Three-Dimensional MHD Analysis of Pressure Driven Modes
INn RMP-Imposed LHD Plasmas

K. ICHIGUCHI, Y. SUZUKI, M.SATO, S.SAKAKIBARA, S.OHDACHI, Y. NARUSHIMA
(National Institute for Fusion Science, JAPAN)

FIOEINEXTHIRE @RAKFEHETVY/\RX 201348HA29H—8H30H

PURPOSE : Effects of m=1/n=1 RMP on MHD Stability in LHD configuration

[ Cylindrical Analysis } [ 3D Analysis }
Equilibrium Calculation — FLEC code Equilibrium Calculation — HINT2 code

. Numerical Scheme of HINT2 code : : :
Numerical Scheme of ELEC code Rotational transform without RMP Profile of Rotational Transform without RMP
20
Awa v an | T | T | ! |
Initial condition 1=1 Initial values :
I magnetic field
! ' pressure distribution i |
: : 1.6 1.5 -
First step: Calculation of _ o | ]
B-VP=0 Field line tracing method (U fired) E.2 9 :
ik - ~ -0 }
- ! - Step-A : relaxa'!:inn of pressure
Second step: Calculation of ¥ B4 . (B fixed) _
. Y e nnnn i | 1 B-N p=0 85 : ' : ' : ' : '
: . : L ' L ' L ' ! L Ol 02 03 04
-B-V.J. + %VQ x VP -2=10 Relaxation Of 1\ (P fZCU@d) 0.2 0.4 0.6 0.8 1 N ¢ S r
eueeusterase st er e s aer e es A e st e E b eEAs s s R e st e see st e ses s e e s s s seransenanrans) 5 I av
............. o | | a2 | ) Profile of Equilibrium Pressure
v, Foree balance Magnetic surface with RMP tep-B : relaxation of fie T T
................... Vo
[
v |
No ey =—N p+J =B 902
Convergence of width= -r:‘;? N < (v < Ben J)
o
Yes J =N =<xB
MHD equilibrium N - e o
q D.01 .
convergence
[ ] ] ] ] ] ] ] 1 ] ] | ]
; -0.5 0 0.5
el - Z(m
Equilibrium Pressure Equilibrium 4( )
P = Py(1—s)(1 —s") forw/o RMP case
without RMP with RMP
107 T . — Stability Calculation — MIPS code
al - Basic Equation : Full MHD Equations Linear Growth Rate v.s. Viscosity
PN / - 9 _ —V.(pv) + xV?p (x=10°% n=10°
a || Result  Fixed ] ot a
y (Pam(r) \| ov _ v Bl c
] — =—pwxv—pV|— | -Vp+j3x B+ -Vrp(V-v)] -V X (vpw) |
WA ot 2 4
9/ OB
<y | 0 | N1 | - =~V XE > 2 —O— w/RMP T
= = ot
O-point = 0=n r 0=0 X-point - —O— w/o RMP
dp 2 , 4 0 . e 3 o -
E:—V-(pv)—(F—l)pV-U—I—(F—U v pw -|-§Vp(V"U) +nF(J — Jeq) _
E=—-vXB+nJ—173.) - -5 -4 -3 -
agm m 'v
Stability Calculation — NORM code 1
J=—VxB
Basic Equation : Reduced MHD Equations Perturbations Ho
w=V Xv . 6 )
90 o ) N Perturbed Pressure in Linear Phase (x=10°n=10
Ohm’s Law o= —-B- Vo + §JZ S :Magnetic Reynolds number U(r,0,z) = Z U, n(r) cos(mb — nz)
n=0,m=n
Vorticity E ti dvi(’i) _ ~ ) ) = N 8.8 T T T 8.2 8.8 8.8
orticity Equation %Y1%® _ g 3 . . . e e dl
