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A cryogenic system has the following 
components:

• Low temperature environment
• Source of refrigeration
• Heat exchange medium
• Thermal insulation
• Structural support
• Instrumentation and Control

All these components need to operate in convert, reliably and safely



Purpose of a cryogenic system: to cool things!

Ex: use liquid nitrogen to 
cool blocks of metal, 
plastic, etc…



Specific Heat of Material



Insulation for the low-temperature environment

• High performance insulation system all 
involve some level of vacuum.

• How low vacuum is needed?
• Even for perfect vacuum, thermal radiation 

can still contribute significantly to total heat 
leak.

• Q ~ T^4 so process is dominated by high 
temperature surfaces (usually 300 K)

• Materials used for insulation:
• To reduce radiant heat, one can put materials 

between two surfaces at different temperatures
• However, adding materials affects conduction 

heat transfer
• Insulating material may significantly contribute 

to total cost of system

EX: A liquid cryogen storage tank



Cryogen Safety: volume change for cryogenic fluids



Dewar 
Explosion



Thermal Isolation: Vacuum
• Vacuum Vessel: The outermost cryostat 

component that interfaces with the 
surrounding systems 

• Insulating vacuum is generally in the 10-4 
to 10-6 torr range; the lower the better.

• The design for internal and external 
pressure are addressed by the ASME 
Boiler and Pressure Vessel Code, Section 
VIII, Division 1 and 2 and specific 
workplace codes



Vacuum Vessel
Needs to:
1. Contains the insulating vacuum to withstand the inward force from atmospheric pressure. 

Failure  implosion
2. Serves as a pressure containment vessel in the event of a failure in an internal cryogen line. 

Failure  explosion 



Thermal Insulation: Solid Foam



Thermal Insulation: Powder



Which is the better insulation?



Radiation Shields - Superinsulation



Multilayer Insulation (MLI)



Superinsulation



MLI: calculations



Proper MLI installation



Thermal Shield

The purpose is to intercept radiative heat 
transfer between the room temperature 
vacuum vessel and the cold working load:
• High temperature shield: 50-80 K, low 

temperature shield: 5K, 20K
• Normally cooled by LN2, GHe, or cryocooler
• Serves as the heat sink for structural 

supports, current leads, power couplers, 
warm-to-cold transitions, etc.

• Surface is usually covered with multi-layer 
insulation (MLI) or aluminum foil



Thermal shield
A “passive” component in the system, so the cooldown time 
should be kept small
• Use material with high thermal conductivity and low 

volumetric heat capacity



Cooling thermal shield with cold vapor



Three ways to transfer heat:



Heat Transfer



Heat transfer

Note better performance of 
evacuated Perlite over high 
vacuum between 300 K & 
77 K 



Heat Conduction Through Solids

𝜆𝜆 = 𝑘𝑘

Note on this slide, the 
symbol for  thermal 
conductivity



Thermal Conductivity of Pure Metals



Electronic Thermal Conductivity (at low temperatures)



Thermal conduction by lattice vibration 
(phonons)



Thermal Conductivity



Thermal Conductivity





Homework # 1: 

Estimate the heat load due to 
conduction down the 3 SS tubes 
for our small diptick cryostat.



Thermal conductivity integral from 4.2 K
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