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Liquefaction of gases
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Critical parameters and boiling 
temperature of chosen gases

Gas TC , K PC , MPa TB , K
CO2 304.2 7.38 195.2
Xe 289.8 5.84 165.0

C2H2 
(ethyne) 237.2 6.20 193.2

Kr 209.4 5.50 119.9
CH4 190.5 4.60 111.6
O2 154.6 5.04 90.2
Ar 150.9 4.90 87.3
N2 126.2 3.39 77.3
Ne 44.5 2.73 27.1
H2 33.0 1.29 20.3
He 5.2 0.23 4.2
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Ideal process of gas liquefaction
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Processes of gas cooling – isenthalpic 
throttling
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Gas cooling – isentropic expansion
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Gas cooling - free exhaustion
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Cryogenic cycles with recuperative heat exchangers
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Joule-Thomson Liquefier
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Joule-Thomson liquefiers
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Claude liquefier
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Refrigerator 12 kW @ 4,5 K
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Brayton 
cycle
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Cycles with regenerator heat exchangers

Ceramic magnetic regenerator 
material (Gd2O2S) (average 
grain size: 400µm) 
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Stirling cryocooler
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Stirling cryocoolers

Stirlinga cryocoolers
a) Stirling Cryogenics & Refrigeration BV – liquefaction of gases, 
b) Miniature Stirling - 1 W @ 80 K, power consumption 55 W, 2 kg, in 

cryoelectronics (IR detectors) Janis Research Company.
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Gifford McMahon cryocooler
free exhaustion process: 3-4
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Pulse tube cryocooler
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2 – Low pressure line
3 – Regenerator
4 – Low temperature heat exchanger
5 – Tube free space
6 – High temperature heat exchanger
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Pulse tube cryocoolers
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Classification of  liquefiers and cryocoolers

Cryogenic liquefiers and coolers

Recuperative HE 
Regenerator HE 
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Thank you for attention


	Cryogenics - cycles
	Content
	Content
	Liquefaction of gases
	Critical parameters and boiling temperature of chosen gases
	Ideal process of gas liquefaction
	Content
	Processes of gas cooling – isenthalpic throttling
	Gas cooling – isentropic expansion
	Gas cooling - free exhaustion
	Slide Number 11
	Content
	Cryogenic cycles with recuperative heat exchangers
	Joule-Thomson Liquefier
	Joule-Thomson liquefiers
	Claude liquefier
	Refrigerator 12 kW @ 4,5 K
	 Brayton cycle 
	Content
	Cycles with regenerator heat exchangers
	Stirling cryocooler
	Stirling cryocoolers
	Gifford McMahon cryocooler�free exhaustion process: 3-4
	Pulse tube cryocooler
	Pulse tube cryocoolers
	Content
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Thank you for attention

