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Abstract

Magnetic refrigeration, as an alternative to vapampression technology, has been the subject
of many recent investigations. A technique to ecbahe performance of magnetic refrigerators
is using layers of different materials in the regraor of such devices. In this study the choice of
magnetocaloric materials in a multi-layered packed regenerator is investigated in order to
optimize the performance. A numerical model hasli/eloped to simulate the packed bed in
this study. Optimized packed bed designs to getiimam temperature span or maximum
efficiency are different. The results indicate thetximum temperature span can be achieved by
choosing the materials with the highest magnetoicaédfect in the working temperature range,
while maximum Carnot efficiency is achieved by ckiog materials with Curie temperatures
above the average layer temperature.

Keywords: magnetic refrigeration, magnetocaloric, layeriogtimization, temperature span,
efficiency

Nomenclature

a specific surface area, ratio of heat transferamgrfarea of particles to volume of bed'[m
Acpeg  Cross section area of a bed’Jm

B magnetic field [T]

Co cobalt

cu  constant-field specific heat capacity [Jkg']

Co constant-pressure specific heat capacity {BkY

D diameter of packed bed [m]



dp
Dy
Er
Fe
Gd

Ge

La

Nd

Ni

Pd

Pr

Qc
Qn

Rey

Si

Tb

diameter of particles [m]
dysprosium

erbium

iron

gadolinium

germanium

convection heat transfer coefficient in regenafr[a\Mn'zK'l]
enthalpy [Jkd]

thermal conductivity [WiiK™]
lanthanum

mass flow rate [kg§
neodymium

nickel

pressure [Pa]

palladium

Prandtl number [-]

cooling capacity [W]

heating capacity [W]
Reynolds numbepy.Vp.dp/us [-]
entropy [JkgK™]

silicon

temperature [K]

time [s]

terbium

overall heat transfer coefficient for ambient-thegt transfer [WrK ]



Vb volumetric flow rate divided by cross section apéaegenerator [mY
X position along regenerator [m]

Greek symbols

Asy  magnetic entropy change [Jk¢™]

€ porosity [-]

ncanot Carnot efficiency [-]

U viscosity [Pas]

p density [kgn]

T cycle period [s]

Subscripts

amb ambient

C cold reservoir

e effective

f heat transfer fluid

H hot reservoir

L fluid leaving the regenerator

R fluid returning from heat exchanger
S solid phase in regenerator

sf solid-fluid interface in regenerator

1 Introduction

In recent years magnetic refrigeration at room tmare, as an alternative to the vapor-
compression technology, has been the subject ofy mesearch works. The motivation behind

the research in this field is, mainly, to reachhleigefficiencies and less environmental impacts
compared to vapor-compression technology. Monfatedl. (2014) have shown through life

cycle assessment (LCA) that if a magnetic refriggraperates more efficiently than a vapor-
compression refrigerator it can be less harmfah&environment in some aspects.



One of the solutions to improve the performanca ofiagnetic refrigerator is to have layers of
different materials in the packed beds insteadndy one specific material. While a magnetic

refrigerator is operating, a temperature span tab#shed between the two ends of the bed,
which means that the temperatures at differenttiposi along the bed are different at each
moment of a cycle. Considering the fact that thegmetocaloric materials show higher

magnetocaloric effect about their transition terap@e, materials with different transition

temperatures can be used along the bed to enHampetformance.

Among investigations on second order phase transitinaterials for room temperature
applications with tunable transient temperature,wlorks of Canepa et al. (2002) and Dai et al.
(2000) who worked on GBds;.«Nix and (Gd,Dy).xNdx alloys can be mentioned. By changing the
composition of GePd«Nix and (Gd,Dy)Ndx alloys, different transition temperatures, both
higher and lower than that of Gadolinium, can béioied. After discovery of the so-called
giant magnetocaloric effect in &8i,Ge, in 1997, Gg(Sii-xGe)s materials, the transition
temperature of which can be varied through changinGe ratio, have been investigated
(Pecharsky et al., 2002). Among newer materialeidiht compositions of MnFe(P,Si,Ge) can
also be used for layering the regenerator of a etagnefrigerator. MnFe(P,Si,Ge) compounds
have high magnetic entropy change and no rare-ebathents (Cam Thanh et al., 2007).

