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TCV
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TCV EC heating system

X3: 3x450 kW @ 118 GHz
X2: 6x450 kW @ 82.7 GHz
Tpulse = 2 s in TCV

X2

X3
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Why X3 top-launch ?

Low magnetic field: B0=1.45 T

Low X2 cut-off density X2 : necutoff=4.2x1

Extending the density range X3 : necutoff=11.5x
=> H-mode heating, ...

The absorption coefficient for 3rd harmonic X-mode i
absorption coefficient for 2nd harmonic X-mode

Top launch increases the beam path along the

=> Maximize the optical depth:
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gge and al., Nucl. Fusion (43), 2003
EC13, 17-20 May 2004, Nizhny Novgorod, Russia

X3 launching system [1]

R

R

X3 top-launch

X2
low field
side launch

dθl/dt = 20 o/s during 

R varied from shot to

dθinj/dt=40o/s
[1] J.-Ph. Ho
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ne,0 8.0x1019 m-3

j = 450 kW

≤ ≤

:
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as a function of the
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X3 top-launch experiments swe
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Strong sensitivity on θl => real time fe

Sensitivity independent of the density:

• If θl varies from θl,opt of 0.4o, Pabs decreases of 50 %

• If θl varies from θl,opt of 0.7o, Te-X decreases of 50%

The required accuracy corresponding to this sensitivity su

real time feedback control[3] on the X3 launcher.

Such a control system has been installed and an exploita
been obtained.

This error signal will be used through a PID controller (alr
order to close the control loop (summer 2004).

[2] G. Arnoux and al., IAEA TM on EC
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Impact of the density on θl,opt a
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The global electron energy
qualitatively consistent with
power predicted by TORAY

θl,opt : TORAY-GA in good
agreement with the mea-
surements

θl,opt increases with ne,0
because refraction must
be compensated.

The optimum density is expe
well as theoretically ne 0, 7≅

∆We,opt=18% with Pinj=450 kW... How is the absorption if
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Full single pass absorption if  Pin
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Pabs > 80% is
Te,0 > 2.0 keV

if ne,0 = 4.1019

What about pr

Pinj = 0.45 MW (1 Gyro) <nemax>=4.0-4.8 First θl sweep
Pinj = 0.90 MW (2 Gyro) Ip = 193-240 kA 1s pulse with
Pinj = 1.35 MW (3 Gyro)

Ptot = Poh+Pabs
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Pinj = 1.35 MW: density profiles is
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The DML[4] measures
Pabs using a power mod-
ulation method.

Presence of suprather-
mal electrons
ECE HFS view.

ne profile flattening is
observed at
Pinj=1.35 MW.

X3 power deposition
in a broad (inside
ρ=0.5) central region.
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Pabs comparison : TORAY-GA / me
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Discrepancy between TORAY-GA and
measurement due to an asymmetry
of Te-X response.

• Generation of suprathermal elec-
trons.



Absorption properties of X3 top-launch ECH on TCV 13

Gilles Arnoux

l angle indepen-
ctually studied.

r determining the

jecting the maxi-

t always in agree-
ons.

 code is presently

1019 m-3) and the
is year.
EC13, 17-20 May 2004, Nizhny Novgorod, Russia

Conclusion and future

Strong X3 absorption sensitivity on the launcher poloida
dent of the density ==> a real time feedback control is a

TORAY-GA is in good agreement with measurements fo
optimal launcher angle.

Full single pass absorption of X3 has been measured in
mum power of 1.35 MW

TORAY-GA calculations and Pabs measurements are no
ment in part due to the presence of suprathermal electr

A comparison between TORAY-GA and a Beam-tracing
studied (S. Nowak, CNR Milano)

A set of experiments scanning the density (3<ne,0<10 x
injected Power (Pinj up to 1.35 MW) will be performed th
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Accuracy δθ

Optimization

Real time control [2]

80<R<97cm 40 < θl< 50o
EC13, 17-20 May 2004, Nizhny Novgorod, Russia

A global X3 system approa

PlasmaGyrotrons

Res. layer
wres Te∝

Simulation using TORAY-GA

Experiments on TCV

X3 Absorption

Power
balance

Transport: τe

ne Te

Pabs(ne,Te, )N ⊥ c,

Pinj <1.35 kW ne<1.15.1019 m-3 Te

Decrease

α3
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