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ABSTRACT 
Cooling spaces below ambient in warm climates is essential for occupant’s comfort. In the last two decades, international 
environment protection organizations have led an act for the intensification of research efforts on development and safe of 
ozone and reduce global warming. Various methods and investigations used to design new cooling technologies. Among these 
surveys, the Magnetic Refrigeration has received a particular interest in last few years. This technique is candidate to be an 
alternative and as a realistic choice instead of present vapor compression refrigeration systems. In this work, magnetic cooling 
process, were tested by designing and fabricating a novel prototype magnetic refrigeration prototype consisting of Gadolinium 
as the refrigerant material. The constructed device consists of an active magnetic regenerative with high-purity of Gadolinium 
plates. This test machine operated with two types of working fluids, namely distillate pure water and water/ethylene glycol 
mixture at the same operating conditions. The experimental results presented that the system reached the maximum observing 
no-load temperature span of about 11K, between the hot and cold ends of the magnetocaloric bed. The recent Magnetic 
Refrigerator outputs were validated by comparing it with other similar researches, and it produced good agreements.  
Keywords: Magnetic refrigerator, Gadolinium, temperature span, cylinder permanent magnet, Halbach, Gaussmeter, 
Magneto-caloric Effect, Magneto-caloric Materials. 

1. INTRODUCTION 
Reliable refrigeration technology is one of the essential features of modern society. Deprived of this technology, food 
supply would be seasonal and limited to locally produced non-perishable items. Also, comfortable living conditions 
would be impossible everywhere [1]. The buildings cooling technologies account 40% from the global energy 
consumption and have a high significance in reducing thermal discomfort in regions with a hot climate and high 
humidity [2]. Refrigeration industry today is almost dependent on vapor compression refrigeration cycle [3]. Vapor 
compression refrigeration reached a technological level, where any improvements to this technology are unlikely. In 
addition, the industry main challenges today are to face its impact on global warming effect problem [4]. 
The prevailing direction nowadays is to lower energy consumption using of refrigeration devices by using novel, energy 
efficient, active and passive cooling techniques [5]. For this reason, scientists and engineers have begun to explore new 
refrigeration technologies such as thermoelectric refrigeration, thermoacoustic refrigeration, absorption / adsorption 
refrigeration and magnetic refrigeration [6]. 
The magnetic cooling technology based on the use of the Magneto-caloric Effect applied to various metallic materials 
and new alloys named Magneto-caloric Materials used as the refrigerant [7]. The Magneto-caloric Effect (commonly 
abbreviated as MCE) is one of the most fundamental physical properties of the Magnetic Materials. The magnetic 
cooling technology (MCE) represented the comportment of a magnetic matter when it exposed to a changing magnetic 
field. Thus, its temperature may increase or decrease, with both the sign and the extent of the temperature difference 
between the final and the initial states of the material, dependent on numerous intrinsic and extrinsic factors. The 
chemical composition, the crystal structure, and the magnetic compound states are among the most significant 
substantial parameters that determine its MCE [8]. 
The materials exhibit large, reversible temperature changes in response to changing magnetic fields usually referred to 
as Magneto-caloric Materials [9]. Two types of the magnetic phase changes can occur [10]: 
 First Order Magnetic Transition (FOMT). 
 Second Order Magnetic Transition (SOMT).  

