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ABSTRACT 
 
The magnetocaloric cooling system is a promising alternative to traditional refrigeration systems that rely on the compression 

and expansion of harmful refrigerant gases. Utilizing the magnetocaloric effect, these systems can efficiently provide heating and 

cooling for a wide range of applications. One particularly significant application of this technology is in the air conditioning of 

electric vehicles and the thermal management of powertrain components. 

This study presents a Matlab Simulink model of the powertrain, alongside a COMSOL model of the permanent magnet, spe-

cifically designed for hybrid and electric car applications. The Matlab Simulink model simulates the dynamic behavior of the 

vehicle's powertrain, integrating the magnetocaloric cooling system to analyze its impact on performance and efficiency. This 

allows for a comprehensive evaluation of how the system can improve energy efficiency and thermal regulation in electric vehi-

cles. Additionally, the COMSOL model focuses on the detailed behavior of the permanent magnet used in the magnetocaloric 

cooling system. This model provides insights into the magnetic field distribution and its interaction with the magnetocaloric 

materials, which are critical for optimizing the cooling cycle and enhancing overall system performance. 

To ensure the accuracy and reliability of the simulations, some interpolated experimental data were used. This data helps in 

refining the models, ensuring that they closely represent real-world scenarios and behaviors. By combining these advanced mod-

eling techniques, the study aims to demonstrate the feasibility and benefits of implementing magnetocaloric cooling systems in 

electric and hybrid vehicles, potentially leading to more sustainable and efficient automotive thermal management solutions. 
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1. Introduction 

The automotive industry is facing a technological revolution to 

achieve high global environmental goals. The use of new drive con-

cepts such as pure electric or hybrid drives is a considerable success 

factor for more sustainable transportation. In a vehicle with these 

new concepts, the hybrid or 100% electric powertrain is of great 

technological importance [1]. 

The hybrid powertrain is made up of three components: the com-

bustion engine, the electric motor powered by an energy storage sys-

tem (such as a battery or fuel cell) and the power electronics that 

generate heat and require cooling. Several techniques have been im-

plemented to recover heat sources and optimize energy harvesting. 

The development of innovative materials explored is to ensure and 

optimize the thermal management of all the organs of the hybrid 

powertrain of vehicles. The selection of magnetocaloric materials 

depends on the desired application. Taking gadolinium [2] as an ex-

ample, to have a significant magnetocaloric effect (MCE), a temper-

ature range of about 25 K before and after the curie transition (CT) 

is required.  For the automotive sector, the range is 270 K to 340 K 

under a magnetic field of 0-1.5 T. Gd-based alloys may therefore be 

an ideal colling choice for various vehicle components. 

Today, magnetic cooling has attracted considerable interest in 

scientific research, and many prototypes have been built by 

laboratories and companies such as Toshiba, Toyota, Astronautics, 

or even COOLTECH Applications [3] [4]. Magnetic cooling is 
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based on the MCE, which results in the heating of a material 

following its magnetization, also in its cooling during its 

demagnetization [5][6][7][8]. In the case of conventional 

refrigeration, a gas is used that undergoes cycles of compression / 

expansion. To put it another way, heating, or cooling. An equivalent 

principle is applied for magnetic cooling; it is a system in which a 

material with a magnetocaloric effect is subjected to a magnetization 

and demagnetization cycle. New multifunctional materials for 

magnetic cooling are produced that possess great magnetocaloric 

effects, such as compounds like gadolinium (Gd), manganese (Mn), 

oxides, intermetallic [9][10][11]perovskites, ceramics... etc. For 

applications below 270 K, other materials must be used. Pecharsky 

and Jr. Gschneidner [12] discovered a "giant" magnetocaloric effect 

in the alloy (Gd5(Si2Ge2)). Based on these studies, scientists and the 

refrigeration industry are beginning to seriously consider magnetic 

cooling at room temperature for industrial applications. There are 

also other materials with a giant magnetocaloric effect, such as 

MnAs1-xSbx [13], La(Fe1-xSix)13 [14]or MnFePxAs1-x [15]. 

This ecological process could ensure the cooling of the different 

components of the hybrid-electric powertrain. This new approach 

will reduce vehicle weight, fuel consumption, increase vehicle range, 

and improve environmental impact. This paper develops a new tech-

nology to efficiently cool the hybrid-electric powertrain.  

