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Introduction

The SAFIRE instrument uses an adiabatic demagnetization refrigerator (ADR) to cool extremely sensitive far infrared/submillimeter direct detectors.  The ADR uses a magnetic field to alternately magnetize and demagnetize a paramagnetic material to achieve subKelvin cooling.  The starting point for this cycle would be a temperature of about 1.5 K provided by a pumped liquid helium tank.  The magnet is charged to a field of 2 Tesla which is a stored energy of 1367 Joules (inductance of 4.7 henries and 24.12 amps).  A quench ( a sudden discharge of this energy resulting in a heat of 1367 Joules released to the magnet and surroundings) at this point would release the most energy of any point in the magnetic cycle.  

Effects on the Magnet

The magnet is designed to protect itself in the event of a quench with shorting diodes to prevent large electric fields and thermally conductive epoxy potting to dissipate the heat.  This magnet has been quench tested at the manufacturer.

Effects on the Dewar – Nominal Operation

The energy released from a quench will make its way to the surrounding helium within seconds.  The heat will cause the temperature of the liquid to rise and evaporation of some of the liquid into vapor.  At 1.5 K the latent heat of vaporization of liquid helium is 22.62 Joules per gram and the density of liquid is 145.2 grams per liter.  Thus, if all the energy went into boiling liquid, 0.42 liters of liquid would be evaporated.  The actual effect would be a combination of increasing the temperature of the liquid and gas in the tank as well as boiling liquid.  Because superfluid helium is an excellent thermal conductor, over a few seconds time the liquid and gas will come to thermal equilibrium.  The nominal tank size is 15 liters.  A nominally full tank would have about 9 liters remaining after pump down to 1.5 K.  At this point depositing 1367 Joules would result in a temperature rise of from 1.5 to 1.915 K.  This is still a low pressure and temperature, so there would be no effect on the rest of the dewar or pump system.  Even with as little as 3 liters of liquid at the time of quench the temperature of the liquid and gas would remain below the superfluid transition temperature of 2.17 K.  It is unlikely that a magnetic cycle would ever be started with a liquid level lower than this. 

The magnet is passively shielded.  The field external to the ADR is less than a milliTesla.  Therefore quench generated eddy currents in metal structures outside the ADR will be minimal.

Effects on the Dewar – Off Nominal Operation

The worst case condition at 1.5 K for a significant pressure rise would be the case where 0.42 liters remains at the time of quench and it is all vaporized.  Even in this case, the resulting pressure in a 15 liter tank for gas at 4.2 K would be about one quarter of an atmosphere, which would still not vent.

The ADR is not intended to operate with the tank at 4.2K.  If, the magnet were to be charged up and quenched with a full tank of liquid at 4.2K (latent heat = 20.7 J/g, density = 125.4 g/liter), the energy released would boil 0.53 liters of liquid.  The volume of this gas would be 4.0 liters at 4.2 K which would be easily vented in a fraction of a second.  Even if this gas were heated to 10 K (which would take an extra 2000 Joules) before escaping, the volume of gas which would be released would be 13.3 liters which could be handled easily by even a small relief valve.

As a note added in proof: an even worse case scenario was demonstrated in a laboratory dewar by HAWC.  The HAWC magnet operates at 4.2K with over 45,000 Joules of stored energy at full field.  A quench in this system was safely vented with no ill effects on either the magnet or dewar.

Conclusion

A quench of the SAFIRE magnet would be safe for equipment and personnel even in the event of extremely off-nominal use.

