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Abstract: To improve the cooling capacity and efficiency of the pulse tube cryocooler and solve
the problem of low efficiency of the multi-stage pulse tube cryocooler below the liquid hydrogen
temperature area, the regenerator in the low temperature section is optimized in size. First, for
the regenerator in the low temperature section of the 15 K two-stage pulse tube cryocooler, the
influence of the regenerator size on the internal losses and performance is studied by numerical
simulation, and it is obtained that the length-diameter ratio has an optimal value of 3. 81. Then
two kinds of regenerators with the length-diameter ratio of 3.81 and 6. 80 are developed for
experimental comparison. Experimental results show that the cryocooler has a better performance

at the ratio of 3. 81 and can obtain a maximum cooling capacity of 0. 91 W at 15 K at 30 Hz. The
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total input power is 386 W and the rCOP reaches 4.45%. The research provides a reference for

the design optimization of a regenerator in the low temperature section of the cryocooler and has

guiding significance in improving efficiency of the multi-stage pulse tube cryocooler.

Keywords: pulse tube cryocooler; regenerator; length-diameter ratio; rCOP
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Table 1 Parameters of regenerator in low temperature

section in some research
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/mm /mm PR /K
SCEk[11]  50.0 11. 80 8. 47 14. 20
Ek[12] 54.3 14. 00 7.76 18. 80
Hk[14] 50.0 14. 49 6. 90 15. 26
SCHER[19]  50.0 10. 32 9. 69 13. 20
SCHER[20] 44.0 11. 80 7. 46 8. 87
CEk[15] 30.0 10. 78 5.57 5. 70
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Table 2 Parameters of regenerator in low temperature

section

A dIEN
Casel Case2 Case3 Cased Caseb Caseb

K& /mm 30 34 38 42 46 50
A/ mm® 283.3 250.0 223.7 202.4 184.8 170.0
Mok A%/mm 9.49  8.92 8.35 8.03 7.67 7.36
S KAl 3.16  3.81 4.55 5.23 6.00 6.80
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Fig. 1 Proportion of various losses in acoustic power of

cold end

2.3 KEFLXEREREZmSH

TE A [7] 9 3l BE 25 B2 0[] i B A BT o [l A
FAR 4 8 R TREVR RS 1 A AR/ il P A
JEE /)N + ARl B 0] R 45 11 T b R A2 A an el 2 s
H1 B2 w] R A G BE n] B 2 2 AL A A L TR R
LR DR R 1] A 2 A i 3] v i 11 7 ) Ak
DR IG N o O T AT A [ 14 9% i 75 ) i 2 4 g 2 4t
SR F P R W R B [ A R

30

25 /
20 F

NGErPNAY

316 381 455 523 600  6.80
KA

K2 S RAENT RS K

Fig. 2 Pressure drop at each length/equivalent radius




%1z

BRRE 46 15 K AR5 P ZIKAE 0% DL B 1] 34 1 A LU e M SERR BT 5T 187

2.4 KEWNEARARHCERAEZLMOH
ER 5L B[] A 5 ) 03 A SO [ R 88 v g R A 14
i v ek 55 ] R s B Y P D) 22 L B

:QC
T T,

e T ERER RO
VG B (] R 1 1) 8 e RN AR I IR TR A

WME 3 FiR. HE 3 A LLE B, BEE B KAR
AE — 7 ¥ BN 38 0L v i 1 Ve 1 e R B I N Z 5 R
R XU AR B BRI 2o K A A T AR
R AR RIR RN, KARLLAE 3. 81~5. 23 3
Rl P IR P28 K BE Xt 7l 34 ~ 42 mm) il ¥4 ik 3
R . OB KA e K woh, B FRE
Fb 14 38 i 8 48 sy 75 ) % SR R B L FE K AR L
3. 81 ARG RAE N 3. 3%,

(2)

K £t
3.16
B2 15 K& it
22 N\

6.80 7 EAYIR

6.00 =

0051~
5.23

&3 A RKAR LT Wl B i 1 v AR
Fig. 3 Cooling capacity and COP of regenerator

at each length/equivalent radius

2 LTI B SR R A TE R U0 Y T BAES K
PR 3. 81 A5 K Ui B [ B4 4% 1) 200 5 B fe AL
LU ¥ g 7 L — RE T D0 T » [l FA e A AT g 2k L
PAABR LSBT Ok L K I A A5 2R 1 B R DN
] A 6 7 4 A R o T AR R K B e R AL

3 LEmai R HIHE

3.1 XBRRKE

ABIE 5 i £ A 104 P Kk A V% BIL ) R A 5 A D
TP RN S 30 25 B AN &L 4 B o 3 RDKAE 2 AL
KB G A5 PTGV 48 PR D [R] A 45 4) O HL#T
KA B L EAALHATIRE) . TR AR X DA
THO s KA BE T 22 ) 5 1 SEDORHE A E R
B G B8 v 5 R KA 10 [l A s b o
I o — B Al ] AT R AT BRGE L DL S I B ROR .

http: // zkxb. xjtu. edu. cn

5 — R 1 A A A5 R RO AT IR AT L 2
R — B ERILIEAT E 3R

—— s |

B4 PR A HLES 7 B S 2 1
Fig. 4 Schematic diagram of structure and experimental
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