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The magneto caloric effect

Demonstration
experiment for
physics teachers at
high schools

http://www.mcwp.ch/



The magneto caloric effect

Without magn. field

With magn. field

Totale Entropie s
Magnetische Entr. sH

Thermische Entr. sT

Energy
transfer



The principal of magnetic heating
and refrigeration (inverse processses of MPC)

Analogous four stage
processes
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More research
demanded in this area



Thirty existing prototypes on magnetic heating and 
refrigeration (Review in preparation for IJR)



Schematical presentation of first
Prototype



Radial machine in analogy to the axial one



N. Tesla, Pyromagneto-electric generator,
US patent 428,057, May 18, 1890. 

Energy conversion: inverse effect
First invention: N. Tesla, 1890



T.A. Edison, 1892

T.A. Edison, Pyromagnetic generator, 
US patent 476,983, June 14, 1892.



A. Einstein, 1906 and 1911

Albert Einstein proposed the application of magnetic suspensions
to convert thermal to electrical energy.

A. Einstein, On the movement
of small particles suspended in a
stationary liquid demanded by
the molecular kinetic theory of 
heat. Annalen der Physik17,
549, 1906 and 19, 371, 1911.



Curie wheel, Palmy wheel



Experimental set-up

All magnets are NdFeB magnets

C. Palmy, A new
thermo-magnetic
wheel, Eur. J. Phys.
27, 1289-1297, 2006.



Magnification of experimental set-up

Light source
Experiments: Claudio 
Palmy, Swiss Alpine 
Institute, Stugl/Stuls, 
Switzerland

R.E. Rosensweig & C. Palmy

NdFeB

Levitation



Typical LASER reflection intensity (y-axis, arbitrary units) of the oscillating and 
subsequently rotating magnet. On the left side we see the transient part of the
stimulated oscillation, on the right the continuous rotation of the magnet. 

Measuring oscillations

With permission by C. Palmy



C. Palmy, P.W. Egolf, Levitation and acceleration
of a thermo-magnetic wheel, Proc. 2nd Int. Conf.
on Magnetic Refrigeration at Room Temperature,
Portoroz, Slovenia, 11-13 April 2007, 299-307.
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Thermodynamic boundary layer model



With the following abbreviations:

First order differential equation
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The following nonlinear evolution equation is obtained:
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The following solution is obtained:

Rare: Analytical solution of 
nonlinear differential equation
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Small frequency limit: High frequency limit:
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A specific analytical solution



Multiphysics with ANSYS



M is 
high

M is 
low

Magnetic
Field

Torque generates motion

How magnetic power conversion works

Heat
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Heaviside distributions 
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With help of the Heaviside distributions it follows that:

Force field and Dirac distributions

where the package degreey of the porous structure has been intro-
duced. By introducing the Dirac distribution one obtains: 
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This finally leads to the one-dimensional force density:
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Then the torque for a power conversion machine that turns
counterclockwise is: 
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Force density, torque, power

Finally it is possible to get the mechanical work converted
from thermal energy to mechanical (kinetic) energy during
one cycle of the wheel:
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Basic principle of a power plant



Minergy house with solar collectors

HEIG-VD 
Diploma work 2006
Thierry Mattenberger

Application of magnetic
« Power production » and
its Assessment.
Kitanovski et al., Swiss Fed.
Office of Energy, 2008



Solar through plant, superconducting magnets 10 T
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Second IIR Int. Conf. on Magnetic Refrigeration
at Room Temperature

Internet:

http://www.mcwp.ch

L o g i n

Third IIR Int. Conf. on Magn. Refr. 12-15 May 2009 at the
IOWA State University, Des Moines, USA 


