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e QOutline the structure of the code

e Some capabilities

e Won't present much results.
Will present more when the fully up-down asymmetric version is debugged.
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The Magnetic Scalar Potential with the Feedback Coils

® VACUUM solves for a surface response C;(f;) to the perturbation, B;, and
the feedback coils, Zy.

e For the plasma surface and either side (—, +) of the resistive wall, on the:-

plasma, :

X(0,) = CE (0T, + > C0,)B] + > Cl(6,)8 (1)
f lp lw

wall ™ :
X7 (00) =Y CF (0T, + > C(00)B] + > Cl(0,,)B(2)
f ly Ly
wall™ -
X (00) =) CPTOLI] + ) Cl(6,)B (3)
f L

Cff/(ﬁls) is the Fourier response coefficient matrix at 0/, at surface s due to the

magnetic perturbation coefficients B3}, at surface s’ and C;S/(Qs) the response

to the feedback coil coefficients, I]T’;.
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The Energies in the various regions

e The Green's Function technique allows the vacuum energies to be cast into
terms involving quantities only on the bounding surfaces.

QEU:/NX(Z,H’, oN|*dV (4)
- [v-wevoav )
= / X, VX, dS (6)
S
— / CPIBPBI-dS (7)
S

using the relation, V?y = 0, and Gauss's theorem.

e At first one needs only the potential on the surfaces surrounding each region
external to the plasma
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Cross-Section of the System — with Loops
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Figure 1: Magnetic perturbations in vacuum and on the shell.
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Skin Current on the Shell
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Figure 2: Rectilinear 8 — ¢ plot of the shell current.
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By and By on the Shell
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Figure 3: Loop magnetic fields on the shell as a function of ¢.
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By and By on the Shell — Constant Amplitude
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Figure 4: Plotted with constant amplitude to show loop phases.
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The open loop eigenfunctions

e While we Fourier analyze in the toroidal angle ¢, we used a complex repre-
sentation for the plasma modes but decomposed the wall modes into even
and odd solutions.

B = B, B 8)
B" = [(BL, BL) (B, BY) (9)

ecy
where the subscript ‘c,s’ denotes the part that multiplies the cos ¢ and sin ¢
in the representation.

e Double degenracy in the open loop energy matrix.

e In the up-down symmetric case one needs only B2, and (BY

v BY) to describe
the system.

e Now we need all components to properly obtain the phase of the mode.
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The open loop eigenfunctions

Without the feedback the energies can be cast into a self adjoint system with
the dissipation in the shell playing the role of the energy norm.

5Wp<7’7]> + 5Ww<27]> + 52 T

Eaj&j =0 (10)

where a; is the amplitude of the resistive wall eigenfunction [;, obtained by
matching across the shell (using the thin shell approximation) and Faraday’s and
Ampere's laws:

0
V- [nVz]*V,K] = —|Vz|2a[>’w (11)

where K is the skin current stream function, z is a radial coordinate, 7(6) the
resistivity, and B,, the normal magnetic field in the shell.
We set
Oa
atzaj = fyaia;. (12)
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Feedback
e Mode dynamics:
8042- cTe
where
c OXi
= [ asg w
e Circuit equation:
ol. 1. l
(975 + ;C[c — zl: GcF} ({042}7 {[C}> (15>

[ is the index for the sensor loops, Glc is the amplication matrix, and Fj is the
flux detected by the sensor loop /.
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The I-coils of DIII-D

12 INTERNAL COILS (I-COILS) ARE POSITION]
SYMETRICALLY ABOVE AND BELOW THE MIDPI]
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12

Cross-section of the Plasma, Wall, Coils and a Sensor Loop

Upper coil:

R_inner R_outer
Actual: 2.164 2.374
Model: 2.159 2.369

Z_bottom Z_top
Actual: 0.5034 1.012
Model: 0.507 1.004

Lower coill: mirror imaged.

X-Z PLANE

PI2

QggPPPLPRINCETON PLASMA PHYSICS LABORATORY

ozo GENERAL ATOMICS



— RWM Modeling with VACUUM /NMA /DCON — pppr. April 19, 2006 13

Potential Function for the DIII-D Feedback Coil

e Modeled accurately in the poloidal angle, 6.

e Approximately by a single harmonic in ¢.

© = VEZ x V0, 0)8(Z — Z.). (16)
/2
c |VZ| aXf —in c ‘VZ‘Z : 8Xf —in
erz_ X agbe gb) and qub = X02—|—ZHQ %6 gb’ (17>

|X(0), Z(0)] parameterizes the toroidally symmetric “shell” onto which each coil
current is embedded.
For a “window-pane” coil centered at § = 0 and normalized to unity there is,

1 6[008 0—cos bp| /T

Xf<97¢)=Zfoe[cosecoseo]/wlem = LF0.9),  (8)

where Ny = exp [(1 — cosby)/7]|/(exp[(1 — cosby)/T] + 1),

e 7, is the complex amplitude of coil f.
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Current distributions of the C and | coils
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The C-Coil and I-Coils Current Distributions on the ¢- plane with 7¢, = 0.01

col
and 71 = 0.025.
The relative phase is 47 /3 which matches the unstable RWM at the coil locations
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By at the Plasma Surface due to the I-Coils

Centered coils. No phase shifts.
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Figure 6: Tangential Field at the Plasma Surface due to Lower and Upper I-Coils
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The Unstable RWM
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Figure 7: Current Distribution, Phase and Amplitiude on the Shell, of the unstable open loop eigenfunction.
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Magnitude and Phase of the RWM at the I-Coil Positions

K-theta coil mag & phase K-phi coil mag & phase
1.46481E+00 2.61880E+00 4.35634E-01 7.61384E-01
1.00000E+00 -1.57080E+00 1.00000E+00  -1.57080E+00
1.46481E+00  5.22790E-01 4.35634E-01 2.38021E+00

Rel.K-t phase/pi, Rel. K-p phase/pi
1.33359E+00 7.42356E-01
0.00000E+00 0.00000E+00
6.66409E-01 1.25764E+00
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The next two least stable eigenmodes
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Figure 8: The next two (stable) open

loop eigenmodes

%%PPPLPRINCETON PLASMA PHYSICS LABORATORY

ozo GENERAL ATOMICS



