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Abstract 
In this work, a two-dimensional time-dependent model of a ThermoMagnetic Energy Converter (TMEC) device 

is developed using COMSOL Multiphysics® for harvesting low-grade waste heat and converting it to useful and 

clean energy. The model consists of a rotor, a permanent magnet assembly, a heat source, and a heat sink. The 

rotor is made of Ni48Mn36Sn16, a Heusler compound with magnetocaloric properties, and it spins in proximity to 

the magnetic field created by the magnets due to the abrupt change in the material magnetization when it 

undergoes a phase transformation as a result of heat exchange with the surroundings. Then, the thermal source 

is a hot water tank with the rotor partially in contact with the fluid, while the heat sink is the environment 

modeled as air. With this approach, the magnetic and kinetic responses of the system were studied, as well as 

its efficiency, where the mass magnetization of the magnetocaloric material is extrapolated from experimental 

measurements. The results show an irregular acceleration pattern caused by the gradual heating of the material 

and the surroundings, hence yielding a decreasing change in its magnetization, behavior observed in working 

prototypes as well. Nevertheless, this model encourages future approaches where different materials and 

working parameters can be varied, optimizing the overall response of the device.  
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Introduction 
 

Reducing greenhouse gas emissions and finding new 

ecological and renewable energy sources are among 

the biggest challenges humanity is facing nowadays 

[1] [2]. At the same time, power requirements are 

increasing constantly, where primary energy con-

sumption is intrinsically accompanied by thermal 

losses when converted into usable energy [3]. These 

energy losses are usually in the form of waste heat, 

which is often released into the atmosphere con-

tributing to global warming [4]. Furthermore, almost 

72% of the energy produced by primary energy 

sources is lost during conversion, where more than 

45% of the losses are waste heat emitted at tempera-

tures below 100 °C [5], being the most significant 

source of it the exhaust air from heating systems, e.g. 

burners, furnaces, dryers, and heat exchangers [6]. 

Utilizing these low-grade thermal energies and turn-

ing them back into a more functional form, such as 

mechanical or electric energy, has been subject of 

research in recent years.  

To date, new technologies have been studied capable 

of harvesting low-grade waste heat, such as thermo-

acoustic and Stirling engines, thermoelectric and 

thermomagnetic generators, organic Rankine cycles, 

among others [7] [8] [9]. However, most of these 

mechanisms use expensive materials and they are 

characterized by low thermodynamic efficiencies for 

a 100 ºC heat source with a heat sink at 25 ºC, i.e. the 

environment, making the recovery process eco-

nomically unviable. For instance, thermoelectric 

generators, which are currently the most popular 

low-temperature energy conversion devices, reached 

only 5% conversion efficiency [10]. Thermoacoustic 

and Stirling engines have demonstrated an efficiency 

lower than 5%, with high machining and assembly 

costs [11] [12]. Generators based on the Rankine 

cycle are also expensive or not efficient enough to be 

considered profitable for industrial applications [13]. 

Therefore, developing new approaches capable of 

efficiently and cost-effective converting low-grade 

waste heat into usable and clean energy is crucial.         

As an environmental-friendly alternative with high 

potential, the Thermo-Magnetic Generation (TMG) 

is being studied to convert low-grade waste heat into 

suitable energy [14]. This approach is based on the 

use of magnetocaloric materials when they lose their 

magnetic properties at a critical temperature, known 

as the Curie temperature (𝑇𝑐), where the spontaneous 

magnetization of the material drops to zero under-

going a phase transformation [6] as a result of heat 

exchange with the environment.   

The influence of heat on the magnetic properties of 

ferromagnetic materials has been quite familiar for a 

long time. Several patents following the idea of 

using magnetic materials to convert heat into me-

chanical or electrical energy were issued in the late 

19th century, when Nikola Tesla and Thomas Edison 

separately designed prototypes of thermo-magnetic 

generators [15] [16]. Unfortunately, the performance 

of these devices was very low, and no domestic or 

industrial applications were developed in this area. 

In recent decades, with the advances obtained in the 
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development of magnetic refrigeration devices, and 

the study of magnetocaloric materials (MCM), a 

fresh assessment of TMG has been explored again.  

Kitanovski et al. [17] conducted a comprehensive 

feasibility study for the Swiss Federal Office of 

Energy on magnetocaloric power generation, giving 

a positive outlook. Hsu et al. [18] evaluated the 

potential efficiency of thermomagnetic power 

generation using different ferromagnetic materials. 