The aim of this work is to develop a 1D model on MATLAB and 

a 2D model on COMSOL. These modelling were conducted to study 

the magnetocaloric effect and the cooling power to efficiently cool 

the hybrid-electric powertrain and the cabin. 

 

2. Thermodynamic approach and simulation equations 

In this section, the thermodynamic approach of the magnetoca-

loric effect has been developed, as well as the equations necessary 

for the theoretical modelling and numerical simulations of the mag-

netic cooling system. A thermodynamic system can be described in 

terms of variables states. There are two types: extensive, which de-

pend on the size of the system studied, and intensive, which do not. 

The entropy of a magnetic material at constant pressure depends on 

the applied magnetic field H and the temperature T. It is defined as 

the sum of the contributions of the entropies, magnetic (SM(T,H)P), 

lattice (SR(T)P) and electronic (SE(T)P):  

𝑺(𝑻, 𝑯) = 𝑺𝑴(𝑻, 𝑯)𝑷 + 𝑺𝑹(𝑻)𝑷 + 𝑺𝑬(𝑻)𝑷 (1) 

The thermodynamic properties of a system, where T and P are 

fixed, and described by the Gibbs free energy G. The magnetic sys-

tem is defined at constant pressure as a function of the temperature 

T, the pressure P, and the applied field H:  

𝑮(𝑷, 𝑯, 𝑻) = 𝑼 + 𝑷𝑽 − 𝑻𝑺 − 𝝁𝟎𝑴𝑯 (2) 

Where µ0 is the magnetic permeability of the vacuum, U is the 

internal energy of the system, P, H and T are intensive variables 

(pressure, magnetic field and temperature) and V, M and S are the 

extensive variables (volume, magnetization and entropy).  

 

 

The total differential of G is given by:  

𝒅𝑮(𝑷, 𝑯, 𝑻) = 𝒅𝑼 + 𝑷𝒅𝑽 + 𝑽𝒅𝑷 − 𝑻𝒅𝑺 − 𝑺𝒅𝑻

− 𝝁𝟎𝑴𝒅𝑯 − 𝝁𝟎𝑯𝒅𝑴 
(3) 

On the other hand, we can write: 

𝒅𝑮(𝑷, 𝑯, 𝑻) = (
𝝏𝑮

𝝏𝑷
)

𝑻,𝑯

𝒅𝑷 + (
𝝏𝑮

𝝏𝑻
)

𝑷,𝑯

𝒅𝑻

+ (
𝝏𝑮

𝝏𝑯
)

𝑷,𝑻

𝒅𝑯 

(4) 

By identifying the two equations (3) and (4), the variation of the 

internal energy is written:  

𝒅𝑼 = 𝑻𝒅𝑺 + 𝝁𝟎𝑯𝒅𝑴 + 𝑷𝒅𝑽 (5) 

Therefore, dG reduces to: 

𝑑𝐺(𝑃, 𝐻, 𝑇) = 𝑉𝑑𝑃 − 𝜇0𝑀𝑑𝐻 − 𝑆𝑑𝑇 (6) 

Using equations (4) and (6), we have: 

𝑽 = (
𝝏𝑮

𝝏𝑷
)

𝑻,𝑯

 (7) 

𝝁𝟎𝑴 = − (
𝝏𝑮

𝝏𝑯
)

𝑷,𝑻

 (8) 

𝑺 = − (
𝝏𝑮

𝝏𝑻
)

𝑷,𝑯

 (9) 

By deriving equations (7) and (8), we obtain Maxwell's relation 

[16]:  

µ𝟎 (
𝝏𝑴

𝝏𝑻
) = − (

𝝏

𝝏𝑻
) (

𝝏𝑮

𝝏𝑯
) = − (

𝝏

𝝏𝑯
) (

𝝏𝑮

𝝏𝑻
) = (

𝝏𝑺

𝝏𝑯
) (10) 

Therefore, 

µ𝟎 (
𝝏𝑮

𝝏𝑻
)

𝑷,𝑯

= (
𝝏𝑺

𝝏𝑯
)

𝑷,𝑻

 (11) 

 

3. Thermodynamic approach and simulation equations 

To determine the variation of the maximum magnetic entropy, we 

integrate the previously established relationship between two mag-

netic field values, assuming an isothermal transformation: 

∫ µ𝟎 (
𝝏𝑴

𝝏𝑻
)

𝑷,𝑯

𝑯𝟐

𝑯𝟏

𝒅𝑯 = ∫ (
𝝏𝑺

𝝏𝑯
)

