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Dynamo modesm=0,1
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L ocked mode
Phaselocking and wall-locking ® localized helical distortion of
the plasmasurface

Severe plasmawall -interaction (PWI1) phenomena.

Recongtruction of the m=0,1 magnetic surfaces perturbation




GENERAL METHOD

Approximate analyticd gpproach: the poloidd and toroidd
harmonics of the magnetic quantities are treated as perturbations.

Elementary toroidd coordinate isyem (r, g, j )

Flux coordinatesystem (y, g, j ).

Them=0,1 distortion of amagnetic surfaceidentified by y

r(y.g,j) @o(y)+dly.j)+DH(y,j)cosq+DV(y.j )snq

The contravariant representation of the magnetic fidd is:
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The radid fied is the key information to obtan the non
axisymmetric shape

Vacuum region between plasma and the first conductor:

NxB=0 ® B=Nc

NsB=0 ® N%=0

Perturbative solution obtained linearizing in the harmonics and in
the toroidal factor /Ry

The boundary conditions can be provided by the magnetic fidd
measurements a a given radius.

4 toroidal arrays of radia field probes

4 toroidal arrays of poloidal or toroidal field probes



Approximate analytical expresson for the m=1 vacuum
magnetic fied

It is interesting to solve the Laplace equation imposing as boundary
conditions the reations which must be satisfied by the magnetic
field at the plasmasurfacer = a.

From this gpproach gpproximate formulas which express the

vacuum fidd in terms of the plasma surface shift DH(a), DV(a) can
be derived.

This entalls the adoption of a generdized not-orthogond toroidal

coordinate system u=(r,w,j ) centred with respect to the plasma
surface.
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Boundary conditions

AXxisymmetric case:

)
B (aw)=0: B%(aw)= E‘L91+ L s(@)comws

(Shafranov V.D. 1966 Rev. Plasma Phys. 2 103.)

Non-axisymmetric case

<BIr cosw>‘a = <Br sinw>‘ =0
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The peturbed m=1 vacuum magnetic fidd can be expressed by
gener alized-Shafranov expressons:
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The radid fied contans dso another term which quantifies loca
curvature effects of the vacuum magnetic surfaces



ESTIMATE OF THE PLASMA SHIFT IN RFX

Y

Vacuum
vessel

Shell

Ro=2m
b= 0.538m
rw =0.457m

Sensorson theinnner surface of theshdl r=h:

8 poloidd flux loops (axisymmetric equilibrium)
2 toroiddl arraysof 72 Bj coils
2 poloida arraysof 16 Br, Bq coils

4 toroida flux loops on the externd surface of the vacuum vessd
r=r;=0.5m

Ingrumented tile on the inner surface of the vesd r=ry, located at
j =305°,0=19°,



In RFX B; is the component measured in the most accurate way
(toroidal arrays of probes a r=b) ®  dgmplified procedure to
edimate the plasma shift:
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The method is based on the assumption that the terms | are less
important than the perturbed shift.

Locked mode agopear as a non-axysmmetric equilibrium. Force
bdance® | small

Check: analyssof theradial fidd at the vacuum vess

For a limited number of shots the radid fiedd has been measured

close to the plasma, a the inner surface of the vacuum vessd (r =ry),
by an ingrumented tile.
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Plasma surface m=1 digortion
DH(j ); DV( );

D )= [ioH(i ) - oFYZ+ DvZ( )]
Q( ) =tan '[DV(j )/(DH(j ) - DH)]

J ook (t) = max(D( ,1))
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Superimpostion of the waveforms of the function D(j ) taken between

10ms and 90ms with a time interval of 1ms, for a discharge characterized
by arotation of the locked mode.
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THE M=0 HARMONIC

Boundary conditionsin RFX

An egimate of the typicd profile of Br (m=0) derived from a
gatistical anaisys made with 4 toroidd flux loops on the externd
aurface of the vacuum vessd r=r=0.5m

Thetypicd profileof Bj (m=0) measured at r =15.=0.538m
Taking into account the datisticd character of the profile we use for
the boundary conditions the following cdculations are intended to

be vaid not on the single shot, but as averages over a large number
of discharges
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Toroidal flux perturbation
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Toroidal fiedd m=0 perturbation

A sgematic contribution due to current that circulates on the shel is
ediminated taking the average over a wide number of the sgnd
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The phases of these m=0 modes are condgsent with those of the
radial field
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The m=0 bulging of the plasma surface, dthough not negligible, is
lessimportant than the m=1 kink
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Empirical scalingwith | of the plasma perturbation

m=1

—_—

deltamax 1.5<I/N <2

deltamax 2<I/N <3

y = 1.32 * x/°(-0.279) R= 0.682

— y = 5.67 * x’(-0.398) R= 0.744
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Condusons

The recondruction of the vacuum magnetic surfaces in a toroidd
device, based on the measurements of a system of probes located
outdde the plasma, has been discussed with  gpproximate
adyticd methods, under the hypothess that the toroidd and
poloida asymmetries of the configuration can be trested as a
perturbation.

The key information to obtan the nonaxisymmetric shape is the
radiad magnetic field B,(r,q,j )

The vacuum radid magnetic fidd can be computed solving the

Laplace equation for the magnetic scdar potentid, with suitable
boundary conditions.

Imposng the boundary conditions a the plasma surface
generdized Shafranov expresson for the vacuum magnetic fidd
are obtained.

This method has dlowed dudying the magnetic didortion
induced by the RFX ‘lockedmode which conssts of a
superpostion of MHD dynamo modes, mainly m=0,1 locked in
phase together and to the wall.

The m=1 peturbation appears as a globd hdicd kink of the
plasma column, with a maximum amplitude of about 3 4cm,
weakly decreasing with |

The m=0 perturbation shows ajump’ in corrigoondence of the
LM, which strongly scaeswith .
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