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With the stellarator W7-X a step to quasi-continuous plasma operation will be made. 

The cooling system of the machine is designed such that two 30 min discharges can be run per 
day. Right from the start of operation 10 MW of ECRH heating power will be available for 
quasi-continuous operation. A working group “Plasma Facing Optical Components” has been 
formed which presently concentrates on the development of water cooled windows for 
UV/VR/IR periscopes which can withstand the expected maximum heat loads of up to 50 
kW/m2 which due to the predominantly short wavelength nature of the radiation emitted by 
the plasma will be absorbed within the first millimeter of any window. We will report on the 
detailed Finite Element (ANSYS®) calculations of the heat and stress distribution across the 
windows. Calculations have been undertaken for a large number of different window 
materials which are required for the various spectral regions covered by the miscellaneous 
diagnostics, so that the most suitable material for each application can easily be identified. 
Also the dependence of the cooling rate on the window diameter and thickness has been 
studied. The calculations show that at a power load of 50 kW/m2 cooled sapphire windows 
can be used for window sizes up to ~200 mm diameter but that for many of the other 
materials like ZnSe, ZnS, CaF2, MgF2 and quartz window sizes need to be limited to 
considerably smaller sizes.  

Detailed simulations of the local radiation power load distribution demonstrate that by 
careful design the load on individual optical components can be considerably reduced. A 
vacuum test chamber, equipped with a vacuum compatible IR heater has been build. In this 
chamber a low cost, easily exchangeable window design using Helicoflex gaskets on either 
side of a 60 mm exposed diameter quartz window have been successfully tested over 70 heat 
cycles up to a maximum temperature of 450 °C at power loads of 15 kW/m2. The design 
proved to be water and helium (30 bar) tight and the window material behaved roughly as 
predicted by the ANSYS calculations. The results of tests with a sapphire window, which has 
a much higher heat conductivity and strength and which are presently ongoing, will also be 
reported on. For the tests the windows are being blackened with Aquadag to ensure effective 
absorption of the IR radiation at the surface of the substrates on the vacuum side of the 
windows. IR cameras for different wavelength regions as well as other test equipment were 
installed at the periphery of the test chamber for detailed investigations of the time evolution 
of the radial heat distribution across the different window materials at different power loads. 
The experimental results will be compared with ANSYS calculations for two different 
window designs.  
 