𝑷,𝑻

𝒅𝑯 = ∆𝑺(𝑻, ∆𝑯)
𝑯𝟐

𝑯𝟏

 (12) 

This entropy variation is noted as magnetic entropy variation since 

we assumed from the beginning that the application of a magnetic 

field affects only the magnetic order, and we can therefore write:  

∫ µ𝟎 (
𝝏𝑴

𝝏𝑻
)

𝑷,𝑯

𝑯𝟐

𝑯𝟏

𝒅𝑯 = ∆𝑺𝑴(𝑻, ∆𝑯) (13) 

Equation (12) shows that the change in magnetic entropy Δ (T, 
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ΔH) is proportional to the derivative of the magnetization with re-

spect to temperature at constant field and the change in the magnetic 

field. If the field varies between 0 and H, then equation (12) is writ-

ten: 

∆𝑺𝑴(𝑻, ∆𝑯) = ∫ µ𝟎 (
𝝏𝑴

𝝏𝑻
)

𝑷,𝑯

𝑯

𝟎

𝒅𝑯 (14) 

The variation in magnetic entropy can be determined by integrat-

ing the magnetization isotherms. It is important to highlight that 

based on the measurements of the material's magnetization as a func-

tion of temperature M (T) and magnetic field M (H), it is possible to 

obtain the value of ΔS, at different fields and temperatures, after nu-

merical integration according to the following formula [17]: 

∆𝑺𝑴(𝑻𝒊, ∆𝑯) = µ𝟎 ∑
𝑴𝒊+𝟏 −  𝑴𝒊

𝑻𝒊+𝟏 −  𝑻𝒊

𝜟𝑯𝒊

𝒊

 (15) 

With: 

µ0: magnetic permeability of the vacuum. 

Mi, Mi+1 : magnetization measured at Ti, Ti+1 to the variation of the 

applied field ΔHi. 

We recall that ΔS and RCP are the two main quantities of the 

magnetocaloric effect (MCE). The value of enables us to 

characterize magnetocaloric materials by the relative cooling power 

(RCP). It corresponds to the amount of heat that can be transferred 

from the hot source to the cold source of a cooling system. It can be 

described for a given magnetic field by the following relation: 

𝑅𝐶𝑃 = −ΔSM
max × 𝛿TFWHM (16) 

Or ΔSM
max is the maximum value of the magnetic entropy change 

and δTFWHM the maximum half-height width of the corresponding 

ΔSM. 

4. Result and discussions 

A 1D model on Matlab-Simulink is used to model the 

magnetocaloric effect, the cooling of the powertrain components and 

the driver cabin, and a 2D model on COMSOL is established to 

determine the characteristics of the permanent magnet. 

4.1 Matlab Simulink model 

The Simulink model of the cooling system provide the use of a 

thermodynamic cycle based on the magnetocaloric effect for the 

cooling of the powertrain and cabin (or even the heating of the cabin 

if we use the reversibility of the system). 

 

 

 

 

 

 

 

 

Figure 2. The simulation result vs time of the following parameters: Entropy, temperature variation, Relative cooling power and the energy produced 

Figure 1. Simulink Block of the MCM and Permanent magnet 
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Figure 3. The simulation result vs time of the following parameters: mass flow rate of water, flow velocity and the thermal heat ex-changed 

 

Figure 4. The simulation result vs time of the following parameters: water at radiator inlet, water at radiator outlet and dissipated energy of the air 

Part 1: Magnetocaloric material (MCM) & Permanent 

Magnet block 

Using the Matlab script, two magnetic entropy variation maps (0–

1 T & 0–2 T) which are averaged to calculate the magnetic entropy 

ΔS and the temperature variation ΔT at a magnetic field applied of 

1.5 T (Figure 1). The Gd is taken as a reference for the 

magnetocaloric around room temperature. The value of the 

maximum magnetic entropy of Gd is equal to 3.8 J/kg. K [18]. The 

relative cooling power (RCP) is calculated as follows: 

RCP = ∆Smax × ∆T = 138.5 J/kg (17) 

The energy generated depends on the mass of magnetocaloric 

material (MCM) (10 kg for this use case). The energy generated 

(Figure 2):  

Q = RCP × mass of MCM = 1385 J (18) 

The external convection was used for the calculation of heat 

transfer, this approximation is used for uniform plates with a laminar 

regime for the heat transfer fluid (Water). For the convection study, 

we are used the same thermodynamic simulation cited in this [2]. 
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The energy Q1 transported in the heat transfer fluid (water) is 

calculated based on the water flow rate and the flow velocity. For a 

flow rate of 0.000125 m3/s = 7.5 l/min, this fluid flow generates 

energy Q1 = 4950 J (Figure 3). This Q1 energy is greater than Q (Q1 

> Q), the flow rate of 7.5 l/min is therefore sufficient to absorb the 

energy generated by the MCM. 

