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Abstract. Magnetic refrigeration has been considered a promising technology. Based on the magnetocaloric effect, one 

of its great advantages is that it offers an overall lower environmental impact compared to conventional refrigeration. 

In addition to its modeling simulations of thermodynamic processes, it can provide important information in the 

development and optimization of experimental devices. A complete process simulator for a rotary cooler was executed 

in order to study the performance of the processes under different conditions. A step-by-step modeling approach was 

applied, simplifying the heat transfer phenomena. Certain magnetocaloric materials were chosen as the refrigerant 

material because of their magnetic transition near to room temperature: Gadolinium metal, Gd5Ge2Si2 ternary 

compound, a La(Fe-Mn-Si)13-H compound, and a Ni-Co-Mn-In Heusler alloy. The system assumes a clockwise rotating 

magnetic material wheel with a closed counterclockwise water flow loop, through which percolates the six porous 

areas of the magnetocaloric material, and hot/cold heat exchangers. The simulator was able to represent both the 
transient aspects and the conditions of the steady-state of the processes, considering the temporal performance and 

numerical stability. The inversion of heat transfer profiles throughout the process was used as the limit in calculating 

the maximum heat transfer absorption in the cold exchanger. 

 

Keywords: magnetic refrigeration, magnetocaloric effect, rotary refrigerator, stepwise modelling, transient magnetic 

regenerative process. 

 

1. INTRODUCTION 
 

Society has been increasingly concerned with the environment. The research for technological solutions that 

generate less impact on climate change has been progressively becoming a priority throughout the world. The 

environmental impact of CFCs and HCFCs refrigerant gases is well known and since 1989 the production and use are 
restricted (Beshr et al., 2016 and Benhadid-Dib and Benzaoui, 2012). Therefore, new projects and alternatives have 

been developed on refrigerant fluids and their products, devices, manufacturing processes, and maintenance procedures. 

Nevertheless, one of the eco-friendlier solutions for this issue may lie within the technology of magnetic refrigeration. 

Magnetic cooling is based on the magnetocaloric effect (MCE), which is the thermal response when a material is 

subjected to a magnetic field variation. Discovered in the 19th century (Smith, 2013), MCE was first used in 

cryocooling applications around the mid 20th century. Since then many investigations were conducted to study the 

performance of magnetic refrigeration (Tishin and Spichkin, 2003 and Yu et al., 2010). However, it is only from 1997, 

when Pecharsky and Gschneidner discovered the giant magnetocaloric effect (GMCE), that part of the scientific 

community began a search for materials and methods aimed at the large-scale commercial application of magnetic 

refrigeration (Pecharsky and Gschneidner, 1999 and Tishin and Spichkin, 2014). Certain challenges remain: the 

materials most suitable for this application must have magnetic transitions at temperatures close to the environment; and 
the need for relatively high magnetic fields. In the late 1970s, a magnetic refrigerator operating at room temperature 

was built using Gadolinium metal (Gd) as a refrigerating element. However, it is also important to notice the high cost 

of this technology, so its optimization is extremely important (Ross Jr, 2002 and Tura, and Rowe, 2014). In 2015, a 

wine chiller prototype was unveiled at the Consumer Electronics Show in Las Vegas, US. The wine cooler is designed 

to reach a temperature of 8°C to 12°C in an average room temperature environment. Another recent and very interesting 

and complete work has been developed by Trevizoli et al. (2016a) and Trevizoli et al. (2016b). Some older studies 

projected an efficiency around 20% to 30% higher in refrigerators based on MCE compared to conventional ones, 

which operate in vapor compression systems (Yu et al., 2010). However, experimentally, these predictions may not be 

as advantageous (Steven Brown and Domanski, 2014). Despite this, the technology may still evolve. Furthermore, 

cooling systems based on magnetocaloric materials will operate with less noise due to the absence of a compressor. This 
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technology makes use of solid materials as coolants instead of gaseous refrigerants, and a water-based mixture is used 

to promote the heat exchange, which is more environmentally friendly (Cooling Post, 2015). 

Besides taking a long time, the construction of prototypes can be expensive. Therefore, simulations of the several 

physical processes and phenomena present in the operation of these devices, followed by the necessary analysis, can be 

useful in providing information and tools to predict and solve possible problems and increase the efficiency of the 

device (Tušek et al., 2010 and Tura and Rowe, 2014). In this sense, simulations of the thermodynamic processes, 

beyond their modeling, can provide important information in the development and optimization of the experimental 

devices (Huang et al., 2019). 

