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Fig. 1 (a), (b) and (c) Sample setups at NIFS and CEA.
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Fig.1 Experimental results of gross evaporation in each
condition.
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Fig.1 Heat transfer characteristics of Liquid hydrogen
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Suppression of the decrease in evaporation rate of liquid nitrogen from a single small tank
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Stack Test of Multilayer Insulation in Horizontal Direction
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Fig. 1 Schematic diagram of stuck test apparatus
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Fig. 2 Whole view and details of the stack test apparatus

Table 1 MLI Test Samples

Punched | Stacked L.
MLI sample unche acked Layers Maker
holes N [Layers]
KFP-9B08 with holes 50
KFP-9B08 50
KF-9B ag Tochigi
+ KN-20 (net spacer) Kaneka
— No holes
KFHN-9B05 100
KFHN-9B12 40
DAM6-DP06 40 KEK-THI
03 -+
(o
'E L
£ AA?%%O%@AAAA”%H(NZO
[ ] (VoY
0.2 T Ce DAMB-DP0G
< KFHN-9B12
Vertical stack test result
01 4+ o KFHN-9B05 KFP-9B08 with panched holes
o
%KF&& panched holes
KFP-9B08
without Panched holes
00 +——— ey
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P

Fig. 3 Relation between thickness h of one insulation layer and
the parameter of non—dimensional contact pressure P* White
symbols are measured while increasing the pressure. The black
symbols are measured under the reverse condition. Some
sample has a hysteresis in the thickness.
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Conceptual study of the Mechanical Cooler System for the Next—Generation Infrared Space
Telescope SPICA
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Figurel. Schematic drawing of SPICA spacecraft.
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Performance evaluation of straight heat exchanger for Joule Thomson cryocooler mounted on
the next—generation infrared astronomical satellite SPICA.
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Fig.1 Schematic of the Joule=Thomson cooling circuit.
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Inertance tube pulse tube refrigerator with large cooling power
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ZHU Shaowei (Tongji University)
E-mail: swzhu2008@yahoo.com

1. INTRODUCTION

Pulse tube refrigerator with kilowatts cooling capacity is one
of the key technologies for HTC super conductor cable, LNG re-
condensing, and others. High cooling power pulse tube
refrigerator meets a lot of technology difficulties, such as
matching of the linear compressor and cold head and design of
the regenerator whose length-diameter ratio is small. The
matching between the linear compressor and the cold head of a
kilowatts cooling capacity inertance tube pulse tube refrigerator
was discussed with numerical simulation.

2. STRUCTURE

Figure 1 is schematic of the inertance tube pulse tube
refrigerator with dual linear compressor. The linear compressor
has 10 kilowatts standard input power with piston diameter
120mm and weight 7kg. The size of regenerator is ©140 X
50mm, the size of pulse tube is ® 75X 150mm and the size of
inertance tube is @ 20 X2800mm. Room temperature is 300K,
refrigeration temperature is 77K, charging pressure is 3MPa
with helium gas. Operation frequency is SOHz.

5 1.linear motor 2. piston 3. after
cooler 4. regenerator 5. cold heat
exchanger 6. pulse tube 7. inertance

tube 8. buffer
3 (5 7 8

i=-N=

Figurel Schematic of pulse tube refrigerator

For an inertance tube pulse tube refrigerator, there is a rated
current and rated displacement, which should be achieved
simultaneously. Like displacer type pulse tube refrigerator’, the
first step is to choose the proper dead volume between the after
cooler and piston head to let the linear compressor work at
resonant point while the length of the inertance tube is optimum
length. The second step is to choose the piston weight to let
current displacement ratio reach the rated current displacement
ratio. The third step is to adjust the voltage to meet the rated
current and rated displacement.

3. OPTIMUM INERTANCE TUBE LENGTH

Figure 2 shows that the optimum inertance tube length is
almost not changed by dead volume which is changed for letting
linear motor work at resonant point. With other piston weight at
proper dead volume and other diameter of the piston, the
optimum inertance tube length is almost not changed, too. In

40

=*

. 38 }

>

o

c

:g 36 | ——60mm

Eﬁ —0—80mm

—A— 100mm

34

25 26 27 28 29 3 3.1

Inertance tube length, m
Figure 2 Optimum inertance tube length

Figure 2, the dead volume is represented by the static distance
between piston and cylinder head. At 100mm static distance, the
phase angle difference between the speed of the piston and
current of the linear motor is near zero.

4. PISTON WEIGH EFFECT

Figure 3 shows the displacement increases and current
decreases with the decreasing of the piston weight, there is a
peak for input power and cooling power.

20 60
€
E | 1{ 50
15 <
"a:-; - 40 =
£10 } 130 8
3 5
ke 420 O
S 5 I [—e—nDisplacement
o —O— Current 1 10

0 ——— 0

4 5 6 7 8 9
Piston weight, kg
Figure 3a Current and displacement

12000 1200
. 10000 4 1000 =
. 8000 4800 &
9] 2
% 6000 | 4 600 8
o o
‘g 4000 | —@— Input power 1 400 %
£ 2000 —O— Cooling power 4 200 8
0 0
4 5 6 7 8 9

Piston weight, kg
Figure 3b Input power and cooling power

Figure 4 shows the current displacement ratio versus piston
weight and voltage. The piston weight is a strong parameter to
change the current displacement ratio, while voltage has almost
no influence. When piston diameter is changed, on the figure of
current displacement ratio versus current, the piston diameter
has almost no effect, which are not shown here.

12

10 || —e—200v
8 I | —o—300v

[ | —A— 400V

11X

oON MO
T

4 5 6 7 8 9
Piston weight, kg
Figure 4 Current displacement ratio

5. CONCLUSION

Optimum inertance tube length is almost not changed by the
dead volume. Piston weigh is a strong parameter to adjust the
current displacement ratio, while voltage has weak influence.
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using thermosiphon loop of liquid helium
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1. [ZCHIZ GM cryocooler U
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BRI TR LTI BRI HY  AEVE: 0—1W T 0.29K Fig.3 Relationships of heat input and block, pipe temperature.
AL, ZOLEDT Y7 DR EITK 4.6K THY, HHE
oA L OBEERE T ThOZEEMRL, B =Rt

ZIK\EEQE%T‘{%E#’L?:%DE&ZJ:U\ kﬁ!@ﬁéﬁ%j{\/b%@fﬂ 1. Y. Song et al.: International Journal of Heat and Mass
FOMMBANIT D =T AT 42— T DREE AT REL 72 ST, Transfer, Vol.66 (2013), pp.64-71

— 46 — 5980 20194 AT T4 - EHEES R



1C-p08

o - A

BRI LZRAW-ESPEFRORFEN)
BEAPEFERICE YT S YMELERRE

Development of Ultra Cold Neutron Source using Superfluid Helium

(1) Discussions of Ultra Cold Neutron Production and Cryogenics for the Source
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Table 1 Static and dynamic heat load and brief requirements.

Heat load w/o dynamic load, @ 1w
Heat load w/ dynamic load, Qg4 10W
Tycn w/o dynamic load 0.82K
Allowable Ty¢ v during UCN prod. < 115K
Allowable m3g. < 1.1 g/sec
Allowable 145, < 3.75 glsec
Allowable Aps gy, < 100 Pa
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Fig. 2 Minimum temperature of the dilution refrigerator as a
function of a circulation rate [2]. Solid curve is the expected
performance given by the perfect heat exchange model [1] with
the designed heat exchange surface area.
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