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Power Coupling

Preliminary design of a traveling wave antenna based on the comb-line ANTITERII code: * Series of mu.tually coupled straps, shorted at one end
structure for low coupling condition as expected in a future fusion reactor « Solve the boundary values problem by means of Fourier expansion of . Shunt capacitance to tune resonance
device. fields and mode matching at the aperture of the antenna box » Eight port full wave model
: : : . : » Two port reduced model (8P+C+R) Equivalent 2-port circuital
* The antenna is modeled as a (series of) metal strip described by its . description
. , * Band-pass behavior P
superficial current density J, (y,z) A
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* The plasma is modeled in plane geometry with a density profile and
described by its surface impedance
« Power computed by Poynting ‘s theorem
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For a plasma to be ignited in a steady state fusion reactor it must satisfy the

ignition condition. The temperature value that reaches that goal is . 2001 scale S=1/4
T=15keV, or 174 millions degree Celsius. For reaching this impressive high " =5 * Mock up frequency
temperature value, different techniques have been developed and usually a 1 scale 1/S

combination of those is used in current day machine and it is also foreseen
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in the future reactor. One of this (auxiliary) heating method is based on &) ~l Frequency selective response characterized by a band-pass with good load
Radio Frequency wave injection and absorption in plasma. Two main | H | I relisience. Termination on Z; gives no reflection and good matching.
practical effects are achieved with plasma wave interaction that are heating 0 . J . A 15 [ , | . l\ . \ It beh lik i cion line. i tain a t T /
frequency waves, three processes must proceed adequately: (i) excitation of : . ‘ Coaxial modes

. . : Power radiated:
the waves in the plasma edge, (ii) propagation of the waves through the 1 . .
plasma and (iii) absorption of the wave energy by the plasma. P =R ﬂ — B, H;dk,dk, = gij IE, |2 —dk dk, esonan |ng
The Range of Frequencies used by this system is in the order of the Cyclotron 4 1T200l1
frequency of the lons and thus the acronym ICRF is used. A suitable way to connect and feed the comb-line launcher :
ICRF Heating and Current Drive are two main techniques widely used in * |E,|? is the spatial excitation function of the antenna « Hybrid coupler + generator & dummy load
current day experiments due to their unique capability to deposit power * R 1/§, is the surface conductance of the external medium * Two adjustable length transmission lines EM traveling wave
centrally on the magnetic axis, directly to the ions and without any density * Two vacuum feed-through L ST J
limit. Thl.S is Qf primary interests especially for a fusion reactor.. g Maximize the spatial excitation function e« One comb-line section AR s
To exp.lorc this unique feature an ICRH&CD system needs a sunte!ble | Resonance condition: Line stretcher  —<E+> J
Iaunchlr.\g structure able to c:ouple..> high .amount of.power reducing the side \\ the surface conductance is fixed by the plasma / « total length = 2nm (n=1,2,3..) 2 %
effects like voltage stand-off and impurity production. , o o ‘ @

Three sections resonant ring series configuration

Generator T Dummy load

The radiating structure used to excite the plasma is usually embedded in the Generator 3 Comb-ine 2

: o : VIUITI Hybrid Coup.
wall of the fusion device, in a recessed box. The antenna consists of an y b
array of short (w.r.t. the wavelength) metal strap with a suitable current
distribution that produces the desired spectrum. The straps are usually Increasing the number of straps gives:
aligned in the poloidal direction such that waves with the proper * More selective power spectrum
electromagnetic field polarisation are selected and even better results are * More radiated power (scale as Ny,,) for the same J, per strap
obtained with straps aligned perpendicular to the magnetic field near the Example:
plasma edge. The electromagnetic field excited by the antenna current + DT plasma, ITER 2010 L-profile, B,=5T, R,=7m, a=3m

distribution has to cross the plasma boundary region before to excite the
magneto-sonic wave. The coupling is very sensitive to the width of this
region and also to the slope of the electron density profile.
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Coaxial modes Coaxial modes %: no reflection to generator and
\ Coupled power spectrum no power in the dummy load
Propagation of EM waves in inhomogeneous plasma described by the cold 3B\ kg kik w00 kg K ik
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After it propagates in the inhomogeneous plasma and undergoes to 0 fatrap=12

different processes like resonances and cut-off giving rise to absorption, s i > | | | S ... |  sweepthat controls the position
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We have demonstrated that is possible to have a traveling wave antenna
suitable for ICRF Heating and Current Drive using a comb-line launcher in a
resonant ring configuration characterized by a selective power spectrum,
high efficiency, load resilience for a broad plasma load variation and with
minimal number of access to the vacuum vessel.
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~s000 | : Increasing the number of elements has a beneficial effect increasing the total
oo L— radiated power and decreasing the fraction lost in unwanted modes
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Computed field’s components for the example’s parameter

* Cyclotron resonant absorption of minority species
* Laundau Damping and Transient Time Magnetic Pumping of slow wave

\\ after mode conversion /




