ator NSTX-U

Mod INFLUENCE OF THE SCRAPE

OFF LAYER ON RF

ACTUATOR PERFORMANCE
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RF actuators will play a major role in fusion

reactors = must have confidence they will work
SN2

0 Steady-state fusion reactors will likely need RF actuators
to control current profile and access burning regime

O lon cyclotron range of frequency: core heating and current
drive

O Lower hybrid range of frequency: off-axis current drive

0 Two case studies where behavior of RF waves in the
SOL had unexpected impact on actuator performance

o LHCD on Alcator C-Mod
0 HHFW on NSTX [Perkins, EX/P4-42]

G.M. Wallace, IAEA FEC, Kyoto, Japan



Mod

ator | oss of LHCD effect at high density

gredlc’red bz modelmﬂ w‘o SOL

0 Modeling in advance of

.‘_

experiments (w/o SOL)
predicted high CD
efficiency up to n_
1.5x10%2° m3

00 Experiments show very
weak non-thermal
emission and no CD
effect at n_ >
~1.0x10%29 m3

[

Count Rate (Chords 9-24, 40-200 keV) [s

Fast Electron Bremsstrahlung

Model prediction
. 4.

SHr OOQ)
OOO |
R
|, = 800 kA
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ator

od Prompt response of SOL to LHRF power

indicates waves are absorbed near LCFS
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gg Increasing fraction of LH power damps
near the LCFS as density increases

0 Majority of

radiated or
conducted to
divertor at
high density

1.0 g

LHRF power I3
goes to =
displacing ©
Ohmic power
at low density S o
<]
0 Majority of =
LHRF power 3
T
o
4
<]

CO0O0OrD0000O D000

. 0' Il Il Il Il Il Il Il
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e [10% m™7] ne [10% m™)
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gg Current drive at high density recovers
with high plasma current on C-Mod

Fast Electron Bremsstrahlung
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Fast Electron Bremsstrahlung

ator Cyrrent drive at high density recovers in
inner wall limited discharges on C-Mod
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2‘” SOL profiles differ considerably for
Lt limited and hlﬂh current dlschorﬁes

[ ] [ ] _— 20
0 Larger poloidal field ~ n. = 1.4x10 |
. . (a) SOL Density Profile . A 1=1.1 MA
affects ray trajectories/ 100 F % T e eoua
o - v |p=0.55 MA ]
upshifts at higher current s b ?
01 Density gradient in SOL is 8 ool g
. 0 I
steeper at high current ;s
o Profiles for inner wall g0l () SOL Temperature & |—11MA -
. . . < [ ¢ Profile . @ 1 =080 MA |
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@ oV | '
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or Inner wall limited SOL profiles also

d

o)

steeper than diverted profiles
nb

SOL Density in Diverted and Limited Plasmas

10%°

n,~ 1.4x10%° m

Density [m™]




od

ense regions of SOL
nh

1 Electron-ion collisions
lead to significant

tor Collisional damping is strong in cold,
d

Iog10('(J_| [m-1])y I'I“=2, B=5.4 [T]

power loss where
v, is large

1 Conditions near

Inaccessible

active divertor lead
to e-folding lengths
of ~ cm’s

G.M. Wallace, IAEA FEC, Kyoto, Japan
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HXR countrate [counts/s]

fo
od

" Modeling including collisional SOL

model reproduces experimental trends

Fast Electron Bremsstrahlung
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HHFW core heating on NSTX is
sensitive to B, n_, and k @ NSTX-U
N e

50

O Strong heating — k=14 m ' By=055T
: — k~=8m" B,=055T
.- ¢
effect at higher B, 0L BloasT
and k| .
g 30 §
, > 20| AN v | o
0 Core heating effect y i
reduced at lower 10 ¢ SIREREPR. |
k,, and B ' :
| | ® D l 1 ! 2
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Time (sec)
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Spirals observed leaving HHFW antenna indicate

localized power deposition in SOL of NSTX NSTX-U

0.33512 s (-0.25012)

__Edge P
| Depostion

HHFW ‘
Antenna

00 Probe and IR measurements consistent with localized

power sink in divertor region
G.M. Wallace, IAEA FEC, Kyoto, Japan



AORSA shows enhanced RF fields in SOL when

cutoff layer opens in front of antenna NSTX-U
14

k||:12m'] k||=8m']

n, =1.0x10%m3 !

