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Guilty 1: 
Arsène d’Arsonval 

(1851 - 1940) 

 He invented a glass container with double 
wall, the vacuum being done in the space 
between the outer and inner walls: the vase 
d'Arsonval. 
 
About 1902, he collaborated with Georges 
Claude on the liquefaction of gases and inspires 
industries Air Liquid. 
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Guilty 2: 
James Dewar 

(1842 - 1923) 

 He discovered a process to produce liquid oxygen 
in 1891 and liquid hydrogen in 1898, in industrial 
quantities. 
 
 He developed an insulating bottle, the Dewar flask, 
still named after him, to study low temperature gas 
phenomena.  
In fact, he improves the d’Arsonval vessel by 
depositing a layer of silver on the inside wall, to 
minimize the heat input by radiation. 

 
He also used this bottle to transport liquid gases such 
as hydrogen.  

In 1905, he observed that cold charcoal could produce a vacuum. 
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 The first vacuum flasks for commercial use 
were made in 1904 when a german company, 
Thermos GmbH, was formed.  

 
 
 

Thermos, their tradename for their flasks, 
remains a registered trademark in some 
countries but was declared a genericized in 
the US in 1963 as it is colloquially 
synonymous with vacuum flasks in general;  
in fact it is far more common to speak of a 
domestic thermos than a vacuum flask.  

Thermos 
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STORAGE 
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The most important factors in storage 

systems 

 Economics 
 

  Rate of evaporation of cryogenic liquids   (helium: 1 watt evaporates 1.4 L/H !!) 

 Logistics 
Volume of storage, dimensions, transport, etc 
 
 
 Reliability, safety 

Insulation 

! 
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Insulation 

  Control of the mechanisms of heat transfer 

Cf: C.ENSS’s course 
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Insulating materials  
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Foam insulation 

Polystyrene foam: (« Styrofoam ») 

Not used much for cryogenics (poor thermal properties and permeable 
in water) 

Application: small LN2 tank (~10L) 

 

Polyvinylic foam: (« Klegecell ») 

One of the foam most used for cryogenics  

Applications: insulation of the tanks of LPG tankers, insulation of 
cryogenics tank of the missile Ariane  

 

Polyurethane foam 

Easiness of implementation 

Applications:transport by tank of natural gas, insulation of most 
refrigerators and freezers 
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Powder 

 

 Good insulation when they are used under vacuum 

 

 

 Problems: heavy equipment, tendency to pack and to break  

 

Less used 

Replaced by superinsulating material 
  

! 

Use, in most cases, in cryogenic work  



 Reduce exchanges of 
heat transfer by 
radiance  
 
« interpose shields 
between the hot wall 
and the cold wall » 

 without increasing 
exchanges by 
conduction solid 
 
« minimize contacts 
between schields » 

 and eliminate 
gaseous 
conduction  
 
« eliminate 
pressure between 
walls »  

Super Insulation 
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LN2 Storage 
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LN2 Aluminium storage 

Example:   
 
Capacity:  2 L to 100 L 
 
Weight full:  4.3 Kg for 2L 
  110 Kg for 100 L 
 
Evaporation:  ~0.6 L/day for 100 L 
 
Price:   ~ 550 € for 12 L 
  (Cryo Diffusion) 
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LN2 stainless steel storage 

Example:   
 
Capacity:  120 L to 600 L 
 
Weight full:  190 Kg for 120 L 
  850 Kg for 600 L 
 
Evaporation:  1.7 L/day for 120 L 
  1 L/day for 850 L 
 
Price:   ~ 4000 € for 200 L 
  (Cryo Diffusion) 
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Large storage, transport  

30 000 liters and more … 

1000 liters, 3000 liters, …., 

Generaly, these reservoirs are leasable  

Ex: Institut Néel 
(Messer)  
 

3000 L: ~300 €/month 

16 000 L: ~600 €/month  
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Pressure building valve 

Pressure building heating coil 

Pressure regulator 

Pressure building system 
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Helium or hydrogen storage 

 The enthalpy of vaporization of helium (or hydrogen)  is so weak 
that, even with the superinsulating material, the losses of gases would 
be considerable.  