In SOMT materials, there is no latent heat and the peak of the magnetocaloric properties wide and smoother [11]. In 
addition, for SOMT material, the magnetocaloric effect is a consequence of a reduction in the heat capacity when 
exposed to a magnetic field, and exhibit negligible magnetic hysteresis [12]. 
Conversely, FOMT materials exhibit significant magnetic hysteresis. As a conversion of the nature of the first order 
phase transition, the MCE can be much larger in magnitude in FOMT than SOMT materials but occurs over a smaller 
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range of temperatures [13]. The time required to realize a magnetization induced temperature change in some FOMT 
materials can be larger than the time needed for SOMT materials. This time lag between the application or removal of 
the magnetic field and the consort thermal response of an FOMT material decrease the cycle performance with about 
30-50%. However, even with this penalty, first order phase transition materials with large MCE, that employing of 
cheaper raw materials, have the potential to be more cost-effective in AMRR devices than SOMT materials such as 
Gadolinium [14]. 
Gadolinium is a rare earth, chemical element that is not exist in nature all by itself. It is initially found in black stone, 
called Cerite, discovered by Johan Gadolin after which the element eventually named [15]. Gadolinium belongs to the 
Lanthanide group of the periodic chart, shown in Fig. 1; it is a soft, shiny, ductile, silvery metal. Gadolinium becomes 
superconductive below 1083K, and strongly magnetic at room temperature. In addition, the metal does not tarnish in 
dry air but an oxide film forms in moist air. In addition, Gadolinium corrodes in the presence of water at room 
temperature, which can put a serious influence on the long-term performance and durability of an AMRR system using 
Gd-based alloys. However, adding NaOH to the in the heat transfer fluid, the corrosion problem can be eliminated [16]. 
Table 1 lists the physical properties of Gadolinium. 
The principal goal of this work is to design, fabricate and test a novel laboratory magnetic refrigerator rig that is useful 
to gain a fundamental physical understanding of the MCE. In addition to, investigating the dynamic response 
influences on an Active Magnetic Regenerative Refrigeration system.  

 
Table 1: Material properties evaluated at 298 K. In some of following validation tests the specific heat capacity of Gd 

is regarded as constant using the value below [15]. 
Material Cp (J/kg.K) k (W/m.K) ρ (kg/m3) µ (kg/m.s) 

Gadolinium 235 10.5 7900 n.a. 
Water 4183 0.595 997 8.91*10-4 
Ethylene glycol 2406 0.25 1115 17.5*10-3 
Plastic (PVC) 900 0.14-0.28 1300-1450 n.a 
Perspex 1450 0.195 1189 n.a 

 

 
 

 
Figure 1:a. Gadolinium electron configuration. b. Sample of gadolinium in nature. C. Rare-earth metals, in chemistry, 
group of metals including lanthanide series, actinide series and usually yttrium, sometimes scandium and thorium, and 

rarely zirconium [13]. 
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2. EXPERMINTEL SETUP 
 

The primary aim of this study is to introduce a suitable test rig design for the Active Magnetic Regenerative 
Refrigeration (AMRR) prototype to be manufactured, especially for research purposes. 
AMRR System Configurations Selection 
Before the AMR refrigeration cycle can be created, it is necessary to select and determine many requirements. The 
choosing of the system configurations includes a type of magnetocaloric material, geometry of the regenerator, number 
of beds and the magnet device. The morphology of regenerator (particles, spheres, wire meshes or plates) coupled with 
the amount of usable materials. Also, the relative movement of the magnet and regenerator must be taken into 
consideration. In addition, to choose a suitable working fluid that associates with the mass flow rate.  
Magnetocaloric Material selection and Geometry 
The magnetocaloric material (refrigerant) properties considered as one of the most significant limitations on the 
performance of magnetic refrigeration systems [12]. As mentioned before these materials are characterized by its 
temperature change and depend on the magnetic field. The magnetic refrigeration requires excellent heat transfer to 
and from the solid magnetic material. Thus, an AMR should be designed to possess important attributes listed in Ref. 
[17] that can be reviewed by interested ones. These requirements are often contradictory, making AMR's difficult to be 
designed and fabricated. A high heat capacity provides a high thermal mass while a low , can cause a high adiabatic 
temperature change [18]. 
Gadolinium was the selected material after investigating in many published papers related with the best MCM. Gd is a 
magnetocaloric material that used in magnetic refrigeration room temperature prototypes. Gadolinium has a relatively 
large magnetocaloric effect and no detectable hysteresis in single Gd crystals. 
Magnetic Refrigeration Device Magnets 
For magnetic refrigeration, the Magnetic Fields applied are in the range between (0.7-2.4) Tesla. Thus, the permanent 
magnet seems suitable, due to providing a constant magnetic flux density, ideal for use in applications that aim low 
power consumption. On the other hand, its assembly in which the flux density can be altered by a mechanical operation 
often significantly small and also requires no electrical power to operate [19]. The magnet dimensioned such that it 
uses the minimum amount of magnetic material due to its high cost. At the same time, it has to produce a homogenous 
high flux density over as large a volume as possible [20]. However, the most powerful permanent magnet available 
today, made of an alloy of Neodymium, Iron, and Boron. Currently this magnet seems the strongest, due to the highest 
maximum energy product that is one of the crucial parameters for the selection of a permanent magnet [21]. So, the 
choosing of permanent NdFeB magnet, due to its ability to generate a homogeneous flux density, and well-defined 
geometrically seems a logic choice. Its dimensions can easily adapted to our designed apparatus. Also, it formed the 
basis of many magnet designs used in magnetic refrigeration prototypes. 
Magnetic Refrigeration Device Configurations 
As mentioned, the most consistently reported classification, of devices is grouped into two types, rotary and 
reciprocating. Each species has its advantages and disadvantages on the other. By which, some difficulties associated 
with both design and construction of an AMRR included: large magnetic forces, operating frequency, sealing, 
regenerator design, alternating field, and magnetic material volume. In this work, the reciprocating Active Magnetic 
Regenerator Test Apparatus (AMRTA) has been chosen, for its simplicity, accessibility, and reliability. 
The Major Elements of the Experimental Apparatus Rig 
The experimental setup of the whole system that illustrated schematically in Fig. 2 involves the following major 
elements: 
 Active Magnetic Regenerator structure. 
 Power supply system. 
 Measuring instruments. 

