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Outline

« Background and motivations
* Full wave code AORSA and SOL model description
« Computation of RF electric field amplitude vs. edge density

« Computation of SOL power losses vs. edge density in NSTX
with “collisional” damping in AORSA

* Predicted 3D SOL power losses
« NSTX-U case projections

 Conclusions
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Previous studies of heating efficiency showed large
amounts of HHFW power missing from core

« Strong interactions between HHFW /

and SOL plasma [3. C. Hosea, et al., PoP 15 (2008) 056104] P \\RF
spirals

Gas
injection

« Up to ~ 60% of the power possibly
lost to SOL

- Larger SOL losses for high density Antenna
in front of the antenna

 Field-line mapping models flow of lost HHFW

power from the antenna region to the divertor
[R. J. Perkins, et al., PRL 109 (2012) 045001]

- Computed strike points form a spiral _
that matches the observed RF spiral ~ ~~~==-<___

Need to understand and minimize
these RF power losses for improving |
HHFW performance N S

0
Radius (m)
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Large RF electric field amplitude is predicted in the scrape-off
layer (SOL) with AORSA but negligible SOL power absorption

Re(E))

« SOL region now included in l‘;;:
full wave code AORSA |

0.2560

[Green, et al., PRL 107 (2011) 145001] [30 -

- POSS|bI_e source of power 61.06
losses in SOL region v/im

 Simulation results show:

— Indication of cavity mode in
AORSA simulations on NSTX

— Negligible power absorbed
in the SOL with only kinetic model

0.40.60.81.01.21.41.6

R [m]
[Bertelli, et al., AIP Conf. Proc. (2013)]
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Full wave code AORSA: wave field modeled with
linear wave equation

* Full field wave equation (inhomogeneous plasma):

2 Ami Ai
VXVXE_M_Q(ML@JP):LZJA
C W w

. ~
~

:g.E

e Is the dielectric tensor, J, is the antenna current,

Jp(r) = /d?"’a'(r,r’) - E(r)
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Full wave code AORSA: wave field modeled with
linear wave equation

* Full field wave equation (inhomogeneous plasma):

C W W

. ~

: Ami Ari
VXVXE—”—Q(E+ﬂJp>=ﬂJA

~

:e.E

e Is the dielectric tensor, J, is the antenna current,
Jp(r) = /d“r’a(r,r’) - E(r)

 AORSA includes the complete non-local, integral operator for € that is
valid for “all orders” (kL ps > 1) [E. F. Jaeger et al, Phys. Plasmas 9 (2002) 1873]
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Full wave code AORSA: wave field modeled with
linear wave equation

* Full field wave equation (inhomogeneous plasma):

: Ami 4
VXVXE—”—Q<E+ﬂJp>=ﬂJA

C W W

. ~
~

:e.E

e Is the dielectric tensor, J, is the antenna current,

= /dr’a(r,r’) - E(r)

 AORSA includes the complete non-local, integral operator for € that is
valid for “all orders” (kL ps > 1) [E. F. Jaeger et al, Phys. Plasmas 9 (2002) 1873]

* AORSA utilizes a Fourier decomposition in k,,k, in the poloidal plane and
a Fourier decomposition in the toroidal direction of symmetry:

I Y, @ E E En, 0. 'mfm 35 ?(Ant—l_hmm

ng m,m

where » = R — Ry and y is the distance from the midplane
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

p—1
dsoL

p>1

ne(p) — Ne. ant + [ne(p — 1) — neja.nt-] CXP [_

/

density in front of the antenna
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

density at the separatrix

p—1
dsoL

p>1

ne(p) — Ne.ant + [ne(p — 1) — neja.nt-] CXP [_

/

density in front of the antenna
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

density at the separatrix

ne(p) — Ne.ant + [ne(p — 1) — Ne.ant |[CXP

/

density in front of the antenna
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

density at the separatrix

p—1
ne(p) — TNe ant T [ne(P — 1) — neja.nt-] CXP [_ d N 1
SOL
" N\
density in front of the antenna decay length
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

density at the separatrix

p—1
ne(p) = Neant T [WP(P — 1) — ne:ant] CXP [_ y , p>1
SOL
density in front of the antenna decay length

