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In the frame of one-fluid MHD the pressure perturbation resonant excitation by external low frequency helical magnetic

perturbations near the plasma edge is investigated. The plasma rotation plays a key role in this phenomenon. The plasma
response has been taken into account. These pressure perturbations may affect stability of the ballooning and peeling modes.
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INTRODUCTION

Control of Edge Localized Modes (ELMs) is a
critical issue of the present day large tokamaks and
future ITER operation [1, 2].

Experiments at DIII-D have shown that ELMs can be
suppressed by small external low frequency helical
magnetic perturbations [3, 4].

In Ref. [5] the influence of an external helical field
on the equilibrium of ideal plasma was investigated in
the frame of MHD theory. A perfect shielding of the
external resonant field was assumed.

Early in the frame of one-fluid MHD a possibility of
the pressure perturbation resonant excitation (due to the
plasma rotation) by external helical magnetic perturbations
near the plasma edge has been shown [6], when the plasma
response has being taken into account (a perfect shielding
is not assumed).

In the present paper, the influence of these pressure
perturbations on external helical magnetic field near the
plasma edge is investigated. Considered plasma
parameters are closed to DIII-D experiments [3, 4].
Poloidal and toroidal plasma rotations are taken into
account. The plasma response takes into account.

Note, that the toroidal rotation effects on ELM
behavior were observed in experiments [4, 7].

1. BASIC EQUATIONS
We start from the one-fluid MHD equations

p%:—Vp—V~ni+ ! [JXB]

where p is the plasma mass densities, p is the plasma
pressure, J is the current density, o is the conductivity
and t, is the ion gyroviscosity tensor, respectively.

We consider a current carrying toroidal plasma with
nested equilibrium circular magnetic surfaces ( p, is the
radius of the magnetic surfaces, w, is the poloidal
angle in the cross-section ¢ =const, ¢ is the toroidal

angle). Each magnetic surface is shifted with respect to
the magnetic axis (£ is the shift, R is the radius of the

magnetic axis). The equilibrium toroidal contravariant
component of the magnetic field, By :q)’/ (27[\/§ ), is
large  with  respect to the poloidal
BY :;('/(27r\/§), gla)=®'/ ', ® and y' are the
radial derivatives of toroidal and poloidal fluxes,
respectively. The known expressions for metric tensor
are used [8].

On each magnetic equilibrium surface (see, e.g. [8])
we introduce a straight magnetic field line coordinate
system (a,0,5) po=a, o, :¢9+/L(a)sin€,

Ma)=~¢'"(a)-a/R,
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Assuming periodicity in both € and ¢, we take the

one,

)

perturbations in the form

X(a,0,¢,1)= ZXW

m,n

a)expli(m6—n¢ —ot), (D

where @ is the frequency of the external perturbation.

1 0B 4z .
rotk = cot’ rofB = TJ’ divB =0, (2) Assuming that magnetic perturbation B° ~0, for
) perturbations with m >>1, ng >>1 from Egs. (1) - (4)
divy =0, ) inalinear approximation in //R the next equations were
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In our consideration all poloidal harmonic

amplitudes of perturbations have finite values. The
number of poloidal harmonics with finite values of
amplitudes depends on the antenna spectrum (external
perturbation). Equilibrium parameters are denoted by
the subscript 0. We took into account the equilibrium
poloidal plasma rotation due to the existence of an
equilibrium radial electric field £y, the ion diamagnetic
drift and the parallel with respect to equilibrium
magnetic field plasma rotation with a velocity J/, ol
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Fig.1. Equilibrium pressure gradients (in Pa)

For simplicity we consider case ¢, = 0 andw =0.
Near the plasma edge the inequality S&'>>1 (S ~ 4)

takes place. From Eqgs. (8) - (10) we get in this case

dp, R

K, (a,)F, (aN){zm i K, (ay)F2(ay) - A(ay)

”“DO (aV“ |) (a m+1 (V" +Ve (9)
R m—1 m+1 m+1
= i(aB)Y +mB |- (10)
_ lpoV" _
_ipR 1 B+ i [z(a Bz)'+mB,‘;J ’
F (a) B,, ,, 47r0'(a)a
——ay = " m (1s)
| ay——(ayB,) |-~ (ayB,) =0, (a,B,) =0,
a;\/ daN [aA daN (aN m)J 2}\/ (aN ”’) aIZV Qm(aN m)
where
an(a/\r)=

(16)
K, (ay)A(ay)| mK (aV)E,‘(aV)+z A( )4”G(a )a

>

¢ 2
4ro(ay)a

E,, (azv)]a a7

(mK,(@)F}(ay) + {A(aN)