The study focused on polycrystalline gadolinium 

(Gd) exposed to a magnetic field of 0.3T and a temp-

erature shift of 5K, revealing a considerably energy 

efficiency of 30.4%. Post et al. [19] theoretically 

investigated the energy conversion efficiency of 

Heusler alloys, revealing an efficiency of 15.9% for 

an applied magnetic field of 0.3T, and 63.8% for an 

applied magnetic field of 1.5T. Ferreira et al. [20] 

performed a comprehensive numerical computa-

tional fluid dynamics (CFD) analysis on different 

magnetocaloric regenerator geometries for a thermo-

magnetic engine. Almanza et al. [21] [22] compared 

thermomagnetic and thermoelectric power genera-

tion and revealed TMG can be more efficient. The 

authors showed that it has a slightly higher power 

density than thermoelectric power generation for a 

temperature difference below 10K, concluding that 

harvesting low-grade thermal energy under the 

principle of thermomagnetic generation is feasible.  

In this work, a two-dimensional time-dependent 

computational study of a Thermo-Magnetic Energy 

Converter (TMEC) is developed as a first approach 

to assess its magnetic and kinetic response. The 

model is based on the mechanical motor architecture, 

where the TMEC rotor is made of Ni48Mn36Sn16, a 

Heusler compound with magnetocaloric properties. 

The simulation accounts for the behavior of the rotor 

angular velocity, the temperature gradient between 

the device components, and the magnetic response 

of the material. With the numerical results obtained, 

the efficiency of the system is then calculated.     

Thermo-Magnetic Theory 

To better understand the operation of a TMEC, first 

we describe a thermo-magnetic cycle. This gener-

alized approach is based on equilibrium thermo-

dynamics, where the MCM acts as the functional 

material with a transition temperature 𝑇𝑡, and a mag-

netization dependent on the magnetic field applied 

and the temperature 𝑀(𝐻, 𝑇). The cycle performs 

two isothermal transformations, where the system 

produces work, and two isofield transitions, where 

the converter exchanges heat with the surroundings. 

To account for this energy change in each phase, the 

total differential of the Gibbs free energy [23] is used 

as follows  

𝑑𝐺 = 𝑉𝑑𝑝 − 𝑆𝑑𝑇 − 𝜇0𝑀𝑑𝐻               (1) 

where 𝑉 is the system volume, 𝑝 is the pressure, 𝑆 is 

the entropy,  𝑇 is the temperature, 𝜇0 is the magnetic 

field constant, 𝑀 is the magnetization, and 𝐻 is the 

magnetic field strength. Knowing the process occurs 

at atmospheric pressure, the first term in Eq. 1 can be 

neglected, while the other terms change their values 

depending in the phase of the cycle. For instance, the 

four steps in a thermo-magnetic cycle are described 

below [24], where Fig. 1 also illustrate them. 

1. Step I – the system starts at ambient tempera-

ture, where the MCM is below 𝑇𝑡 and exhibits 

a high magnetization, or 𝑀𝑐𝑜𝑙𝑑 . At constant 

temperature, a magnetic field 𝐻 is applied, 

which reduces the Gibbs energy of the MCM 

by −𝜇0𝑀𝑐𝑜𝑙𝑑𝐻. 

2. Step II – low-grade waste heat 𝑄𝑖𝑛 is used to 

heat the MCM above 𝑇𝑡, which reduces the 

magnetization to 𝑀ℎ𝑜𝑡 and the Gibbs energy 

by −𝑆∆𝑇.  

3. Step III – the magnetic field is removed while 

keeping the temperature constant, where just 

a low value of the Gibbs energy +𝜇0𝑀ℎ𝑜𝑡𝐻 is 

required for the system. 

4. Step IV – the hot MCM is brought again into 

contact with the ambient temperature, which 

changes the Gibbs free energy by 𝑆∆𝑇, restor-

ing the magnetization to 𝑀𝑐𝑜𝑙𝑑, returning the 

system to the state described in Step 1, closing 

the thermo-magnetic cycle.   