LCFS
Antenna
FW Cutoff
vim layer
2.498e+004 2
' 1.874e+004 k | B
Ne FWcut—off X

l 1.249e+004

6245,
. 0.0000

w




SOL power losses increase as wave transitions

from evanescent to propagating NSTX-U
15|
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Increased B-field of NSTX-U predicted to
reduce SOL losses at high density NSTX-U

SOL power losses [%]
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Need to consider SOL impacts when

- ossessinﬂ RF actuators for reactors

0 SOL profiles are important for more than just antenna
coupling
0 Other deleterious effects are also sensitive to SOL

O Parametric decay instabilities (PDI) [Ding EX/P7-5]
O Impurity generation with high-Z walls

0 SOL and core should be considered together when

modeling new experiments/reactors [Shiraiwa, TH/
P4-27]

0 As discussed in previous talk [Bonoli, TH/5-1], HFS SOL
profiles are very different from LFS SOL profiles

G.M. Wallace, IAEA FEC, Kyoto, Japan



Conclusions

0 Current drive efficiency of LHCD on Alcator C-Mod is
reduced when power is absorbed close to the LCFS

0 Heating efficiency of HHFW on NSTX suffers from SOL
losses if FW is allowed to propagate in the SOL

0 Wave propagation/absorption in SOL can lead to
unexpected consequences and must be considered in
modeling of RF actuators for future reactors

*This work supported by DoE Contract No. DE-FC02-99ER54512 on Alcator C-Mod, a
Department of Energy Office of Science user facility, and also by DoE Contract No. DE-
AC02-09CH11466 on NSTX, a Department of Energy Office of Science user facility.
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LH waves launched by slow wave

structure at plasma edge
m*

1 ‘
O wLH = wpi(1 + wpezl wcez)-”2 >
o LH launcher couples F]
electrostatic slow mode &, Counter-current”

o Waves launched

0.21 ]
preferent_lally in counter- . V\MA“MAA
current direction {5 0 : 10

Electric Field [A.U.]

e “Current Drive”
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LH waves transfer energy and parallel
momentum to fast electrons to drive current

o LH waves Landau damp on
electrons at v, ~ 3v,,

o Asymmetry in f(v,) results in
net current
[Fisch, Rev. Mod. Phys., 1987]

Fast electrons

carrying current \

_ vy

G.M. Wallace, IAEA FEC, Kyoto, Japan



Parallel index of refraction, n| = ck|, /o,

impacts wave damping, propagation, & CD
22

0 LH wave damps strongly at

n,=+30/T,

10°

E
0 LH wave cannot propagate -
unless:
R )
pl pe pe 10_32 2f5 3 3f5 N ; 4f5 5 5.5
n” ~ 1_ a)z * a)z * |w Fast and slow wave dispersl,lion relation, B=5T, f=4.6GHz
ce ce 40001 n=1.55

n”=3.1

3000 -

0 Lower n|, improves current

2500 -

° ] ° 2000 -
drive efficiency
1 1000
m 500
2 0
n -
” -500 - -
Fast Wa -
G.M. Wallace, IAEA FEC, Kyoto, Japarro, o8 : ; 5 s
Local n, e



LHCD system on C-Mod investigates

LH Ehxsics with ITER-like Edrome’rers

0 n, = 0.5-5x102° m™3
(ITER = 0.5-1x1020 m-3)

1B, =3-8T(TER=5T)

0 Diverted plasma configuration | TRTITLVTLVNY
(ITER = Lower Single Null)  [SSRY RSN ©

onp = 1.5 — 3 co- or counter-
current (ITER ~ 2)

0 fucp = 4.6 GHz
(ITER = 5 GHz)

0 4 rows of 16 waveguides

0 P = 2.5 MW

G.M. Wallace, IAEA FEC, BydiOflS an %
Reflectometer horns i

Source

Langmuir
probes
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AORSA shows enhanced RF fields in SOL when
cutoff layer opens in front of antenna NSTX-U

25
Lower SOL density (n_,, = Higher SOL density (n,
le12 cm™) = 2e12 cm™)
Cutoff
layer
Vim Antenna
2.498e+004 Location
' 1.8746+004
j 1:249e+004 kﬁB

n o —,
. 82(?50'0 G.M. ng&tm%g FEC, Kypto, Japan



RF field amplitude in the SOL increases as soon as the

FW cut-off is removed from in front of the antenna
' |E.¢| is shown for n, = -21, A¢ = -150° (“2D” <= single dominant mode), # 130608 .
N (M3 =0.5x10"®  0.7x10'®  1.0x10'®  1.5x1078 1.7x1018 2.0x1018

—

~_ ] —

* For very low density the RF field is Vim

. . 2.498e+004
strongly localized in front of the antenna ' I,
W 1:249e+004
[ ] L[] L 6245-
* Standing wave appears at higher density —
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