A{]]

Karlsruhe Institute of Technology

S. Schreck?, D. Straussi, M. Thumm?

The W7-X ECRH gyrotron diamond output window: oil and

water cooled window performance at 1.5 MW operation
G. Aiello?, G. Gantenbein?, B. Gorr?, J. Jelonnek?, H.P. Laqua?3, A. Meier!, T. Scherer?,

1AM, 2IHM, Karlsruhe Institute of Technology (KIT), 76344 Eggenstein-Leopoldshafen, Germany
SMax Planck Institute for Plasma Physics (IPP), 17491 Greifswald, Germany

~

Max-Planck-Institut 40 3) EUROfusion
flir Plasmaphysik =

POWER PLANT PHYSICS &
TECHNOLOGY DEPARTMENT

Upper cuff

Fluid domain

Outlet pipe

Inlet pipe

mm,
1.8 mm disk

Lower cuff

CFD conjugated heat transfer analysis

= Water and Silicon oil DC 200(R) with 5 ¢St
= Temperature dependent properties

= 0.2 kg st at inlet (25°C) and 0 Pa at outlet
= 1.5 MW Gaussian beam with 20 mm radius
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Methods

Assess window
performance by
water and silicon oll
cooling at different
absorbed powers
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Structural analysis

= Plasticity - multilinear isotropic
hardening

= Temperature distribution as load
= |sostatic boundary conditions
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= Runs with different absorbed power values
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density dynamic viscosity specific heat thermal conductivity _ Ppeamm f ttand (1 + &) Conservative assumption | 5.68 1500
[kg m™] [Pa s] [J kg™ K] [W m™ K] s Co Disk 89DB1  4.55 1201
Water 997 8.90 x 10 4182 0.607 . P,. _r> D90, average on 25 bare disks  3.49 921
DC200 915 45.8 x 10 1639 0.142 (r)=5""3:¢ 22 D50, average on 25 bare disks =~ 2.10 555
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- Bottom view Absorbed power
, in disk Max T in disk Reserve margin Max T in disk Reserve margin
[W] [°C] [°C] [°C] [ c]
172.8 717.2 278.4
(Pa] Top view [Pa] N 137.4 112.6 213.1 36.9
- 155.2823312;? Max ] ?:1?035‘:? > 108.2 141.8 159.3 90.7
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et X 2.5702e7 = 250°C and 150 MPa are the limits assumed for diamond
2.1824e7 1.936de7 : : .
I;:ﬁeg ' ‘ ¢ 129367 = Temperature dependent properties (particularly for diamond)
‘ e v . e
-3.7994e5Min 79427 Min shall be used
' Bottom view = Water-cooling is the only option at high-power operations
oil-cooled, 1.2 kW power absorption as providing significant temperature reserve margins
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