There are many designs for these systems. One of these is the rotary refrigerators, which presents several challenges 

in terms of complexity when comparing to reciprocating ones. However, these challenges are compensated by several 

of its properties (Vuarnoz et al., 2011). 
In this work, a full process simulator, able to assess the thermal response and mapping some thermal properties of 

magnetocaloric refrigerator processes, was implemented to study the processes‟ performance over different conditions. 

A stepwise modeling approach was applied, simplifying the phenomena of heat transfers. It is worth highlighting a 

feature of the simulator under development. Obtaining detailed and complete results of the fluid temperature behavior in 

numerical modeling requires knowing all the various physical properties of materials and characteristics of the parts of 

the system. This need implies performing heavy and complex computational modeling. However, the proposed 

approach in this project allows to simplify the process and reduce processing time. Another adopted simplification 

concerns the thermal capacity of the materials. It is known that the thermal capacities of magnetic materials can vary 

considerably around   . However, as one of the goals of this project is to evaluate the limits and responses of the 

simulator described in this text, the thermal capacities were considered constant. Certain magnetocaloric materials were 
chosen as refrigerant materials. Among these materials are Gd metal, Gd5Ge2Si2 ternary compound, La(Fe-Mn-Si)13-H 

compound, and Ni-Co-Mn-In Heusler alloy, which present magnetic transition near to room temperature. The routine 

considers a rotating clockwise magnetic material wheel with a counterclockwise closed flow loop of water, through 

which percolates the six porous areas of the magnetocaloric material, and hot/cold heat exchangers. The simulator was 

able to represent the transient aspects as well as the steady-state conditions of the processes, considering both: time 

performance and numerical stability. The inversion in heat transfer profiles along the process was used as a limit in the 

calculation of the maximum heat transfer absorption in the cold exchanger (Câmara and Tedesco, 2021). 

 

2. DESCRIBING THE ROTARY DESIGN AND COMPUTATIONAL APPROACH 
 

When the temperature of a material changes significantly due to a change in the applied magnetic field, this material 

is said to have a magnetocaloric effect. In order to measure the MCE, two physical quantities are used: the adiabatic 

variation of temperature,   , and the isothermal variation of entropy,   . These variations are called magnetocaloric 

potentials and they quantify the magnetocaloric effect. Using Maxwell relations, it is possible to obtain expressions of 

these two potentials from magnetization and specific heat data as a function of both temperature and applied magnetic 

field. It is worth noting that the temperature variation   , although it can be measured directly, its somewhat difficult to 

obtain through physical experiments when small samples are studied (Tishin and Spichkin, 2003). The magnetocaloric 

potentials are: 
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It is worth noting that both potentials depend on the temperature and the variation of the applied magnetic field, i.e. 

   (     ). In any case, the curves (   )      and         have similar shapes and have a maximum when the 

derivative of  (   ) in terms of   is maximum. This is why researchers are looking for new materials which have a 

magnetic transition close to room temperature (Tishin and Spichkin, 2003). 

The operation of a refrigerator based on the magnetocaloric effect depends on the increase in temperature   due to 

the    field variation (Tishin and Spichkin, 2003). Thus, to run the simulator developed in this work, the value of this 

increment of   as an input is needed. Here we have, the curves of         for a given    (Kitanovski et al., 2015). To 

compare how the response of the simulator depends on the used magnetic material, four different materials were 

chosen. All of these materials present magnetic transition    close to room temperature: Gd metal (usual material in 

magnetic refrigeration); the Gd5Ge2Si2 ternary compound (famous alloy responsible for the study of the giant 

magnetocaloric effect); La(Fe-Mn-Si)13-H compound with Mn concentration equal 0.30 (its nominal composition is 

LaFe11.41Mn0.30Si1.29H1.65); and Ni-Co-Mn-In Heusler alloy (nominally as Ni45.3Co5.1Mn36.1In13.5). As indicated, these 

materials are interesting in the study of MCE for specific reasons, whether due to the magnitude of the effect or the 
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historical importance of the material in the area. For commercial applications, the    field variation should not be too 

high, or at least it should be achieved by permanent magnets. However, there are not enough experimental data to 

compare the behaviors of these materials due to a low   . Thus, the value of the magnetic flux variation          

was chosen. In order to input the thermal response of the above-mentioned materials due to          in the 

simulator, the related         curves were fitted using an expression that is composed by exponential and lorentzian 

functions. Then, it was possible to obtain the values of the temperature increments used in the simulation for each 

material at each studied temperature. The result of these considerations can be seen in Figure 1. By this process, it was 

possible to introduce the magnetocaloric effect in the simulator. 
 