Richard et al. (2004) showed that a two-layereddmatisting of Gd and GdsT b 26 (with equall
length of layers) can produce larger temperatues sgi no-load condition and can give higher
cooling capacity at larger spans compared to desiagered bed of Gd. Later Rowe and Tura
(2006) used three layers of equal length of theeras Gd, Gel74Tbo2s and GdssEro s
confirming the possibility of improving performanttedough layering. However, they concluded
that the composition of materials in layers andrtheantity should be optimized for different
working conditions. Later Arnold et al. (2011) carded from their experiments on a two-
layered bed of Gd and GghErp .15 that the highest temperature spans are achieveth wie
average temperature during the whole cycle in arléy close to the Curie temperature of the
layer's material. TuSek et al. (2014) experimegtaédisted 2-, 4-, and 7-layered parallel plate
regenerators made of Lak&CoSiy. Their experiments highlighted that for differembrking
temperatures the optimum regenerator compositiodifferent. Among the best performing
magnetic refrigerators, the device reported by Bacet al. (2014) works with six layers of
LaFeSiH. The performance of their device is alsmaucally simulated. Aprea et al. (2011)
used two layers of equal length made ob gstiby 35 and Gd 92T g in their numerical model to
increase both the efficiency and cooling power cara@ to a single-layered regenerator. They
suggest that optimum Curie temperature of eaclhr iayequal to its average temperature.

The material for each layer should be carefullysgmto design a high performance multi-
layered regenerator; however, the theoretical inyatson of the problem useful at design stage
has not been extensively reported in the operatitee. Reid et al. (1994) suggested that the
materials chosen for layers should match an ad@alemperature change vs. temperature
diagram find through thermodynamic analysis. Sotherauthors have highlighted the need for
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the optimized selection of the materials used generators (Arnold et al., 2011; Rowe and
Tura, 2006). This study investigates optimizing #&ection of materials, to get either high
efficiency or high temperature span, which requdigerent selection of the materials, at design
stage using a numerical simulation.

In this work measured properties of Gadolinium luith different Curie temperatures and
adjusted heat capacities are used to do the tlhemreaiptimization. Using experimentally
measured material properties whose Curie tempesafne shifted or theoretical models such as
mean field theory to model the layered regeneratoc®mmon; however, use of experimentally
measured properties with modified heat capacityuemlto satisfy Maxwell equations after
shifting the Curie temperatures, as done in thidystis, to the best knowledge of the authors of
this article, not reported in other publicationsheTCurie temperatures found through the
optimization can be used as a guide for the desicedposition of alloys needed to have an
optimized magnetic refrigerator. Reid et al. (1984Yl Rowe and Barclay (2003) suggest that the
magnetocaloric effect of the materials used in eoasve layers should ideally increase as the
working temperature increases along the bed; nesleds, in practice, such an increase in the
magnetocaloric effect is not guaranteed whenrtngstent temperature is tuned by changing the
composition of alloys. In this study we assumed tha materials used in different layers have
similar magnetocaloric effect although their Cuamperatures are different.

2 Model

The modeled system consists of a packed bed of etacploric materials and a heat transfer
fluid flowing through the bed. The magnetocaloriaterial gets warm as it is magnetized by an
external magnetic field and the heat transfer fltalles the heat from the magnetocaloric
material and rejects it to the ambient in a hot legahanger. Demagnetizing the magnetocaloric
material makes it cold, and the fluid exiting thet heat exchanger becomes cold when it goes
through the demagnetized bed. The cold heat trarfkfeel absorbs heat in the cold heat
exchanger and becomes warmer before entering ttieegpdbed again. The packed bed of the
magnetocaloric materials serves as both refrigenadtregenerator.

To increase the performance, the bed has 6 laylereagnetocaloric materials with similar
magnetocaloric effect but different Curie temperegu To prevent the layers from working at
temperatures far from their Curie temperature, tém@perature span created by the active
magnetic regenerative cycles is divided equallyth®y number of layers. Since the temperature
gradient along the bed between the cold end andhdhesnd is not linear, the lengths of the
layers are not necessarily equal. Experimentallgsueed properties of Gadolinium reported by
Lozano et al. (2014) are used as a basis to moaelrials with similar magnetocaloric effect but
different Curie temperatures.

