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Single-stage High Frequency Multi-bypass Pulse Tube Cryocooler
Operating in Liquid Hydrogen Temperature
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Abstract In order to get the cooling temperature to the liquid hydrogen temperature and guarantee the temperature stability at the same
time, experimental investigation on single-stage high frequency multi-bypass pulse tube cryocooler (PTC) without double-inlet is carried
out. A criterion that determines whether the opening of the multi-bypass is optimum or not, is achieved by numerical simulation firstly. At
present, the cooler has reached the lowest temperature of 23. 6K with an electric input power of 220W, which is the reported lowest tem-
perature for single-stage high frequency PTC without double-inlet. The fluctuations are below 0. 1K after reaching its stable state, which is
much smaller than that of other double-inlet PTCs. The cooler typically provides 0.516W at 29. 2K and 1.0W at 34. 1K with the input
power of 220W.
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Fig. 1 Simulation results of the relation of

double-inlet and multi-bypass
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Fig. 2 Schematic of the single-stage coaxial

pulse tube cryocooler
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Fig. 3 Experimental process of the opening

of multi-bypass
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Fig. 4 Typical cool-down curve and temperature
stability of the developed PTC
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Fig. 5 Experimental results of the relation of

the filling pressure and cooling temperature
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Fig. 6 The cooling capacity of the developed
PTC with different charge pressure
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Fig.7 Effects of the frequency on cooling temperature

— 3 —



$£3% F4B
2013 £ 8 A

LR

Journal of Refrigeration

Vol. 34 ,No. 4
August ,2013

AHLAIE RIS T — B0, USRS . R
ARSI 73 1 — T3 THT 2 SUAE X8 [k b 45 9 081 K 75 T
IR, R AN S 5C 8 U1, — FBCE vy ) A3 A
TR B | B AR A3 AR K I R S
I, O TRV LR AT B 0 Y HE AR PR RE , 7T LA i 1
LY B, (A5 AL L A i FEAT AR T
PLESIEIR A T — 2

4 &ig

ATF R — 15 B2 031 22 i 55740 2R Jk o A VAL,
LR B — B S8 AR A TR, 345 1
23. 6K Al , 1X 2 F AT 0GE B9 5025 e 0 K i A
VLA BEAT 2R F X i) A5 A8 2R A5 A4 B IR T
TEIRBIRR RS, W HLPERERS E , i BE D S B/
T 0. 1K, 7 220W fig AHL 2T, RERE 7 29. 2K K75
0.516W,34. 3K k13 1. OW iyl v& ., HIHLE %R &%
DR ISR 22 SRR, SRR T 60K J& , AE5H
FUARGHGH [, B RE T S R AR, i B R
B VR v HILIR AT B — 2P AR

S 3k

[1] Zhu Shaowei, Wu Peiyi, Chen Zhongqi. Double inlet pulse
tube refrigerators; an important improvement [ J]. Cryo-
genics, 1990,30(6) :514-520.

[2] Radebaugh R. Development of the pulse tube refrigerator
as an efficient and reliable cryocooler[ C] // Proceedings of
the institute of refrigeration: vol. 96IIR, London, 1999-
2000 11-31.

[3] Gedeon D. DC gas flows in Stirling and pulse tube Cryo-
coolers [ J]. Cryocoolers, 1997,9.385-392.

[4] Haizheng Dang, Libao Wang, Kaixiang Yang. 10W/90K
single-stage coaxial pulse tube cryocoolers [ J]. Cryogen-

ics, 2012, 52(4/5/6) :221-225.

[5] Haizheng Dang. High-capacity 60K single-stage coaxial
pulse tube cryocoolers [ J]. Cryogenics, 2012, 52 (4/5/
6):205-211.

[6] Haizheng Dang. 40K single-stage coaxial pulse tube cryo-
coolers [ J]. Cryogenics, 2012, 52(4/5/6) :216-220.

[7] Zhou Y, Han Y J. Pulse tube refrigerator research [ C] //
7th International Cryocooler Conference Proceedings,1993 .
147.

[8] Swift G W. Thermoacoustics: a unifying perspective for
some engines and refrigerators [ M ]. New York: AIP
Press, 2002.

[9] Chen Liubiao,Jin Hai,et al. Numerical simulations of high
frequency multi-bypass pulse tube cryocooler [ C ] //
ICEC24-ICMC2012. In press.

[10] Waldauf A, Thurk M, Seidel P, et al. Observation and con-
trol of temperature instabilities in a four-valve pulse tube
refrigerator [ J]. Cryogenics, 2004 ,44(2) :75-79.

[11] BRI XA, e, 55 RSV YK oh A i e HLAY
IAREPE [T ], TR B B2 Hiz, 2009, 30 (9) : 1448-
1450. ( Chen Houlei, Liu Yanjie, Yang Luwei,et al. Fre-
quency characteristics of inertance type pulse tube cryo-
coolers [ J]. Journal of engineering thermophysics, 2009,

30(9) :1448-1450. )

BIEEEEN

FRAS, (1963 — ), s} e BALHOAR B IS 51, Rk B B4
FIr,010-82543758 , E-mail ; wangjunjie @ vip. sina. com, fiff 5% 5
Ie] < AR V8 FR 8 B g PRI IR A HE RIS | 2 1 AU
TR ] B OGRS IR A I A7 AL G R AT
About the corresponding author

Wang Junjie (1963 — ), male, Professor, Technical Institute of
Physics and Chemistry, CAS,010-82543758, E-mail: wangjunjie
@ vip. sina. com. Research fields: Cryogenic system and equip-
ments , Performance optimization of cryogenic materials, Research
of the large cryogenic valve and key components for space applica-

tion, Storage, transport and control of the cryogenic fluid.



