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Loss tangent measurements in diamond

Design of W7-X gyrotron diamond output window

Numerical analyses for 1.5 MW operation

CFD conjugated heat transfer with water and oil
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EC H&CD system (example from ITER)

Diamond 

disk

1 MW beam – ITER

1.5 MW beam – W7-X

2 MW beam – EU DEMO

20.03.2025



Gaetano Aiello, DPG – SKM Meeting, Regensburg, 16 – 21 March 2025 Institute for Applied Materials4

Loss tangent measurements in diamond

Spherical setup Hemispherical setup

Fabry-Perot resonators to measure the tanδ
of the diamond disks

Input to numerical analyses to model power 
absorption in disks

Margin against potential degradation factors 
of the disk quality

Pbeam = 1.5 MW

f = 140 GHz

εr = 5.67,

t = 1.8 mm
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Design of W7-X window and CFD analysis setup

Gaussian mm-wave beam 
with 20 mm radius

Symmetry

Temperature dependent 
material properties

0.2 kg s-1 at inlet (25°C)
at inlet and 0 Pa at outlet

Runs with different 
absorbed power values

Runs with water and 
silicon oil DC 200(R) 5cSt

CVD diamond
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CFD analysis results at 1.5 kW absorption
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Water

Oil (DC200)



Gaetano Aiello, DPG – SKM Meeting, Regensburg, 16 – 21 March 2025 Institute for Applied Materials7

CFD analysis results at 1.5 kW absorption
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250°C is the limit assumed for diamond

Oil-cooling is not an option for the window 
at 1.5 kW absorption

Water-cooling shall be used at high power 
operations

Temperature dependent properties 
(particularly for diamond) shall be used



Gaetano Aiello, DPG – SKM Meeting, Regensburg, 16 – 21 March 2025 Institute for Applied Materials8

Parametric study for loss tangent
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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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Structural analysis at 1.2 kW absorption
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Water

Oil

Plastic steady-state 
analysis

150 MPa is the limit 
assumed for diamond

Lower stresses in water-
cooling option

No significant changes at 
1.5 kW power absorption
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Summary & outlook 

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
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