y” B-VJz+VQ, xVP- -2+ VVJ_(VJ_(E))'ViSCOSit O(r,0,z2) = Z D, (1) sin(méb — nz) I o1n oe b o | gl _I 8.08064
dP - ~ ’
Pressure equation — =(4xV®) VP, +k,VIiP+rkB-V(B-VP) . N X H 6.1 0.4 0.4 | i -
; dt v P(r0,2)= 3 Puu(r)cos(md - n2) T ]
K1, K| :Heat conductivity e : H 8.83 8.2 |- 0.2 [ i
“....n crer . 7)) . n=0,m=n WIthOUt RMP - P -"ff:h"l"-?r
eq”: equilibrium quantity, : perturbed quantity |, ¢ £ CIRE Zo.o L ionnEes s 2
£ L N n 0 [l L
Magnetic field: B= 54 s x vp  currentdensity . . oo e ST RS b O
in z direction . 'f.”:_j:;:_% J, 1H -a.1 0.4 | 1‘1’ 1H -8.85 -8.4 |- -0.4 | -
: : N d 0o Nk e T R
Velocrty: V] = V(I) X 2 Tlme derlvatlve: % — a + V] - v -8.6 | -._‘-.-j B -8.15 -a.6 | f' - -a.6 |- ‘,’ ; . -a.6 | ‘-’ - I
-8.8 I N N N N | -8,2 -8.8 N [N [ T — -a,1 -A.8 N N [ T — -1 -8.8 w
BO — 1.5%’ S = 104’ v — 85 X 10—6’ K| = 2 x 10—5’ /{” — 990 3.13.53.52.:]33.94.34.1 3.@.53..:]33.94.m.1 3.:3.53,,3.]33.94.m.1 3.*3.53.52.3.]33.94.m.1
v=106 v=105 v=10* v=103
Linear Growth Rate Flow Pattern
[<10°] O
O 0.8 m—— T T 8.3 8.8 —/—T—T—— 8,3 8.8 e 0.8 1T 8,2
S Q U bl 8.6 [ - ag L o 8.6 [ - > 0.6 L 815
ad - nstable .2 6.2 i | o
E ‘3.0 — .4 B.4 _.. a.4 L : N 8.84 o4l fri - 1 '
% _2 O g.z i T 1 @1 0.2 —. H 8.1 : .: . = : 1H B.82 oo | ¢;‘_é?’k | 5 65
O I with RMP = 0.0 * I st e E Ze.0 H s £ R E Ze.0 | %ul"s H e E
8 - T H -8.1 el .1 B x i g |H -e.e2 —8.2 _‘1\ A H -e.e5
N ' I e Y W
.5 ~ \’\.Stable -8.4 -8.4 | B Ko roon o.a | \‘tl (|
1 O~ | L I L I ! | . | 1 e L -0,2 el ; g2 o | e el s
0 2.0 4.0 6.0 8.0 10.0 N V=7 s o 0.6
. - -8.8 L1111 | -a, -8, I R N R _ -a, . —_— -8, I R R R -8,
StatIC ISIand Wldth [X 10_2] 3.48,53,63.7,.83,94.84.1 o ’ 33.6.53.53.3.33.94.34.1 o 3.48.93.63.7.83.94. 8.1 ’ Bﬂ.-ﬂ,ﬁ&,ﬁ&,]ﬂ.ﬂ&.ﬂd.ﬂd.i e
R [nl R [n] R [nl R [nl
v=106 v=105 v=104 v=103
RMP has a STABILIZING effect. C > RMP has a DESTABILIZING effect.
[ Conclusions }

In the cylindrical case, the RMP has a stabilizing effect on the interchange mode.
In the 3D case, the RMP has a destabilizing effect on the interchange mode.
The mode structure is changed from the interchange type to the ballooning type, which localized at the X-point, even in the small m case ( large viscosity) .
The destabilization is attributed to
1) the localization at the X-point is allowed, where the pressure gradient is maximum around the island
2) the pressure gradient is steeper than that without RMP.
More systematic analysis will be needed.
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