Since magnetocaloric effect, temperature, and bapacity are interrelated through Maxwell
equations (Pecharsky and Gschneidner Jr, 1999kriaat with similar magnetocaloric effect
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but different Curie temperatures cannot be crebiednerely shifting the properties along the
temperature axis. In this work, to have more plalliccorrect models of the materials with
Curie temperatures other than that of Gadoliniutnth similar magnetocaloric effect, the heat
capacity data are modified in a way that they Batidaxwell's equations. For instance, Fig. 1
shows adjusted heat capacity for materials witkfférént Curie temperatures and corresponding
magnetic entropy change.

360

5
260 280 300 320 260 280 300 320 260 280 300 320
T[K] T[K] T[K]
(a) (b) ()

Fig. 1 (a) adjusted heat capacity at zero field, {badjusted heat capacity at 1T, and (c) magnetic erdpy change for 0-1T
field change for four materials (indicated with different colors) with different Curie temperatures

The variations in the flow of heat transfer fluiddathe magnetic field, modeled based on the
device described by Bjgrk et al. (2010), are showliig. 2a. Simpler, but less realistic for rotary
devices, patterns of variation for flow rate andgmetic field, Fig. 2b, are also used to obtain the
results presented in a part of section 3, ResulisZscussion. Positive flow means flow from
cold end to hot end and negative flow rate means iih the opposite direction.
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Fig. 2 (a) flow and field variations for each bed dring a cycle in a rotary device (b) simpler patten of variation for flow
rate and magnetic field

By applying the first law of Thermodynamics to #@id phase of the packed bed and the heat
transfer fluid going through the bed, Eg.1 and Eqwhich are coupled by convective heat
transfer term, are derived. This is a well-estdlgids mathematical model widely used and
validated by different authors (Aprea et al., 20B8gelbrecht, 2008; Jacobs et al., 2014).

ds OB 02Ty oTs
-(1- 5)psTs ig = _ke,s o2 hsfa(Tf - Ts) +(1- 5)psCH,sE (1)
ap . _ oTy 0%Ty oTy
EVD = prDCp,fg - ke'fm + hsfa(Tf - Ts) + Sprp'f? (2)

The convection heat transfer coefficieh§, is given by Eq. 3 (Kaviany, 1991; Wakao and
Kaguei, 1982), which is valid for the flow througtpacked bed witRey below 8500 (Amiri and
Vafai, 1998). The effective conductivitidg, andkes, are estimated by Eq. 4 and Eg. 5 (Amiri
and Vafai, 1998).

hor = =L (2 + 1.1Pr'/sRe®) 3)
P

kes = k¢(e + 0.5Re,PT) 4)

ke,s = (1 - E)ks (5)

The pressure drop is calculated using the modifieglin equation, Eq. 6 (Macdonald et al.,
1979).



dP _ 180(1-¢)?
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dx dpe

1.8pf(1—s)
dped

Yy, + V2 (6)

Since this study aims at optimizing the selectidnmagnetocaloric materials and length of
layers, not predicting the absolute values of parémce measures, the parts external to the
packed bed such as heat exchangers, pipes, matws,are excluded from the model.
Demagnetization field, although not explicitly adsised in the model, is, at least to some extent,
taken into account since experimentally measureghetacaloric properties of the materials are
used. Parasitic heat transfer from the ambiertiedoed does not affect the suggested methods of
optimization although it lowers the performance. @woid unnecessary complications the
parasitic heat transfer is excluded in the moghefstudy; however, to show that the parasitic
heat transfer does not change the conclusionseostildy, only in a small part of the results
reported in section 3, Results and Discussiorns mcluded in the model by adding the term

% (Tf = Tamp) (with U= 10 Wn’K™ andTam= 308.15 K) to the right hand side of Eq. 2.

Eq. 1 and Eq. 2 are numerically solved throughatten using Backward Time, Centered Space
scheme (60 spatial nodes and 8000 time stepshdosfeady state solid and fluid temperatures
along the bed, during a cycle. As initial conditidris assumed that both the solid phase and the
heat transfer fluid are at thermal equilibrium witkeat sink. The boundary conditions are
summarized in Table 1.

