Two sets of MHD simulations are presented in which resonant magnetic perturbation (RMP) vacuum fields are imposed on DII1-D equilibria
Three simulations with DIII-D shot 113317  (NIMROD code is used for all simulations) Four simulations with DI11-D shot 119690
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 Theory does not include any toroidal effects such as mode coupling, hence the

normalized poloidal flux

(d) - o * No case shows the marked growth of n=3 kinetic energy seen for 113317
* Two oscillations are

* Not an RMP experimental discharge < Measured density and temperature profiles | « Low collisionality odd parity I-coil experiment « Measured n,and T, profiles comparison can give some insight into the importance of realistic geometry

 Three artificially imposed rotation profile -« 3 kA even parity I-coll currents « Measured rotation profile « 4.4 KA I-coil current (odd parity and even parity cases) Reconnected flux Vacuum flux L _

\ o / * Mode amplification Is an ideal response

» Measured error fields + 1 kA C-coil currents « S (= 1 g/ T4) = 3x10° - Measured error fields, no I-coil current » 5=5 x10° and 5 x10° Y= A dependent only on the tearing stability

Tearing stability index A n times plasma parameter’ A’
rotation frequency ] ] ] o
i i i Toroidal Rotation Velocity (km/s) _ i _ _ . -
 Three simulations with: | —— . Eff f ional » Four simulations: even and odd parity 1-coils; Experimental Profiles Boundary layer response {o the * Rotational screening Is a resistive effect
DL ects ot rotationa applied error fields at the mode d dent tat | t tivit
_ 5 _ 6 _ ependent on rotation velocity, resistivity,
_ wl i lied S=5%x10° and S=5x10 10 e rational surface ) ]
1)No rotation streening on applie g ! ! viscosity and other factors
60 RM P fle|dS are Odd Parity Vacuum Fields 10 Even Parity Vacuum Fields 10 < E > Without rotation, error fields are amplified
" a0t . . . 10 10 2 @L 1 135 - in tearing stable plasmas with -A’<2m o

2)L-ow edge rotation 2! Investigated In real ; T ; = \7 @ and ¥ for 113317 * Positive m are non-resonant modes
. : = 0 0g 0 0 ' — £ 0 | ' an or

3)High edge rotation T T geometry 3 D 1 Sznnn" R i s v (unaffected by_plasma response),

L < _ T resonant negative m components are
T . Vacuum fields Each simulation Is evolved for several 02 04, 06 03 1204, 05 03 l | s . = y amplified. screened
7 1;}1:;. ;;:{\;‘ _ _ _ _ . . g = i o1 ho rotation 4 :
T suneroosed on  ceonnection times until a steady state magnetic * Even up-down I-coll parity has stronger I I S - g | lowrotation
g PErposed field configuration is reached resonant components than odd parity o0, ! I : /“"}T/ —————————
_ o] 41 the equilibrium E | highrowion wpplicd fields gt
E Bk £ - Plasma response Low edge rotation High edae rotation I T T 5
";%}_ ol IS a non- (nO rOtathn) g 9 vacuum fields 10 8 6 4 pﬂlﬂit% al mo d[:t numlfﬂ_ m 4 6 8 10 = \

05 1::;%‘. - ;;?;'?jf l o _ — T - = J E - . 1
equilibrium e : i
‘:;f:a;;‘;f}%:?’ ir?itial condition "l % * Phases of the resonant components SR w

[ _ o 1R @“)' _ evaluated at the resonant surfaces. A S N T T I

| £ |&%N v | E Ji! i ) ’
e ~ AN | S strongly screened mode in the visco-
*{ et L 0.5 - . . . u;
Normal component of the n=3 B-fields (T) | XY resistive regime has a phase shift of w/2 [
White line on each plot is the resonant line m=-3q E > 12141513 —— ' A4, T ] PP Ap o - L R ap s Th t ” | | t d _ f t LIJs/\ljv 2
Vacuum ool flelds . Low edge otation xm_+ .Hfm] 214 1.6 1. . 2 1. - . . - -. 4 1.6 1. . 12141618 2 22¢E 1.2 14 16 1.8-2 2.2 1-.2 14 }.6 18 2 22 o eore ICa y Ca Cu a e Screenlng aC OrS o=
A v | _ _ _ _ ven parity I-coil fields - S -
£ 0 g 0 - . . ; C . ] . ] - A — .- .
- ; ————, larger stochastic region than initial « Mostlv non-resonant fields nroduce small  © Considerable vacuum field edge assuming -A’=2m (no amplification) e

10 -10 - 1 o y p - . - .

TENTITIT _4 0w or oe oo ~ condition islands, little stochasticity stochasticity 1s well screened by the o poloidal flux
s _ _ | plasma even at low S i y— _ : . ..
10 2 o . * Increasing rotation at the edge produces o H|gher S case most C|OS€|y resembles the - - s .12-?5:““-‘:?*\ _ * The non-rotating simulation 1s used to
S = o —— | better quality flux surfaces as RMP fields | 119690 experiment (still one order of * In all cases, m=1/n=1 island is well 2 TN determine the amplification alone, which
TR TN ’ RN are screened magnitude too resistive). screened by the plasma rotation I depends only on A’