 
 

Figure 1. The         data and fittings curves for Gd metal, Gd5Ge2Si2 and La(Fe-Mn-Si)13-H and Ni-Co-Mn-In 

compounds due to         . The open symbols represent the temperature changing    and the lines are the fittings 

using exponential and lorentzian functions. 

 

In Figure 1 it is possible to compare the different shapes and amplitudes of the curves from the different compounds 

chosen. These differences directly influence the response of the simulator. The peak of the    curve of Gd is around 

295 K and its amplitude is closed to 4 K. The width of this curve is larger than the others. Because of its amplitude and 

curve shape, Gd is a well-regarded material for magnetic refrigeration applications. The thermal response of Gd5Ge2Si2 

compound is narrower and shifted to lower temperatures than Gd metal. Its maximal variation is close to 5K and it is 

around 270 K (Sigma-Aldrich, no date). The La(Fe-Mn-Si)13-H compound presents its response due to          as 

shown in Figure 1, such as the other materials. The peak of this curve is about 297 K and its amplitude is 4 K, 

approximately, and the shape of it is similar to Gd5Ge2Si2 compound thermal response curve (Basso et al., 2015). 

Finally, the Ni-Co-Mn-In Heusler alloy presents the inverse magnetocaloric effect. It means that the material cools with 

the application of a magnetic field. The shape of the curve for this material is similar to Gd5Ge2Si2 and La(Fe-Mn-Si)13-

H compounds. Its peak is also around 297 K and its amplitude is close to -5 K. As the Heusler alloy presents a negative 

peak, the obtained expression from the fitting was multiplied by (  ) in order to compare the different behaviors of the 

materials (Chen et al., 2016, and Puglielli et al., 2020). For a complete analysis of this material, the thermomagnetic 

scheme should be changed, including inverting the thermal reservoir‟s positions. 

The most commonly used thermomagnetic closed cycle for this kind of system is the Brayton. It is composed of four 

thermodynamic processes, creating the closed cycle shown in Figure 2 below. The Brayton cycle consists of two 

isentropic processes,       and      , and two isofield processes,       and      .  

As indicated in Figure 2, the entropy   of a magnetocaloric material depends on the temperature   and the field  . 

Then, it is important to know the entropy   ( ) with no applied magnetic field and the entropy   ( ) with    . In 

this case, the functions were inverted. Starting at point   , a magnetic field   is applied. Then, adiabatically, the system 

reaches the state   : the magnetocaloric material has its temperature raised while its entropy is kept constant. At the 

point   , a fluid is used to reduce the temperature of the material while the field   is still applied. Once at the state   , 
the magnetic field   is taken away and the temperature of the material decreases up to point    performing an isentropic 

process (          ). Finally, from state    to state   , the field is kept null, and a fluid provides heat to the 

regeneration material from the cold source. 
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Figure 2. The thermomagnetic Brayton closed cycle used in the simulation. The processes       and       are 

isentropic, and       and       are isofield processes. 
 

In a refrigerator using a rotary design, two or more sectors composed of magnetic materials can be used to form a 

wheel to optimize these processes, which can happen simultaneously. In this work, it was chosen a wheel containing six 

sectors of magnetocaloric material. Assuming water as a heat exchanger, the flow diagram can be seen in Figure 3. 

 

 
 

Figure 3. The water flow diagram showing the heat exchangers (hot source and cold source) and the synchronized 

regenerator numbered sectors. A pump generates the flow, that passing through the system, percolating the regenerator 

material sectors. The magnetized section is the shadow region as shown. The numbers in the hexagons indicate the 

entries and the exits in each stage of the process.  