« Density at separatrix is set by experimental measurements
 T.,and T, assumed to be constant across the SOL
« Will vary values of the density in front of the antenna

« Will vary decay length in order to cover the range of possible
density profiles

NSTX-U APS DPP 2013 — Fast wave heating and power losses in NSTX and NSTX-U, N. Bertelli (11/13/2013)
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Outline

« Background and motivations

* Full wave code AORSA and SOL model description

« Computation of RF electric field amplitude vs. edge
density

« Computation of SOL power losses vs. edge density in NSTX
with “collisional” damping in AORSA

* Predicted 3D SOL power losses
« NSTX-U case projections

 Conclusions
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RF field amplitude in the SOL increases as soon as the FW
cut-off is removed from in front of the antenna

I |E;o:| is shown for n, = -21, Ap = -150° (“2D” <= single dominant mode), # 130608 I

Nan[M3] =0.5x1018  0.7x1018 1.0x1018 1.5x1018 1.7x1018 2.0x1018
1;

° I I I V/m
For very low Qen5|_ty the RF field is e
strongly localized in front of the antenna ey

. 1.249e+004

» Standing wave appears at higher density _ i

@ NSTX-U APS DPP 2013 — Fast wave heating and power losses in NSTX and NSTX-U, N. Bertelli (11/13/2013) 17



Same behavior of RF field in the SOL
for a lower antenna phasing

I |E;o:| is shown for n, =-12, Ap = -90° (“2D” <= single dominant mode), # 130608 I

N,[M3] =0.5x10®  0.7x1018 1.0x10%8 1.5x10%8 1.7x10%8 2.0x1018

* Note that |E,,| in the SOL is much greater than |E,,| inside the

. . . . Vim
LCFS and spreads out with increasing density l 2 49864004

1.874e+004
= 1.249e+004

6245,
. 0.0000
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* Direct correlation between SOL RF field and FW cut-off location




Same behavior of RF field in the SOL
for a lower antenna phasing

I |E;o:| is shown for n, =-12, Ap = -90° (“2D” <= single dominant mode), # 130608 I

N,[M3] =0.5x10®  0.7x1018 1.0x10%8 1.5x10%8 1.7x10%8 2.0x1018

* Note that |E,,| in the SOL is much greater than |E,,| inside the

LCFS and spreads out with increasing density 7 2.:1/</;r§e+004
- Direct correlation between SOL RF field and FW cut-off location g
. W 124964004

How can this relate to SOL losses? "o
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Outline

« Background and motivations

* Full wave code AORSA and SOL model description

« Computation of RF electric field amplitude for different edge
density and antenna phases

* Predicted 3D SOL power losses
« NSTX-U case projections

 Conclusions
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The physical mechanism behind the damping
in the SOL has not yet been identified

« “Collisional” damping included in AORSA as a proxy to represent the
real SOL damping processes

NSTX-U APS DPP 2013 — Fast wave heating and power losses in NSTX and NSTX-U, N. Bertelli (11/13/2013)
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The physical mechanism behind the damping
In the SOL has not yet been identified

“Collisional” damping included in AORSA as a proxy to represent the
real SOL damping processes

0
It is essentially a “Krook model”: (a—{> =v(f— Jfo)

E related to Z(
'

Dielectric
tensor

W — nQ() Damping\Z (w — TZQC—F’?:I/
/fH’Uth kﬂvth

v
Plasma Dispersion Function

viw “collision” parameter is input into AORSA

)
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The physical mechanism behind the damping
In the SOL has not yet been identified

“Collisional” damping included in AORSA as a proxy to represent the
real SOL damping processes

0
It is essentially a “Krook model”: (a—{> =v(f— Jfo)

E related to Z(
'

Dielectric
tensor

W — nQ() Damping\Z (w — TZQC—F’?:I/
/fH’Uth kﬂvth

v
Plasma Dispersion Function

viw “collision” parameter is input into AORSA

Absorption obtained through the anti-hermitian part of &
w B e E
4 |S| e

(Y =

== Poynting vector

)
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 0.1 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tl # 130608
* N, =-21, Ag = -150°
-— | antenna 20* ° dSOL =0.01
/ ,o\: *v/io=0.01
0
RE
0
= o
Eo N
)
) < 10f
o
Q
o
n 5-.
T
0 - - , , .
0 0.5 1 1.5 2 2.5 3