Table 1 Boundary conditions

Flow direction cold end (left) to warm end (righthot end (right) to cold end (left)
Fluid, cold end T=Tcr O0Tiox=0
Fluid, hot end oTdox=0 T=Thr
Solid, cold/hot end 0TJ/ox=0 0TJox=0
Carnot efficiency used in presenting the resultieitned by Eq. 7.
@ %)
Ncarnot = % (7)
(TH,R—TC,R)

In this study, cooling capacit@)c, is constant and heating capacity is calculatétgusq. 8.
VU>0 VU<0
QH = Imf iH,Ldt_ Imf Iur dat|lt (8)

In Eq. 8,iy. andiyr are the enthalpies of the heat transfer fluid ilggnand entering (return
form the hot heat exchanger) the hot end of therregtor, respectively.



The enthalpy of the heat transfer fluid entering ¢bld end of the regeneratasg, is calculated
using Egq. 9. The temperature corresponding to émthalpy, Tcg, is used to calculate the
temperature span defined Bgr-Tcr.

V<0

m, '“dl’+ A
=I fode+Q T ©

IC,R V17>0
[ i, at

3 Results and Discussion

The reported results are obtained with fixed hde gieturn temperature of 308.15 K (35 °C),
flow and field variations as shown in Fig. 2a og.Rtb, cycle duration of 1.5 s, and cooling load
of 8.4 W. Cross section area and length of the géidled are 2.325xT0m* and 0.1 m. The
particles in the bed are spheres of 6%h0 diameter leaving void fraction of 0.36 for theah
transfer fluid to flow in between. The heat trandtaid is ethylene glycol with 20% volume
concentration. The temperature span and Carnaiezftiy curves shown in the figures are made
by spline curve fitting through 100 calculated fsin

As the first step, the Curie temperature of eagterlavas chosen as the temperature of the
magnetocaloric material in the layer averaged to#n space and time during a cycle. For a six-
layered bed, as described in section 2, with Cleneperatures equal to the average temperature
of each layer of magnetocaloric materials during oycle and field and flow variations given by
Fig. 2a, the average temperature along the bedesvaas shown in Fig. 3. The obtained
temperature span and Carnot efficiency with thigragch are 36.4 K and 18.1 %.



'l’(,— 298.83
len.=0.014,

295 T=292.66
len.= 0.014,
T.=286.87

len.=0.014

T(.— 281.08
len.=0.014

T.=274.75
len.=0.023

0 0.02 0.04 0.06 0.08 0.1
X [m]

Fig. 3 Average temperatures during a cycle at each pointlang the bed, when Curie temperatures are chosen aserage
temperatures of layers during the whole cycle witHield and flow variations indicated in Fig. 2a. Cuie temperature and
length [m] of each layer is written on it. Bordersof the layers are indicated by “+".

The temperature along the bed, as shown in Figardes during a cycle following the changes in
magnetic field and flow of heat transfer fluid. 8ueariations in the temperature suggest that
different results can be obtained if choosing & @urie temperatures is done based on the bed
temperatures at different moments during a cycstead of the whole cycle average. Fig. 5
shows how the temperature span and Carnot effigzieary as different moments of a cycle are
used to indicate the spatial average layer temp@stchosen as Curie temperatures. The Curie
temperatures resulting in the highest temperatpes and the highest Carnot efficiency are
shown in Fig. 6 and Fig. 7. Similarities betweeg.RB and Fig. 6 reveal why the temperature
span calculated by the Curie temperatures equéheocaverage temperature of layers during
whole cycle, 36.4 K, is so close to the maximumgerature span in Fig. 5, 36.6 K.

300 T T T T T T T T T
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Fig. 4 average temperature of the bed with Curie temperattes selected as shown in Fig. 3 during a cycle
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Fig. 5 temperature span created between the two ends ofdlregenerator and Carnot efficiency for Curie tempeatures
chosen to match the bed temperature at different moents during a cycle with field and flow variationsindicated in Fig.
2a. The horizontal axis shows the moment at whiclpatial average layer temperatures, used as Curie Itgperatures, are
calculated.
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Fig. 6 temperature of solid along the bed at the moment 87r of a cycle with field and flow variations indicatel in Fig. 2a.

Curie temperatures, given for each layer, are chosebased on the temperatures at this moment. Bordersf layers are
indicated by “+". These Curie temperatures give thehighest temperature span in Fig. 5.
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Fig. 7 temperature of solid along the bed at the moment B1t of a cycle with field and flow variations indicatel in Fig. 2a.
Curie temperatures, given for each layer, are chosebased on the temperature at this moment. Bordersf layers are
indicated by “+”. These Curie temperatures give thenighest Carnot efficiency in Fig. 5.