 

In Figure 3, the fluid flow scheme is divided into eight points. The sectors of the regenerator material are numbered 

from 1 to 6.  Sectors n and n+3 will be synchronized, as sector 1(  ) and sector 4 (  ), as shown. Magnets provide 

        in the indicated region. When the material in the sector    enters in the magnetic field region (process 

     ), the fluid enters in point 1 and leaves at point 2 percolating the regenerate material, exchanging heat with this 

sector and performing the       isofield process. Concomitantly, sector    in the region without the magnet field 

(process      ), receives the flow in point 5 and leaves at point 6 after exchanging heat (process      ). When the 

sectors are entering and leaving from the magnetic field region, the adiabatic processes occur. The pump, operating 

between points 2 and 3, provides the water flow rate ( ̇) through the mechanism. Furthermore, the flow exchanges heat 

with the hot and cold sources with rates    and   , respectively, located between points 3 and 4, and 7 and 8. As 

indicated, the wheel of regenerate material sectors operate clockwise in a frequency   and the heat exchanger fluid 

flows counterclockwise.  
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Studies on the distribution of permanent magnets and electromagnets to optimize magnetic field lines have already 

been carried out, however only a few prototypes with permanent magnets are proposed (Gschneidner and Pecharsky, 

2008, and Yu et al., 2010,  Bjørk et al., 2010). Several projects intended to simulate and test these distributions to obtain 

both: high intensity and uniformity of the magnetic field (Bjørk et al., 2010). As indicated, many prototypes have 

already been built. Electromagnets have the advantage of better handling, however they tend to be expensive and more 

complicated for home use (Tušek et al., 2010, and Vuarnoz et al., 2011). On the other hand, obtaining an optimized 

field line configurations with permanent magnets becomes unfeasible. To help with this problem, many researchers use 

the finite element method as a tool to simulate magnetic field lines (Kitanovski et al., 2015). However, the supply of the 

magnetic field is outside the scope of this work, it was only postulated, as shown in Figure 3. 

The fluid temperatures throughout the entire system were calculated using determined techniques. Some softwares 

can calculate the desired physical properties in similar systems. These softwares usually solve the partial differential 
heat equations that can express the MCE. In fact, the results obtained by solving these equations are rich, however they 

present a high computational cost. In addition, they do not provide simple solutions. A simpler way to deal with this 

problem is to assume the energy balance in the heat exchange of the thermodynamic system (Vuarnoz et al., 2011, and 

Albertini et al., 2017). Thus, the transient modeling approach for fluid temperature corresponds to: 

  

       
   
  

  ̇    (        )      (      ) 
(3) 

 

The solution of equation 1 describes the fluid temperature,   , in heat exchangers, i.e., hot and cold sources, and the 

pore spaces of the magnetocaloric materials. The physical quantities of the fluid were expressed in terms of   ,    ,   , 

and represent density, heat capacity and volume, respectively. Besides,  ̇ is the mass flow rate.      is the entrance 

temperature of the fluid in the heat exchangers, while     is the exit temperature. They are related to the heat flows     

and   . In addition,    is the advection coefficient,    is the heat transfer area, and,    represents the temperature of the 

heat exchanger. The  -sub index is related to the hot/cold source, denoted by subindex „e‟, and the regenerator material, 

when sub index „s‟ is adopted. The energy transient term results from the contribution of the energy transport along the 

borders plus the advection. In this model, it is considered an ideal uniform value of temperature along the fluid volume 

system in which the temperature at the exit is the same as the temperature in the interior of the system. 
For the materials energy balance model, the transient term is the contribution of the advection heat transfer, as 

follows: 

 

       
   
  
      (      ) 

(4) 

 

As indicated above, the subscript utilized in the equation (2) refers to solid material, i.e.    ,    and    which 

represent respectively the heat capacity, density of material and volume of the material bulk sector. Finally,    and    
are the advection coefficient and the heat transfer area of the bulk material, respectively, while     is the fluid 

temperature after leaving the magnetocaloric pores.  

It was considered the same bulk sector volume for all the four materials. Some assumptions were made for the 

model: no energy loss along the pipes and constant heat rate in the cold source of the heat exchanger. Furthermore, it is 

important to note that the advection coefficients provides the simplicity of this model. Various physical properties of 

materials and characteristics of the system parts are required to produce a complete and reliable numerical modeling of 

the fluid temperature behavior. This need implies a high computational cost. However, these advection coefficients 

simplify the process and greatly reduce the processing time. Another simplification used concern the thermal capacity 

of the materials. The thermal capacities of magnetic materials tend to vary widely around   , with or without the 

application of a magnetic field. However, as one of the objectives of this project is to evaluate the limits and responses 
of the simulator, these thermal capacities were considered constant, i.e. they do not depend either on temperature or on 

the magnetic field. 

