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Fig. 2 Schematic drawing of the 2nd stage regenerator
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Fig.1 X-ray diffraction pattern of Hog sErg sN.

Fig.2 SEM images of Hog sEr, sN spheres of (a) ¢0.-0.3O mm
with oxygen content of 0.30%, (b)¢0.21-0.25 mm, 0.49%.

Fig.3 SEM images of Hog »sEr, 75N spheres of
(a) ¢0.25-0.30mm with oxygen content of 0.35%,(b)¢0.21-0.25
mm,0.54%.

Fig4 SEM images of Ho,sErosN spheres (a) after and (b)
before the ultrasonic process.
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Fig. 1 Energy Flow chart in In-line pulse—tube cryocooler.

Table 1. Experimental and Numerical results.

Symbol Experimental(W) Numerical(W)

W, 2883 2863
Q. 2609 2627
A 274 262
Q, 210 247
W, 598 570
Qs 549 546
Q, 19 24
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1. INTRODUCTION

In an inertance tube pulse tube refrigerator, the expansion
work from the pulse tube becomes heat due to the heat transfer
and friction in the inetance tube, so its theoretical efficiency is
lower than that of an displacer type Stirling pulse tube
refrigerator. In order to increase the efficiency of the inertance
tube pulse tube refrigerator, an step-piston compressor is used.
The step piston forms two working spaces, compression space
which is connected to the after cooler, expansion space which
is connected to the buffer. Due to the inertance tube, the
pressure waves in the compression space and expansion space
have about 180 degree phase difference, then, the compression
space inputs work, and the expansion space gets work, the
efficiency is increased.

2. STRUCTURE

Figure 1 shows the schematic of the inertance tube pulse
tube refrigerator with step piston compressor. The step piston
and step cylinder form the compression space and expansion
space. The compression space is connected to the after cooler,
the expansion space is connected to the buffer.

3 4

5 6 7

— =

Figure 1 schematic of inertance tube pulse tube refrigerator
with step-piston compressor

l.compression space  2.expansion space
4.regenerator 5.heater 6.pulse tube
8.inertance tube  9.tipper  10.buffer

3. NUMERICAL RSULTS

Figure 2 shows the compression work, input work,
expansion work ratio which is the expansion work over the
input work, cooling power, and percent Carnot vs. swept
volume ratio of expansion space over compression space in the
pulse tube refrigerator with the inertance tube ©30 <1200 and
working at 150Hz. There is an optimum swept volume ratio
0.625 with which the percent Carnot gets maximum. The
expansion work ratio at optimum point is 15.5%.

3.after cooler
7 tipper

14000 20

12000 "
10000

2 8000

£
2 6000

4000

Expansion work ratio, %

—e— Compression work
—8— Inputwork .
—a— Expansion work ratio

2000

0

0 02 04 06 08 1

Swept volume ratio

Figure 2a Work

Comparison with a solid displacer, the inetance piston is
not so strong for recover expansion work. There must be some
work lost in the inertance tube. But its moving part is only one
though it is a little complex comparison to ordinary compressor.
The working frequency also should be high for getting enough
inrertance effect.

1400 45
<
1200 40
35
1000 e
% L 30 <
g g
Z 800 25 &
% O
g 600 20 g
o
15 &
8 400 &
—e— Cooling power 10
200 | _s— percent Camot 5
0 1 1 1 1 P O
0 02 04 06 08 1
Swept volume ratio
Figure 2b Cooling power and efficiency

Near room temperature, the work recover effect becomes
strong because the expansion work is very large comparison
with the input work.

Figure 3 shows the pressure waves in compression space
and expansion space, and compression space volume at swept
volume ratio 0.625. The phase difference between the
pressures in the compression space and expansion space are
about 180 degree, then the compression space can input work
and the expansion space can get work though they have same
phase angle.

Pressure, MPa
Volume, cm3

0 90 180 270 360

Normalized time, degree

Figure 3 Pressure and volume

4. CONCLUSION

Numerical simulation results shown that step piston
compressor is a possible method to recover the expansion work
to let pulse tube refrigerator efficiency increase.
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Fig. 1 Making method of artificial mark on Nb;Sn strand..

Avrtificial mark

Fig. 2 Position of voltage taps and configuration of Ic
measurement for Nb;Sn strand with artificial mark
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*The views and opinions expressed herein do not necessarily
reflect those of the ITER Organization.
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Fig. 1 Schematic illustration of cupper and HTS busbar
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Fig.2 Current and current ratio of an HTS busbar versus the
terminal voltage of Cu busbar.
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Fig.3 Calculated results with the parallel circuit model.
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