Fig. 5 suggests that optimizing for large tempemtpan and for high Carnot efficiency need
different layer designs since the maximum efficiens accompanied by a relatively low
temperature span and vice versa. By plotting Caeffatiencies versus temperature spans, Fig.
8, it can be observed that the Carnot efficienayreises with the increase of temperature span.
The increased axial diffusion when the temperasypian is large leads to lower efficiency of the
cycle (Bejan, 1989). Such an increase is due toitbeeased temperature gradient, not the
insignificant change in the thermal conductivitytbé materials. In addition, the higher viscous
dissipation and pumping power, due to the increasscbsity of the heat transfer fluid at the
lower temperatures reached with larger spans axed fiheat sink temperature, make the
refrigerator less efficient.
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Fig. 8 Carnot efficiencies vs temperature spans shm in Fig. 5 (except for the section between the twpeaks of
temperature span) and a quadratic polynomial fittedcurve as a guide to the eye

Considering Fig. 4 together with Fig. 5, it candeen that the maximum temperature span, 36.6
K, is calculated when the temperature of the bedoise to the average temperature of the whole
cycle, 289.8 K, while the maximum Carnot efficien@#.8 %, is calculated at the maximum
average temperature.

As Fig. 1c shows, the magnetocaloric effect isegagymmetrical about the Curie temperature.
Therefore, choosing Curie temperature of each lageral to the average temperature of the
layer during the cycle maximizes the magnetocal@ifect. As the results indicate, the
maximized magnetocaloric effect in the layers ressui the highest temperature span achieved
by layering, which is in accordance with the cosgdas that Arnold et al. (2011) have made
from their experimental work.

Different factors are involved in determining thar@ot efficiency values shown in Fig. 5. With
small temperature spans, as discussed above, ideddkusion and viscous dissipation losses
are smaller; therefore, using the warmest mometietycle to choose the Curie temperatures
of the layers, by which the temperature span isirmim, tend to result in higher Carnot
efficiencies. In addition, when the Curie temperasuwof the layers are chosen in a way that they
are above the average temperature of the layersgdtire cycle, most of the magnetocaloric
materials are at temperatures below the Curie teatyre during a cycle. Such choice of Curie
temperatures results in gradual increase in magalketac effect in each layer from its colder end
to the warmer end, which is in line with the in@eaf magnetocaloric effect from colder to
warmer temperatures suggested by Reid et al. (1994 )the other hand, choosing the Curie
temperatures too far from the average working teatpees of the layers results in too small
magnetocaloric effect relative to the losses; tloees it adversely affects the Carnot efficiency.
In all of the conditions tested in this study, ckiog the Curie temperatures based on the
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warmest moment of the cycle lead to high Carnoicieficy. However, to get the absolute
maximum Carnot efficiency, considering the multgly of the relevant factors, Curie
temperatures few Kelvins higher and lower shouldrieel.

With flow rate and magnetic field patterns of véda shown in Fig. 2a, the maximum Carnot
efficiency is obtained when the Curie temperatuage chosen as spatial average layer
temperature plus 1.2 K (Fig. 9a). As shown in B, by adding 2 to 6 K to the average layer
temperature as Curie temperature, the peak Cafinciercy achieved by using temperatures of
the moment 0.21 the warmest moment of the cycle, goes down adoaks around it appear,
which shows that the average temperature at mo®@&it plus 2 K and above as Curie
temperatures are too far from the working tempeestuof layers (resulting in too low
magnetocaloric effect) to give high Carnot effiggn With flow rate and magnetic field patterns
of variation shown in Fig. 2b, Curie temperaturgaa to 0.5 K higher than the spatial average
layer temperatures at the warmest moment of thdecywhich is the last moment of
magnetization process, give the maximum Carnotieficy (Fig. 10a). In brief, using the
warmest moment of the cycle, and also trying temoees higher than the average temperatures
at the warmest moment can lead to a layer desitnhigh Carnot efficiency.