The thermo-magnetic cycle described is implement-

ed in several architectures of TMG devices, such as 

generators, oscillators and motors. Thermomagnetic 

motors, which is the approach followed in this work, 

are based on mechanical rotation. This mechanism 

uses a rotatable ring of a magnetocaloric material. Its 

rotation causes each part of the MCM to undergo the 

four stages of the thermodynamic cycle. In step I, the 

application of the magnetic field, produced by an 

array of permanent magnets, causes the MCM to be 

strongly attracted by the field gradient at the edge of 

the magnet. In step II, the magnetic material is heated 

by the low-grade waste heat, which reduces its 

magnetization to 𝑀ℎ𝑜𝑡.  

During step III, when the MCM leaves the magnetic 

field, only a low torque interferes with its rotation. 

In step IV, the temperature of the MCM reaches 

again the ambient temperature, restoring the high 

 

Figure 1. Thermo-Magnetic cycle for harvesting low-

grade waste heat. Obtained from [24]. 
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𝑀𝑐𝑜𝑙𝑑 . The heat provided by the low-grade thermal 

source is employed to convert the magnetic energy 

𝜇0𝑀ℎ𝑜𝑡𝐻 into mechanical energy, which can be later 

transformed to electrical energy using a conventional 

generator. Particularly, the TMEC based on rotors 

show promising outcomes, e.g. the Swiss Blue Ener-

gy AG prototype, which reached a power of 1.4 kW, 

using gadolinium as MCM [25], or the rotor showed 

by Kishore et al. [8] achieving a high power density 

generation with a sharp efficient performance.   

Generation of useful energy in quantities quite large 

is one the most promising characteristics of this tech-

nology, but only if the materials used meet several 

important aspects. For instance, MCMs must have 

excellent thermal properties, a considerable magneti-

zation difference between the hot and cold working 

temperatures (i.e., the hot source and the heat sink, 

respectively), and to be cost-effective. In addition, 

and due to the temperature range required for TMG, 

the magnetocaloric material needs to have the right 

transition temperature 𝑇𝑡 to maximize the system 

efficiency. Thus far, gadolinium has been the bench-

mark material for this kind of application showing 

good performance, it remains as a critically rare earth 

metal with low availability, high cost, and a fixed 𝑇𝑡, 

making it a non-viable option [26]. In the other hand, 

Heusler alloys are low cost, recyclable, highly avail-

able, and rare-earth free, making them an advanta-

geous material for thermo-magnetic generation, also 

exhibiting a wide tunability of their critical tempera-

tures and magnetic attributes, opening the possibility 

of tailoring their basic and functional properties by 

precise changes in their composition [27] [28]. 

TMEC Modeling 

Given the output characteristics for the TMEC motor 

architecture, and the properties needed for the MCM, 

the model developed consists of a rotor, a permanent 

magnet assembly, a thermal source, and a heat sink. 

The rotor is made of Ni48Mn36Sn16, a Ni-Mn-based 

Heusler alloy with its maximum magnetocaloric 

response in a temperature range close to its Curie 

transition (𝑇𝑐 = 315𝐾). The rotor spins in proximity 

to the magnetic field created by a set of three perma-

nent magnets and the abrupt change in the MCM 

magnetization when it undergoes a ferromagnetic-

to-paramagnetic phase transformation as a result of 

heat exchange with the surroundings. The low-grade 

waste heat source is a hot water tank with the rotor 

partially in contact with the fluid, while the heat sink 

is the environment modeled as air. Fig. 2 shows a 

schematic of the TMG device described.  

The model uses the Gauss’ law for magnetic fields 

formulated in the COMSOL Multiphysics® AC/DC 

module under the Magnetic Fields, No Currents 

interface to describe the magnetostatic fields pro-

duced by the magnets array. The heat transfer and the 

enthalpy flow in the thermal source, the rotor, and 

the solid-fluid interface are solved using the energy 

 
Figure 2. TMEC model implemented. 

conservation equation given in the Heat Transfer in 

Solids and Fluids Physic. The mass magnetization 

of the magnetocaloric material is introduced to the 

model by defining an interpolated function based 

on experimental data, allowing the kelvin force 

yielded by the rotor to be calculated and later con-

verted into angular acceleration by the means of a 

General Form PDE (Partial Differential Equations) 

interface, where the motion of the rotor is added 

using the Moving Mesh module with a Rotating 

Domain node. 

