Numerical study of a VM type multi-bypass pulse tube cryocooler operating at 4K
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VM cryocooler 1s one kind of Stirling type cryocooler working at low frequency. At present, we have obtained the liquid helium temperature by using a two-stage VM/pulse tube hybrid cryocooler. As a
now Kind of 4K cryocooler, there are many aspects need to be studied and optimized In detail. In order to reducing the vibration and improve the stability of this cryocooler, a pulse tube cryocooler was
designed to get rid of the displacer In the first stage. This paper presents a detail numerical investigation on this pulse tube cryocooler by using the SAGE software. The low temperature phase shifters were
adopted In this cryocooler, which were low temperature gas reservoir, low temperature double-inlet and multi-bypass. After optimizing, the structure parameters and the best diameters of orifice, multi-
bypass and double-inlet were obtained. With the pressure ratio of about 1.6 and operating frequency 2Hz, this cryocooler could supply above 40mW cooling power at 4.2K, and the total input power needs
no more than 60W at 77K. Based on the highest efficiency of 77K high capacity cryocooler, the overall efficiency of this VM type pulse tube cryocooler iIs above 0.5% relative Carnot efficient.
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O The optimal multi-bypass Is
about 0.4mm

_ _ O The cooling power Is about
O The Input acoustic power 42mW@4.2K O DC mass flow rate would

decreased with the opening of O Overall efficiency above 0.5% Influence the temperature of
double-inlet relative Carnot efficient multi-bypass
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0 The pressure ratio of cold end
Increased with the opening of
double-inlet

[0 DC mass flow rate increased
with the opening of double-
INnlet
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0 Acoustic power was consumed
about 7W In the regenerator I

[0 Acoustic power was consumed
about 4W In the regenerator I1

O 1W acoustic power flow
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SAGE SIMULATION

1|nsaJ [ejuswiaadx3 Axeuiwijaad

This work was supported by the Postdoctoral Innovation Talent Support Program of China (Foundation No. BX201600173)

91 41 Qudy < Lygged > 000y 44|55 On

mgy 16 16 ma:y <—E§-§-§-§3—>msf 17156 0::
t 25 25 MG < - Mgy S0

42 Qatdy < V

-
> Qstdy 45
First Stage-Lead

Regenerator and Pulse tube I

46 Qgidy < ] > Qstdy 55
18 MGy € t=d—t—4q > Mg 2
23 Mgy (_['_"I =>Qstdy 56
48 Qatdy <

Second Stage-HoCu

egenerator and Pulse tube 11

27 MG < 3 = Mg 26
54 MGy < U| )
]

Hot end SS

s Open thermal-compressor

cold end

/ mulii-bypass
/ hotend g7k
P{ "

Double-inlet:D=0.75mm | / 439K
50 H Capillary tube:1.0mm*3.0m N
Operating pressure:0.8~1.5MPa
Working frequency:2.0Hz

- 1
0 2 6 3 10 12
Time /h

O The lowest temperature of cold
end was about 6.1K

O The temperature of multi-bypass
was 48.9K

[0 The pressure ratio was about 1.6

Temperature /K

6.1k

0




