
CRYOGUY

INTRODUCTION TO 

HELIUM REFRIGERATION 

FOR SUPERCONDUCTING DEVICES

Guy GISTAU-BAGUER

HELIUM REFRIGERATION CYCLES 

Thisdocumentismyproperty.

Itisintendedtodisplayapartofthematerialthathasbeenreleased

duringaschoolheldbymyself:GuyGISTAUBAGUER.

Iaskanypersonwhoisusingthisdocumenttokeepitforpersonaluse.

Reproductionofafewpicturesisallowed,providedtheoriginisindicated.

Idonotallowanythirdpartytousethismaterialforeducational

purposes.

Foranyspecialrequest,contacttheauthorat:guy@cryoguy.com

21/10/2019



CRYOGUY

REFRIGERATION AND LIQUEFACTION

Guy GISTAU 2



CRYOGUY

Guy GISTAU 3

G He

4.41 K
L He

4.41 K

PURE REFRIGERATION

20.37 J/g

1.04 J/gLHe

1.2 bar

C
O
N
D
E
N
S
I
N
G

OPERATING MODES (1)
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The heat exchangers are 

balanced.

Only little 

energy has to 

be extracted 

from helium 

vapour to 

condense it.
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Refrigerator

But it is to be 

done at low 

temperature.

Operation in a pure isothermal refrigeration regime is expressed by the power that is 

absorbed at the operating temperature. Example : 100 W at 4.5 K
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PURE LIQUEFACTION

OPERATING MODES (2)

The heat exchangers are 

unbalanced.

A big amount of 

energyis to be 

extracted from 

heliumat all  

temperatures 

between 300 and 

4.4 K to cool it.
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Liquefier

And, finally, little 

energy has to 

be extracted 

from helium 

vapour to 

condense it.

Operation in a pure liquefaction regime is expressed by the liquid helium quantity that is 

liquefied within one unit of time. Example : 3 (g/s) or ~90 L/h.
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HOW TO FEED ELECTRICALLY A 

SUPERCONDUCTING COIL?

High current (tens of kilo Amps)

The conductor must have a good electrical

conductivity and a large cross section.

But, consequently, it has a good thermal 

conductivity !

Therefore, a high heat in leak between 

300 and 4 K.

Solution : heat that is generated by Joule 

effect into the conductor  is transferred to 

cold helium circulating from cold to warm 

end.

Refrigeration duty

Liquefaction 

duty
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GHe

1.2 bar

LHe

1.2 bar

MIXED OPERATION

OPERATING MODES (3)

Operation in a mixed regime is expressed by the cryogenic power that is absorbed at the 

operating temperature and the liquid helium quantity that is liquefied within one unit of time. 

Example : 300 W at 4.5 K + 3 g/s
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THE THREE OPERATING MODES

MIXED

OPERATION
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CALCULATION OF THE

CARNOT POWER 

Carnot=
Tw Tc
Tc

-

FOR AN ISOTHERMAL 

OPERATION

Examples :

300

4.2
-1= 70.43 W

(Vaporization of a liquid : 

constanttemperature)

Tw
1

Tc
-=

Roughly inversely 

proportional to the 

temperature ratio

Carnot power, to get 1 W at 4.2 K

Carnot=  x[(Twx ȹs) ïȹh]

FOR A NON-ISOTHERMAL 

OPERATION

(Heatingor coolinga gas : 

temperature changes)

Carnot power to liquefy 1 g/s of helium

Carnot= 1 x [300 x (31.612 -3.56) ï

(1573.51 -9.94)] = 6852 W
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2.75 W at  80 K14 W at 20 K

70 W at 4.2 K

166 W at 1.8 K

6852 / 70 = ~100

Theoretical equivalence liquefaction/refrigeration

1 g/s about100 W

To be used ONLY for SMALL moves from 
refrigeration to liquefaction load or conversely !
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FREE EXPANSION

P1

T1

P2

T2

A SIMPLE EXAMPLE

1

2

 x h1- x h2= 0

P1 T1 h1and

P2 h2 T2and

Balance :

h2= h1

+ REFPROP

+ REFPROP

?

15.0 bar 300.00 K 1567,89  J/g

1.0 bar 300.88 K1567.89  J/g

Because the system 

is in a steady state !Assumption : gas velocity is negligeable

h2= h1

10.0 g/s

3

.

.
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JOULE THOMSON EXPANSION

OF HELIUM

20 bar
15 bar

10 bar
5 bar

Temperature difference obtained by expansion of helium gas  through a valve, 

from various pressures down to 1.0 bar, depending on the inlet temperature.

Inversion 

temperature:

around

40 K

25 bar 25 bar