Active Magnetic Regenerator Structure 
The primary components of the Active Magnetic Regenerator structure are the:- 
 The cylindrical enclosure housing of the regenerator. 
 Inert magnetocaloric material plates. 
 Heat transfer fluid system. 
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Figure 2: Schematic diagram of the designed experimental setup showing part major components. 
 

The Cylindrical Enclosure Housing of the Regenerator 
The experimental AMR device consists, the arrangement of housing for the regenerator made of polyvinyl chloride 
plastic (PVC). This material has a low thermal conductivity. The plastic cylinder has 80mm long, and an outer 
diameter of 40mm, machined at both ends with an external screw with a diameter of 34mmfor 12mm long. The plastic 
cylinder includes a rectangular regenerator’s block situated in the middle of a 25mm wide and 22mm high. It is 
provided with slits at its sides, to confine horizontally, the magnetocaloric material plates and the plastic plates. Thus, 
the plates are fixed by the precision machined grooves, stacked with a spacing of 0.8mm, which is the height of the 
fluid channel for heat transfer fluid. In addition, a hole with 3mm diameter drilled at the middle of the housing cylinder 
surface used to provide the necessary access for the charging tube of the working fluid. This hole closed by a bolt and a 
Taphelon washer. The bolt is fabricated from the same plastic (PVC) of the regenerator. 
Figs. 3 and 4 illustrate a cross-section of the regenerator housing plastic cylinder including the rectangular regenerator 
block and the bolt, with dimensions. 

 

 
Figure 3: Plastic cylinder side view with an outer diameter of 40mm and a rectangular regenerator block in the middle 

with 25mm wide and 22mm high with slits at either side. 
 

 
Figure 4: a. PVC Housing Cylinder Regenerator with charging bolt & thermocouple grooves. b. Charging bolt. C. 

External plastic cylinder screw & the Taphelon washer. 
  
The Inert Magnetocaloric Material Plates 
The used magnetocaloric materials (MCM) are 13 plates of Gadolinium with purity of 99.9%. Each plate has 0.9mm 
thick, 25mm wide and 40mm long in the flow direction. The total mass of the regenerator is 92g, obtained from China 
Rare Metal Material Co. The Gadolinium plates were arranged in a stack configuration and separated by fluid 
channels. Fig. 5 shows the Gd plates, as inserted and confined by the regenerator block. Also, the figures show the 
position of the flow guides with the plates in a complete cross section of the experimental AMR, respectively. 
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Figure 5: a-Gadolinium plates (MCM).  b- The plates insert in the rectangular regenerators block in the middle of the 

