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Design validation of the gyrotron diamond output window for the upgrade
of the ECRH system at W7-X
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Motivation ODbjectives
wusng 1 01€ W7-X gyrotron design, operating successfully = Investigate the window performance at 1.5 MW operation from the thermal perspective, in comparison to
B at 1 MW and 140 GHz CW, Is being upgraded for the 1 MW case, by CFD conjugated heat transfer analyses (ANSYS CFX V19.2)
T IS operating at 1.5 MW to achieve regimes with high = Perform sensitivity studies with respect to the mm-wave beam radius at the window location and to the
A plasma beta and low collisionality absorbed power in the disk by using loss tangent (tand) values obtained as average over measurements
) The gyrotron features a CVD diamond output done In the past for 25 bare disks for W7-X at the KIT laboratories
b window with a 1.8 mm thick and 106 mm diameter = Validate the window design against the applicable stress limits by structural analyses (ANSYS V19.2)
\ | diamond disk brazed to two copper cuffs, which R |t
— are enclosed in a stainless steel housin eSUlIlS
J = Max T of 215°C at disk | | | = Max stress in the disk well below
center, well below the = Going to 1.5 MW operation, max T increases by ~70% and, the conservative limit of 150 MPa
ApprO aCh diamond conservative \6/1\7_ ixpec;tepl, thelrmal gradélents becorge ste?per S = Max stress in the cuffs well below
Upper cuff - . limit of 250°C " With a ~5 times lower tano, max T reduces from 2157°C to the minimum ultimate tensile
Fluid domain CFD Conjugated heat tranSfer an aIySIS = Non axially—symmetric 95°C In the disk . | | | Strength (175 MPa)
* : outletpipe " OYymmetry: half of the window modelled temperature distribution * The 1.5 kW assumption Is thus conservative, but tassures = Real stress state in the disk and
weore NP ¢ L _ = Coolant: silicon oil Dow Corning 200(R) with = T increase of 4.4°C for a good margin against the potential tano degradation cuffs is in between the two
- i T ) the kinematic viscosity 5 cSt the oil at the outlet caused by the brazing and the window manufacturing analyzed extreme cases
T — { .
' N = Mass flow rate of 0.2 kg s at inlet (25°C) . : _
| Lower cuff and 0 Pa reference pressure at outlet el o '3 ' ' 1 [Pa] 0P view
| = 1.5 MW Gaussian mm-wave beam with lf-gzzwgi [P
ans | Absoried pover 20 mm radius s sswe - K
- [ Wi = Heat load applied to disk with Gaussian e S ol I 5 90 100 I A e 30e7
CFD analysiswith 5 g, 10+ 1500 distribution normalized to obtain in the disk 14720102 SIS bl Beamat15MW e
P - 1.358e+02 ] - - - Beamat1 MW | 2.33997
D90, average on 25 3 4,10 — the total absorbed power of 1.5 kW I o R 154707 | ¢
- - (comparison reasons to 1 MW case analyzed I1-131e+°2 IR o I i |
, average on 2 10x10° 5545 ) ] ) 1.018e+02 b -50 -40 -30 -20 10 0 10 20 30 40 50
bare disks In 2010 with 1 kW power absorption) y [mm] 4 .
~ Bottom view
= Runs with different tand values and mm- - P
wave beam radius (15 mm and 24 mm) [°C]
| g 125202 [Pa]
o Structural analysis R W oo
B syrmetryRegion = Plastic steady-state structural analysis: multilinear Botbathe o
_ _ _ 9.091e+01
— Isotropic hardening - 8.200e+01 !
= Load in terms of temperature distribution 6 ata0r01 ”0 - - - Pabs = 9214 W/tan® = 3.49E-05 il
£ £6%0+01 Pabs = 1?00 W / tand = 5.68E-05 1.4108e7
/[L‘ | = Stress assessment for the two extreme cases: cuffs I4.679e+01 04— l rarezes
S Comper UNe £10100 free to expand (isostatic boundary condition) and 3787640 _ Y [mm} )
expansion blocked by housing (fixed support condition) Even in the worst case of 1.5 kW absorbed power, the window performance was validated
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