keywords: Multi-Tearing Mode, Reduced Set cf MHD Equations, Magnetic Flux

Exchange, Internal Disruption, Double Sawtooth Oscillation
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g1 X D/NSCERESE US &, AREMSHEET 5. DLLOBEFMBRORELTREISL, 77X
2 LI SN BEX BOHE ORBEELE, BOLSBALEHIBLORIELTREST N
%, P# sawtooth oscillation %%'ﬁ"é“c WX SRshE psEic i b A B TOER O AL
iT2 T, Kadomtzev OEH TELHETE B,

LT B, BEO TFTR 57y b1 OEBTEES kX MEREORMELE RS &,
X EHEOBONHBADRBICENT, &5 1 7K BlEoR/LHEHN D ERAIGHE S
NT W E. COESE, ERERTHINSN T sawtooth oscillation &XBIF EH78,
compound sawtooth oscillationm H L <13, double sawtooth oscillationﬂ EIFEEN
Tnd, Zhid, 79 X=hRETe M IUTIRELIBREICH VT, 77 X 7hicg = 1 OFEE
HATED, 82 0EEETALEILT >#MHD £ FiRk D, BEFNLSHIROBESSET,
TAAF—DHUASDHENLL, AKX FREORDE LTHRAIAL D EEL NS,

732 =hic g = 1 OFEEAMAYFTECLERE, € FHm=1/"1=1D7 47V ¥ 7 A%
FEMOLELEE L, 77X |RTHRXTECBOTHHRINT NS, 3105 Y a— L II#
T XZTRBOT, T—FEm=1,/n0=1D7 1 7Y ¥y IRLE®ICLD, 77 X=plifick
T, 735 X=EkE LCRESOERBOMS PR MICIL > 2FHITE, YVa - VBT RV F—D
WilZ, 75 Xy OBEA T 7 X </ NERGRICEERINT A itk Y, TIX ORI S
BATIETCBOTRALE S, CORYH, IOBFLSVTERED LR, Bic 77 X~EHio LR
BEDL 75X emLUADEFR T g 1T ENYD, 77 X wicg = 1 OFHESE7REL
5, Oy, BiEKkESLY b ET7F X ARSEBE Y alb—va VERIEEWT, Sy
M7 S X o E THE LB SITE, ARSI X~ L b 77 A BROEB AL
thzE ks, g=1OHEERS 73 X=hiC 25i4EL 5,

75 Xwtic, [UqQBEEHOEER 2y bERET ARUIBEAITE L SMHD ALEH,
Bl 2T +F 47 Y)Y «E—F {multi—tearing mode )OIHFHRBEIC>VTHE, 77X
T b Fifiic B 2 BEERDEL, T - F¥m> 10 sawtooth oscillation OEME» L
ﬁﬁ“d’\“l’:nf{xtm’o Lirl, Zhoildm>10x— FiEd 2 TH 0, double sawtooth
oscillation REKBGESENEBLNE, E—Fim=1/n=107V0F + T 4T Y7 %
— FIZDOVWTHARLATROE,

RA/L T, 75 ZXwhitq =1 OEHRY 2y EHEET RIS TEL S, - Flm=
1/ n=10=LF « 54T v« - FOBELEERRUZOEGEREEZ, Mibsn/cMH
DAEEREM T EITL - TH~, ERTHBNX4 T3 double sawtooth oscillationf#lA
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DEHPO ET B, NELTTREEDTY, 77 X < hicE U q OEERR L 2 7 RG 3 7 e
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RN s 74T w7 «%—F (triple tearing mode) &FESC Limd 5,
F2BETE, HEFAETHOABHRLENIMED FEARY, 75 X<=/"5 4 —4% —OZTEMSH
DFATEIC D20 TARND, FEITETHE, ©—Ffm=1/n=10wnF e F 47V v 7 «x~-F
OEEERVEESMEE SR, OBEBEERBISVUTHAN, m> 1O=AF o 74 7YY T« £—
FEDHBEETTIo BATTHE, wF « T 4TV Y7 « T— FOIBREREOHERK BRI >V TR
NB, BOSBTHE2FRLZEUTE oI ERE T LHTiR<5S,
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PSR, z b o4 FAEROBR NS b kgD LT B,

Ko SVEEE By EFBE, CnEED 4 5 ARERBE Y VT
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n

B-— 1§ +B,z (6}
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THY, FRAEDL FUHEOHESS b, B, oA FABBORE SE2ED LTV 5,
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A =pSxpy + 2+ @ @ 19
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AVD=F Y xF P T - Z+P T XV VLY, » 2 20

EVHBGRTEDT CENTES, LY BRUTHA SN, TRCE W CHEDHEEHE
Ufco TRUD %,

F=v(r) cos (mg——;— z) _ @1

$(r) sin (ma—%z) 22
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DEHICERTBET S &, RIKRUAAR

~ m - d¥ 1 d 4 m? }
Avyr=— ¢ . - — - @3
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iF, 77 Xeduld TR,

BEEMAOY, KT 2RERAF NIRRT, MNP0, 77 X=dicg =1 OFHER 1
T T AMIBRAIICH TS, m=1F 477 2-—FOALy, OBEE, X7 7EFLE
A TERIILRDILEDTHD,

A q _ 9

EEDLLTOBRY, F7e 747V e 28— FREBOTE, TOREMMMII L THAET &M
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Vil (resistive layer )DEENAZLAHY, ARFEE2X S 72 FNTHEUTE WAL HTH
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77 R=2HC g =1 OFEEM 2 ynEET LMBRNT, BE—BE LTHERLTEDDLLYD, g
DEEARMAERET S5 2 -5 - RBER1OHEEAVT, 2055 [, OEOAEFEAS B LT
5, HIMIC [, DEICKHTIEERDOEE rg) MU rg: 28d, 0053<f, <0314 D
WET, 9 =10GERY 2 ¥hEETIHBEAICE S,

EHE A, RU A, O, KT 2EREHEEIRCTT ALy =10"7 THs, f, <
0.255TH, r=1g, KEBLWTHUBLRLEE— FOEPBEEMEAARENC G5B, BT |,
=0.0, 0.06, 0.26, 0.30DBAICEGMEARVEGEHS 2 RH-bDE, 55 RITRT,
f,=0.0 OEAKSVTHE, o =10FBEI 1/AEELET S, [, =030 DBaDLIIT,
2 ODEREIEELTOSE, filirg <r<rg.04T p BERBEEEIE=—F&ELS
B, KEVHOEGHEICHET 3 EEBE $/4, SHR0< c <rg. KBWTHBMEELD, 0
GHT I A= BLEEESHILEVEAR D - TT A= 5 A —7 - PENT S ETRIEN S,

PLo#R%s, 773 X=ficg =2 0EEEA 2 yELT SHREMNIZET 5, £ Fim=2
Sn=10F7Tn e F 4T Y VT 2= FOBRELZERAEORKR LR T 5, g OFEESH AR
TENGA-s %, FR2DLHiCHEZ, f, OEE0C0, 0.,1001, 017, 0.30&+EEE,
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