plastic cylinder. 
The Heat Transfer Fluid System 
The heat transfer fluid flows through the channels between the regenerator plates. A 20mm long plastic flow guide 
plates placed on each side of the Gd plates in the direction of the flow to ensure laminar flow in the channels. The 
guide plates inserted and placed inside the cylindrical enclosure housing that connected with the Perspex tubes at both 
ends. Perspex tube is a kind of polymers durable to high temperature, and stable chemically, the thermal properties are 
listed in Table 1.  
The Perspex tube has an outer and inner diameter of 40mm and 34mm respectively, machined with an internal screw 
34mm for 12mm long at open end. This design used to connect and fix the (PVC) housing cylinder ends’ surrounding 
the regenerator block, and to holds the pistons that used to pushed stream of fluid. Taphelon washers used with all 
connect to prevent any leak. The whole experimental close-up drawing, cylindrical enclosure housing design is shown 
in Fig. 6. The solid base end of the Perspex tubes has 8mm thickness, provided with a hole that has 8mm diameter at 
the middle. A stainless-steel mandrel connects to the piston fixed to the internal end of the mandrel to keep moving free 
inside the Perspex tube. The second mandrel end was rigidly attached to each other to ensure the harmonious 
movement in phase and to keep heat transfer fluid moving, back and forth through the regenerator. 
  

 
Figure 6: The complete design of the experimental AMR. In the middle of the schematic the regenerator sheets Gd 

(dark gray) and the plastic flow guides (paler gray). 
 
Fig. 7 demonstrates the cross section of the cylindrical enclosure with the regenerator blocks connected to the Perspex 
tubes hold pistons at both ends of the regenerator. As the fluid is moving through the enclosure regenerator by the 
pistons, which was imposed in contact with two heat exchangers placed at the both ends. One of the heat exchangers, 
the cold heat exchanger (CHEX) was connected to a cold heat source absorbing heat from a cooling load. While the 
other heat exchanger, the hot heat exchangers (HHEX) was connected to a hot heat sink rejecting heat to the ambient. 

 

 
Figure 7: Complete cross section of the AMR, the Cylindrical Enclosure with the Regenerator blocks, and the Perspex 
tubes that hold the pistons. The positions of the Thermocouples are indicated on the central plate and the Plastic Flow 

Guides. 
Power Supply System 
According to the base of the MCE that respond to an external applied or removed magnetic field, respectively, 
subsequently, the temperature can be varied. This shows the fundamental and the important role; that the primary 
power supply source in MR systems was due to the applied of the magnetic field. For this reason, it is important to 
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consider the external magnetic field that is a MCM subjected to. Due to the used magnetic field must, of course, be 
identical with MCM and the AMR. So, the relation between AMR performance and the magnetic field, four parameters 
of the magnetic field are varied (as Ref. 5 declared) by:  
 The synchronization of the magnetic field with the AMR cycle, i.e. when in the AMR cycle the MCM is subjected 

to the magnetic field. 
 The ramp rate of the magnetic field, i.e. how quickly does the magnetic field change from its minimum to its 

maximum value and vice versa.  
 The width of the magnetic field profile compared to the fluid flow profile. 
 The maximum value of the magnetic field [5]. 

Permanent Halbach Cylinder Magnet 
A Permanent Halbach cylinder magnet, which also known as a whole cylinder permanent magnet array (HCPMA), is a 
long cylinder made of a magnetic material [22]. It has the chemical composition of (Nd2Fe14B), with a bore along the 
cylinder symmetry axis. The Halbach cylinder can be characterized by three parameters, the internal and external radii, 

 and , respectively, and length, L [23]. Also, it may consist of 4, 6, 8, 12, 16, 24 or 32 segments. Fig. 8 illustrates 
the Halbach cylinder dimensions; consist of 16 individual pieces, with the direction of magnetization for each segment. 
Since the magnet expensive and necessary, the magnetic refrigerator itself must be designed to continuously to utilize 
the magnetic flux density, which generated by the magnet. Thus, using the following fourth-degree polynomial created 
to represent the average peak magnetic field as a function of regenerator length for use in the model [24]. 