On the other hand, the valleys between the two ¢éeatpre span peaks in Fig. 9b and Fig. 10b
become shallower by choosing the spatial averagpdeature at each moment plus few Kelvins
as Curie temperature. It indicates that the reddeetberature span between the two peaks in
Fig. 5 is because of too low Curie temperaturesei\iine Curie temperatures are far from the
average temperature of the cycle the magnetocadfiect is not maximum anymore. That the
peak temperature spans in the Fig. 9b are not hghewer than the peaks in Fig. 5, but shifted
horizontally confirms that the average temperatwkshe layers during the whole cycle are
optimum Curie temperatures to get large temperajpae.
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Fig. 9 The horizontal axes show the moments at which thepatial average layer temperatures, used as Curie
temperatures, are calculated. Flow rate and magnatifield vary as shown in Fig. 2a. a) Carnot effieincy for Curie
temperatures chosen as the average temperaturesdifferent moments during a cycle plus -1 to 6 K bYemperature span
for Curie temperatures chosen as the average tempaures at different moments during a cycle plus -10 6 K
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Fig. 10 The horizontal axes show the moments at wdhi the spatial average layer temperatures, used aSurie
temperatures, are calculated. Flow rate and magnaetifield vary as shown in Fig. 2b. a) Carnot effigncy for Curie
temperatures chosen as the average temperaturesdifferent moments during a cycle plus -2 to 3 K bJemperature span

for Curie temperatures chosen as the average tempaures at different moments during a cycle plus -20 3 K

Although parasitic heat transfer from ambient tee thed can reduce the performance
significantly, still the highest temperature sparachieved with Curie temperatures maximizing
the magnetocaloric effect and the highest Carrfatieficy is achieved when the temperatures at
the warmest moment or even a few Kelvins aboveuaeel for Curie temperatures of the layers
(see Fig. 11). In other words, parasitic heat feanom the ambient mainly shifts the plots
down.
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Fig. 11 The horizontal axes show the moments at wdhi the spatial average layer temperatures, used aSurie
temperatures, are calculated. Parasitic heat transf from ambient to the bed is considered as explagnl in section 2 Flow
rate and magnetic field vary as shown in Fig. 2a afarnot efficiency for Curie temperatures chosen ashe average
temperatures at different moments during a cycle pls 0 to 3 K b) Temperature span for Curie temperattes chosen as
the average temperatures at different moments durig a cycle plus 0 to 3 K

4 Conclusions

To optimize regenerators of a magnetic refrigerdptarge temperature span or high efficiency,
two approaches for selection of materials of thekpd beds are suggested. The optimization is
done using a numerical model developed to simuksanagnetocaloric effect and regeneration
in a multi-layered packed bed of magnetocaloricemals. Lengths of the layers are determined
by the simulation program to divide the total tenapere span equally between the layers. The
simulation results for a fixed heat sink tempemataf 308.15 K and cooling load of 8.4 W for
various magnetocaloric material selections and different sets of patterns for variations in
flow rate and magnetic field are reported.

This study shows that the layer design to get marintemperature span is different form the
layer design for maximizing Carnot efficiency. lact, higher values of one of them lead to
lower values of the other one (Fig. 8). Maximum pemature span can be achieved by choosing
the materials which have the highest magnetocakffect in the working temperature range,
while the highest Carnot efficiencies are achigvg@hoosing materials with Curie temperatures
above the average layer temperature during a cyuolethis study, the maximum Carnot
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efficiency is achieved with Curie temperaturesK.@bove the spatial average layer temperature
at the warmest moment of cycle with field and fleariations shown in Fig. 2a. For the other
field and flow rate variations shown in Fig. 2betmaximum Carnot efficiency is calculated
with Curie temperatures equal to the spatial averaigthe temperatures of the layers at the
warmest moment of cycle plus 0.5 K. In brief, usihg warmest moment of the cycle, and also
trying temperatures higher than the average terhpesaat the warmest moment can lead to a
layer design with high Carnot efficiency. In additj the study shows that the temperature span
and efficiency of a magnetic refrigerator with & iooling load are highly sensitive to the
working temperatures.

The Curie temperatures giving the highest temperatpan or Carnot efficiency obtained from a
similar study can be a guide for choosing matexatb certain compositions for different layers
in an actual machine. Provided that the experintigntaeasured properties of the materials in
different layers are available to the simulatioffitgare, the optimization results will be more
accurate.

Further investigations using other families of miale can show whether the optimization
approaches proposed in this study can be genatdbzall materials.
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Optimized design of regenerator of magnetic refrigerator is investigated

Optimal temperature span and efficiency need different regenerator designs
Layer average temperature as material’s Curie temperature maximizes span

Curie temperature above layer’s average temperature maximizes efficiency
Temperature span and efficiency are highly sensitive to the working temperatures