N, [10"® m>]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 0.2 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tt # 130608
* n, =-21, Ap = -150°
- | antenna 20} *dso = 0.01
/ ,o\: *v/o=0.01
)
P 15f
)
= O
5 o :
(O]
) < 10r
0
Q
o
N 5
T \
0]

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n - 0.3 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tt # 130608
* n, =-21, Ap = -150°
- | antenna 20} *dso = 0.01
/ .°\i. *v/o=0.01
)
P 15f
)
= e
é o :
(O]
) < 10f
o)
Q
o
N 5
- 4
0]

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—Ni=0
Fast wave cut-off Y T nant =04 x 1018 m—3
cold plasma w2
( P ) R=1- Z —
Tt # 130608
- * N, =-21, Ap = -150°
- { antenna 20} *dso = 0.01
/ g *v/o=0.01
" N
3 15}
2
_ O
Eo —
(O]
" 2 10t
o)
Q.
0
J U) 5.
T - \‘
: 0

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 05 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tt # 130608
* n, =-21, Ap = -150°
- antenna 20} *dso = 0.01
/ .°\i. *v/o=0.01
)
P 15f
)
= e
é o :
(O]
) < 10f
o)
Q
o
N 5
T \..
0]

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 0.6 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tt # 130608
* Ny =-21, Ap = -150°
-— antenna 20* ° dSOL =0.01
/ .°\i. *v/o=0.01
)
3 15}
)
= o
Eo N
(O]
) < 10r
)
Q
0
" o
T \’..
0]

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 0.7 x 1018 m3
(cold plasma) . > w2 ant
=1- =
Tt # 130608
| * ny =-21, A = -150°
- { antenna 20} *dso = 0.01
!/ g *v/o=0.01
A ”
- 3 15}
2
= O
é o :
(O]
) < 10
o)
1 Q.
| 0
4 7)) 5
- A
5 \0..-
o G

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n - 0.8 x 1018 m-3
(cold plasma) . > w2 ant
=1- >
Sl # 130608
* ny=-21, A¢ =-150°
- antenna 20} *dso = 0.01
.°\i. *v/io=0.01
n
% 15}
0
= o
Eo N
(5]
) < 10r
o
Q
0
n St
T \ncu
0

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 0.9 x 1018 m3
(cold plasma) . > w2 ant
=1- >
Sl # 130608
* n, =-21, A¢ = -150°
- antenna 20} *dso = 0.01
.°\i. *v/io=0.01
n
% 15}
0
= o
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(5]
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o
Q
0
n St
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0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n - 1.0 x 1018 m3
(cold plasma) . > w2 ant
=1- >
Sl # 130608
* n, =-21, A¢ = -150°
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.°\i. *v/io=0.01
n
% 15}
0
o o
Eo :
(5]
) < 10f
o
Q
0
n St
T \00..-.
0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
Fast wave cut-off e n — 11 x 1018 m3
(cold plasma) . > w2 ant
=1- >
Sl # 130608
* n, =-21, A¢ = -150°
- antenna 20} *dso = 0.01
.°\i. *v/io=0.01
n
% 15}
0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—Ni=0
Fast wave cut-off L V| — N = 1.2 x 1018 m-3
(cold plasma) o Z W2, an
=1- -
Tt # 130608
* n, =-21, Ap = -150°
- | antenna 20} *dso = 0.01
/ S | *vi@=0.01

N
3 15}

— 8 Evanescent

Eo N wave in the SOL

N (O]
< 10}
o)
Q
0
N 5

' \Nwi
0

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
Fast wave cut-off Y T N = 1.3 x 1018 m—3
(cold plasma) o Z W2, an
=1— =
Tt # 130608
* Ny =-21, A = -150°
- | antenna 20} *dso = 0.01
/ S | *vi@=0.01