 

 
where L is the bed length in m and  is in T. For the 40 mm regenerators used in the experiments, this gives a 
peak field required of 1.4588 Tesla. 
On the other hand, choosing of dimensions is not sufficient to characterize the design by the value of the mean flux 
density. As increasing the length of the Halbach cylinder, increases the volume of the bore, which allows for more 
MCM to be placed inside the Halbach cylinder bore. Conversely, increasing the external radius does not affect the size 
of the bore. Consequently, a better way of characterizing Halbach cylinder configuration is by the volume of its magnets 
and the volume of the bore [5]. 

 
 

Figure 8: Halbach cylinder (NdFeB alloy) segmented into 16 individual magnet pieces. a. The direction of 
magnetization of each section shown an inner radius of 21mm, an outer radius of 60mm and a length of 50mm. b. 

Photograph of the Halbach cylinder. 
 

Due to the study requirements as, compact and relatively simple to assemble, the Halbach cylinder magnet chosen for 
the present test machine consists 16 segments of permanent magnets. Each part with their direction of magnetization, 
in order to ease construction of the cylinder, giving a maximum applied field of μ0H=1.5T. While, has an internal and 
external radius of 21mm and 60mm, respectively, with 50mm length. Fig. 9 shows a photograph of the Halbach 
cylinder used. This Halbach permanent magnet brought from England, Bunting Magnetics Europe Limited Company, 
provided with an outer stainless steel protective sleeve construction, from its manufacturing source.  

 
Figure 9: The whole Regenerator inside the Halbach cylinder and the holder frame. 

1. Aluminum Frame Holder. 2. Halbach Magnet. 3. Complete Regenerator. 4. Mandrel. 5. Thermocouples. 6. Bolt & 
Nuts. 
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The Pistons Displacement and the Movement Control System 
There are two reciprocate individual relative motions for the apparatus. First, is the sliding movement of the whole 
system. The enclosures regenerator cylindrical block and its parent tubes are inserted and extracted in and out from the 
magnetic field. This movement caused by the movement of the middle carriage that the complete system fixed on it. 
The second movement is provided by the internal carriage movement that handles the pistons and the mandrels. The 
both moving carriages wheels are sliding on a third external fixed base. 
Fig. 10 manifests a photograph from the down of the device to illustrate the Pneumatic cylinder system with piston and 
to explain the fixed and the two sliding moving carriages. 

 

 
Figure 10: A photograph from the downside, shown the pneumatic cylinder system with piston and explain the fixed 

and the two sliding moving bases. 
 

Two Pneumatic Equipment type (Air TAC), model (SU40X100) made in China with an output voltage 0-220V and 
ratio ranging from 0 to 100% of the input voltage used for these purposes. The Pneumatic Equipment connected to a 
control system, as illustrated in Fig.11. This equipment used to supply power and to control the distance and the 
velocity of the pistons movement, and then subsequently to control the fluid mass flow rate.  

  

 
 

Figure 11: A photo of the control system side, also the both pneumatic systems with piston and the fixed and the two 
sliding moving bases. 

Measuring Instruments 
Temperature Measuring System 
Temperature measurement system consists of seven thermocouples wire, type “T” (Copper Constantan) with a small 
diameter about (0.3mm). This type of thermocouples used to reduce the time constant of each thermocouple accurately 
to measure transient behavior of the plate and fluid temperature. These thermocouples were distributed at various 
locations on Active Magnetic Regenerator to measure temperature at these places. In which, five thermocouples are 
placed equidistantly along the fluid channel adjacent to the central line, separated by 15mm between, as three 
thermocouples arranged along the middle Gd plate center line. Considering that, the two other thermocouples placed at 
the two remains edges of the same plate, with a distance 7.5mm perpendicular to the horizontal center line plate. Fig. 
12 reveals the Gd central plate with the complete positions view of the thermocouples mounted on and its distribution. 
The five thermocouples are placed in the middle regenerator Gd plate, to measure the internal temperature of the 
regenerator. 
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Figure 12: Gadolinium plates (MCM) with thermocouples mounted in the center and on the four edges. The fixed 

thermocouple on the middle plate only is type E. 
 

