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Fig. 1. Schematic diagram of the two stage pulse tube cooler with hybrid phase shifter: (a) First stage passive-second stage active
phase shifter; (b) first stage active-second stage passive phase shifter.
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Fig. 2. Sage model of the two-stage pulse tube cooler with hybrid phase shifter.
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Table 1. Structural parameters of the cooler.
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Fig. 3. Simulation results of first stage passive-second stage active hybrid phase shifter: (a) Maximum cooling capacity adjustment

range; (b) exergy losses of each component; (c) phase difference between pressure wave and volume flow.

190802-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

"B F W

Acta Phys. Sin.

Vol.

75, No. 19 (2026) 190802

18 | (a) wmi—k1/w
m/g /(Pa-s-m)
16 ——25 —58.95
——45  —55.18
z 41 o 65  —51.41
o L ——85 —47.64
f 12 105 —43.87
. —— 125  —40.10
% 145 —36.33
i
& S
4 L
2t /{I
e o L PIN
0 02 04 06 08 1.0 12 14

TR EQ20 K/W

A 4

— G HE AR S EOT R G M R Y R

—— R,,, =5 N-:s/m

—— R,;, =15 N-s/m
R,,, =25 N:s/m

—— R,,, =35 N's/m

()
%
S

QT K/W

04 06 08
A RQ20 K/W

0 0.2

(a) BAL; (b) HUBRBELIE

Fig. 4. Effect of parameters of first stage passive displacer on interstage cooling capacity: (a) Moving mass; (b) mechanical damper.

(a)

20 [ —o— gl 20380
. 181 o sk gs-Mige <
ZO16F 4 e
X 14
.
S i
w10
& 8
¥ 6f
gl

2

0

0 02 04 06 08 1.0 1.2 1.4
A RQ20 K/W

&l 5

— - TGRS AR,

[0 Q.=0 W, CJQ:=08W, 90
110 Qf =13.65 W Q: =10.27 W 80
138 [0 Q.=02w, 1 Q=1.0W, (758 o —o—o—o— 93— °°
r Q1=13.82W Q1 =6.82W r P P, ™
80 [ @: = 0.4 w, CIQ=126 W, . 50F R, KA
2 7of @-1328W Qi=0W o 40F OB
< ~
= r o
= 2
) z
—-40 . . . . . .
D P SIS P RELD P 0 02 04 06 08 1.0 1.2 1.4
PEFF ORI v D™ . o
F& T TN T N —4h @20 K/W

(a) RV IR L (b) 2 MOERE; () K135 AR AR 22
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Abstract

Two stage pulse tube coolers can provide cooling capacity at dual temperature zones, exhibiting significant
application value in fields such as space exploration, superconducting magnets, and quantum computing. To
meet the requirements of nonlinear variable-load requirements in dual-temperature-zone, this paper proposes
hybrid phase shifters: the first stage passive-second stage active hybrid phase shifter and the first stage active-
second stage passive hybrid phase shifter.

Phase shifting mechanism analyses are firstly carried out.The motion state of active displacer piston could
be actively controlled by the driving force, and the phase difference between the pressure wave and volume flow
at the hot end of the pulse tube is adjusted accordingly, thereby changing the impedance of this stage and
consequently affecting the interstage cooling capacity.

Numerical models are then constructed based on Sage software. For the first stage passive-second stage
active hybrid phase shifter, the cooling capacity can be adjusted from 0 W to 17.5 W at 77 K and from 0 W to
0.95 W at 20 K. With the decrease of the first stage cooling capacity, the maximum second stage cooling
capacity is first increased and then decreased. The maximum first stage cooling capacity is reduced and the
maximum second stage cooling capacity is increased by increasing the moving mass and mechanical damping.
For the first stage active-second stage passive hybrid phase shifter, as the second stage cooling capacity
increases, the maximum first stage cooling capacity first rises and then falls. A maximum value of 1.26 W at 20
K is obtained. Increasing the moving mass or mechanical damping of the second stage displacer would improve
the maximum first stage cooling capacity while reducing the maximum second stage cooling capacity.

Finally, the maximum cooling capacity regulation ranges with hybrid phase shifters in various temperature
zones are compared. For the first stage active-second stage passive hybrid phase shifter, the maximum first
stage cooling capacity first increases and then decreases with the rise of the maximum second stage cooling
capacity. For the first stage passive-second stage active hybrid phase shifter, as the first stage working
temperature increases, the maximum achievable second stage cooling capacity first increases and then decreases
with the reduction of the first stage cooling capacity.

Hybrid phase shifters could simplify the system structure and regulate interstage cooling performance,
providing a feasible technical solution for high-efficiency variable-load two stage pulse tube cooler.

Keywords: pulse tube cooler, hybrid phase shifter, dual-temperature zone, interstage cooling capacity
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