Calculation No: NSTXU-CALC-11-28-00 # Revision No: #

Calculation of CSA tile Heat flux enhancement and fish scale angle

Purpose of Calculation: (Define why the calculation is being performed.)

1) To calculate Heat-flux enhancement due to tile to tile offset, in plasma facing direction,
during installation.
2) To calculate the fish-scale angle which reduce the heat flux enhancement.

Codes and versions: (List all codes, if any, used)
Excel

References (List any source of design information including computer program titles and revision levels.)

PDR presentation from A.Brooks. “Engineering loads and boundary conditions for PFC”

Assumptions (Identify all assumptions made as part of this calculation.)

Due to installation and assembly tolerances the tile to tile offset(in plasma facing
direction) can be .010” to .03”. To be conservative in this calculation .06” is used to
account for any unknowns.

Calculation (Calculation is either documented here or attached)

See attached.

Conclusion (Specify whether or not the purpose of the calculation was accomplished.)

A heat flux enhancement factor of 1.17 @ 3.3” width is found for 0.060” tile offsets. The chamfer heat
flux enhancement is found to be 1.58.
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Calculation:

CSAS

Case # -> 1 2
Max Angle degrees 9.2 12
Min Angle degrees 7.3 9.5
Extent cm 8 8
Range of Application m IZ] = 1.1 |Z] > 1.1
Heat Flux MW/m? 5.2 3.6
Duration sec 2.0 2.0
Reference Scenario High 1./B+ High I./B;
LSN LSN
L-Mode, 3 MW L-Mode, 2
MW

Table 1 Heat flux requirement for the CSAS (Ref. PFCs SRD NSTX-U-RQMT-SRD-

003-00)

Calculation formula used as defined in PFC load presentation at PDR.



Heat Flux Enhancement Evaluation From
Field Errors — Preliminary Assessment

Fields from Each PF coil are calculated at PFC locations
Coil geometry and max coil current magnitude based on Design Point Spreadsheet
* NSTX CS Upgrade 120409.xls

Fields calculated first at nominal location and then at 1 mm lateral offset (ie horizontal
displacement of coil axis). Error field given as difference in two values

Analysis done with PPP/EAD’s Magnetics Library of FORTRAN Codes

Impact on Tile Heating from change in field angle estimated from field error
Angle change estimated as Soi=atan(SB,;/By)
|shscalmg of each tile calculated as f=atan((tol+gap*tan(oty.,))/ Wy.) where
tol = vertical alignment tolerance of tiles/modules
= gap = gap between tiles/modules
Wy = width of tile/module
* Oy, = max flux impingement from PFC requirements

Heat Flux Enhancement Factor from fishscaling given as EF;=sin(ct,i+B)/SiN(Clmin)

Total Heat Flux Enhancement Factor calculated as EF,,= 5|n(gmmm+u+80)/sm(gmm§"
* Assumes heat flux parallel to field line does not change with field error

Heat Flux attributed to field erroris EMELOML/E”ELS”

= Fish Scale geometry
Calculation from A.Brooks.




CSA Tile Fishscale Angle and Effective Heat

Load Calculation for Tile to Tile offset of .06" P=atan((tol+gap*tan(Cly.,))/ Weie) EF=sin(Ly,+B)/sin(Cmin)

and 5.2 MW
D {Height of
fishscale
gemotery)=
t (tile to Fishscale w*tan(Beta)
W gl Gap tile Fishscale Angle Effective =tol+
(tilewidth |between |vertical |IMpPingment|impingment| Angle Beta |Betain |Enhancement|heat load |Gap*tan(inc
) tiles) offset) Angle Olpay |Angle Oy B Deg Factor EF MW/m2 . Angle)
5.5 0.063 0.06 12 7.3 0.013 0.76 1.10 5.740 0.073
5 0.063 0.06 12 7.3 0.015 0.84 1.11 5.794 0.073
45 0.063 0.06 12 7.3 0.016 0.93 1.13 5.860 0.073
4 0.063 0.06 12 7.3 0.018 1.05 1.14 5.943 0.073
3.5 0.063 0.06 12 7.3 0.021 1.20 1.16 6.049 0.073
3.3 0.063 0.06 12 7.3 0.022 1.27 1.17 6.100 0.073
2.5 0.063 0.06 12 7.3 0.029 1.68 1.23 6.387 0.073
3.92 0.063 0.06 12 7.3 0.019 1.07 1.15 5.958 0.073
CSA Tile Fishscale Angle and Effective Heat Load Calculation for Tile hole chamfer
Chamfer
Angle 8 (
chamfer+ |Impingme |F=sj n{amm+8}j5| n{amir Effective
fishscale |nt Angle heat load
angle) amin MW/ m2
For Hole
Chamfer 437 7.3 1.58 8.207935309

Lower the impingment angle (a) higher the EF/ Effective heat load)
Smaller Tile width/chamfer width higher the Effective Heat Load

CSA Tile Fishscale Angle and Effective Heat
Load Calculation for Tile to Tile offset of .06"
and Heat flux of 3.6MW

B:ata n ((t0|+ga p*ta n (amax”/w’tile: EF=sin (amin+B)/Si n (amin)

D (Height of
fishscale
gemotery)=
t (tile to Fishscale w*tan(Beta)
W g( Gap tile Fishscale  |Angle Effective = tol+
(tileWidth |between |vertical ~|impingment|impingment|angle Beta |Betain |Enhancemen |heat load [Gap*tan(inc
) tiles) offset) Angle O, |Angle Oy B Deg t Factor EF [MW/m?2 . Angle)
5.5 0.063 0.06 12 7.3 0.013 0.76 1.10 3.974 0.073
5 0.063 0.06 12 7.3 0.015 0.84 1.11 4.011 0.073
4.5 0.063 0.06 12 7.3 0.016 0.93 1.13 4.057 0.073
4 0.063 0.06 12 7.3 0.018 1.05 1.14 4.114 0.073
3.5 0.063 0.06 12 7.3 0.021 1.20 1.16 4.188 0.073
3.3 0.063 0.06 12 7.3 0.022 1.27 1.17 4.223 0.073
2.5 0.063 0.06 12 7.3 0.029 1.68 1.23 4.422 0.073
3.92 0.063 0.06 12 7.3 0.019 1.07 1.15 4.125 0.073

Conclusion:



The CSA tiles were analyzed with this heat fluxes. Analysis results show that these tiles
can handle higher the heat loads and the stresses are under allowable.
Analysis report is filed here.

Structural analysis of Center Stack Angular Section (CSA) tiles.
NSTXU-CALC-11-21-00
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