N
3 15}

— 8 Evanescent

Eo N wave in the SOL

N (O]
< 10}
0
Q
0
N 5

' \Nw"
0

0 05 1 15 2 2.5 3
18 -3
N [107 M™]
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
Fast wave cut-off Y T N = 1.4 x 1018 m—3
(cold plasma) o Z W2, an
=1— =
Tt # 130608
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0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
Fast wave cut-off Y T N = 1.5 x 1018 m—3
(cold plasma) o Z W2, an
=1— =
Tt # 130608
* Ny =-21, A = -150°
- | antenna 20} *dso = 0.01
/ L | +vie=001

N
3 15}

- 8 Evanescent

Eo N wave in the SOL

N (O]
< 10}
0
Q
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N 5

' w
0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
Fast wave cut-off Y T N = 1.6 X 1018 m—3
(cold plasma) o Z W2, an
=1— =
Tt # 130608
* Ny =-21, A = -150°
- | antenna 20} *dso = 0.01
/ S | *vi@=0.01

N
3 15}

— 8 Evanescent

Eo N wave in the SOL
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< 10t
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—Ni=0
Fast wave cut-off Y T N = 1.7 X 1018 m—3
(cold plasma) o Z W2, an
=1— =
Tt # 130608
* n, =-21, Ap = -150°
- | antenna 20} *dso = 0.01
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3 15}
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0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—Ni=0
Fast wave cut-off Y T N = 1.8 x 1018 m—3
(cold plasma) o Z W2, an
=1- -
Tt # 130608
* N, =-21, A$ = -150°
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P 15t
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N?=0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
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SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location

R—N#=0
Fast wave cut-off Y T N = 25 x 1018 m—3
(cold plasma) o Z W2, an
=1- -
CelerR) # 130608
* n, =-21, Ap = -150°
- | antenna 20k *dso = 0.01
/ S | *vio=0.01

N
B 15¢

— 8 Evanescent

Eo N wave in the SOL

N (O]
< 10r
0
Q
0
N o

T
% 0.5 1 15 2 25 3

n,. [10"% m™]

NSTX-U APS DPP 2013 — Fast wave heating and power losses in NSTX and NSTX-U, N. Bertelli (11/13/2013) 48



SOL power losses increase from the evanescent to
propagating within SOL according to the FW cut-off location
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SOL power losses increase as wave transitions from

25

N
(&)

SOL power losses [%]

()]

/s

Electric field peaked
in front of the antenna

evanescent to propagating

N
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-
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1 of the standing

wave (different
RF field amplitude)
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Same transition is found for lower antenna phases: SOL power
losses start to increase when the FW cut-off is removed

# 130608

 FW cut-off condition:
/o =0.01
2 25 — — —Y@ = V.Ul
kH B NO cut-off NO cut-off
Ne FWeut—off X T =— —

)
=

» lower n, (ny/R =k, ~ky)
=P transition at lower n_,

N
(8)]

* Forgiven ng,

SOL power losses [%]
o

SOL power losses 5t (n¢: -2|1)
. exp. value
increase

T e > Ne, pw cutof 05 1 15 2 25 3

18 -3
Nant [107" m~]

« Same relative behavior for # 130621 (n,=-12)
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Simulations are consistent with experimental results

» Experimental study [J. Hosea et al., AIP Conf. Proc. 1187, 105 (2009)] found:
- lower SOL power losses for # 130608 (n, = -21) than #130621 (n, = -12)
- better HHFW performance for higher antenna phases
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Simulations are consistent with experimental results

» Experimental study [J. Hosea et al., AIP Conf. Proc. 1187, 105 (2009)] found:
- lower SOL power losses for # 130608 (n, = -21) than #130621 (n, = -12)
- better HHFW performance for higher antenna phases
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Simulations are consistent with experimental results

» Experimental study [J. Hosea et al., AIP Conf. Proc. 1187, 105 (2009)] found:
- lower SOL power losses for # 130608 (n, = -21) than #130621 (n, = -12)
- better HHFW performance for higher antenna phases
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Simulations are consistent with experimental results

» Experimental study [J. Hosea et al., AIP Conf. Proc. 1187, 105 (2009)] found:
- lower SOL power losses for # 130608 (n, = -21) than #130621 (n, = -12)
- better HHFW performance for higher antenna phases

