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Abstract
This paper represents the technological advancement in the field of 
refrigeration. The principle of the Magneto Caloric Effect (MCE) is 
used to eliminate the compressor in refrigeration. Refrigeration is an 
application of thermodynamics which is incorporated with transfer 
of heat from lower temperature region to a higher temperature 
region with the help of an external aid, it is a phenomenon by 
virtue of which one reduces the temperature of a confined space 
compared with that of the surrounding. The magnetic refrigerator 
is successful in eliminating the compressor unit from refrigeration 
system. Adiabatic cooling occurs because of MCE and this helps 
to fulfilling the criterion on conventional refrigeration system, 
though it only represents the prototype of cooling phenomenon 
but with further research in the field of magneto caloric material, 
this can technology of magnetic refrigerator can effectively be 
used. The most significant advantage of magnetic refrigerator is 
that, it is a green technology.
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I. Introduction
The conventional refrigerator works according to the second law 
of thermodynamics as stated by clausius – “It is impossible to 
construct a device that operates in a cycle and produces no effect 
other than the transfer of heat from a body at low temperature 
to a body high temperature without any external aid.” Thus it 
clearly signifies that to transfer heat from lower region to higher 
region some external work is needed and this work is done with 
the help of compressor. The basic work of compressor is to rise 
the thermodynamic properties of refrigerant (i.e. temperature 
and pressure). Thus to eliminate this compressor work magneto 
caloric effect is used for heating and cooling. The conventional 
refrigerator consisting of various components such as compressor, 
evaporator, condenser, expansion valve and other accessories. 
The basic fundamental of causing refrigeration effect is the phase 
transformation of coolant when the change is subjected to the latent 
heat of coolant it evaporates by extracting heat from evaporator unit 
and transforms into vapor and this vapor in ultimately compressed 
in the compressor to change the physical characteristics of vapor 
such as the pressure (p), temperature (T) is increased as because 
considering the effect of higher temperature difference will cause 
greater heat exchange. Since there has been always an issue that a 
lot of work is required to run the compressor unit, thus by replacing 
the compressor unit with a device causing magneto caloric effect 
gives a fruitful result by increasing the efficiency of the system. 
In year 1881 Emil Gabriel Warburg discovered the caloric effect in 
an iron piece, which was significantly heated to few mili kelvins 
when moved into a magnetic field and gets cooled when it was 
removed out of the magnetic field. This technology has been 
successfully used for low-temperature physics to cool down the 
temperature from few Kelvin’s to few hundreds of Kelvin above 
the absolute zero (-273 K). This phenomenon of heat elimination 
and heat absorption makes it suitable to eliminate the compressor 

work. Some magnetic materials, such as lanthanide metal Gd, 
MnAs, and lanthanide-transition-metal-based compounds generate 
magneto caloric effect.

A. Concept
The basic concept of magneto caloric effect is implemented in the 
system to replace the compressor work. Since it has been observed 
that a lot of work is required to run the compressor. Thereof 
our basic concern was to reduce this compressor work hence 
a revolutionary idea of magneto caloric effect is implemented. 
In this setup the paramagnetic material is magnetized and 
demagnetized by controlling the movement to and fro, through the 
permanent magnetic field. Since, it has been observed that when 
the paramagnetic material is subjected to and strong permanent 
magnetic field, the molecular arrangement of the magnetic 
particles aligned themselves in a defined pattern which results 
the some absorption of energy in the form of heat, and when the 
magnetic material in moved away from the magnetic field, it gets 
demagnetized and results the emission of heat thus this can be 
utilized in the raising the temperature of refrigerant which can be 
used to replace the work of traditional compressor.
Magneto caloric is a thermodynamic phenomenon in which 
temperature change is subjected in a paramagnetic material when 
it is exposed to changing magnetic field.
For refrigeration process, the decrease in the strength of magnetic 
field allows the domain of magneto caloric material become dis-
oriented from magnetic field by agitating action of thermal energy 
present in the material. If the material is isolated from the magnetic 
field so that no energy is allowed to re-migrate into the material 
at this time and the process is an adiabatic, the temperature drop 
is subjected as the domain absorbs the thermal energy to perform 
their re-orientation.

B. Magneto caloric effect (MCE)
Magneto caloric effect is defined as the heating and cooling of 
magnetic material due to application of the magnetic field. It 
is environment friendly and energy efficient alternative to the 
common vapour refrigeration cycle.
We relate the magnetic variables magnetization and magnetic field 
to the entropy and temperature. All magnetic material intrinsically 
show magneto caloric effect. The origin of MCE is the coupling 
of the magnetic sub-lattice to the applied magnetic field H, which 
changes the magnetic contribution of to the entropy of solid.

Fig. 1:
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There established a stable equivalence with thermodynamics 
as:

1. The Isothermal Compression (Isothermal Magneti-
zation)
In isothermal compression of gas the pressure p is increased which 
results in the entropy S decrease and in magnetic refrigerator it is 
analogous to the isothermal magnetization of permanent magnet 
and in this when  the magnetic field H is increased it results the 
decrease in magnetic entropy.  