It is necessary to recover the enthalpy of gas.  

L He 

Open to the gazometer 

~50K 

~80K 

~150K 

~30K 

Vapor cooled 
schields 

Super-
insulation 

« open » vessel « closed » storage 

LN2 
intermediate vessel 

L He 

LN2 cooled schield 

S.I. 

GN2 
80 K 
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Liquid helium containers 

Aluminium série 
~ 50L to 250L 

Stainlees steel série 
~ 50L to … 

Example: 
Loss rate 
(Cryo Diffusion) 

NMH100: 4 742€ 
(Cry Diffusion) 
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Aluminium liquid helium 

containers 

 
•Lihtweight, compact configuration,  
•Low consumption 
 
•Non-magnetic: this characteristic is 
particularly attarctive for applications using 
high magnetic fields 

Outer vessel 
and  

inner vessel 
 

Alluminium alloy 

Multi shields 

Fiberglass 
and epoxy 

neck 

Getter 

Keep this vessel at low temperature ! 
 
 Fiber glass can be permeable to helium at 
room temperature 
 
Connect the inner vessel to primary pump if 
you have to warm up 
 

! 
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Double neck 

Safety  
relief valve 

O-ring seal 

Air and water vaporous leak 

Double neck 

Air and water vapor leak 

Ice stopper ! 
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Safety 

Vent valve 

Vacuum burst disc 

Pressure gauge 

Safety relief valve 
set to 0.7 bar 
(on the double neck) 

Taconis oscillation damper 

Transport 
pressure relief 
valve 
set to 0.06 bar 

Vacuum pump valve 

Safety relief valve 
set to 0.7 bar 
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Safety 

burst disc 

knife 

Safety on transfer line 

Helium vessel 

Burst disc 
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Transfer of liquefied gases 
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Important considerations when 

using cryogenic fluids 

 
The choices depend on two main factors: 

 

• Economic aspect  

• Efficiency, performance  

Examples:  
 
For the common needs in liquid nitrogen of an experiment, a simple tube is 
enough, but, it is necessary to use a super-insolating line for liquid helium.  

The losses depend on two factors: 

 

 Insulation of the line 

 

 Expansion of a part of transferred fluid 
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Uninsulated line  

• Only with liquid nitrogen 

• Short lenght 
• Important icing 
• Important losses (~a few liters/hour by linear meter) 
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Foam insulated line 

• Only with liquid nitrogen 

• Cheap 

• Required performances (~30 to 50 watt/meter) 
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Superinsulated line 

Getter 

Bellow 

Combination Pump out 
and relief valve 

Low losses 
spacers 

Multilayer 
insulation 
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Superinsulated line 

Helium flexible vacuum-insulated  
transfer line 

The 27 kms lines used to 
transfer 1.8K Helium 

LHC CERN 

Helium vacuum-insulated  
transfer line 

• Used with liquid nitrogen, hydrogen, helium, …. 
• Very good performances (< 1 watt/meter) 
• Weak thermal inertia  
• Insulating material is suitable for the manufacture of flexible lines  
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Bayonet joint 

Outer line, vacuum line 

Line coupling 

Warm temperature 
O-ring seal 

Static gas leg 

Liquid line 

Liquid line 

Outer line, vacuum shell 

Liquid flow 

• Cool down ~1liter 
• Losses ~0.5 watt (0.7 l/h) 
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Transfer losses by expansion 

P1 
P2 DP 

The transfer of a given quantity of 
liquid at pressure P1 to a pressure P2 
evaporates a part of the fluid.  
Constant enthalpy process. 

Important with helium 

X (%) =  

H Liq(P1) - H Liq(P2) 

H Vap(P1) - H Vap(P2) 

DP=500 mbar 

DP=200 mbar 

20% vaporised 

7% vaporised 

Transfer with DP weak ! (200 mbar maxi) 
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