 

Figure 5. The Simulink block of the driver’s cabin 

Part 2: Radiator block of Powertrain components (PWT)  

The radiator is essential to ensure that the hot or cold water leaving 

the PWT is reduced to room temperature before entering the tank. As in 

the radiator, we have the interaction of water with air, so the modeling 

is based on a thermal exchange between them.  

 

For PWT cooling, cold water is circulated around the components 

before it is transferred to the radiator. The inlet temperature of the 

water is higher than the ambient temperature because the water 

absorbs heat from the PWT components. In the radiator, the water is 

reduced back to ambient (T water output) before returning to the tank 

(Figure 4). 

Part 3: Cooler Block 

The cold radiator is used to control the temperature of the 

passenger compartment. In the cold radiator there is an interaction 

between the cold/hot water and the air in the driver's cabin, for 

cooling or heating the driver's cabin. The modelling of the cold 

radiator was done in the same principle as the PWT radiator. A 

temperature controller was modelled to simulate the driver’s choice 

of cabin temperature. 

a. Driver's cabin: Model of an air tank with fixed 

volume/mass to simulate the driver's cab. 

b. Cabin radiator: The model of the radiator is based on the 

same principle as the hot radiator explained above. 

c. Controller: It is a controller which makes the request of 

water mass according to the difference of temperature 

between the cabin and the wished set point ('error' of 

temperature). This control is created with the help of a 

well-calibrated 1-D carto, to output the cold/hot water mass 

according to the temperature difference (or error) to 

cool/heat the air. 

For the thermal management of the cabin simulation, the radiator 

is used to control the temperature of the passenger compartment.  

 

 

Figure 6. The simulation results of the cabin temperature and the air leakage 
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This model (Figure 5) takes account of an air tank with fixed 

volume and mass to simulate the driver's cab. This model radiator is 

based on the same principle of the Hot Radiator explained previously 

(see PWT radiator). The temperature set point given by the driver for 

heating/cooling is controlled within a defined temperature range. A 

controller for requesting the water mass based on the temperature 

difference between the cabin and the desired set point has been 

added to the model. This allows the temperature of the cabin to be 

regulated. The air temperature is calculated based on the weighted 

average:  

- Total air mass = m_air. 

- Air mass interacting with radiator = m_air_cycle. 

- Air leakage mass = m_air_leakage. 

Each air part is weighted with its temperature and the three parts 

were added to divide by total air mass to get the cabin temperature. 

The cabin temperature is reduced to close to the driver's desired 

setting. The small temperature difference is due to the efficiency of 

the radiator. It should also be noted that the possible cooling limit is 

related to the temperature of the cold water (Figure 6). 

Part 4: PWT heat exchanger block 

In this part, we performed the modelling for the heat exchange 

between hot water and PWT when the system needs to be heated. 

The hot water exchanger control of the PWT were analysed. The 

heat exchanger is activated or deactivated based on the need for 

heating or not for the PWT components. The control is based on 

continuing to heat the PWT components until all components reach 

room temperature (293 K). Then, when the heat exchanger is active, 

and one component needs more heating or reaches the temperature 

of 293 K before the other. In this case, the heating of all components 

is controlled separately. We calculate the heat absorbed by each 

PWT component battery, internal combustion engine and electric 

motor. And at the end, we calculate the decrease of the hot water 

temperature.  

In addition, the modelling of energy absorbed by battery/ thermal 

or electric motor have been conducted. The heat exchange of all 

PWT components is modelled in the same direction as the 

temperature input corresponding to that component, T_battery / 

T_motor /T_elec. The heat exchange between the PWT components 

and the water is by convection: 

𝑄 = ℎ × 𝐴 × ∆𝑇 (19) 

With:  

A: the surface. 

h: heat transfer coefficient. 

ΔT: temperature variation. 

