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ABSTRACT
This paper investigates a hybrid system, which replaces a passive regenerator in the pulse 

tube refrigerator with an active magnetic regenerator (AMR). The system is mainly composed 
of an AMR (which makes the cooling effect by magnetocaloric effect), a high teperature 
superconductor
creates a cooling effect by gas expansion). The AMR is composed of two different magnetic 
materials (GdNi2, Dy0.85Er0.15Al2) and surrounded by the HTS magnet. The alternating current (AC) 
operated HTS magnet is cooled by a two-stage Gifford-McMahon (GM) cryocooler and generates 

Two experimental cases, passive regenerator experiment (magnet off) and active regenerator 
experiment (magnet on) are conducted and compared. As a result, the cold end temperature of 
the pulse tube records 59.9 K and 58.2 K respectively when the system’s warm end temperature 
is set to 65 K. The paper discusses several ineffective factors that degrade the performance of 
the experimental apparatus.

INTRODUCTION
The magnetocaloric effect (MCE) is a phenomenon that can change the temperature or the 

demagnetization of magnetic materials. An active magnetic regenerative refrigerator (AMRR), 

limited temperature span of an adiabatic demagnetization refrigerator (ADR). The magnetic material 

is produced and a temperature gradient is created in the longitudinal direction of the regenerator. 
The AMRR has been studied in various temperature ranges from room temperature to liquid helium 

there exists a potential for a cooling effect by gas expansion as well as the MCE of the magnetic 
materials. This is the idea of a hybrid refrigeration system.
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 Lead is a common regenerator material at low temperature because of lead's high volumetric 

degradation of a regenerative refrigeration system. This problem is solved by using the magnetic 
material with high volumetric heat capacity below 15 K (ErNi for example) as a regenerator material 

Stirling and GM cryocooler respectively. This hybrid system is similar to previous studies where 
magnetic materials are used as a regenerator packing material, but differs from them in that system 

. The researchers predict that the hybrid system can solve 
the regenerator problem by augmenting the heat capacity of the regenerator material magnetically. 

This paper experimentally investigates the hybrid system of a GM type pulse tube refrigera-
tor with AMR. Although the range of operating temperature is higher than the temperature range 

system is constructed by modifying the experimental apparatus of the AMRR which operates be-

the AMR is accomplished by an HTS magnet. If the magnet does not operate, this system becomes a 
simple pulse tube refrigerator with a passive regenerator. The passive regenerator case (magnet off) and 
the active regenerator case (magnet on) experiments are sequentially conducted. The experimental 
results of both cases are compared with each other, and the potential cooling effect of the hybrid 

EXPERIMENT

Experimental Apparatus
-

tem utilizes both MCE of the magnetic material and gas expansion effect. To accomplish this, we 
construct the AMR (which makes cooling effect by MCE), HTS magnet (which produces magnetic 

Figure 1.  Schematic diagram of the experimental apparatus
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-

The operating temperature range of magnetic refrigeration is fundamentally limited because 
the MCE occurs effectively only near the material’s transition temperature. Hence, in the previous 
study, the AMR was divided into two stages by stacking four different magnetic materials. The 
magnetic materials were carefully selected so that their operating temperature range are near 
the transition temperatures. In this study, the upper stage of previous study’s AMR which was 

materials (GdNi2, Dy0.85Er0.15Al2) are stacked in a stainless steel tube which has 21.6 mm inner 

which have low magnetic induced error are installed inside the AMR to measure the temperature 

solenoid valves. The temperature sensors (Silicon diode, Lakeshore) are installed at the outer 
wall of the copper reducer attached at the two ends of the pulse tube. Copper meshes are installed 

second stage of cryocooler. When helium is supplied from outside of the vacuum chamber to 
the system, it passes through a regenerator which is made of stainless steel mesh and is pre-

the AMR is obtained.

Experimental Conditions
Two experimental cases are conducted and compared to each other, the passive regenerator and 

the active regenerator. All the experimental conditions are set to be identical for both cases except 

-

magnetization occurs, the temperature of the AMR is increased by the MCE, so the helium must 

Table 1. Main components of hybrid system

HTS magnet

HTS wire

Temperature  10 K

Geometry Height  210 mm

Critical current
Inductance

AMR
Length 120 mm

(GdNi2 0.85Er0.25Al2

Transition temperature GdNi2
Dy0.85Er0.25Al2

Inner diameter
Thickness

11.9 mm
0.5 mm
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to the compressor. When the demagnetization occurs, the temperature of the AMR is decreased by 
the MCE. After that period, the solenoid valve at the high pressure side of the compressor is opened 

MCE of the AMR, is provided to the pulse tube.

cryocooler is always maintained to 65 K by a heater. The cartridge heater (HTR-25-100, Lakeshore) 

RESULTS AND DISCUSSION
After the system reaches steady-state, the average temperature of T1 to T6 for one cycle 

are obtained and summarized in Table 2. In the case of the passive regenerator experiment, the 

Figure 2. Pressure variation during one cycle 

Figure 3. Magnetic field and mass flow rate variation during one cycle
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experimental apparatus.

distinguished from the passive regenerator case, and this is due to the MCE of the AMR under external 

stage of the cryocooler. This shows that the gas moving back and forth in the pulse tube actually 

Figure 4. Temperature variation of the passive regenerator case

Table 2. Measured temperature comparison in hybrid system

(K)
Active regenerator experiment 

(K)
T1

T2

T 61.2 65.8
T 60.5
T5 59.9 58.2
T6 65.2
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Figure 5. Pressure variation of the  active regenerator case 

 Figure 6. Temperature variation of the active regenerator case 
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reaches both the cold end and the warm end of the pulse tube. Therefore, the length of the pulse 

and the inner diameter of the pulse tube is set to 150 mm and 11.9 mm respectively. To improve 
the performance of the pulse tube, the length of the pulse tube should be increased or the operating 
frequency should be higher.

Second, the temperature change of the regenerator during the cycle is quite large. In an ideal 
regenerator, the heat capacity should be much larger than that of helium, so that the temperature 

not. Especially, the amplitude of temperature change of Dy0.85Er0.15Al2 in the lower part of AMR, 

materials and the heat capacity of the regenerator material and the helium are poorly matched. 

the heat capacity matching in the AMR.

performance of the system. In reference to their work, the dead volume is detrimental to the system 

of the cryocooler and return to the AMR. As a result, heat is accumulated in the AMR and thus the 
temperature of the AMR increases.  The experimental results clearly show that minimizing the dead 
volume is critically necessary in order to increase the performance of the system.

Lastly, because of the porosity of AMR, the helium maybe entrained in the AMR. When helium 
is supplied from the compressor to the AMR, the pressure in the AMR increases, which can impose 
additional heat load on the AMR. The operating pressure range can also affect the performance of 
the system. It is important to select appropriate pressure range value to take into account both gas 
compression of the pulse tube and additional heat load on the AMR.

CONCLUSION
In this study, the passive regenerator of the pulse tube refrigerator was replaced by an active 

magnetic regenerator. Experimental results showed that the temperature of the cold end of the pulse 
tube became lower when the regenerator operated as an active regenerator than when it operates as 
a passive regenerator. Dead volume caused the temperature of the AMR to increase, and to be even 
higher than the system’s warm end temperature. This undesirable condition degrades the system’s 
performance. The experimental results also implied that the system’s frequency, the operating pres-

the both components is necessary.
The operating temperature range of this hybrid system was 65 K to 58 K. This range is higher 

that the temperature range which the magnetically augmented regenerator can be effectively used 
-

in AMR to enhance either component’s performance in the hybrid system.
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