30f ' ' — 60— ' 18 -3
180621, n, = -12 Vo =0.01 e = 0.4x10%8 m-
— 25 7 —_ 50|' E
= = 130621, n, = -12
o 20f ¢ 40}
é )]
a )]
215 O 30t
20r

2™ 8 130608, n, = -21
5 3
O 5 130608, n, = -21 0 10

%05 1 15 2 25 3 002 004 006 008 0.1

- vio
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« v/o > 10-20 (V/®)exp to get SOL losses comparable to the exp. estimate

J
=0.005-0.01
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Full 3D spectrum AORSA results show SOL losses

enhancement similar to 2D single n, modeling

40 :

25ty i -
n,=-21, Ap=-150° | n,=-12, Ag=-90°
= : = : 3D: 81 toroidal
o, = / mode
o 0 v 20} : 0 |
Q o i it i
(7] : 7] i
2] H 172} H
o 20 3D: 81 toroidal i 1 e
5 201 ' o 15 |\
3 = :
o Q -
- :
@) 10 ¥ One(dominant) ] 6| 10} 2
n ¢ toroidal mode (77 w | One (dominant)
P 5 wid toroidal mode
."-o-?-o-o-o-o-?-o--o-?-‘l . . - "‘ . . . .
GO 0.5 1 11.2 32 2.5 3 0 0.5 1 1.5 2 25 3
- 18 -3
N [10 " m™] n_ [10 " m™]

3D runs: 81 toroidal modes to reconstruct the full
antenna spectrum

« SOL losses in 3D modeling are comparable or larger than
those in 2D modeling
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Outline

Background and motivations
Full wave code AORSA and SOL model description
Computation of RF electric field amplitude vs. edge density

Computation of SOL power losses vs. edge density in NSTX
with “collisional” damping in AORSA

 Predicted 3D SOL power losses

Predicted NSTX-U case projections

Conclusions
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3D simulations predict most of the RF power is deposited
near the antenna and near the LCFS at low n_,,

=1.0x10¥ m3

130608, (n, = -21), v/© = 0.01, p,,, = 1.15,n
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3D simulations predict most of the RF power is deposited
near the antenna and near the LCFS at low n_,,
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3D simulations predict most of the RF power is deposited
near the antenna and near the LCFS at low n_,,

130608, (n, = -21), v/® = 0.01, p, = 1.15, n,, = 1.0 x 10 m3

p=1.0to 1.05
(near LCFS)

p=1.11t01.15

(near antenna) p=105t01.1

3.00e+5

2.25e+5

» SOL power losses appear to be larger near the LCFS
as well as the antenna, consistent with
experimental analysis [Perkins et al. Nucl. Fus. 53 (2013) 083025]
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0.0

NSTX-U APS DPP 2013 — Fast wave heating and power losses in NSTX and NSTX-U, N. Bertelli (11/13/2013) 60



SOL power is found below the mid-plane for higher
density due to large RF field in the SOL

=2.5x101¥ m3

p=1.0to 1.05
(near LCFS)
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Outline

Background and motivations
Full wave code AORSA and SOL model description
Computation of RF electric field amplitude vs. edge density

Computation of SOL power losses vs. edge density in NSTX
with “collisional” damping in AORSA

Predicted 3D SOL power losses

« NSTX-U case projections

Conclusions
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NSTX to NSTX-U: from high harmonic number to

mid harmonic number

for Deuterium main ion

NSTX:B=0.55T

NSTX-U:B=1T

a

@ [ £ wep- 0.5 X €2 N

Dth 4th

High harmonic regime ¢ _ b | L5t
INn NSTX ~ i |
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In NSTX-U k
05
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Larger evanescent region predicted at higher fields
achievable in NSTX-U, favorable for future experiments

« H-mode scenario planned for NSTX-U,

obtained by TRANSP simulations
[S. P. Gerhardt, Nucl. Fusion 52, 083020 (2012)]
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Larger evanescent region predicted at higher fields
achievable in NSTX-U, favorable for future experiments

« H-mode scenario planned for NSTX-U,

obtained by TRANSP simulations
[S. P. Gerhardt, Nucl. Fusion 52, 083020 (2012)] v/io = 0.01