2. Adiabatic Expansion (Adiabatic demagnetization)
In subsequent expansion of gas pressure is lowered at constant 
entropy, temperature decreases and for magnetic refrigerator it 
is equivalent to adiabatic demagnetization in this magnetic field 
is removed and total entropy remains constant but temperature 
decrease is subjected with increase in magnetic entropy. 
The value of entropy of magnetic material at constant pressure 
depends on both magnetic field H and temperature T, thus magnetic 
entropy is defined as 
S (T, H) = Sm(T,H) + Slat(T) + Sel(T) 
Where,  Sm= magnetic entropy 
  Slat= lattice entropy
  Sel= electronic entropy
The following diagram shows the schematic representation of two 
basic processes of the magnetocaloric effect when magnetic field 
is applied or removed in a magnetic refrigerator. The isothermal 
process which leads to entropy change and adiabatic process which 
leads to change in temperature.

Fig. 2:

Fig. 3:
The total entropy is displayed for an external applied field H1 and 
for zero field H0. Two relevant process are described to understand 
the thermodynamics of MCE.

When magnetic field is applied adiabatically since total 1. 
entropy remains constant and this is reversible process, in 
this magnetic entropy decreases but total entropy does not 
change , it only results in increase in temperature.

S(T0,H0)= S (T1,H1)

Adiabatic temperature rise can be estimated by isentropic difference 
between corresponding S(T,H)function.
∆Tad = T1 - T0

2). When magnetic field is applied isothermally (T=constant) 
entropy decreases due to decrease in magnetic contribution and 
therefore entropy change is defined as 

∆Sm = S (T0, H0) – S (T0, H1) 

Both adiabatic temperature change, ∆Tad, and the isothermal 
entropy change ∆Sm, are the characteristic values of MCE.

Fig. 4: S – T Diagram showing the MCE

C. Working Phenomenon
 Working of magnetic refrigeration system is accompanied by the 
similar basic fundamental principle of refrigeration. In traditional 
refrigerator the compressor, compresses the refrigerant and changes 
the thermodynamic properties, as by increasing thetemperature and 
pressure. Here only the difference in compressor less refrigeration 
plays a significant role by the application of Magneto Caloric 
Effect (MCE).

Magnetic Refrigeration is analogous to the conventional • 
refrigeration, in this the magnetocaloric material is moved 
in to the permanent magnetic field similar for the expansion 
process it is moved out of the permanent magnetic field.

 

 Compression  
    Adiabatic 
magnetization  

Expansion Adiabatic 
demagnetizatio
n 

Fig. 5:

This must be kept under consideration that adiabatic temperature 
will not be very large enough thus, it is essentially required to design 
a cascade magnetic refrigerator. Hence these two phenomenon 
of adiabatic magnetization and demagnetization process change 
the temperature of material and heat is extracted and injected as 
in the conventional refrigerator.
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There are some problems also subjected to the magnetic 
refrigeration because heat transfer rate in metal is slower than 
gases. Thus to overcome this problem a filigree porous structure 
can be used which can work very effectively.

STEP 1: Adiabatic Magnetization 
Temperature increase 

Step 2: Extraction of heat  
Cooling  

Step 3: Adiabatic demagnetization 
Temperature decrease 

Step 4: Injection of heat 
Heating  

Fig. 6:

Fig.7: 

The schematic diagram represents the magnetic refrigeration cycle 
which transport the heat from the heat load to its surrounding. 
Dark and light region depicts the intensity of magnetization, darker 
region shows the strong magnetic field. The disordered magnetic 
moments are aligned by magnetic field which consequently results 
the heating of magnetic material then this heat is removed to 
surrounding. And when the magnetic field is removed the magnetic 
moment gets randomized and results cooling of magnetic material 
below the ambient temperature. The heating and cooling occur 
in magnetic refrigeration is dependent om the magnetic moment 
and magnetic field.

1. Properties Possessed by Material in Magnetic 
Refrigerant:
A high refrigerant capacity (q). it is the measure of how much the 
heat transferred between hot and cold sink in one ideal refrigeration 
cycle and calculated by formula.

  
A first-order field induced transition around the working 
temperature, in order to utilize the associated entropy change.

D. Similarity With Carnot Cycle
The Carnot refrigeration system works on reversed Carnot cycle. 
It is only a theoretical system in its conception but serves as an 
ideal cycle ever to be achieved in reality. In magnetic refrigerator 

the cycle performed as refrigeration cycle is analogous to Carnot 
refrigeration cycle but with increase and decrease in magnetic 
field strength rather than dealing with pressure. It can be described 
at the starting point whereby the selected working substance is 
introduced into magnetic field, i.e. the magnetic flux density is 
increased. The working fluid achieve the equilibrium with the 
refrigerated environment. 