All the thermocouples were calibrated in situ, prior to bonding for accuracy and precision by immersing them in a 
water bath and checking the temperature versus mercury glass thermometer, which has a traceable uncertainty of 
±0.2oC.  
Data Acquisition Instruments 
Data Acquisition DAQ device, a multifunction designed for highly-accurate measurements an electrical or physical 
values such as pressure, temperature, voltage, current, or sound with a computer. DAQ system consists of sensors, DAQ 
measurement hardware, and a computer with programmable software, including digital voltmeter, lock-in amplifier 
and reference signal former consisting temperature measuring and control system with temperature controller, as 
shown in Fig. 1. Data Acquisition device, Model USB- 2408 used for this work, obtained from USA. This device made 
by MC Measurement Computing, based 24-bit, isolated, up to 16 single-ended (SE)/ 8 differentials (DIFF) analog 
inputs. Its resolution for ultra-accurate voltage or thermocouple measurement device includes 8 digital I/O and 2 
counter inputs. 
Power Measuring Instruments 
A magnetic field measurement Digital Gaussmeter Device has Special Feature Indicate the direction of the magnetic 
field. The used Gaussmeter was model DGM-202 made in India with a Range of 1-10KG and Accuracy ±0.5%. The 
output voltage Power of it is 220V ±10%, 50 Hz and 100% over the range it was used to measure the magnetic field 
strength, as Fig. 13 declares. Gaussmeter employed with both axial and transverse probe. 

 

 
Figure13: Digital Gaussmeter Device, with easy interchangeability of Hall Probe. 

 
Enclosure Housing Cylinder Construction and the Rig test stand 
After the selection of the rig materials (Gd, polyvinyl chloride plastic), care was taken when Gd plates pushed precisely 
to the center of the rectangular regenerator block. The two groups flow guide plastic plate also inserted in the same 
groove direction from both sides of the Gd plates to ensure flow direction in the channels. The Perspex tubes 
manufactured and finished, fixed to both ends of the housing cylinder surround the regenerator block. Then, the two 
Plastic pistons completed, with a 33mm outer diameter, and provided with 8mm central screw hole to connect to the 
internal mandrel end. Two Taphelon washers placed in the grooves machined especial on the piston surface to prevent 
any friction and corrosion between the piston and inner Perspex tube surface. In addition, to facilitate the piston 
movement back and forth inside the Perspex tube. Fig. 14 shows photographs of the piston, washers, and Mandrel, then 
the whole regenerator. 
The mandrels inserted through its holes in the Perspex tubes base. The pistons attached at the free inner ends in facing 
each other. While the outer mandrels ends, rigidly attached to each other by a drive shaft fixed to the internal moving 
carriage, as mentioned, to keep it always moving, back and forth through the Perspex tube. Taphelon washers used as 
an assembly procedure to prevent any leak, also to make sure, all parts in contact with each other. It is crucial to avoid 
leak from components, particularly the chosen working fluid because this causes a slight dispersion and prevents heat 
transfer. Afterward, the reciprocating AMRTA system installed and fixed on an iron stand. By what, the regenerator 
block and its parent tubes were suspended and closed up to move horizontally. While, the Halbach magnets was 
installed vertically, as mentioned. 
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Figure14: Photographs of: a. Plastic piston with washers. b. Piston and Mandrel. C. The whole regenerator with piston 

and its mandrel 
. 

Fig. 15 a & b show the major components of the experimental setup. 

 
Figure 15 a: The primary experimental setup components, of the reciprocating Active Magnetic Regenerator Test 

Apparatus prototype for this research. 
 

 
Figure 15 b: The primary experimental setup components and a photograph of the reciprocating Active Magnetic 

