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PURPOSE:

This calculation determines the ohmic resistance of the center stack casing, and the requirements for a power supply capable of supplying 5kW of heat to same during bakeout.

During bakeout a current shall be injected at the bottom of the center stack casing (CSC) which shall flow up through the center stack casing, through four jumpers to the outer vacuum vessel (VV) upper dome, down through the VV dome to the cylinder, down through the VV cylinder, down through the lower VV dome, and out. 

REFERENCES:

1) INCONEL Alloy 625 data sheet (Huntington Metals)

2) NSTX drawing NSTX-EDC-1102, R0, "Center Stack Casing, Casing Final Assembly"

3) NSTX drawing NSTX-EDC-1107, R0, "Bottom Inner Divertor Tapered Flange Machining"

4) NSTX drawing NSTX-E-DB1002, R4, "VV Center Section Weldment"

ASSUMPTIONS:
1) Neglect resistance of flanges which connect the center stack casing mid section to the end sections, and the flanges at the end sections. Compared to the resistance of the mid and end sections, the resistance of the flanges is not signficant due to their larger cross section and smaller length.

2) Treat the domes as flat disks. Assume that the current enters and exits the domes at the same ID as that of the CSC (in fact the current will not have to traverse the full length.

3) Neglect the effect of contact resistances, the holes/ports in the VV, etc.

CALCULATION:

See attached spreadsheet entitled "CS Ohmic Heating". 

For the CSC, simple R=l/A calculations are performed. 

For the domes, treated as flat disks (like washers with inner radius R0 and outer radius R1), the effective resistance is calculated as follows:

Resistance of incremental section of the disk....

R=∆r/2rt

Where:

R 
= resistance of incremental disk section

 
= resistivity

r 
= radius

∆r 
= incremental radius

t 
= disk thickness

Total resistance...

Rt=∫dr/2rt

= ln(r)/2t

Where:

Rt 
= total resistance of disk

The integral is evaluated between R0 and R1 such that:

Rt=/2t*(ln(R1)-ln(R0))

The resistance at room temperature (≈20C) is roughly 0.79 mΩ. The resistance at maximum bakeout temperature (350C) is rougly 0.83 mΩ. To produce 5kW in the CS casing, an rms current of roughly 2.6kA is required at bakeout temperature. 

Note: all digital documents stored in NSTX File Share, Engineering Folder,  Engineering Calculations Folder. Hard copies of all documents stored in NSTX project file.

CONCLUSION:
Resistance of CS casing is such that ohmic heating using a small power supply is feasible. Resistance does not change very much over the temperature range. A rectifier power supply fed from a 480V input, turned on/off via a thermostat type control, is suitable. The power supply should be rated to deliver on-state current equal to 1/0.0008 ≈ 125 x the voltage rating, due to the 0.8mΩ resistance (e.g. 3 V supply should be able to deliver 3.75kA). The rms rating should be at least 2.6kA.
