
Magnetocaloric Cooling of Electric Machines

Existing Approach
The performance and efficiency of electric machines (induction motors, generators, and transformers) is
limited due to thermal constraints in the coils.1  These constraints can be relaxed somewhat by
circulating air through the air gaps in the machines.  However, such approaches require the addition of
pumping mechanisms and are limited due to the thermal conductivity of air.2,3
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ORNL’s Approach
ORNL’s approach has been to cool electric machines by using ferrofluids as the cooling media.  The goal
is to exploit the thermal and magnetic characteristics of ferrofluids such that not only will the fluid
circulate through the machine, but existing thermal and magnetic fields in the motor will provide the
energy needed for pumping the fluid.  The cooling mechanism will therefore require no additional moving
mechanical parts, pumps, or sensors.  The behavior of the fluid will provide the method of pumping and
cooling of the motor (thus increasing the machine’s potential energy density and efficiency).  This basic
principle can be extended to cooling any media that contains both thermal and magnetic field gradients.
The fundamental challenge has been the synthesis of magnetic nanoparticles with targeted magnetic
and thermal properties.  ORNL’s specific focus has been on both the chemical and biological synthesis
of magnetic nanoparticles that exhibit targeted magnetic and thermal properties.
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ORNL’s bacteria synthesizing magnetic nanoparticles.