Regenerator Test Apparatus prototype for this research. 
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Cylindrical Enclosure Regenerator Cleaning &Charging procedure 
Prior to charging, care must be taken to make sure all parts are clean. The regenerator plastic block and its parent tubes 
cleaning to prevent any molecules of undesirable materials dirty and grease. These materials prevented due to it may 
appear as, unwanted and have chemically reacted. It may absorbed by the Gd metal surface, or forming undesirable 
corrosion products with working fluid. The cleaning procedure was carried out by washing with a detergent and water, 
drying in a free stream of air by a blower. Next, the cylindrical enclosure flushed with a small amount of working fluid 
and then re-evacuated. This procedure repeated several times. When this process completed, the cylindrical enclosure 
became ready to be charged with a desirable working fluid. 
Experimental Set-up Procedures 
The reciprocating Active Magnetic Regenerative Refrigeration Test Apparatus (AMRTA) installed while all apparatus 
terminals connected to their proper measuring instruments. Each part of the equipment implemented controlled 
separately and allowed for a large variety of the tests. The entire device placed in contact with the ambient temperature, 
to check the machine’s performance over a range of operating temperatures and to better control the experimental 
conditions. 
For this reason, the hot end in a thermal contact with the ambient controlled room, thermally linked to ambient via the 
forced convection heat exchange. So, all thermal losses through the regenerator housing and cold end went to the 
ambient temperature. Due to the low thermal conductivity of Perspex tube, the hot end of the regenerator provided with 
an electrical heater coil acted as a heat exchanger cooled by a small electric fan. The fan aided to exchange heat with 
the ambient through the forced convection. The cold end insulated while the outer wall of the regenerator housing was 
in contact with the ambient. The performance of the AMR is dependent on the heat transfer between the fluid and the 
regenerator. As a result, the best performance achieved when there is no temperature difference between the fluid and 
the regenerator. 
It is important to modify the operating temperature of the machine according to the material’s transition temperature. 
For this reason, the hot reservoir of the prototype temperature that is within 1 K of the ambient temperature. In each 
experiment, the ambient temperature set slightly above the material’s transition temperature to ensure that the system 
operated near its optimal temperature range. Initially, the ambient temperature evaluates and the, , that 
corresponds to a thermometer and thermocouples and , respectively. At any power level setting, the AMR allows to 
reach steady state conditions. AMR operating at periodic steady-state produces, like any refrigerator, where a net flow 
of heat from a cold source to a hot sink. 
The experimental AMR executes the conventional four steps of the AMR cycle: Magnetization, Hot blow, 
Demagnetization and Cold blow. Where, the time spent for each step as well as the total cycle time, controlled by 
varying the acceleration and velocity of the Pneumatic system.  
The compressor switched on, which connects to a Ball valve, Lubrication system, Regulator (3-5 bar), and to the 
Control system that divided and connected with two Pneumatic systems. However, the device starts work, while, the 
mass flow rate adjusted. Where, the water flow rate is varied associated with the piston stroke and the hot or cold blow 
time, throughout the experiments. 
The temperature may have oscillated in values due to the resolution of the digital thermometer system. However, a 
period of at least 15 to 20 minutes was given prior to any data being recorded. The procedure repeated for each 
experiment at each values setting until the maximum desirable value reach.  
The Studied Parameters  
The performance of an AMR depends on many parameters with a complex interrelationship. These relations include 
the ratio between the heat capacity of the regenerator and the fluid, the piston stroke as well as the length of the AMR 
refrigeration cycle as Ref. [25] explained. On the other hand, a Magnetic cooler inherently have a variable cooling 
capacity. It is dependent on the regenerator volume, bed length to cross-sectional area (aspect ratio) and the heat 
transfer fluid flow rate [26]. It is necessary to determine the effects of regenerator geometry, for the lower aspect ratios 
result in excessive conduction losses, and higher aspect ratios lead to excessive pumping losses. Conversely, the fluid 
mass flow rate that must be used to achieve the cooling capacity for the given regenerator bed geometry. 
For the optimized technique, these parameters, and others below were studied experimentally to assess the influence of 
each on the performance of the AMR. 
 Heat transfer fluids. 
 The piston stroke variation. 
 The ambient temperature various. 
 Volumetric flow rate dependence. 
 Cycle timing variation. 
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3. RESULTS and DISCUSSIONS 
Tests were performed to determine the AMRR device performance variation and the control of many important 
experimental parameters. The mass flow in the AMR that subjected to an oscillating flow of heat transfer fluid correctly 
phased relatively to the position of the bed in the magnetic field. In different situations includes, no-load and with load-
experiments, associated with a varying the operational piston stroke length. It is quite challenging to predict the 
behavior of an individual system for different process parameters. The success of the system, when an optimal 
regenerator should heat the fluid exits the regenerator during the hot blow equal to or above TH. The regenerator should 
cool the fluid exits the regenerator equal to or below TC, after completing an Active Magnetic Refrigeration cycle. Due 
to the nature of this test device where the high cycle frequencies are not feasible, for this reason, cooling power was 
relatively small. As a result this work, emphasize optimizing the no-load temperature span of the system. Due to the 
cycle parameters such as cycle frequency and fluid flow rate chosen to optimize no-load temperature span.  
Validations of the Reciprocating AMRR Test Apparatus performance 
Since, the Reciprocating AMRR apparatus has designed and installed for the first time in Iraq, as our knowledge, and 
no another local apparatus to simulate. The tests were conducted and compared with the results of a similar apparatus, 
submitted to the Technical University of Denmark. The results of a research team at this University consisted, Ph.D. 
students in this field [5, 27 and 28]. The standard tests validated against the same configuration experimental 
validation for both the general trends and the sensitivities associated with varying parameters. The experimental results 
used in the validation procedure include data from the DTU permanent magnetic refrigerator (AMRR) that used 
different working fluids and magnetic waveforms allowing to test it over a relatively multiple operating spaces. 
Fig. 16 demonstrates a comparison between the profiles of the magnetic flux density of the permanent Halbach magnet 
μ0Hmax= 1.1 T from Ref. [27] and the recent study. The curves show converging results with an excess in recent 
research outcomes. This difference referred to the size of the used magnet and the number of the Gd plates. Both were 
more than that used by the Ref. 27. 
Fig. 17 illustrates a comparison between the experiments performed at the steady-state and no-load temperature span as 
a function of the distance, where, the regenerator is completely out of the magnetic field. The curves clarify an 
increment in the temperature span for the recent study compared with ref. 27 results. Temperature span parameter 
varies and greatly depends upon the regenerator materials, utilization, heat load, and frequency. These parameters 
make temperature span as a good set of data to compare. For this reason, were used the same operating conditions for 
the purpose of comparing the results to simulate plots curves and to provide the measure of validation. 
Fig. 18 reveals a comparison between experimental (1) and simulated (2), adiabatic temperature change of the center 
Gd plate versus number of plates in the stack. The comparison was made with Ref. [30]. The results come out with 
good agreements that mean the designed rig is valid and suitable to use as experimental rig. 