The temperatures of the fluid along the path (Figure 3) are labeled as    to    and are related to the points 1 to 8. 

With the aforementioned considerations, the temperature at point 4 is equal to point 5,       , as well as       , 

      . Since the pump was considered ideal,       . The stepwise hypothesis means that the magnetized section 

allows the complete magnetization of the regenerate material areas as it moves in the clockwise direction, i.e., there is 

no partial magnetization of the material pores.  

As mentioned previously, the temperature variation (Figure 1) was incorporated in the simulator using the 

difference    , due to the insertion or removal of the magnetic field, depending on the material. The steps of 
magnetization and demagnetization are, respectively: 

 

  
      

     (5) 
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In equation (3), the plus sign is used for the application of a magnetic field and the minus sign for its removal. The 

inversion in the heat transfer profiles along the process was used as a limit in the calculation of the maximum heat 

transfer absorption in the cold exchanger. The inversion takes place when the process ceases to operate as a refrigerator, 

i.e. when the cold source does not have a satisfactory temperature gradient to heat absorption. For the demagnetization 

cases (sector   ), it was used the the previously mentioned magnetization equations but with the opposite sign (sector 

  ).  
 

3. RESULTS AND DISCUSSION 
 

Some physical parameters were assumed in order to input these values on the simulator (Table 1). The volume 

values (   and   ) were chosen based on a project for a magnetic refrigerator being developed at the IPRJ/UERJ 

(Câmara and Tedesco, 2021). The same for the area quantities (   for cold/heat exchangers and    for magnetocaloric 

material). Based on the average values in the literature for water, Gd and common cold and hot exchangers, advection 

coefficients    (for cold/heat sources) and    (for solid coolant) each value was assumed. As said before, the heat 

capacity and density values were considered as an average at the transition temperature, around room temperature, 

except for the Gd5Ge2Si2, for which the values of density and heat capacity were used at         (Palacios et al., 

2010). The time step considered in the simulator was       . 
 

Table 1. The values of input parameters for the simulations performed measured at 298 K. 

 

Physical Quantities Values 

               
                    
             
                  
           
                  
                  
           

Gd * 
               
                     

Gd5Ge2Si2 ** 

               
                   

La(Fe-Mn-Si)13-H † 
               
                   

Ni-Co-Mn-In ◊ 
               
                   

* (Dan‟kov et al., 1998); 

** (Palacios et al., 2010, and AMERICAN ELEMENTS site, no date); 

† (Basso et al., 2015, and Li et al., 2019); 
◊ (Chen et al., 2016, and Puglielli et al., 2020). 

 
 

The simulator allows a large number of analyses and enables changing several parameters. For this work, in order to 

analyze the influences of the materials and their different behaviors, the physical parameters listed in the Table 1 were 

chosen. One of the parameters used in this study is an induced power at the cold source (    ̇). The simulations 

demonstrated that for each peak profile of magnetization,        , the simulator induces a different regime in the 

process, thus it varied the mass rate,  ̇, power,  , and rotation frequency  .  

The following figures are showing the flow temperature behavior of   ,   ,   ,   , i.e., in points 2, 4, 6, 8 in function 

of time. In this work, for the refrigerator condition, the temperature at the point 6,   , before the cold source, has to be 

lower than the temperature at the point 4,   . Furthermore, the temperature at point 2 (  ) has to be higher than the 

temperature at point 8 (  ) after the cold source.  

In Figure 4 it is possible to see the response of flow temperatures for the regenerator material gadolinium with the 

initial condition of temperature at         , power of  ̇       , mass flow rate of  ̇                and 
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frequency of     . The metal of Gd presented a large peak as seen in Figure 1. For this result, a variety of values of 

these parameters were tested in order to discover the best conditions for this refrigeration regime, and to analyze the 

sensitivity of the simulator. For the same power and mass flow rate, but a lower frequency, the simulator still responds 

as a refrigerator, although the variation of    was smaller than the presented at Figure 4. Only changing the value of 

mass flow rate  ̇ to an higher one, the variation of    was also lower than the following figure. On the other hand, a 

higher frequency changed completely the disposition of temperature, all the temperatures were lower than   , as if a 

large amount of heat has been removed from system. The opposite happened at a higher power, all the temperatures 

were higher than   , changing the behavior from a refrigerator to a heat pump-like system. 
The Figure 5 shows the flow temperature along the process position in the stead state, using initial condition of 

temperature at      , power of  ̇       , mass flow rate of  ̇               , frequency of        and 