V,
K, (ay)=F, (a >“°+1[1dpmm_

YV Rme  B,| p,; da, ea,
87 4 R . —
Aay) =5 ay Lo (2 —1- 258, ay =a/ay. (18)
By, = day a
30000 -
20000 -
§ 10000 -
>
ui
0 - : . .
0.9 095 1.0 1.0 1.10
-10000 an

Fig. 2. Equilibrium radial electric field

2. DISCUSSIONS

Poloidal modes m =9...14 and toroidal mode n =3
are considered. The profile ¢(y, ) near plasma edge

close to the DIII-D experiments is used ([3, 4]). From
Egs. (14), (15) the pressure perturbation is presented
in the next form:

47[0'()] B (19)

a =da
Da(ay)=ay da, a

The pressure perturbation resonant excitation by
external low frequency helical magnetic perturbations
near the plasma edge is possible whenF (a,)~0 or

K, (ay,)~0 (Eq. (19)). The caseK, (a,)~0 occurs
during the plasma rotation only. It may affect the
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excitation of ballooning and peeling modes because of a
plasma pressure change. In Figs. 1, 2 the behaviors of
the equilibrium pressure gradients and equilibrium
radial electric field Ey, are shown for typical DIII-D
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experimental conditions ([3, 4]) as functions of the
normalized poloidal flux v, .

In Fig. 3 and Fig. 4 the radial profiles of ReQ,
and ImQp, are shown, respectively (m=11). 2000
Here B, . >0. If Vo =0 the strong change in profile of oF 4000

On(ay) is visible near a, =0.948 where F(ay)=0 = .6000 -

4000 -
2000

— V|| = 0 km/sec
- - -Vo|| = -45 km/sec

only. And effect of the resonance K, (a,)~0 at -80004 .. Voyj = 45 kmisec
a, ~0.958 is small. When Vo #0 the effect of the :ZE:E
resonance K, (a,)~0 at a, ~0.958 is strong and 0945 0950 0955  0.960
depends on direction of rotation. Note that the position of ) o
this resonance does not depend on m practically. But Fig. 4. Radial profiles of Im O,
position of F, (a,) ~ 0 resonance depends on m strongly.  Optained results may be used to control of the plasma
stability for experiments in tokamaks JET, DIII-D,
04 e A mm TEXTOR and future ITER operation.
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BJIMSTHUE BPAIIIEHUSA ITJIA3MbBI HA PE3OHAHCHBIE MATHUTHBIE BO3MYIIEHUS
BBJIN3U KPAS ITVIASMBI TOKAMAKA

HU.M. Ilankpamos, H.B. Ilasénenxo, 0.A. Ilomazan, A.A. Omenvuenxo

The strong influence of toroidal plasma rotation on
pressure perturbation resonant excitation by external
low frequency helical magnetic perturbations near the
plasma edge is shown. The plasma rotation and plasma
response play a key role in this phenomenon.

B pamkax omuoxmuakoctHoit MI'/] mccienoBaHo pe3oHAHCHOE BO30Y)KIeHHWE BO3MYIICHHH MaBICHUSA y Kpas
TUIa3Mbl BHEITHUMH HU3KOYaCTOTHBIMU BUHTOBBIMH BO3MYIIEHHSIMH MarHUTHOTO Nois. BpaiieHue minasmsl urpaet
KJIIOUEBYI0 POJb B 3TOM SIBICHHH. YUYTE€H OTKIHMK IUIa3Mbl. OTH BO3MYIUEHHS MAaBICHHS MOTYT BIHSATH Ha
yCTOﬂ‘iHBOCTb 63,J1J'IOHH])IX U IMAJIUHT-MOJ.

BII'INB OGEPTAHHSI IINTAZMU HA PE3OHAHCHI MATHITHI 35YPEHHS
INOBJIN3Y KPAIO IINTABMHA TOKAMAKA
I.M. Ilankpamoe, 1.B. Ilagnenxo, 0.0. Ilomaszan, O.A1. Omenvuenko

VY pamkax oxHopiaumHHoi MIJI mociijpkeHO pe3oHaHCHE 30yKeHHS 30ypeHb THCKYy OIS Kparo IUIa3Mu
30BHIMIHIMHA HHM3bKOYAaCTOTHHUMH TBHHTOBMMH 30ypeHHSMH MarHiTHOro mnoijs. OOepTaHHS IUIa3MH  BiJirpae
KITIOYOBY POJIb Y I[bOMY SIBHINI. BpaxoBaHO Biaryk rura3mu. Lli 30ypeHHS THCKY MOXYTh BIUIMBAaTH Ha CTIHKICTBH
OaJIOHHMX Ta IMUIIHT-MOJI.
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