40 i i ol i
= NO cut-off E NO cut-off
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Larger evanescent region predicted at higher fields
achievable in NSTX-U, favorable for future experiments

« H-mode scenario planned for NSTX-U,
NSTX NSTX-U

obtained by TRANSP simulations
[S. P. Gerhardt, Nucl. Fusion 52, 083020 (2012)] j \ / \ v/io = 0.01
40 ; - - -
14200 cut-off NO cut-off
kjB '
Ne FWeut—off X —— X 30}
w —
&
* NSTX-U B;=1T)Vvs. NSTX (B;=0.55T): g O
transition occurs for ~2x higherinn_,, 3
- wider evanescent region with lower 310*
SOL power losses 3
=P favorable for future experiments

2 3 _4 5 8

« NSTX-U: optimization of edge density Nant
to minimize the SOL losses and maximize Same relative behavior found
the coupling to the core for NSXT-U case with B=0.76 T
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Conclusions

Full wave simulations show a direct correlation between the large SOL
RF field, the location of the FW cut-off, and the SOL losses (in 2D and 3D)

— SOL losses increase significantly as the wave transitions from evanescent to
propagating as the density in the SOL increases

The simple “collisional” damping adopted is consistent with NSTX

experiments
— higher SOL losses when lower antenna phase

3D simulations show larger SOL losses near the antenna and the LCFS

NSTX-U simulations predict a wider evanescent region with lower SOL
losses relative to NSTX

— Optimization of the edge density in order to minimize the RF SOL losses

Future direction:
— Further study in order to identify the physical mechanism(s) behind the SOL
losses [Sheath effects, PDI, non-linear processes, etc.]
— evaluation of the SOL losses in ITER
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Back up

@ NSTX-U
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HHFW system in NSTX and NSTX-U

Same HHFW system in NSTX and NSTX-U

12-strap antenna located on the
outboard mid-plane and extends PN :
90° toroidally B

 Wave frequency = 30 MHz,
up to Pg = 6 MW

- "o |
=

« Well-defined spectrum

* |kyl = =3, £8, and =13 m* when
A = =30°, £90°, and +=150°
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Two H-mode, NSTX discharges are analyzed
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Exponential decay for the SOL density to fit the
experimental density data for NSTX discharges

« Extended AORSA to include SOL plasma:

density at the separatrix

p—1
ne(p) — ne,nﬂn"‘[”e(ﬁ — 1) — ne,min] eXp [_ d 9 P > 1
/ SOL
minimum density in front of the antenna decay length
° 1306.08 I | LCFS antenna
\4 / antenna |
@ v /
£ 4 _
©
X
nmin
| /
0 02 04 ‘9:6 08 |1 12 . -
pol K 1.05 1.1 1.15 1.2

o ppoI
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Edge losses increase with steeper density gradient

20

* Shot # 130608

* N, = 0.4 x 1018m"3
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Edge losses increase reducing edge density in the really low

density regime

| compared shot 130608 with scrape = 0.01, nphi = -21, phase -150
1) Nmin =0.4e+18 m-3
2) Nmin =0.2e+18 m-3

130608 nphi = -21 phase = -150 scrape = 0. 01 resolution = 160x160
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o 10t
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Large RF field amplitude in the SOL region
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Re(J*E) in the SOL has same behavior of RF field amplitude
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Same results have been found for another
independent NSTX discharge

« Same transition of the
edge losses in # 130608 and
# 130621

* Location of the transition between

# 130608 and # 130621 is really
similar for both different
antenna phases (similar edge
density for both cases)

* Forlow n_ .
edge losses t i N, ¥

* For high n.:
edge losses 4 if n, 4
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NSTX-U: B =1T
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v/® only for electrons

N¢g =-21 and A¢ = -150°

130608, scrape = 0.01, nphi = -21, phase =-150, nu ® =0.01 FOR ELECTRONS ONLY
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Simulations are consistent with experimental results in terms

the antenna phases

« Experimental study [J. Hosea et al., AIP Conf. Proc. 1187, 105 (2009)] found
less edge losses for # 130608 than #130621 and better HHFW
performance for higher antenna phases

« Simulations are consistent with experiment:
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NSTX-U: B =0.76T
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Full 3D toroidal spectrum
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