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ABSTRACT —  A 2D numerical model has been implemented in Fortran as a powerful tool to optimize the working parameters 
of a parallel plate single regenerator for a magnetic refrigerator. Finite differences using the Crank-Nicolson method were used to 
solve the thermodynamic differential equations. The behavior of the system with different relations of plate and channel 
thicknesses and the influence of the parameters of the thermodynamic cycles are presented. 

1. INTRODUCTION  

Magnetic refrigeration is a novel promising technology, which is trying to be an alternative to classical gas compression – 
expansion refrigeration systems because of the improvement of the efficiency and environment that it involves. So far, there have 
been built many test devices and close to commercial prototypes in order to check the feasibility of the technology. Studies based 
on simulations are required in order to study active magnetic regenerator configurations, thermodynamic cycles and the 
optimization of the operation parameters. Several numerical models have been presented, as reported by Petersen et al [1], Nielsen 
et al [2] and Roudaut et al [3]. Although numerical simulation is a fast and inexpensive method of research, the results have to be 
validated by real prototypes. In this paper a new 2D parallel plate regenerator model is presented. The aim is to study the 
optimization of the operation parameters, thermodynamic cycles and the influence of a passive regenerator. 

2. METHODS 

A 2D parallel plate regenerator model has been developed in Fortran for a sinusoidal fluid flow (crank – rod system) and a pair of 
nested Halbach magnets rotating with constant angular velocity. The model runs in a reduced space of the regenerator, using half 
the width of a plate and channel and applying translational symmetry. A cold sink is used as a heat source and a hot sink at a fix hot 
temperature. The fluid is supposed to be incompressible, laminar because of the small channel thickness, and with negligible 
viscous losses. The differential equation for the heat transport in the fluid can be seen in (1). Steady flow has been considered to 
simplify and avoid coupling between energy and momentum equations, so the fluid velocity can be defined from Navier-Stokes 
equations as a parabolic function (2). The heat transport differential equation in the solid includes the magnetocaloric effect 
contribution, (dT/dB)S·dB/dt, where (dT/dB)S is the magnetocaloric effect (taken as constant or obtained from an experimental table) 
and dB/dt is the time derivative of the field, which is defined in (4) as the theoretical field function for a Halbach magnet, 

 T
C

T
t

tyxT 2),,( ∇+∇⋅−=
∂

∂
ρ
κ

v    (1)  
dt

dB

B

T
T

Ct

tyxT

S










∂
∂+∇=

∂
∂ 2),,(

ρ
κ    (3) 

 
( ) 













−=

2

2

2/
1·

2

3

c

med
T

y
Uv    (2)  ( )[ ]t

B
B ·cos1

2
max ω+=     (4) 

where t and (x, y) are the time and space variables, respectively, T temperature, v velocity, k thermal conductivity, ρ density, C 
heat capacity, Umed the average sinusoidal fluid velocity for a typical crank-rod system, Tc channel thickness, B magnetic field, and 
ω the angular velocity of the pumping system. 

Differential equations are approximated by finite differences using the Crank-Nicolson method, which is a second order 
approximation of the time derivative and the second spatial derivative. Gauss-Seidel iteration is used to solve the system of 
equations at each time step of the simulation, because it is a convergent method for systems with no tridiagonal matrix shape. 

3. RESULTS 

A wide range of parameters can be varied to simulate the magnetic refrigeration regenerator, as the general dimensions (height and 
length of the channel, plate, and passive regenerator), the material properties which can be set as constant or read and interpolated 
from an experimental table of data, and finally the operation parameters as fluid pushed volume, frequency, heat load, hot sink 
temperature, phase difference of fluid – magnet synchronization, and maximum magnetic field. 

Preliminary no load results have been obtained from simulations with constant parameters as can be seen in Table 1. A hot sink 
temperature of 25 ºC has been used and a maximum field of the Halbach magnet of 1.65T. 
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TABLE I.  SIMULATION PARAMETERS. 

Solid properties Liquid properties General dimensions 

Density [kg/m3] 7000 Density [kg/m3] 1000 Channel height [mm] 0.2 

Specific heat [J/kg·K] 500 Specific heat [J/kg·K] 4180 Channel length [mm] 1440 

Thermal conductivity [W/K·m] 100 Thermal conductivity [W/K·m] 0.58 Plate height [mm] 0.4 

Magnetocaloric effect [K/T] 1.5 - - Plate length [mm] 160 

 

First, the behaviour of some general parameters as frequency and displaced fluid volume ratio has been studied and can be seen in 
Fig. 1. Lower frequencies give a better behaviour because of the longer time of solid – liquid thermal exchange in each cycle. On 
decreasing the frequency the optimum value seems to move to higher volume ratios. One of the most critical parameter in the 
design is the plate and channel thickness. Fig. 2 shows that both, narrow plates and thin channels, improve the temperature span as 
long as the consequent pressure drop is allowed. It is worth to realize the importance of optimizing the parameters of the magnetic 
refrigeration cycle for each application. In this case, for a sinusoidal fluid velocity of a crank – rod system and a continuous field 
variation of a Halbach magnet, the optimum phase shift betwen the magnetic field and fluid flow is close to 75º, as can be seen in 
Fig. 3. Many other cycles can be modelled in the simulation. 

Fig. 1. No load temperature span as a 
function of displaced fluid volume ratio 
for several frequencies. Phase 
difference: 90º. 

Fig. 2. No load temperature span as a 
function of the ratio of channel to plate 
thickness for several plate thicknesses. 
Fluid volume ratio: 0.5, frequency: 1 Hz 
and phase difference: 90º.

Fig. 3. No load temperature span as a 
function of the phase difference between 
magnet and fluid synchronization. Fluid 
volume ratio: 0.5 and frequency: 1 Hz.

4. CONCLUSION  

A 2D numerical model has been developed to simulate an active magnetic regenerator of a magnetic refrigeration system. It is a 
powerful tool for a better understanding of this novel technology and it is used for an efficient design of the regenerator, to 
optimize the operation parameters and choose the optimum thermodynamic cycle depending on the application of the system.  
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