 

Part 5: PWT cold exchanger block  

This part is dedicated to the heat exchange model between cold 

water and PWT when the system needs to be cooled. When the 

system temperature is equal or higher than the ambient temperature 

and the PWT components start to work, there is a need to cool them 

to avoid a temperature increase that would exceed the limit. The 

objective is to ensure optimal operation of PWT components. As 

explained in the case of the hot exchanger, the operating principle 

for the cold exchanger is the same, but instead of heating, this 

exchanger is active when the PWT components need to be cooled. 

Therefore, the use of the hot or cold exchanger depends directly on 

the need of the PWT. 

The activation of the cold exchanger is done when the temperature 

of all the PWT components are higher than 293 K. Therefore, if we 

start the simulation with an initial temperature of 293 K, the cold 

exchanger will be activated from the beginning. To control the 

cooling for each component based on its need, we have the same 

principle as for the heat exchanger. The water distribution is based 

on which component needs more energy to cool it. 

Modelling of a cold exchanger of the PWT components was 

simulated. The modelling of the cold exchanger follows the same 

logic as for the hot exchanger. We calculate the heat dissipated by 

each component of the PWT (battery, internal combustion engine 

and electric motor). In general, the hybrid powertrain includes three 

components: the combustion engine, an electric motor powered by 

energy storage (such as a battery or fuel cell), and power electronics 

that produce heat and need to be cooled. 

 

Part 6: PWT components model 

The complete modelling of the battery, the electric motor and the 

combustion engine has been done by us (Figure 7). This part shows 

the outputs of these components necessary for the thermal 

management by the magnetocaloric system. The temperatures and 

the heat dissipated of these powertrain components during operation 

have been studied to perform a real time simulation. To test this 

magnetic cooling system model and the heat exchange between the 

water and the PWT car’s drive train (to simulate heating or cooling), 

the PWT component model was added. The heat generated by the 

PWT components will be considered by the cooling system, which 

will adapt to either heat or cool, as needed. To calculate the 

temperature of each component, we use the heat generated by the 

component and add/decrease the heat added/dissipated by the 

hot/cold exchanger. Overall model is seen on Figure 8. 

Total energy requirement (Qtot) = Energy requirement for 

combustion engine (Q1) + Energy requirement for electric motor 

(Q2) + Energy requirement for battery (Q3) 

Total water mass = m_water 

Hot water mass for the heat engine = Q1 / Qtot × m_water 

Hot water mass for the electric motor = Q1 / Qtot × m_water 

Hot water mass for engine and battery = Q1 / Qtot × m_water 

 

Figure 7. The simulation block of PWT components model 



Bousseksou et al.                Engineering Perspective 5 (1): 9-20, 2025 

15 

 

Figure 8. Interface of the global model of the magnetic cooling system and the powertrain components in Matlab-Simulink. 

 

Figure 9. 2 Dimension COMSOL model of the MCM and permanent magnet. 
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4.2 COMSOL model 

The COMSOL model enables to size and characterise the 

permanent magnet according to the magnetic field undergoes by the 

MCM block, as the distribution of the magnetic field lines changes 

according to the shape of the magnets. 

The COMSOL model focuses on the study of the magnetic field 

generated by two parallel plate magnets in the magnetocaloric 

system.  

There are four main parts to have the magnetic field simulated 

(Figure 9). For the part 1: Two magnetic blocks, whose properties 

have been defined to obtain the necessary magnetic field intensity. 

The part 2: the magnetocaloric material (MCM) block (circle of 

desired size), with the relative permeability defined to behave like 

Gadolinium (Gd). In the part 3: air of standard relative permeability  

1 around the magnet and MCM. And finally, part 4: Infinite band 

around the borders to ensure zero magnetic field away from the 

magnets, to make the calculations converge.  

The main parameters in the COMSOL model are defined. The 

relative air permeability was defined as 1. The square boundary was 

defined with a magnetic node point, i.e., the magnetic field at the 

edges is 0 T. The relative permeability of the MCM was defined as 

100, based on several reviewed papers [19] and the magnetic 

property for permanent magnet blocks was assigned based on the 

method chosen for modelling. We tested three methodologies as 

mentioned below: 

Method 1 

Flux standard of remanent density = 1.4 T 

Method 2 

Magnetic flux density standard = 1.5 T (max 1.6 T) 

Coercive field = 1500 kA/m 

Magnetic energy density = 413 kJ/m 

Method 3 

Magnetization (Ms) = 1.6 T = 1276320 Amps/m 

The third method based on the value of the magnetization, was 

chosen to make the simulation on COMSOL.  

