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Abstract – In phase change materials (PCMs) applications, phase-change happens at nearly constant 

temperature. So, controlling the phase-change duration can be helpful to avoid thermal fluctuations. In 

this study, we use numerical and experimental investigation to assess the impact of using magnetic 

field on the phase-change process of a PCM. Our results show that the magnetic field can slow the 

phase-change process when Lorentz force is applied opposite to the buoyant force. This has 

implications on the management of latent heat storage and release to match energy demand. 
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u velocity, m/s 

p pressure, Pa 

g acceleration due to gravity, m/s2 

L Latent heat of fusion, J/kg 

D Darcy source term 

Fl Lorentz force 
cp specific heat, J. kg 1. K-1 

T temperature, K 

k thermal conductivity, W.m-1. K-1 
t time, s 

Greek symbols 

 liquid fraction 

 density, kg/m3 

 electrical conductivity 

 coefficient of thermal expansion, 1/K 

 kinematic viscosity, m2/s 

Index  
s solid 

l liquid 

1. Introduction 

In the last decade, and due to the exponential increase in the global population, there has been 

a surge in energy demand, energy consumption, and CO2 emissions. The building sector 

accounts for one-third of global energy use and 40% of overall CO2 emissions [1]. The 

increased need for building energy consumption is mostly due to space cooling, heating, and 

ventilation to meet thermal comfort needs [2]. This has raised environmental concerns and has 
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triggered research for new and renewable energy [3]. Phase change materials are substances 

that have the capability to store and release a large amount of heat within a small or no 

temperature change [4]. Hence, energy storage with phase change materials (PCMs) can help 

close the energy supply and demand gap, enhance the efficiency of energy systems, and play 

a significant part in energy conservation [5]. 

Despite the advantages of the use of PCMs, one of its challenges is gradual heat storage 

and impulsive heat release [6]. Moreover, the cost of phase change materials is generally 

expensive and has been projected to be cost effective in hot climate [7]. This necessitates the 

need for a careful and precise energy analysis to optimally utilize PCMs [8]. In this study, we 

are proposing the assess the use of magnetic field to control the melting and solidification 

process to reduce energy consumption in buildings by optimizing the use of PCMs. 

A few works have been devoted to the study of the impact of magnetic field especially on 

liquid metals and ferrofluid. Gui et al. [9] experimentally investigated the role of external 

magnetic field on heat transfer enhancement of ferrofluid under an external magnetic field. 

They reported an increase in the convective heat transfer rate as the solid fraction of magnetic 

particles increases. Doostani et al. [10] numerically studied the magnetic field effect on 

natural convection phase-change heat transfer of gallium in a rectangular enclosure. They 

reported a decrease in the rate of melting as the magnetic field strength increases. Nakhla et 

al. [11] introduced a novel experimental methodology to study the effect of heat transfer 

enhancement under the influence of electrohydrodynamic and gravitational forces on the 

melting of octadecane.  To the best of our knowledge, no detailed experimental studies on the 

effect of magnetic field on phase change materials has been reported in the literature. 

Therefore, this paper seeks to study experimentally and numerically the effect of magnetic 

field on the melting and solidification of PCMs.  

2. Methodology 

2.1. Experimental setup 

The experimental setup is depicted in Figure 1 and is based on the work of Yehya et al [5]. 

Heat flux sensors, insulating materials, heat exchange plates, permanent magnets, 

thermoregulated bath, data acquisition systems (data logger), and control systems for the 

thermoregulated bath are used. The investigated phase change material (Octadecane) is placed 

inside an aluminum enclosure of dimensions 40mm x 40mm x 15mm and is placed between 

two heat exchange aluminum plates (40mm x 80mm x 10mm) controlled by the 

thermoregulated bath (Julabo Corio CD Model, 2.0 kW). We use neodymium magnet of 

dimension 40mm x 15mm x 5mm with a magnetic field strength of 240 mT. The magnet is 

placed at the bottom to exert a magnetic field in the vertical direction. Differential 

temperature heat flux sensors from FluxTeq are used to determine the heat flux and 

temperature in real time. 

2.2. Numerical model 

A 2D numerical model based on the continuity, momentum, and energy equations 

during the phase change process using the enthalpy-porosity method was implemented in 

OpenFOAM, an open-source Computational Fluid Dynamics toolbox based on a finite 

volume method. The geometry is depicted in Figure 2. Viscous dissipation as well as radiation 

are neglected since the material is considered to be placed in a high conductivity opaque 

enclosure. The flow is assumed to be laminar and incompressible and Boussinesq 

approximation is adopted. The model is benchmarked and validated against literature results 



 

 

in our recently published work [12]. It is worth noting that the experimental work was not 

done to verify the numerical model as the model has been benchmarked against other 

numerical models. The experimental results are used to support the numerical results in the 

conclusions since an exact comparison could not be because the electrical characteristics of 

the magnet to exactly estimate the Hartman number are not known.  

 

 

Figure 1: Experimental setup schematic illustration. Placing the magnet at the bottom creates a 

magnetic field in the vertical direction 

 

Figure 2: Schematic Diagram of the model showing the geometry and the boundary conditions  



 

 

The continuity (1) and momentum (2) equations are coupled with the energy equation (6). 

