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ABSTRACT

Abstract

The conventional vapor compression refrigerator used widely in many fields has
many disadvantages, especially in enhancing greenhouse effect, depleting Ozone layer.
Thus, many scholars and engineers have been searching for some new refrigeration
technologies. Magnetic refrigeration, one of the alternative refrigeration technologies,
has many merits, especially in high efficiency, stabilization, environmental
friendliness, easily control and maintain, and so on, and more and more attentions
have been paid to it. In the recent decade, many works involving in magnetic
refrigeration were focused on the searching for room-temperature magnetic
refrigeration materials with a large magnetocaloric effect (MCE). The related
experimental researches showed that Gd, GdSiGe, MnFe(P,As), La(Fe,Si1), etc. were
all important candidates of room-temperature magnetic refrigeration materials. Note
that most of the existing room-temperature magnetic refrigeration materials including
those mentioned above possess nonperfect regeneration in an Ericsson refrigeration
cycle and the performance characteristic of the magnetic Ericsson refrigeration cycle
using these room-temperature magnetic refrigeration materials as the working
substance depend on the degree of nonperfect regeneration of the working substance.
Therefore, it is of great significance to investigate the thermodynamic performance
characteristics including regeneration ones of the room-temperature magnetic
refrigeration materials in one magnetic refrigeration cycle.

In Chapter 1, the magnetic refrigeration technology and magnetic refrigeration
Materials are introduced.

In Chapter 2, based on the magnetism theory, several theoretical models of
magnetic materials are summarized, in which one focuses on the Langevin
ferromagnetic theory and a detailed analysis of Bean-Bodbell model to describe the
actual MnAs compounds.

In Chapter 3, Based on approximate solution of the Langevin function, the
optimal control theory and thermodynamic analysis methods, the optimal performance

characteristics of regenerative Ericsson refrigeration cycle wusing general



ABSTRACT

ferromagnetic materials as the working substance is investigated and the influence of
irreversibilities including finite-rate heat transfer, nonperfect regeneration,
regenerator’s efficiency, heat leak between the heat sources and so on are revealed.

Based on the experimental characteristics of the iso-field heat capacity and the
magnetic entropy change with temperature for the materials GdsSi,Ge,, Gd and
MnFePj4sAspss, the corresponding entropy versus temperature curves are
transformed in Chapter 4 and the three kinds of Ericsson refrigeration cycles using
these materials as the working substance are set up. By using thermodynamic analysis
method, the nonperfect regeneration quantity, net cooling quantity, released heat
quantity, COP and so on for the three kinds of magnetic Ericsson refrigeration cycle
are analyzed and calculated. Furthermore, the performance characteristics of the three
kinds of Ericsson refrigeration cycle employing the materials GdsSi,Ge,, Gd and
MnFePj45As05s5 as the working substance are evaluated and compared. Also, the
influence of nonperfect regeneration on the performance of the magnetic Ericsson
refrigeration cycle are revealed.

The conclusions obtained in the present thesis may provide some theoretical and
parameter design reference for the optimal design and performance improvement of

actual room-temperature magnetic refrigerators.

Key words: ferromagnetic materials, Ericsson refrigeration cycle, non-perfect

regeneration, COP
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