Gd5Ge2Si2 as magnetocaloric material. Comparing with previous results, this compound needed a lower temperature, 

power and frequency but a higher mass flow rate to achieve the refrigerator regime. The temperature    reached values 

very close to   , approximately |     |        , while for the system using Gd reached |     |      . The 

Gd5Ge2Si2 presents a shifted peak, around      , and for this reason, the response of the system at a room temperature 

was a heat pump-like system. For lower power and mass flow rate, the flow temperatures kept a refrigerator regime, but 

the configuration of Figure 4 presented a better stability. A higher power was tested, but the decrease of cold source 
temperature happened just in the initial moments and returned to the initial temperature. 

 

 
 

Figure 4. The simulations of   ,   ,    and    and how they develop in function of time for Gd metal. The parameters 

are            ,  ̇       ,  ̇                and       . 
 

 

 
 

Figure 5. The simulations of   ,   ,    and    and how they develop in function of time for Gd5Ge2Si2 compound. The 

parameters are         ,  ̇       ,  ̇                and         . 
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Changing the material for the La(Fe-Mn-Si)13-H compound and using the initial temperature            , the 

parameters that provided a refrigerator regime are  ̇       ,  ̇                and       , the same used 

with Gd metal. The flow temperatures are shown in Figure 6. This response was similar to Figure 4, despite the fact the 

compound has a lower cold source temperature in the steady-state. It is also important to notice that the peaks of the two 

materials are near, but the Gd metal presents the higher and larger width. 

The Ni-Co-Mn-In Heusler alloy is used to provide the fluid temperature in the Figure 7 using            . The 

parameters used in this case are  ̇       ,  ̇                 and         . As showed in Figure 1, this 

alloy presents a negative peak. For this reason, a negative sign multiplying the         curve was used, to obtain the 
cold configuration. In spite of this fact, the Heusler alloy has a similar peak to the La(Fe-Mn-Si)13-H compound. In 

terms of flow temperature, this alloy does not have good cooling capacity. For this alloy, in most parts of the 

configuration, the temperature of the cold source output (  ) was higher than the temperature at the exit of the 

magnetization stage.  

 

 
 

Figure 6. The simulations of   ,   ,    and    and how they develop with time for La(Fe-Mn-Si)13-H compound. The 

parameters are            ,  ̇       ,  ̇                and       . 
 

 
 

Figure 7. The simulations of   ,   ,    and    and how they develop with time for Ni-Co-Mn-In Heusler alloy. The 

parameters are            ,  ̇       ,  ̇                and         . 
 

All the results presented showed a good stability. Moreover, they exhibited a sensitive dependency to the curve 

shapes and amplitudes of        . The entry simulator parameters,     ̇,  ̇ and   are as dependent on the thermal 
response of the materials, as on the physical properties of the materials. 

It is worth noting that some alloys need lower operating frequencies, while it is still unclear why La-alloy presented 

a larger temperature span than Gd, for the same cooling capacity. In fact, this interesting property is what inspired this 

work. It is still necessary to explore the limits and the responses of the simulator in order to understand these different 

behaviors. 
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4. CONCLUSIONS 
 

This work analyzed the thermal responses of four different materials in a thermomagnetic system, based on a 

magnetocaloric effect. A rotary design was considered with six areas of magnetocaloric material rotating clockwise 

with an anticlockwise closed flow loop of water. Moreover, a simpler way of dealing with the temperature prediction 

problem was developed. 

The profile of each material showed a very representative dependency on the curve of thermomagnetic response, 

            , and it reflected in the physical parameters needed to guarantee a cooling regime. Even with a simple 
numerical method, there were no interferences, as shown by a tendency line in the results. It was possible to verify how 

power, flow rate and frequency affected the scheme. The calculations indicated that the system is very sensitive to the 

parameters variation. 

As one can see, depending on the material, certain simulator inputs are different, such as the operating frequencies 

and power rating. Furthermore, the compound La (Fe-Mn-Si)13-H had a greater temperature amplitude than Gd, since 

the    of Gd is greater. For now, there is no explanation for this phenomenon. In fact, it is still necessary to explore the 

simulator's response to identify its limits and patterns. One of the perspectives is to test other materials and properties, 

before implementing other deeper changes to the algorithm. 

Further studies can provide more information about the utility of this simple approach. 
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