1 Test Results
1.1 Cooldown

Cooldown of the C1 coil began on June 11 and continued until shots began to be taken on June 16.  Cooldown was initiated by introducing product from the LN2 supply line.  The line is used intermittently so initially, the product was warm gas.  A maximum temperature difference of 50K was administratively enforced during cooldown.  As the line cooled, so did the gas being supplied until eventually it became 2-phase product and then liquid.  The liquid was caught in a tank in the center of the cryostat.  The tank measured 12” on each side.  The liquid column was approximately 28” tall.
During the first 40 hours, the cooldown followed an exponential curve that featured a decay time of 18 hours with an asymptote of 120K.  The cooldown versus time for one of the thermocouples embedded in the winding form is shown in Figure 1.
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Figure 1 - Winding form cooldown versus time
The SRD requirement is for the modular coils to be cooled down to operating temperature (nominally 80K) within 96 hours.  Cooling from 293K to 90K assuming an 85K interior temperature would require a decay time of 25 hours (if an exponential model applied).  The cooldown of C1 was based on cooling the interior and exterior of the shell.  In the stellarator, the space between the modular coil and vacuum vessel (the interior of the shell) will be filled with insulation.  Therefore, the surface area exposed to GN2 will be reduced by more than half.  The decay time should be inversely proportional to the exposed surface area and the convective heat transfer coefficient.  The decrease in surface area will have to be compensated by an increase in the convective heat transfer coefficient.  This will likely require a change from natural (free) convection to forced convection by either 32 m2mproved circulation (via a fan or blower) or increased throughput of GN2.  In addition, the asymptotic (bath) temperature of the cryostat was well above the desired 80K.  This also needs to be addressed in the cryostat cooling system design.
In equilibrium, the cryostat system can be modeled as shown in Figure 2
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Figure 2 - Cryostat heat balance

Assuming a surface area of 32 m2 for the cryostat and a 6-inch wall of panels with an insulating value of R6 per inch, the heat leak into the cryostat would be approximately 860 W.  If the temperature of the exhaust gas is 120K (the asymptotic temperature observed during initial cooldown), then a mass flow of 0.0036 kg/s is required.  Two thirds of the heat is removed by evaporating LN2 with the balance removed by the temperature rise in the exhaust gas.  Simple calculations suggest a heat transfer coefficient of 13 W/m2-K would be required which seems to be the right order of magnitude.

In the stellarator, we want to minimize any temperature rise in the exhaust gas.  This will likely require a large flow of cold (80K or below) purge gas.  Evaporating the LN2 passively from a tank may not work because the temperature difference between the cryostat interior and the tank will be so small.  The purge gas could be generated by flowing GN2 through a coil in the LN2 tank.  The temperature of the cryostat interior would be controlled by controlling the flow of the purge gas.  The flow of purge gas should also improve the heat transfer to the modular coil shell.  The ability to introduce purge gas is also desirable for warming up the cold mass.  The one caveat is that we may have to recycle the GN2 throughput in order to limit nitrogen consumption.
