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Study on arrangement of rare earth nitride materials in regenerator of a GM cryocooler
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1. INTRODUCTION

There are several kinds of methods to recover the expansion
work of the pulse tube refrigerator, such as step piston,
displacer, double piston. Here, a double acting compressor type
in which a back compression space which is 180 degree phase
angle with a compression space is connected to the warm end
of the pulse tube for recovering expansion work is discussed by
numerical simulation.

2. STRUCTURE

Figure 1 shows the schematic of the inertance tube pulse
tube refrigerator with double action compressor. The
compression space is connected to the after cooler, the
expansion space is connected to the warm end of the pulse tube.
The pressures in the compression space and the expansion
space are in phase if the pressure drop is not considered, so if
the compression space inputs work to the refrigerator, the
expansion space gets work. The inertance tube generates
standing wave for getting higher efficiency of the regenerator.

— 10

Figure 1 schematic of inertance tube pulse tube refrigerator
with double action compressor

1. compression space 2. expansion space
4. regenerator 5. cold head 6. pulse tube
8. inertance tube  9.cone  10. buffer

3. after cooler
7. cone

3. NUMERICAL RSULTS

Figure 2 shows the compression work, input work,
expansion work, enthalpy flow of the pulse tube, work recover
ratio, cooling power and efficiency vs. swept volume ratio of
the expansion space over the compression space with the
inertance tube ®30X 1200 and working at 150Hz. There is an
optimum swept volume ratio 0.15 with which the efficiency
gets maximum. With the increasing of the swept volume ratio,
the recovered work increases. The work recover ratio at
optimum point is 14%.
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Figure 2b Coling power and efficiency

Figure 3 shows the PV diagrams of the compression space
and expansion space at swept volume ratio 0.15. The
compression space inputs work, the expansion space gets work.
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Figure 3 PV diagrams

4. DISCUSSION

Like Stirling refrigerator, work recover type pulse tube
refrigerator also can work as a refrigerator, a heat pump, and an
engine. If the swept volume ratio is smaller than the
temperature ratio, it works as a refrigerator or an engine. If the
swept volume ratio is larger than the temperature ratio, it
works as a heat pump or a cold engine. The cold engine means
to use cooling source such as LNG to generate power. The
optimum swept volume ratio should be proportional to the
temperature ratio. This method may be more effective at higher
refrigeration temperature range because the expansion work
increases with the increasing of the refrigeration temperature.

5. CONCLUSION

Numerical simulation results show that the double action
compressor pulse tube refrigerator is a possible method to
recover the expansion work to let pulse tube refrigerator
efficiency increase.
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Table 1. Length reduction of major components of the cylinder

Length Reduction
1* Warm-end 5 mm
Stroke 4 mm
1™ Regenerator 28 mm
1" Heat Exchanger 5 mm
Connecting Section 21 mm
2" Regenerator 10 mm
2" Heat Exchanger 12 mm
Total 85 mm

Table 2. Measured results for a compact 2K GM cryocooler

Object Measured Results
1" Temperature with 1 W 60 K 41.1 K
2" Temperature with 20 mW 23K 220K
Length Reduction of Expander|  33.3% 19% (Cylinder
Comparing to the Existing Only)
0.1W4K GM Cryocooler
Temperature Oscillation <£20 mK +20 mK
Displacement

Fig.1 Schematics of a newly developed cylinder (right) and a
conventional cylinder (left).
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Fig.1 Schematic diagram of measurement system inside of the
cryostat.
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Fig.2 Schematic diagram of measurement system outside of
the cryostat.
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Continuous Separation of Magnetic Activated Sludge by Rotation Drum Type Magnetic Separator

Using Neodymium Magnet
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Removal of iron oxide scale using superconducting magnet high gradient magnetic separator from
feed—water in thermal plant
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Fig.1 Schematic view of the experiment method.
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Fig.2 Result of magnetic separation efficiency.
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Study on removing silica from geothermal water by high gradient magnetic separation
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Fig.1 removal rate of silica acid after adding PFS
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Application of Magnetic Separation to Decontamination of Radioactive Sludge
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