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® 1 MW beam - ITER
® 1.5 MW beam — W7-X
® 2 MW beam — EU DEMO
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Loss tangent measurements
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® Fabry-Perot resonators to measure the tand
of the diamond disks

® Input to numerical analyses to model power
absorption in disks

® Margin against potential degradation factors
of the disk quality
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_ Ppeam ™ f t tand (1 + 5r)

P =
abs Co
tand absorbed power
[x 10°°] (W]
Conservative assumption 5.68 1500
Disk 89DB1  4.55 1201
D90, average on 25 bare disks  3.49 921
D50, average on 25 bare disks 2.10 555
=P, =15MW
®m =140 GHz
m ¢ =567,
®f=1.8mm
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Design of W7-X window and CFD analysis setup ﬂ(".
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Gaussian mm-wave beam
with 20 mm radius

Symmetry

Temperature dependent
material properties

0.2 kg s at inlet (25°C)
at inlet and O Pa at outlet

Runs with different
absorbed power values

Runs with water and
silicon oil DC 200(R) 5cSt
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CFD analysis results at 1.5 kW absorption ﬂ(".

[°C] [°Cl]
1.728e+02 57156401
1.594+02 5.394e+01
1.461e+02 5.072e+01
1.327+02 4.751e+01

Water 1.193e+02 4.430e+01
1.059e+02 4.109e+01
9.254e+01 3.788e+01
7.916e+01 - 3.466e+01
6.578e+01 3.145e+01

- 5.239e+01 2.8246+01
3.901e+01 2.503e+01

[°C] [°C]
2.784e+02 1.2808+02
2.605e+02 1.190e+02
2.427e+02 1.100e+02
2.248e+02 1.009e+02

Oi | (DC 200) 2.070e+02 9.190e+01
1.891e+02 8.286e+01
1.713e+02 — 7.383e+01
1.534e+02 6.479%+01 ~
1.356€+02 5.576e+01
1.177€+02 4.672e+01
9.986e+01 3.768e+01
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CFD analysis results at 1.5 kW absorption

Temperature [°C]

—— DC200 - Pabs = 1500 W / tand = 5.68E-05 - Constant properties o 1 1 1 1
DCZOO-Pabs=1500WItan6=5.68E-05-Tdepend:nt groper!:ies a 250 C IS the Ilmlt assumed for dlamond
3(mV\iateir-Pa:bs=1:500V:\Iltan:l5=5.368E-0:5-Tc:iepen:dent :prope:rtles e Oil_cooling |S nOt an Optlon fOl' the WlndOW
275 - """ e """"""""""""""""" - at 1.5 kW absorption
L N T m Water-cooling shall be used at high power
00y /TN operations
:: ® Temperature dependent properties
5] (particularly for diamond) shall be used
100 {—
:: density dynamic viscosity specific heat thermal conductivity
)5 1= i i [kg m3] [Pa s] [ kg K1) [W m?K7]
0 ] . | NN N N NN SN NN SN N | Water 997 8.90 x 10 4182 0.607
50 -40 -30 -20 10 0 10 20 30 40 50 DC200 915 45.8 x 10 1639 0.142
y [mm]
Water 0.15 1.75 172.8 57.2 11.8 58% 42%
Oil 0.20 4.47 278.4 128.0 22.4 48% 52%
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Temperature
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Parametric study for loss tangent
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Pabs = 1500 W / tan5 = 5.68E-05
Pabs = 1200 W / tanb = 4.55E-05
Pabs =921 W / tan5 = 3.49E-05

Pabs = 555 W / tan5 = 2.10E-05

® Water-cooling provides by far significant
temperature reserve margins, even at higher
values of absorbed power

® High reserve margins are important to
counteract potential factors leading to a
degradation of the microwave transmission
capability of the diamond disk
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Absorbed

T T T T
10 20 30 40 50

-10y [:)nm] power Max T in disk Reserve margin Max T in disk Reserve margin
in disk [W] [°C] [°C] [°C] [°C]
172.8 77.2 278.4 -
137.4 112.6 213.1 36.9
[ 9214 | 108.2 141.8 159.3 90.7
73.11 176.9 100.7 149.3
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Structural analysis at 1.2 kW absorption ﬂ(".

Top view
_ [Pa] [Pa]
| i 490057 Max 5.6909¢7 Max
Bl Symmetry Region 4.3536e7 v 5.0587e7
ageer | . 44265e7
’ ol I: e
.J-"\ Water 2.1657e7 E 2.5298e7
[] cvD diamond 1.6188:7 1.8976e7
] pure copper 1-0?183? ' | . 1.265de7
5.2485&5 6.3317e6
-2211e5 Min v// 9567.1Min
® Plastic steady-state Bottom view
analysis
y . . Top view
@ 150 MPa is the limit [Pa] [Pa]
. 6.6232e7 Max 5.7934e7 Max
assumed for diamond 5883167 51505¢7
_ 514207 | = 45077¢7
@ Lower stresses in water- 440287 g 2o
. . . 3.6627e7 _{ 3.2221e7
cooling option Oil 200257 o 2
] o 2.1824e7 e
® No significant changes at iz | o« [
1.5 KW power absorption 3.7904e5 Min 19421 Min

Bottom view
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Summary & outlook -\X‘(IT

@ The W7-X gyrotron diamond output window was investigated by numerical analyses to
assess its performance at 1.5 MW operation for water-, oil-cooling

® The water-cooling represents a much better option than oil as it leads to lower
temperatures and stresses in the window, with higher reserve margins

® Temperature dependent properties shall be used to obtain a real picture of the window
performance at these power levels

® The window shall be later characterized for 2 MW beam transmission

This work has been carried out within the framework of the EUROfusion Consortium, funded by the European Union via the
( ) EU ROfUSIOﬂ Euratom Research and Training Programme (Grant Agreement No 101052200 — EUROfusion). Views and opinions expressed are
L/ y however those of the author(s) only and do not necessarily reflect those of the European Union or the European Commission.
Neither the European Union nor the European Commission can be held responsible for them.
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