Governing equations of the model 

MCM magnetization is dependent on the intensity of 

the magnetic field 𝑯 created by the magnets’ array 

and the temperature 𝑻 in the rotor. To calculate 𝑯, in 

a current free region, where ∇𝑥𝑯 = 0, it is possible 

to define a scalar magnetic potential 𝑉𝑚 from  

𝑯 = −∇𝑉𝑚                               (2) 

Then, using the following constitutive relations 

𝑩 = 𝜇0(𝑯 + 𝑴)                          (3) 

∇ ∙ 𝑩 = 0                                (4) 

where 𝑩 is the magnitude flux density, 𝑴 is the 

magnetization of each of the permanent magnets, 𝜇0 

is the vacuum permeability; an equation for 𝑉𝑚 can 

be derived as 

−∇ ∙ (𝜇0∇𝑉𝑚 − 𝜇0𝑴) = 0                 (5) 

The governing equation that allows the calculation 

of the rotor temperature, along with the heat transfer 

interactions between the other TMEC components, 

in each step of the thermo-magnetic cycle, is the heat 

relation for conductive and convective heat transfer 

𝜌𝐶𝑝𝒖 ∙ ∇𝑇 + ∇ ∙ (−𝑘∇𝑇) = 𝑄𝑖𝑛           (6) 

where 𝐶𝑝 is the material specific heat capacity, 𝑇 is 

the temperature, 𝑘 is the thermal conductivity, 𝜌 is 

the density, 𝒖 is the velocity vector, and 𝑄𝑖𝑛 is the 

low-grade thermal source.  

Knowing the magnetization of the MCM, along with 

its temperature and the magnetic field gradient, the 

kelvin force acting on the material can be estimated 

as follows 

𝑭 = 𝜇(𝑴 ∙ ∇)𝑯                          (7) 
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where 𝜇 is the material relative permeability. Assum-

ing 𝑴 is parallel to 𝑯 due to the soft ferromagnetic 

behavior MCM exhibits, Eq. 7 can be rewritten as 

𝑭 = 𝜇𝑀𝛁𝐻                               (8) 

As the movement of the rotor is constrained and it 

can only rotate around its own axis, we can convert 

the Eq. 8 into polar coordinates and calculate the 

tangential component of the force alone, following 

the next relation   

𝑭 =
1

𝑅
𝜇𝑀

𝜕𝐻

𝜕𝜃
�̂�𝑡                           (9) 

where 𝑅 is the radius coordinate, and �̂�𝑡 represents 

the unit vector on the direction of the magnetic field 

gradient. Once the force has been calculated, the mo-

mentum of the system, considering only the tangen-

tial force to the rotor, is expressed as  

𝜏 = 𝑟𝑎𝑣𝑔𝐹                               (10) 

where 𝑟𝑎𝑣𝑔 is the average radius of the rotor. Since 

the rotor can be treated as a rigid body, the motion of 

the system is solved using the rotational dynamics 

equation, which relates the resulting torque 𝜏 to the 

angular acceleration of the device as 

𝛼 =
𝜏

𝐼
                                  (11) 

where 𝐼 is the moment of inertia associated with the 

rotor of mass 𝑚, internal radius 𝑟𝑖𝑛, and external 

radius 𝑟𝑒𝑥𝑡, described by the relation  

𝐼 =
1

2
𝑚(𝑟𝑒𝑥𝑡

2 + 𝑟𝑖𝑛
2 )                     (12) 

Finally, given the angular acceleration 𝛼 at the time 

𝑡, the angular velocity is calculated with the equa-

tion of rotational kinetics as follows 

𝑤(𝑡) = 𝑤(𝑡 − 𝑑𝑡) + 𝛼(𝑡)𝑑𝑡            (13)   

Boundary conditions and design parameters of 

the TMEC model 

Ni48Mn36Sn16 magnetization 𝑀(𝑇, 𝐻) measurements 

were conducted with a stationary pendulum magne-

tometer, varying the magnetic field 𝐻 from 0 T to 0.7 

T at temperature values ranging from 269 K to 357 

K. The extrapolated curves obtained are displayed in 

Fig. 3. Other model relevant properties of the MCM 

Heusler compound are summarized in Table 1. Also, 

the permanent magnets are made of NdFeB with a 

magnetization of 900 kA/m, following the magnetic 

flux direction shown in Fig. 2. 

Table 1. Ni48Mn36Sn16 Heusler alloy properties. 

