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Table Description of the present regenerators and some data of cooling experiments with them

Sample Oxygen cont. Size Filling Net Filling Net spacefilling Cooling power Lowest
(wt. %) (Lm) mass (g) mass (g) ratio (vol. %) at4.2K (W) Temp. (K)

250-300 40.6 37.9 50.3 0.111 3.38

ErN 1.10 212-250 41.6 38.2 50.8 0.126 3.28

180-212 41.2 37.3 49.6 0.132 3.21

0.541 180-212 33 32 43 0.152 2.72

Erg75H0g2sN 180-212 40 39 52 0.209 2.39
0.348

150-180 40 39 52 0.263 2.41

HoCu, --- 180-300 40 40 62 0.255 2.21
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Fig.1 The new prototype cryocooler compared to the
SRDK-101D cryocooler.

Table 1 Simulation results of cooling capacity and losses of the
latest prototype unit compared with previous prototype unit

Item (W) latest previous
prototype prototype
1™ stage PV power 16.2 13.8
2" stage PV power 2.47 2.59
1% stage regenerator loss 4.59 3.76
2" stage regenerator loss 0.04 0.04
1% stage net cooling 4.7 4.0
capacity at 45 K
2" stage net cooling 0.12 0.13

capacity at 4.2 K
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Fig.2 Filling pattern inside the second-stage regenerator
after introducing new material.
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(b)

Fig. 1. Schematics of two types of the 2nd stage regenerator, (a)
two layer layout, (b) two layer layout with stainless steel pipe.

Table 1. Specifications of the three types of the SUS pipes.

T Outer AilAo Conduction

P dia [mm]  ratio*  loss** [mW]
1 10 0.10 44.0
I 15 0.50 81.3
111 22 1.1 99.9

*A,/Ap ratio is the values of inside area divided by outside area.
**Calculated conduction loss from 60 K to 4.2 K.
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Fig. 2. Experimental results of the cooling power at 4.2 K as a
function of the Ist stage temperatures.
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1. INTRODUCTION

In a displacer type pulse tube refrigerator, there is a
matching problem between the cold head and linear motor. For
a given linear compressor, there is a maximum displacement
amplitude and rated current. The displacement amplitude is
limited by the strains of flexible spring. In general case, it is
abut 5-15mm, depending on the size of the linear motor. There
is a rated current, too. If the operating current is over the rated
current, Jour loss may be too large to let the coil of the linear
motor over heat. So we need to adjust the diameter and weight
of the piston, the dead volume between the after cooler and the
piston head, voltage of power source to let the linear motor
match the cold head.

2. STRUCTURE

Figure 1 shows the schematic of the displacer type tube
pulse tube refrigerator. A displacer with rod is phase shifter. A
linear compressor supplies power. The power source is AC
current. The dead volume between after cooler and piston head
which includes connecting tube, gas distribution of after cooler,
and the dead volume between piston head and cylinder head is
an important parameter. Here the dead volume is represented
by a piston balance distance which is the distance between
piston head and cylinder head when piston is at no moving
condition. The linear motor should work at resonant point. The
resonant point of the linear motor is defined as that the velocity
of the piston and the current is in phase so that the current is
minimum when the stroke and the input power is fixed.

EZZZZ772A

34

Figure 1 Displacer type pulse tube refrigerator

11. after cooler  12. regenerator  13. cold heat exchanger 14. pulse
tube 15. gas smoother 21. displacer connecting tube  22. displacer
front space 23. displacer 24. displacer back space 25. displacer

rod  26. displacer spring 31. Compression space 32. piston  33.
linear motor  34. motor spring 35. compressor connecting tube

3. NUMERICAL RSULTS

Figure 2 shows the piston balance distance effect to the
resonant point of the linear motor. Short balance distance
means strong gas spring force and gas spring stiffness, so there
is an optimum balance distance to let the phase angle
difference between current and piston speed near zero, the
minimum current point is near the zero phase angle difference
point.

Figure 3 shows the motor moving mass effect. With
different piston diameter and motor moving mass, the balance
distance is different. Light moving mass and bigger diameter
need long piston balance distance. In another words, if long
connecting tube or higher frequency is needed, light motor
moving mass and bigger piston diameter would be needed.

Figure 4 shows the voltage and motor mass effect to
displacement amplitude and current at piston diameter 160mm.

It is shown that the displacement amplitude and current can be
independently chosen with the change of motor moving mass
and voltage. If piston diameter is changed, we can get another
displacement and current map.

10 30
—e— Current
9.8 —0O— Phase angle differencel{ 20 oqj
Q
c
9.6 | 1 10 ,%_J
< 94 t ES
= 40 Ko}
g 92 | =)
©
o 1-10 o
9 I
&
8.8 | 1-200
8.6 -30
65 75 85 95

Balance distance, m

Figure 2 Resonance point of linear motor
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Figure 3 Piston balance distance
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Figure 4 Displacement amplitude and current

4. CONCLUSION

For a given piston diameter and motor moving mass, there
is a piston balance distance to let the linear motor work at
resonant point. Large piston diameter and light motor moving
mass need long balance distance. For a given piston diameter,
displacement amplitude and current can be independently
chosen with the change of piston weight and voltage.
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Fig. 3 Analysis results of effective power vs.
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Fig.1 Photograph of compressor part of cryocooler
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Fig. 1 Photograph of fabricated compressor for cryocooler
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Fig. 2 Tested results of power (work) vs. driving frequency
(displacement: approx. 7 mm)

Fig. 3 Photograph of a pulsetube cryocooler setup



