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Abstract: In this article we describe the development and the optimization of the structure for generation the magnetic field in the magnetic refrigerator. 
This refrigerator is located in the Laboratory for Refrigeration (LHT) at the Faculty of Mechanical Engineering, University of Ljubljana. Initially, we carried 
out a numerical simulation of the magnetic field that is generated by the structure, using the FEMM program, and then optimized its geometry. In the 
second part, we analyzed measurements of the magnetic field density in the device, using a magnetometer with a three-axis Hall sensor, with the aim of 
confirming the numerical results. The values of the magnetic field density were 0.97 T (measured) and 0.98 T (numerical). At the same time we were able 
to confirm the suitability of the FEMM program for estimating the static magnetic field, which is generated with magnetic circuits. 

Optimiranje magnetnega polja V magnetnem hladilniku 

Kjucne besede: magnetno hlajenje, magnetno polje, permanentni magneti, program FEMM, Hallova sonda 

Izvlecek: Clanek prikazuje razvoj in optimiranje strukture za ustvarjanje magnetnega polja v magnetnem hladilniku, ki smo ga izdelali v Laboratoriju za 
hladilno tehniko (LHT) na Fakulteti za strojnistvo, Univerza v Ljubljani. Sprva smo izvedli numericno simulacijo magnetnega polja, ki ga taksna struktura 
ustvarja (program FEMM) ter na osnovi tega tudi optimizacijo same geometrije strukture. V drugem delu smo, v zelji po potrditvi numericnih rezultatov, 
prikazali se meritve gostote magnetnega pretoka v magnetnem hladilniku (magnetometer s tri-osno Hallovo sondo). Stem smo v celoti ovrednotili obravna
vano strukturo ter prisli do zakljucka, da le-ta ustvarja 0,97 T (izmerjeno) oziroma 0,98 T (numericno) gostote magnetnega pretoka. Hkrati smo potrdili 
primernost programa FEMM za oceno vrednosti staticnega magnetnega polja, ki ga ustvarjajo strukture na osnovi magnetnih krogov. 

1. Introduction 

Magnetic refrigeration at room temperature is a new, de
veloping technology for refrigeration that could, in the next 
few years, represent a viable alternative to the vapor-com
pression refrigeration technology in widespread use today. 
It is important to realize that, despite continuous develop
ment, classical, vapor-compression refrigeration technol
ogy is still very energy inefficient and its operation makes 
use of ozone-depleting refrigerants. 

For these reasons researchers and engineers working in 
refrigeration have started to investigate new technologies 
for refrigeration, among which the most promising is mag
netic refrigeration. Magnetic refrigerators can be 15 - 20% 
more efficient than classical refrigerators, using a magne
tocaloric material as the refrigerant and water, or even air, 
as the heat-transfer fluid. 

Magnetic cooling has been widely used for refrigeration at 
very low temperatures, i.e., cryogenic refrigeration, for a 
long time, but in recent years magnetic refrigeration tech
nology has become interesting for refrigeration at room 
temperature, too. This is due to the development of new 
magnetocaloric materials, including gadolinium (Gd) and 
its alloys and other magnetocaloric materials that exhibit 
the so-called giant magnetocaloric effect. 

Magnetic refrigeration is based on the magnetocaloric ef
fect, which is defined as the change in temperature of a 
material as it is subjected to an external magnetic field. So 

in addition to the magnetocaloric material a basic magnet
ic refrigerator requires the generation of a magnetic field 
in an air gap, where the magnetocaloric material can be 
situated during the operation of the magnetic refrigerator. 

In general, we can generate a magnetic field in two ways. 
For the generation of a large magnetic field density, e.g., a 
few Tesla, we need to use electromagnets or even super
conducting magnets; however, they consume a large amount 
of additional energy for their operation and, in general, they 
are expensive and have a large volume and mass. Another 
way to generate a magnetic field is to use permanent mag
nets, which can generate lower magnetic field densities than 
electromagnetic devices, but they do not consume any ad
ditional energy during their operation, which is a great ad
vantage over electromagnetic devices. In the past few years, 
investigations have concentrated on developing stronger 
permanent magnets and constructing ferromagnetic cores 
for the generation of a magnetic circuit through an air gap. 

2. The basis of magnetic refrigeration 

The development of magnetic refrigeration started with the 
discovery of the magnetocaloric effect by Warburg in 1881 
/1/. The magnetocaloric effect is now very well investigat
ed and is applied in a variety of fields in cryogenics, i.e., 
refrigeration at temperatures below-70°C. However, in the 
past few years the use of the magnetocaloric effect and 
magnetic refrigeration at room temperature has become 
increasingly interesting. The main reason for this was the 
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