Parameter Value 

Magnetic permeability  1.237e-6 N/A2 

Thermal conductivity  20 W/(m∙K) 

Heat capacity 500 J/(kg∙K) 

Material density 7900 kg/m3 

Rotor total mass 3 g 

 

Figure 3. Ni48Mn36Sn16 magnetization per unit mass. 

The geometrical configuration implemented in the 

model is given in Table 2. As illustrated in Fig. 2, 

only 10% of the rotor surface is submerged into the 

water tank. To maximize the magnetic field gradient 

in the solid-fluid interface, where the rotor enters 

contact with the thermal source, the magnets array is 

1mm away from the rotor, shifted with a 300º angle 

anticlockwise. 

Temperatures for the low-grade thermal source and 

the air domain were set to 333.15 K and 293.15 K, 

respectively, where the water tank temperature was 

fixed throughout the study.  

Table 1. Geometrical configuration of the model. 

Part Dimensions 

Side length of a single magnet 20 mm 

Rotor - external radius 10 mm 

Rotor - internal radius 9.5 mm 

Low-grade thermal source 20 x 60 mm2 

Air domain 60 x 50 mm2 

 

Efficiency of the TMEC 

Thermodynamic efficiency is the key parameter of 

every energy harvesting process. It is defined as the 

fraction of usable output energy versus thermal input 

energy 𝑄𝑖𝑛 during each cycle. For TMG, the material 

efficiency follows the relation 

𝜂 =
𝜇0(𝑀𝑐𝑜𝑙𝑑 − 𝑀ℎ𝑜𝑡)𝐻

𝑄𝑖𝑛

                 (14) 

Simulation Results and Discussion  

A time-dependent study was carried out for 120s, 

where computational results for the magnetic field 

generated by the magnets array, the behavior of the 

rotor angular velocity, the temperature gradient 

along the rotor’s surface, the change in the magneti-

zation of the MCM, and the efficiency of the TMEC 

are then obtained for the system implemented.   

The magnetic field generated by the permanent 

magnets array is shown in Fig. 4, where the maxi- 
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Figure 4. Magnetic Field generated by magnets array. 

mum value achieved in the solid-fluid interface, 

where the rotor enters contact with the waste-heat 

thermal source, was 0.69 T. This value determines 

also the peak magnetization change the MCM can 

accomplish, as it is illustrated back in Fig. 2, where 

the coloring in the rotor displays the spatial change 

in the intensity of the material magnetization de-

pending on the temperature, being the values of red 

the low magnetization 𝑀ℎ𝑜𝑡 at high temperature, 

while the blue grades represent the high magnetiza-

tion 𝑀𝑐𝑜𝑙𝑑 at lower temperatures.  

With the material magnetization also depending on 

temperature, Fig. 5 shows the behavior over time of 

the temperature at four different angles of the rotor, 

while Fig. 6 displays a comparison of the system 

temperature at two different times: at the beginning 

of the study, and in the final time step. The curves 

obtained in Fig. 5 indicate the gradual heating of 

the rotor with little temperature change between the 

four positions, exposing the fact that the heat lost to 

the ambient during the cycle is not sufficient to cool 

down the material to its initial temperature, which 

progressively reduces the magnetization change 

when the MCM enters the magnetic field in the 

subsequent cycle. Besides, this behavior directly 

affects the velocity and the time in which the rotor 

completes a cycle, as the angular motion is heavily 

dependent on the magnetic force produced. More-

over, Fig. 6 shows how the low-grade thermal 

source heats up the air domain over the duration of 

the simulation, which also contributes to decrease 

the temperature gradient along the rotor, further 

 

Figure 5. Temperature gradient at different angles along 

the MCM rotor. 

 

Figure 6. Temperature profile over the TMEC model at 

(a) 2.5s, and (b) 120s. 

reducing its magnetization change. This issue is 

also observed in working prototypes [29]. Several 

strategies could address this problem, e.g. new 

magnetocaloric materials with better tailored ther-

mal properties, i.e. low specific heat capacity 

and high thermal conductivity, allowing the 

MCM to rapidly exchange heat. Or considering 

the addition of other heat transfer mechanisms 

between the air domain and the MCM, such as a 

cold air fluid flow over the rotor, which allows the 

material to cool-down faster. Also, including a non-

thermal conducting material in the air-water inter-

face to improve the isolation between the ambient 

and the thermal source could prevent the heating of 

the entire system. Another option is to optimize the 

surface-to-volume ratio of the rotor or the percent-

age of material under the water.   

