SLAC’s Magnet Coil Cooling Requirements for air cooled coils.

Brief version written for Dr Achim Weidemann by SLAC’s Magnet Engineer, Cherrill Spencer, on December 20th 2005.
SLAC’s approach to the maximum temperature allowed in air-cooled magnets.
The heavy film insulation on the solid copper wire we use in air-cooled magnet coils is spec’d for 200 ºC and the magnetic forces are smaller in solid wire coils so we have a different temperature requirement for solid-wire coils from water-cooled coils. The hottest spot in a solid-wire coil at SLAC must be less than 100 ºC. That is its actual temperature, NOT a temperature increase.
By and large any solid wire coil likely to be designed for use at SLAC will meet this temperature requirement as long as the current density in the wire is less than 1000 amps per square inch ( = 155 amps per square centimeter). The hottest spot will be in the middle of the coil, where you cannot get a thermocouple.
Here is how one can measure the hot-spot temperature of a solid-wire coil, this is our standard thermal test at SLAC that our Magnetic Measurement Group are set up to do:
The resistance of the coil at some time at some current is called R and R0 is the resistance at room temperature with zero current, then the average change in temperature of the coil is given by this equation:
 ∆T ºC = (R – R0)/ (R0x0.00393)
 The resistance will be calculated from the measured voltage. The coil should be run at its maximum operating current for at least 6 hours; it takes many hours for an air-cooled coil to come to thermal equilibrium. The coil voltage, air temperature and a temperature on the outside of the coil where it is likely to be coolest should be measured every few minutes during this run.

 When the coil’s voltage has stopped increasing: add the last ΔT to the room temperature at that time to get the actual average temperature of the coil at the operating current. Then calculate the hottest temperature within the coil via these equations:





Average temp = (hottest temp + lowest temp)/2   so

Hottest temp = 2x Average temp – lowest temp.

If the hottest temperature will be more than 100 ºC when the coil is run in the beamline (recalling that SLAC tunnel temperatures are hotter than where the MMG does its thermal tests) then the operating current will have to be reduced or consult with Cherrill Spencer for a waiver.
In SLAC solid wire coils the average temperature is typically between 55 ºC and 70 ºC.
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