All other parameters have been fixed and the dimension only 

changes for permanent magnets. The distance between the MCM 

and the magnet has been fixed at 2 mm. The radius of the MCM has 

been fixed to 20 mm. The size of the permanent magnets varies 

based on two test cases, as explained below. So, to analyse all 

geometrical configurations, we studied two global use case based on 

the length of the permanent magnet (Table 1). 

It should be noted that the mass and volume of the magnet have 

been set according to the operating characteristics of the magnetic 

cooling system. In each use case, we calculate the width and 

thickness according to the fixed length. The volume of a magnet 

plate is 188.3 cm3 and the length of the plate are 9 cm and 8 cm: 

Table 2 summarises the characteristics of the permanent magnet and 

the magnetocaloric material.  

 

Width × Thickness = Volume/Length = 20.9 cm2 (20) 

 
Table 1. The use cases used for COMSOL simulation for the permanent 

magnet. 

Use case 1 – Length = 9 cm Use case 2 – Length = 8 cm 

n combination of Width (cm) × 

Thickness (cm) 

 n combination of Width (cm) × 

Thickness (cm) 

1st combination of 8 × 2.61 

2nd combination of 7 × 2.98 

3rd combination of 6 × 3.48 

4th combination of 5.5 × 3.80 

5th combination of 5 × 4.18 

6th combination of 4.5 × 4.64 

1st combination of 8×2.94 

2nd combination of 7×3.36 

3rd combination of 6×3.92 

4th combination of 5.5×4.30 

5th combination of 5×4.70 

6th combination of 4.5×5.23 

 

Table 2. Characteristics of the permanent magnet and the MCM. 

Mass of the permanent magnet 2.9 kg 

Mass density of Gadolinium 7700×10-6 kg/cm3 

Total volume of the permanent magnet 376.6 cm3 

Volume of a magnet plate 188.3 cm3 

In the two use cases, (9 cm and 8 cm long), we observe that the 

magnetic field strength increases by decreasing the width of the 

permanent magnet and increasing its thickness. (Figures 10 and 11). 

After an analysis of the COMSOL study of permanent magnet and 

magnetocaloric material, the better combination is described in the 

Table 3 (use case 2). The value of the magnetic field intensity 

produced by the permanent magnet in this COMSOL simulation is 

about 1.48 T.  

Table 3. Characteristics of the permanent magnet and the MCM. 

Use case Total 

mass (kg) 
Length 

(cm) 

Width 

(cm) 

Thickness 

(cm) 

Magnetic 

field max 

(Tesla) 

Use Case 1 2.9 9 4.5 4.64 1.47 

Use case 2 2.9 8 4.5 5.23 1.48 
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Figure 10. Evolution of the magnetic field intensity versus the width and thickness of the magnet (use case 1 - length 9 cm) 
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Figure 11. Evolution of the magnetic field intensity versus the width and thickness of the magnet (use case 2 - length 8 cm) 
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5. Conclusions 

The objective of this paper was to study and understand the be-

havior of a magnetic cooling system at room temperature and to in-

vestigate and demonstrate the efficiency of this new technology. 

 To achieve this objective, a Matlab Simulink model was built of 

the permanent magnet, magnetocaloric material, the hybrid power-

train components as well as the water tanks, heat exchanger and ra-

diators. In addition, to ensure the thermal management of the driver's 

cabin, a Simulink block has been added. This study was coupled with 

a two-dimensional model on the COMSOL software. This model al-

lows to evaluate the behavior of the magnetocaloric material and the 

magnetic field intensity to improve the design and the energy con-

sumption. The model developed in this study enables simulate a 

magnetic cooling system. The heat source which represents the mag-

netocaloric equation and approach is modelled based on the data ob-

tained from experimental measurements. 
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Nomenclature 

MCE magnetocaloric effect  

CT curie transition  

H magnetic field (T) 

T temperature (K) 

P pressure 

G Gibbs free energy  

U internal energy of the system 

V Volume (m3) 

M magnetization 

S entropy 

µ0 magnetic permeability of the vacuum 

RCP relative cooling power (J/kg) 

Q energy (J) 

PWT powertrain 

m_air total air mass (kg) 

m_air_cycle air mass interacting with radiator (kg) 

m_air_leakage air leakage mass (kg) 

A Surface (m2) 

h heat transfer coefficient (W/(m.K)) 

m_water total water mass (kg) 

MCM magnetocaloric material 

T_ini initial temperature of PWT/ tank (K) 
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