Fig. 7 displays the difference in the magnetization 

between two points along the rotor: the first one 

located in the MCM-water interface, accounting for 

𝑀ℎ𝑜𝑡; while the point for 𝑀𝑐𝑜𝑙𝑑  was placed in the  

exact opposite position to the first point. Selection of 

these two points assures the maximum change in the 

magnetization the material is able of experiencing. 

The results obtained restate the fact that the change 

in the material magnetization reduces its value as 

the time goes by, due to the increasing temperature 

of the rotor consequence of the low rate of heat 

exchanged during the isofield II and IV transitions  

 

Figure 7. Change in the Ni48Mn36Sn16 rotor 

magnetization per unit mass over time. 
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Figure 8. Rotor angular velocity over time. 

while performing the thermo-magnetic cycle.  

Accordingly with the temperature and the magneti-

zation outcomes for the Ni48Mn36Sn16 Heusler alloy, 

the rotor angular velocity shows the behavior given 

in Fig. 8, where the negative values obtained only 

indicate that the rotor has a counterclockwise 

movement. It is worth noting that, when the rotor 

has a large change in its magnetization (in the first 

20s of the study, approximately) the rotor also 

achieved its best average angular velocity, with a 

maximum value of 26.137 rad/s. From that point 

on, the rotor velocity starts to decrease, reaching an 

average value close to 1.532 rad/s at the end of the 

time evaluated. Certain oscillations are observed 

throughout the rotor movement, where the direction 

of its rotation changes clockwise, but for a moment. 

These disturbances can be explained by comparing 

the spikes in the graphs for the material temperature 

and magnetization in Figs. 5 and 7, where these 

distortions coincide closely with the abrupt varia-

tions in the rotor velocity.          

To evaluate the system efficiency, the performance 

metric proposed in Eq. 14 can be calculated using the 

results obtained for the magnetic field generated by 

the magnets array, the change in the magnetization 

of the Ni48Mn36Sn16 magnetocaloric material, and the 

computation of 𝑄𝑖𝑛 by integrating the total heat flux 

over the low-grade thermal source domain. An effi-

ciency of 4,41% was calculated for the TMEC 

modeled. Despite the seemingly low value yielded, 

the benchmark for this application is the Carnot 

efficiency [24] that follows the relation  

𝜂𝐶𝑎𝑟𝑛𝑜𝑡 =
Δ𝑇

𝑇ℎ𝑜𝑡

                        (15) 

which represents the upper theoretical limit accord-

ing to equilibrium thermodynamics. Taking Δ𝑇 =
40𝐾 and 𝑇ℎ𝑜𝑡 = 333.15𝐾, the 𝜂𝐶𝑎𝑟𝑛𝑜𝑡 = 12.007%.  

Then, the efficiency obtained for the TMEC is about 

36.6% of the benchmark upper limit, which still can 

compete with thermoelectric generation.   

Conclusions 

This work presents a two-dimensional model of a 

Thermo-Magnetic Energy Converter based on the 

mechanical motor approach for harvesting low-

grade waste heat. The system uses the Ni48Mn36Sn16 

Heusler compound as the functional material with 

magnetocaloric properties. The simulations show a 

magnetic and kinetic behavior somewhat undesir-

able as a result of two situations. First, the MCM heat 

exchange with the ambient is insufficient to decrease 

the rotor temperature before it enters the magnetic 

field in each cycle. Second, the low-grade thermal 

source also heats up the air domain, progressively 

increasing the temperature of the rotor. These issues 

produce a considerable reduction in the magnetiza-

tion of the material, hence yielding a low conversion 

efficiency. However, the efficiency value calculated 

allows this device to be a promising alternative to 

current harvesting technologies.   

Nevertheless, the results obtained have provided a 

valuable insight into the magnetic device behavior, 

which encourages future studies where other magne-

tocaloric materials and heat exchange strategies can 

be assessed, or the working parameters of the model 

can be varied to optimize its response, and therefore 

enhance its conversion efficiency. Following this 

path, the computational model developed could be 

used as a robust baseline to later improve the exper-

imental work. Also, as the next natural iteration of 

the model, the force and rotational motion produced 

by the rotor can be subsequently converted into 

mechanical or electrical energy, allowing the vali-

dation of several other performance metrics of the 

thermomagnetic device. 
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