Process 1: Adiabatic magnetization
A magnetocaloric substance is placed in an insulated environment. 
The increasing external magnetic field causes the magnetic dipoles 
of the atoms to align which results in decrease in  magnetic entropy 
and heat capacity but the overall energy is not lost during this 
process therefore total entropy is not decreased and ultimately 
the net result is that substance is heated (T +∆Tad)

Process 2: Isomagnetic enthalpic transfer 
In this the added heat can be removed by working fluid. The 
magnetic field is held constant to prevent the dipoles from 
reabsorbing the heat. Once the material is sufficiently cooled the 
magnetocaloric substance and the coolant are separated.

Process 3: Adiabatic Demagnetization 
The substance is returned to another adiabatic condition where the 
parameters are constrained so that total entropy remains constant. 
However this time magnetic field is decreased, now the thermal 
energy causes the magnetic moments to overcome the field and 
results the in cooling the sample that is adiabatic temperature 
change. 

Process 4: Isomagnetic Entropic Transfer 
In this also the magnetic field is held constant to prevent the material 
from reheating. The material is placed in thermal contact with the 
environment to the refrigerated because once the working material 
is cooler than refrigerated environment then heat energy starts 
migrating into the working material, and soon as the refrigerant 
and refrigerated environment are in stable thermal equilibrium the 
cycle restarts. This is how the working phenomenon of magnetic 
refrigerant works in similarity with reversed Carnot cycle.

Fig. 8:

E. Effectiveness of Magnetic Refrigerator 
For effective performance of magnetic refrigerator, it is essentially 
operated with permanent high power magnets. By optimized 
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structures a field line convergence may locally even allow higher 
values for their induction. If a realistic value of around 2 T (tesla) 
is considered the best material can have adiabatic temperature 
difference of 7-8 Kelvin which considering no hysteresis loss. Here 
hysteresis leads to irreversibility which lowers the coefficient of 
performance. Therefore for an effective result cascade machine 
must be envisaged.       

Fig. 9: Cascade System of Magnetic Refrigeration

In the projected scenario of magnetic refrigerator single setup do 
not meet the demand of varying the temperature between source 
and sink thus for effectiveness cascade system is used. Heat transfer 
efficiency is directly dependent on the magnetic field change and 
this depends on the number of stages. In order to exchange heat 
from one stage to another stage, temperature difference leads 
to irreversibility losses. A magnetic refrigerator thermodynamic 
cycle may reach at least 80% of Carnot efficiency 

F. Design of Magnetic Refrigerator
Here two types of design are described first one is axial and the 
other one is radial type. These prototypes work like rotary heat 
recovery machines. In this first step is magnetization of porous 
solid magneto caloric material in magnetic field which results 
the heating of the material. By the flow of refrigerant through 
the material, it gets cooled by extraction of heat. Later on it turns 
out of the magnetic field and start showing  demagnetization and 
at this situation the magneto caloric material is heated by the 
flowing fluid as because due to demagnetization material gets 
cooled which has preferable opposite direction to the first. If fluid 
is on A side as show in figure it can be used as an heat pump and 
if the cold fluid is applied then machine is a cooler and works as 
refrigerator.

Fig. 10:

G. Merits and Demerits
Magnetic refrigerator has various significant merits as:

Magnetic refrigeration is an eco-friendly green technology.• 
No use of conventional refrigerants.• 
Since it is operated without compressor thus it’s a noiseless • 
technology.
It has higher energy efficiency. Is actually meets the criterion • 
of Carnotprocess due to reversibility of MCE.
It has simple design of machine, as rotary machine with • 

porous heat exchanger.
Low maintenance cost. It is also advantageous for other • 
application as air-conditioning and refrigeration unit in 
automobile as well.

On Counterpart it also has Some Demerits:
Protection of electronic component from strong permanent • 
magnetic field.
Permanent magnet have limited field strength. Electro magnets • 
and super conducting magnets are too expensive. 
Temperature changes are also limited though multi stage • 
machine lose efficiency through the heat transfer between 
stages.
GMCE material need to be developed to allow higher • 
frequencies of rotary magnetic refrigerators.

H. Conclusion 
This research paper bring out the study of revolutionary change 
in the conventional refrigeration system which is operated 
with the aid of external compressor, in magnetic refrigeration 
no compressor is needed. It can be observed that there is great 
performance difference between magnetic refrigerator and vapor 
refrigerator in terms of cooling capacity and temperature span. 
Therefore a large entropy change in magnetic material is needed 
in temperature range. It is the amount of heat energy per unit 
volume transferred in one refrigeration cycle.
In magnetic refrigerator, for large magneto caloric effect a large 
magnetic material is needed.
High magnetic field intensity is required for effective results.
Magnetic material can be used which work effectively are Gd, 
GdSiGe alloys, MnAs materials, La(FexSi-X)13, etc. and many 
materials are under research which to obtained effective MCE.
It is an environmental beneficiary technology.
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