Plasma response (no rotation) High edge rotation 3 4 lfuluidalfmdemfmbﬂ,,ﬁ 7

. Grqwth _of n:3_ Kinetic energy observed_ In no rotation a_nd low edge Energy spectrum evolution for even parity, S=5x10° simulation » The estimated values of A" and the o

rotation simulations, but no growth for higher edge rotation 0 - e _ ) il

Magnetic Energy (J) P High edge rotation, n=3 energy o _ theoretically calculated screening factors -
no rotation ow rotation  high rotation ineti ner = { = _—_—'—‘_—\__ - - “ m=10

ma ) t,t,.[] +|__ IE;_1HT_h_ tm’[-i | — ___-_.I e Ic.; e gy( ) 1@:8 magnetic energj,fGIE n=23 kinetic energy %3 3 %3 % alre COmbIHEd tO pI’EdICt the mOde \IJS/\IJ 1t

s H — : R - f : - - : - : o

0 j [ ]| il B R 0 | ) i e /—\ - amplitudes in the rotating simulations i
n= = ;o fon LY ‘N v : . .
10 _ % = el R . - 1% l"\.. ‘;,r "I_h: 015 J_f -"‘-_‘ f'j [ % _ _ _E a _ _ _ | . )
2 - | & - e : | = « Predicted amplitudes are consistently " _
rel —Bm'ﬁ E ] IID) [ 1 | , , | | | | , ; | | b | | ! | | ! ! | | | | )
0 = - | g / 05 07 T .- & 7701 02 03 04 05,05 07 08 09 1 11 P01 02 03 04 LR T R lower than NIMROD results e 0 0 0 o 09

o, O
g
\"_
2
—
=

0 0.1 0.2 0.3 04 05 0.6 0 0.1 0.2 0. 04 05 0.6

Time (ms) Time (ms) 120° out of phase » Odd parity or lower S has slightly lower n=3 energy In steady state +oP, and W, for 119690 » Two odd-parity simulations
Even parity vacuum fields Even parity plasma response 1IIfodd parity vacuum fields Odd parity plasma responsex 10° % 1.5 : . . . .
. . . . . ] — = S=5x10° . - . . .
» 10 kHz n=3 oscillation for high edge rotation, and 5.8 kHz n=1 oscillation o ° — ’ ¢ : 1 *M=6,n=3 T 4 - « Amplification iIs independent of S
for low rotation are observed in the mode energy time histor B o ot ) 4 4 component of B I _ _ _ _ _
| | | Iy | y O - ' 2 : " in straight field %"-5 e » Screening factor A(w) is oc N in the visco-
 Density evolution depends on edge rotation velocity: 2 — 1 line coordinates R R R B resistive regime
. . . . . . o2 04 06 08 02 04 0.6 08 207702 04 06 08 02 04 06 08 B
Poloidal Velocity Density (no rotation) Density (high rotation) poloidal flux, v poloidal flux, poloidal flux, w poloidal flux,
* ExB n=3 convection cells crossing . . . « Estimates for A’ and A(®) can be backed out from results of two simulations
B the separatrix push particles into the * Not onl_¥ almpl |Itt:cdeI (IjDUt structure of resonant fields differs greatly between odd and
vacuum region eVen parity 1-Coll Hetds I e Screening results are B /
i » High rotation at the separatrix * In odd parity case, opposite sign vacuum fields inside the resonant surface are a ”"““‘l\._‘h | Inconsistent with a S ]
) " . : amplified by the plasma response, while the fields outside the resonant surface are “_~*=t  theoretical dependence " \
eliminates the density pump-out o . | _
screened T B W R S on resistivity and rotation  *_ =~
na ] effeCt poloidal mode number, m 3 4 5 poloitﬁlal mod{a numbser . 9 10 11
l = el Lower resistivity significantly reduces velocity

12 14 16 18 2 22
R (m

12 14 16 18 2 22 I — —— Odd Parity, $=5x10°

R (m)

W
—]
T

k ourayssa | At NIGh and low-z locations, slightly reduces It at _ _ _ _ _
Sk - the outboard side Conclusions- NIMROD simulations of DIII-D plasmas with RMP fields show:

normal component of n=3 velocity along separatrix Final Density Profiles

velocity (m/s)
—]

w0 » Pedestal densit . . o .
a0 is reduced for n Oy |« Less resonant odd parity fields have lower * Increased screening of vacuum fields with increased edge rotation
5 low rotation, S i ol dirention) convection VeI_OC_'tY’ but 1dentical trend with  EXB convection near the separatrix can pump particles into the vacuum region
g 200 . . X-point outboard inboard X-point deCreaS|ﬂg reSIStIVIty
g no rotation unchanged at high N
: g g o A . . L .

400} low edge rotation : _ oxio”  Densityprofiles(m%) A reduction of ExB convection cell velocity with: increased edge rotation, decreased

— high edge rotation rOtathn 1 . . . . l f . . . . - e . - - -
0! i é : - 5 o e e Slight change In pedestal density 1s observed 3| resistivity, decreased resonant mode amplitude (odd parity I-colils)
—t=0
length @) (poloidal direction) only in lowest S, even I-coil simulation odd parity, S=5510 . L . - :
x-point  outboard inboard  x-point y e  Compared with cylindrical error field theory, more realistic model tends to predict

» Radial velocity at the separatrix Is reduced as rotation Is increased » Transport time scales are longer than o larger resonant mode amplitudes and shows qualitative anomalies likely linked to

- Reduction by half for high edge rotation simulation times— profiles are evolving v a e toroidal mode coupling effects

rfa




