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Liquefaction of gases

Tot < TK
Pot < P1 < P2< Ps Tot > Tk
Pot < P1< P2<Ps

T-s diagram of the gas with the critical T-s diagram of gases with the critical
temperature above ambient temperature temperature below ambient temperature
CRYOGENIC GASES!!
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Critical parameters and boiling
temperature of chosen gases

Gas T., K P, MPa T, K
CO, 304.2 7.38 195.2
Xe 289.8 5.84 165.0
(e(t:ﬁ;lrfe) 237.2 6.20 193.2
Kr 209.4 5.50 119.9
CH, 190.5 4.60 111.6
0, 154.6 5.04 90.2
Ar 150.9 4.90 87.3
N, 126.2 3.39 77.3
Ne 44.5 273 27.1
H, 33.0 1.29 20.3
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Ideal process of gas liquefaction

Too high pressure

Wmin — To (Sl — S5 )_ (hl - h3)

European Course of Cryogenic
CERN, Geneva 30 August, 2010



Content

B [iquefaction of gases

m Processes of gas cooling

B Cryogenic cycles with recuperative heat exchangers

m Cryogenic Cycles with regenerator heat exchangers

B Classification and comparison of cryocoolers

European Course of Cryogenic
CERN, Geneva 30 August, 2010



Processes of gas cooling — isenthalpic
throttling
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Gas cooling — isentropic expansion

'l
~\adl J, _Tvp

Cp Cp

Cryogenic turbine and
piston expanders
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Gas cooling - free exhaustion

U —Uy=—P; (Vi —V)

The energey of the gas decreases because
the exhaustng gas performs work against
the external pressure

Ty K

Tf _l+(pf / poXk _1)
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Nitrogen Helium

10 bar - 10 bar 1 bar

1-4 — isentropic expansion, 1 -3 — free exhaustion, 1-2 - throttling
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Cryogenic cycles with recuperative heat exchangers
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Joule-Thomson Liquefier

] cpAT gst [ qen
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Joule-Thomson liquefiers

T

h, —h, —cpAT -q, Ah; —cpAT — 0

h, —h, - h-h,

Two Stage Argon / Neon Refrigerator, MMR Technologies, Inc.
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Claude liquefier

] cpAT gst B qen

AhT +(M R/M )(hg _h4')_CpAT1 — (g
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Refrigerator 12 kW @ 4,5 K

Compressor station 3 o & 53
CERN LEP2 Cryoplant et Etecir powst 0 compressor
nominal capacity 12 kW/4.5 K : in resiity 2

This plant nde (2 plants supplied).
A similar process is used by
L'Air Liguide (also 2 plants supplied),
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- Mounting structure
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Cycles with regenerator heat exchangers

MNew regenerator
matenal
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Ceramic magnetic regenerator
material (Gd202S) (average
grain size: 400um)
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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
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Gitford McMahon cryocooler
free exhaustion process: 3-4
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Pulse tube cryocooler

European Course of Cryogenic
CERN, Geneva 30 August, 2010

Q:QI _G(h1_h2)_Qs

1 — High pressure line

2 — Low pressure line

3 — Regenerator

4 — Low temperature heat exchanger
5 — Tube free space

6 — High temperature heat exchanger



Pulse tube cryocoolers
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Classification of liquetfiers and cryocoolers

/

Cryogenic liquefiers and coolers
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Thank you for attention
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