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OUTLINE

1) Analyses of Aspect Ratio and Plasma
Shape (&: triangularity ) Effects on

Critical By

2) Resistive Wall Mode Analyses of NCT
Plasma with Real Geometry of
Stabilizing Plate and Vacuum Vessel

----- These calculations were performed using VALEN
code in collaboration with Colombia University -----



Effect of Shaping Factor on Critical By

e Shaping factor has been considered to
have increasing effect on critical By.

 Here, we Investigate the effects of aspect
ratio and triangularity deformation on
critical By



Effect of Aspect Ratio on Critical By

BN
» Typical Up-Down Symmetric Equilibrium (Bn=5.5)

I5=4IMA], B(=3.7[T], k=1.85 : kg5=1.76, 5=0.44 : 85=0.35

 Negative Shear * Positive Shear
0o/dgs/dmin =3-63/3.59/2.28,  dglags =1.42/3.48,
i(3)=0.48, pp/<p>=2.2 i(3)=0.56, pg/<p>=2.6
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- Profiles of safety factor, plasma current
and plasma pressure



Critical By vs. Radius of Conducting Wall
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» Smaller aspect ratio always give larger critical By
for both cases.

 Negative shear plasm has larger stabilizing effect of
conducting wall than positive shear plasma.



Aspect Ratio Effect on Critical By : n=2 mode
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» Smaller aspect ratio always give larger critical By
values for n=2 mode also.

o Effect is reduced for large pressure peaking factor.



Effect of Triangularity on Critical By
for Positive Shear Plasma

» Typical Up-Down Symmetric Equilibrium (Bn=2.5)

K=1.97 : Kg5=1.84, 0=0.14 : 69520.05

A=(R./a=2.98/1.135=) 2.63, Ip:2.5[MA], B{=2.15[T]
do/dgs/dgyrf=1.59/5.21/7.17, 1i(3)=0.88, pp/<p>=2.68
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* Profiles of normalized plasma current
and pressure and safety factor



Shaping (o:triangularity) Effect on Critical B
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« Change of equilibrium quantities with By S is evaluated at BN:4-

 Equilibria are calculated with almost fixed q5yjs (=1.6) and ggg (=5.2)
values.



Summary & Next Steps
for "Shaping Effect” Analyses

* By choosing appropriate g values, ggyis, (Amin)
and qgg, critical By values are shown to be

Increased by increasing S value (through aspect
ratio or triangularity) for the pressure and current
profiles considered here.

We must investigate

 Elongation effect

* Influence of plasma current and pressure profile
for the shaping factor to increase critical By



Resistive Wall Mode Analyses of NCT Plasma

* To get higher By values than no-wall By limit,

to suppress or control Resistive Wall Mode Is
necessary.

» Critical By analyses of NCT plasma for n=1 mode

using VALEN code are performed with real
geometry of the stabilizing plate and vacuum
vessel with finite conductivity.

» Critical By values for passive effect of stabilizing

plate and vacuum vessel, and also with the effect
of active feedback control are obtained.



Cut Away View of Vacuum Vessel,
Stabilizing Plate and Sector Coils of NCT
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Vessel

Feedback
(Sector)
Colls

\VA

 There are many supports of stabilizing plate to vacuum vessel,
which are not shown in the figure.



Benchmark between DCON & ERATO-J

e Conformal ideal wall
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Double-Null Equilibrium for NCT Plasma

P Stabilizing e« Parameters

. o Plate  B\=50
g N F?Sed?aCk A=(R./a=2.94/0.83=) 3.54
"Sector”
Coils  n=2.03[MA], B{=1.84[T]
K=1.97 : Kg5=1.89
| 0=0.41: dg5=0.32
|/ 90/d95/Amin.=3.89/3.36/2.30
i(3)=0.45, p0/<p>:2_18

NS “WVacuum
SN Y “—Vessel «Up-down symmetric double-null

A~ equilibria shown are used in the

7

following critical beta analyses.
Typical Double-Null

Equilibrium of Bn=5



Passive Stabilizing Effect of Stabilizing Plate
---- with and without holes and edge cut outs -----

Wlth holes and edge cut outs (5<p=90)

10
with holes and
4 P
10 edge cut outs

(3¢=0)

0@ : phase shift
between mode
and holes and

w/o holes and cut outs

edge cut outs

Growth Rate [1/s]

e toroidal mode number n=1

 Growth Rates are increased by considering holes and edge cut
outs in stabilizing plate and reduces ideal By limit about 8%.

 They are further increased by considering phase shift between
mode and holes and edge cut outs in stabilizing plate.



1zing Plate

without holes and edge cut outs

Eddy Current Pattern on Stab
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Growth Rate [1/s]

10°

Passive Growth Rate
for Different Vacuum Vessel Models

" isingle wall VV (2% 1)
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e minor radii of
vacuum vessel and
stabilizing plate
at equatorial plane

ry v /a=2.04

---> Critical By ~ 3
s. p. /a=1.31

---> Critical By ~ 6

from conformal wall
analyses by DCON

e Passive structure provides most of the passive stabilization
and the vacuum vessel wall is a secondary effect.



Critical By with Active Feedback Control
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» Maximum critical By with active feedback control for the present
design of NCT plasma is 3.8, which corresponds to CB:O'37'

» Without holes and edge cut outs, ideal By limit is expected to be
increased to about 6, almost hits the By limit by DCON.



Summary & Next Steps
for "Real Geometry" Analyses

» Maximum critical By, with active feedback control,

obtained as a first step for present design of NCT
plasma, is 3.8, which corresponds to CB:0.37.

» To increase critical By values by changing the

design of "Sector" coils to improve response
time of feedback field to the plasma
» To obtain critical By for single-null equilibria