The enthalpy-porosity approach is captured by equations (3) and (4). The Lorentz force in 

equation (5) is added to the momentum equation (2) to account for the magnetic field. 
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(6) 

 

(7) 

where u is the fluid velocity,  is the fluid density,  is the kinematic viscosity, p is the 

pressure, D is the Darcy source terms, is the liquid fraction, C is a morphology factor, and b is 

a value to avoid dividing by zero. Fl is the Lorentz force exerted in the vertical direction, B is 

the magnetic field strength,   is the electric conductivity of the material, and uy is the vertical 

velocity component. For the energy equation (6), T is the temperature, cp is the specific heat, k 

is the thermal conductivity and S is the latent heat source term. In solving the energy equation, 

we use Neuman boundary conditions for the left and right side and Dirichlet boundary 

conditions for the top and bottom sides with heat flux considered to be zero for the presence 

of insulation. For the momentum equations, we use no flow boundary conditions for all sides. 

The parameters used in the simulation are gathered in Table 1. 

Parameters Octadecane properties  

Density (kg.m-3) 867 (solid), 775.6 (liquid)  

Latent heat (J.g-1) 243.680 

Melting temperature (oC) 28.15 

Thermal conductivity (W.m-1. K-1) 0.32 (solid), 0.15 (liquid) 

Specific heat (J. kg 1. K-1) 1900 (solid), 2240 (liquid) 

Kinematic viscosity (m2.s-1) 4.81 x 10-6 

Thermal expansion coefficient (K-1) 8.36 x 10-4 

Table 1: Thermophysical Properties of Octadecane [11] 



 

 

3. Results and Discussion 

3.1. Experimental results 

To experimentally assess the impact of magnetic field on the melting rate, the plate 

temperature was maintained at 15oC for some time to reach thermal equilibrium. Then the 

temperature was raised to 40oC. The heat flux is measured using the heat flux sensors with 

sensitivity of 8 mV/(W/cm2). The apparent melting rate is then calculated by dividing the 

energy stored per time (which is the area under the heat flux curve) with the latent heat of 

fusion. The uncertainty in this case is relative to that of the heat flux reported. Figure 3a 

shows the evolution of melting fraction with time for the case without and with magnetic field 

plotted against dimensionless Fourier number (Fo). Without magnetic field effect, complete 

melting occurs at about 795s (Fo = 0.91), while for the case of magnetic field, complete 

melting occurs at about 1040s (Fo = 1.2). This implies that neodymium magnet of dimension 

40mmx15mmx5mm with a magnetic field strength of 240mT can delay the complete melting 

process for about 245s, which is an increase of about 30% in the melting duration. Similarly, 

we studied the impact of magnetic field on the rate of solidification of Octadecane. In this 

case, at the beginning of the experiment, the temperature of the sample was at 40oC and then 

decreased to 15oC. Figure 3b shows the evolution of the solid fraction during the 

solidification process. We observe about 327s (difference of 0.376 in Fo), delay for the sample 

to completely solidify, which constitutes a 17% increase in solidification duration. Hence, 

applying magnetic field in vertical direction and opposing buoyancy delays melting and 

solidification.  

 

Figure 3: Evolution of (a) liquid fraction during melting and (b) solid fraction during solidification 

obtained from the experiment 



 

 

3.2. Numerical results 

To verify the claim that we got experimentally regarding the effect of magnetic field on 

fusion rates, we use numerical modeling. The effect of magnetic field on the melting process 

is discussed using the non-dimensional Hartman number 0, 20, 60 and 100. The Hartman 

number is expressed as, 

 

(8) 

The magnetic field can impact the convective flow. This has a corresponding effect on the 

progression of the melting interface and the rate of melting. Figure 4 shows the average liquid 

fraction plotted against dimensionless Fourier number (Fo). Up to about 1 hour of the 

simulation time (Fo = 0.44), there is no significant effect of the magnetic field on the melting 

rate. This could be because of the dominant heat transfer mechanism being conduction. As the 

melting progress and there is increase in convective flow, the effect of magnetic field on the 

melt fraction can be observed. At the maximum simulation time of 4 hours (Fo = 1.76), we 

notice about 43% decrease in melted fraction at the maximum Hartmann number investigated 

[12]. We can conclude that higher magnetic field slows the rate of melting if applied in the 

vertical direction opposing buoyancy. This supports the experimental results although we 

could not perform an exact comparison as we do not have the electrical characteristics of the 

magnet to estimate the Hartman number. 

 

Figure 4: Average liquid fraction obtained from the numerical model versus time plotted for 

various Hartmann numbers 

4. Conclusion 

For an efficient performance of phase-change materials (PCM)s in thermal energy 

storage systems, the time needed for the phase-change process should be well coordinated 

with the duration of external heating and cooling. Thus, it is important to investigate methods 

to control the melting of PCMs. In this work, we investigated how magnetic field affects the 

fusion rates of Octadecane. The results can open the door for designing systems where the 

PCM fusion is controlled depending on the expected external heating and cooling rates.  



 

 

The effect of magnetic field on the melting of PCMs depends on the magnitude of the 

field, the PCM properties, and the enclosure geometry. This is inferred from the decrease in 

rate of melting as the Hartman number increases, up to 43% for the maximum investigated 

magnetic field when Lorentz force is directed opposite to the buoyant force. This is further 

confirmed by the experimental results. As the magnitude of the magnetic field applied on the 

vertical side of the enclosure increases, the rate of melting decreases and this becomes more 

evident as the melting front proceeds and as convection’s contribution becomes stronger. 
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