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Vo Guilty 1:

Arsene 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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Vo 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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Thermos

> 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.
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STORAGE
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/Wg The most important factors in storage
systems

» Logistics
Volume of storage, dimensions, transport, etc

> Reliability, safety

> Economics

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

Insulation
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£/ Insulation
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Control of the mechanisms of heat transfer

4

Cf: C.ENSS’s course
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FEL Insulating materials
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/VEEL 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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/V;’,_q Powder

O Good insulation when they are used under vacuum

AProbIems: heavy equipment, tendency to pack and to break

Less used

d

Replaced by superinsulating material
Use, in most cases, in cryogenic work
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M Reduce exchanges of
heat transfer by
radiance
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gaseous
conduction

« eliminate 7

pressure between
walls »

)

« interpose shields
between the hot wall
and the cold wall »
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¥ without increasing
exchanges by
conduction solid

« minimize contacts
between schields »
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LN2 Storage
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FEL LN2 Aluminium storage
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w Example:

Capacity: 2Lto100L

Weight full: 4.3 Kg for 2L
110 Kg for 100 L

Evaporation: ~0.6 L/day for 100 L

Price: ~ 550€for12 L
(Cryo Diffusion)
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EEL LN2 stainless steel storage
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Example:

Capacity:

Weight full:

Evaporation:

Price:

Chartot & roulenes pour le REP 200 VLN
s GO]R2TD
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120 L to 600 L

190 Kg for 120 L
850 Kg for 600 L

1.7 L/day for 120 L
1 L/day for 850 L

~ 4000 € for 200 L
(Cryo Diffusion)




FEL Large storage, transport
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Generaly, these reservoirs are leasable

Ex: Institut Néel -
(Messer) ﬁ(‘ ~
3000 L: ~300 €/month 5 |

16 000 L: ~600 €/month

steel\VY

STEEL CRYOGENIC SEMI-TRAILER

transport of iquefied techrical gases, Research for new technical sokutions, cambined

Technical specifications

OXYGEN
Type uT | 26000/3 | 2500073 | 2350073 | 35500/ [ 3350073 [ 3200073
Truck weight pal| 20 | moo | e | o | mor [ e
Gross capacity o] woso | so0n | zoso | awae | ame | zamo
Net capacity o | 25500 | 20500 | 2280 | 35018 | 3s0e3 | misse
Working pressure har] 3 3 s s 3
Tars weight £1% par| s | son [ w0 | weso [ s [ oo
Paylosd a1 | 27300 | 20000 | 24800 | 2s950 | 2000 | 23100
Total weight InchcingTuck [hg] | 44000 | 42000 | 40000 | 44000 | 42000 | 40000
Dimensiona: (mm) wee | wwo | wow | wmn | nsw | um
w0 | w0 | tze | weo | weo
zioe | ;e | zme | s | o
PN:  Conil b compice i v, 22 B0 bk vy skt e, e by
e b bl s b,
Materials: Design and contruction codes:
Thmer v v s st 1383623003/ A08
oo R ——— D - 834 RC
G
e

1000 liters, 3000 liters, ...., P Txx j
30 000 liters and more ... o
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/74 Pressure building system
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Pressure regulator

34 & @
. Pressure building valve
1At —=——__TiL /
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Pressure building heating coil
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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.
L

It is necessary to recover the enthalpy of gas.

LN2 cooled schield LN2
Open to the gazometer . .
intermediate vessel
o © 0 O === GN2
o 80 KrL S.I. /

W I

. "

U
L He :
. Réservoir [J=22m . .
~  intérieur | L=10,2m ‘
& [

-
L 120m

« closed » storage

2,6m

Super-
insulation

« open » vessel
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IEF/ Liquid helium containers
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Stainlees steel série

T ~ 50L to ...
Aluminium série M 1000 - 2000 - 3000 - 5060
~ 50L to 250L
NMH100: 4 742€ SPECIFICATIONS TECHNIQUES TECHNICAL SPECIFICATIONS
(Cry Diffusion) MSEI0 | MSBES | MSE M | MSBE IS0 | MSB4SH | MSES00 | MS 1000 | MS 2000 I IS 3088 | M5 S0
m?:mﬂ:;ﬂi' 328 G4 06 264 448 00 1106 b b 1300 : 5500
1:::.:::«:3;: & 3] 7 180 i 23 258 10 1A (e 3030
mmﬁg o m TR 212 305 320 T8 1338 1835 673
Example: iy e | e | o RS CIRES UL SRR i G M e
Loss rate e ® 03 0.5 05 05 05 | e joe jos o
(Cryo Diffusion) C)
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Aluminium liquid helium
containers

eLihtweight, compact configuration,
eLow consumption

Multi shields eNon-magnetic: this characteristic is

Fiberglass particularly attarctive for applications using
and epoxy high magnetic fields
, neck
|
t:“—'_.:
.
e Getter
]
I

A Keep this vessel at low temperature !

—@

@
II\ Fiber glass can be permeable to helium at
/

@ INTERIEUR B

Outer vessel room temperature
and

inner vessel Connect the inner vessel to primary pump if

Alluminium alloy you have to warm up
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FEL Double neck
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Air and water vapor leak

Air and wat

O-ring seal

Safety -

relief valve Double neck

o — T —\—
\

Alce stopper
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274 Safety
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Taconis oscillation damper Vacuum pump valve

Vent valve Pressure gauge

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

Transport
pressure relief
valve

set to 0.06 bar

Vacuum burst disc Safety relief valve
set to 0.7 bar
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Burst disc

ZARS \I
s

A

N

— burst disc

S \ knife

Safety

S— —

Safety on transfer line

Helium vessel
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Transfer of liquefied gases
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ﬂffﬂ Important considerations when
B 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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FEL Uninsulated line
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e Only with liquid nitrogen

e Short lenght

e Important icing

e Important losses (~a few liters/hour by linear meter)
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FEL Foam insulated line
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e Only with liquid nitrogen
e Cheap
e Required performances (~30 to 50 watt/meter)
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FEL Superinsulated line
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Combination Pump out
. and relief valve
Multilayer l Low losses

insulation / spacers
LI

Getter

Bellow
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FEL Superinsulated line
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e Used with liquid nitrogen, hydrogen, helium, ....

e VVery good performances (< 1 watt/meter)

e Weak thermal inertia

e Insulating material is suitable for the manufacture of flexible lines

The 27 kms lines used to
transfer 1.8K Helium
LHC CERN

Helium flexible vacuum-insulated Helium vacuum-insulated
transfer line transfer line
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IEry Bayonet joint
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Outer line, vacuum shell
Line coupling

\ Static gas leg
Liquid line
\ L

Liquid flow

/ \ Liquid line
Warm temperature

O-ring seal

Outer line, vacuum line

e Cool down ~1liter
e Losses ~0.5 watt (0.7 I/h)

ol
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Transfer losses by expansion

: 3 © Recuperalion
Siphon iperalion gar

=) & 7 Vanne

A i The transfer of a given quantity of

1O o ﬁ:“' f liquid at pressure P1 to a pressure P2
evaporates a part of the fluid.

AP PlZ | Constant enthalpy process.

Important with helium

H Lig(P1) ~ H Lig(P2)

X (%) =

H Vap(P1) ~ H Vap(P2)

[
=)
T

® Détente isenthalpique dans le cryostat (en bout de siphon)

w
o
T

Transfer with AP weak ! (200 mbar maxi)

~
o
T

AP=500 mbar =—> 20% vaporised

N
[s]

He ,% voporise par la détente
= ]
T T

AP=200 mbar => 7% vaporised
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