 

 
Figure 16: Comparison of the profiles of the Magnetic Flux Density of the Permanent Halbach Magnet μ0Hmax= 1T 

from Nielsen et al. [27]. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 2, February 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 2, February 2015                                                                                    Page 17 

 
Figure 17: Comparison between the experiments performed during the steady-state and no-load temperature span as a 

function of the distance. Where, the regenerator is completely out of the magnetic field, with Nielsen et al. [27]. 

 
Figure 18: Comparison between experimental (1) and simulated (2), adiabatic temperature change of the center Gd 

plate versus number of plates in the stack, with Ref. [28]. 
 
Fig. 19 manifests a comparison between the recent study experiments profiles at no heat load temperature span as a 
function of utilization with the results of Ref. 30. The small differences in the results revered to the differences in the 
two compared rigs, but still the results approximate.  
The experimental outcomes of the parallel plate's regenerator seem to have a good agreement with DTU apparatus and 
the reviewed references. The results predicted sufficiently accurate to provide a basis for proceeding in optimization 
and design cases where general trends of the performance are of primary importance. 
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Figure 19: Comparison between the Experiments profiles of the no heat load Temperature Span as function of 

utilization from Nielsen et al. [30]. 
 

4. CONCLUSIONS 
A novel design of a green domestic magnetic refrigerator tested in this study. The design fabricated at the University of 
Technology, Baghdad-Iraq. The main relevant parameters of the magnetic refrigerator considered in the design. 
Gadolinium plates and Halbach magnet used in addition to many materials like polyvinyl chloride plastic (PVC) and 
Perspex tubes. The working fluids were distillate pure water and water/ethylene glycol mixture. 
The tests conducted to evaluate the validation of this rig for experimental work by comparing its results with DTU 
apparatus and the published papers used it. The results indicated good agreements that mean the aim of this design 
confirmed.     
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