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Experimental Study on Multi-point Cooling of Single-Stage Pulse Tube Cryocooler
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Abstract: In single-stage pulse-tube cryocoolers, only the cooling performance of the cold head is often
considered, whereas the cooling effects at the cold and hot ends of the cold finger, due to the existence of large
temperature gradients, are often neglected. Experimental studies were conducted to maximize the cooling
potential of this type of cryocooler and to explore its applicability in multitemperature scenarios. The
experiment was based on an SW@80K single-stage coaxial pulse-tube cryocooler, with separate loads applied
to the external and cold ends of the cold finger to simulate different temperature zones. The cooling
performance of the pulse-tube cryocooler under different load conditions was measured by regulating the
thermal load. Based on a comparison of the experimental data, the influence mechanism between key
parameters, such as intermediate and cold-end cooling capacity, under different input powers was analyzed,
and their potential interrelations were discussed. The experimental results showed that multi-temperature
applications of single-stage pulse-tube cryocoolers are feasible when the intermediate cooling temperature and
capacity remain constant.
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Fig.1 Schematic diagram of the performance test system for a single-stage pulse tube cryocooler
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Fig.3 Cooling curves of pulse tube cryocooler

22 RimHeEE IR

¥ i ] ¥4 R 2 1 VA HLAE AN [RIIRLIX T 74 PR RE I
BRI . N —E R, ¥ A 5 i A k5]
ALV T A BB IR BB RE (A4, SR T BB A AL
2 RUA L AR A T AR L RS E , RIAE —
5 A N Th T R T K A v WL v i i) v B I AR
M5 L2 U XN T R 5K 2+ 0 b B

\
.
L

77 L
44 46 48 50 52 54

Frequency/Hz

4 U SIS AT IR IR R
Fig.4 Relationship between the cold end temperature and the

=) o
= [§]
T T

Cold - end temperature/K
S
T

operating frequency

9

Cooling capacity/W

0 1 1 1 1 1 1 1 1 1

40 60 80 100 120 140 160 180 200

Input power/W

KIS il pL] A Bt 2

Fig.5 Cooling capacity curves of pulse tube cryocooler

SRIG I, PREFFRE ] IR 2 TWL 2W.
3W.4W, KN 100W HLZ, WU HLAFRIRL Ti.
Tov Tav T BV S4B ARG . B 6~ 9 7
BT Tiv Tov Tso Ty BEA IS RAZLAES,
ALVEH, e EHAE—EREL T, B )
REIZEIEM, BRT34b, Tiv Tov To Y 2BLHITL
PER BT, EEA RN LW /NARR, T BFF 17K
FA, T s S TR, BAEREY, T AR
€, WB/NT 2K, #al T kig i 8 Ko Hmw
BN AW BOAERN, T EJF 13K, T, BEJF 11K, T3

525



4T 4 AN N Vol.47 No.4
202544 H Infrared Technology Apr. 2025

BRIERIFR T 2K, TaikiE AT 9K Zia K 6~1& 9
R, IR AR, P v B A T i
FE T M s K HLAR e T Hofbir B, k3 b fa] i
T3, HBUE ARSI E , A 3278 il v B AAL R
Hh TR A RGNS S BEAS MRV S TR E T 3208 d il v4
AACHIFEIE . B 7T~ 9 AT LLR B T FEiL T
o, R AR BURVE R, HAR A T, B,
HHASG Ty B ENE SRR L FARH] T o Al ) v £
—EN, Ts R RE R AT FE

B 10 A2 A ) il v R v il B2 S D 3 R
B & A AR, LIS A RIE 6. 18] 8
Tiv Ts BV sl v B AOAS AR EL, - a4 R 48
TCVEFZ IR T BE Ve i )74 & (AL Ea 3, (HADMEEA5 T
T3 BAKIRLZ BIT, RS EEVNY TW R, Th3
PR Bt 74 i )4 B IS A B AR A, B AR — A
BRI, RSl R R 4 W, DhE R E A b
RIS T R, FRIEATER, AL R e A IR
WA, 75 DA BRI T [

110
v
105 | A
Y -
100 |
v & °
95 |
_— //.
M v s - ~
= 90 //
_— . e
gsf & —
. _— —m— W
80 | " e 2w
v 4w
sp W
1 1 1 1 1 1 1
10 15 2.0 25 3.0 35 40

Intermediate cooling capacity/W

6 HPIAIIYA B R v v ) ¥4 BT T KB
Fig.6 The effect of intermediate and cold end cooling capacity

252

250 -

248 |-

246 -

244 |

242 -

240 -

238 |-

236 |-

—v— 4
234 |

W

232 1 1 1 1 1 1

1.0 1.5 2.0 2.5 3.0 35 4.0

Intermediate cooling capacity/W

8 F A A B S v S Ve B T RS

onT;
230
220 v
A
L -
210 e
200 v
/A/, n
y 190 | . g o
= om0 AT T //.
170 s //
r v —a— W
o /-/ —e— 2w
160 |- P —A—3W
(g // v AW
150 F o
140 1 1 1 1 1 1 1
1.0 L5 2.0 2.5 3.0 35 4.0
Intermediate cooling capacity/W
Bl 7 e ils 2 R A v il A S Ta BRI

Fig.7 The effect of intermediate and cold end cooling capacity

on T2

526

Fig.8 The effect of intermediate and cold end cooling capacity
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