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lon Cyclotron Heating in DEMO

ICRF waves can provide both ion heating and current drive
(CD) in DEMO [1, 2]

Main scenarios:
- 3He minority for ramp-up and landing
- 2" harmonic T heating/CD for flat top

lon heating degrades at medium to high temperatures

Travelling wave antenna (TWA) concept:
- Narrow directive toroidal spectrum
- Appropriate for large wall-to-plasma
- Small effect on tritium breed ratio

Unexplored possibilities for TWA fed through upper port —
up/downshifted parallel wave spectrum

Objective: Explore scenario in DEMO with waves launched
from upper port and quantify importance of shift in k

Theory and Modelling

To resolve small scale structures in large devices, local
discretization techniques such as FEM are very efficient

FEM enables modelling of complex geometries

Wave equation is non-local integro-differential equation,
difficult to treat using FEM

Parallel dispersion (non-local effect) can impact propagation
and absorption of RF waves in fusions plasmas

ldea:

I. Split dielectric tensor into two parts: dispersive and non-
dispersive

Il. Solve wave equation with non-dispersive plasma
response using FEM

lii. Evaluate integral operator spectrally and add iteratively
[3-5]

Iterative method implemented in the wave solver FEMIC,
employing Anderson acceleration [6]

Operator splitting [5]

Non-dispersive
contribution
Dispersive

)?J' (kll) = Xj T 5)7] (kll) 7 contribution

Express dispersive contribution as an external source

current and iterate: Anderson

acceleration
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Direction of wave front relative to poloidal fields causes local
up- and downshift in k;,
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Launch Positions

« Evaluate three different antenna positions
- Equatorial launch (baseline)
- Elevated launch
- Upper launch (from upper port)
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« Downshift in k; has strong impact on power partition for
asymmetric launch (w.r.t. equatorial plane)

P;/P (no shift) | P,/P (downshift)

Equatorial plane 26% 26%
Elevated 26% 33%
Upper 33% 79%
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« Difference In ion absorption is small for low temperatures

« Upper launch permits good ion absorption also for medium
to high temperatures
- Downshift (parallel dispersion) reduces electron damping

Poloidal Phasing

« Phasing of poloidal straps permits tweaking of absorption
profiles, but destructive interference reduces coupled power
- 5% reduction for A8 = +90°
- 15% reduction for A6 = —90°

. x1073 |
........ A =
2 - = A6 =190
Z 4 , —— A6 = —-90
) \
o I
—
=
o 3F
o,
n
=
o 2r
<
N
=
S 1t
—
o
Z.
0 I I ]
0 0.2 0.4 0.6 0.8 1

Normalized cum. absorbed power

3Technical University of Denmark, Kgs. Lyngby, DK-2800, Denmark
YFOI Swedish Defence Research Agency, Norra Sorunda, SE-137 94, Sweden

Current Drive Prospects

Top launched CD can provide higher efficiency compared to
launch from equatorial plane [2]

Narrow and directed TWA spectrum ideal for current drive

Downshift in k; beneficial for both ion heating and CD
efficiency

Upshift in k; yields high electron absorption, but lower CD
efficiency [2]

Q. Downshifted wave

Q. upshifted wave
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Resulting shift | Appropriate for
+ Yes

Upper Downshift lon heating
Upper - Yes Upshift Reduced CD
Upper + No Upshift -
Upper - No Downshift lon heating/CD
Lower + Yes Upshift -
Lower - Yes Downshift lon heating/CD
Lower + No Downshift lon heating
Lower - No Upshift Reduced CD
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« Anderson acceleration enables
robust convergence :
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* Fixed point iterations do not &
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« Fast convergence even for =
large up/downshift 10
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Discussion and Conclusions

New method to iteratively add dispersive effects to FEM
models

Opens up for modelling of advanced wave physics in
complex wall and antenna geometries

Applied to DEMO scenario with travelling wave antenna
mounted in upper port

Strong downshift allows for larger fraction of ion damping
from low to high temperatures

Launch from upper port is also beneficial for current
drive
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