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Thermal Isolation ς Crucial to All 

Cryogenic Applications 

üRefrigerator cools cold mass ï Thermal isolation 
minimizes heat leaks into cold mass  

üHuge cooling power consumption needed: e.g. LHC, 27 
kilometer, multi-hundred tons of Liquid He 

üExtremely long cryogen holding time in Space, years 

üAdvanced and Energy saving Thermal Isolation is Crucial 
to keep cold mass at the operational Temperature 

üLow conductive support - Equally  

    important to thermal insulation 

üNovel heat switches ï alternation 
üHigh vacuum is basic (Not discussed here) 

 

 

 



Thermal Isolation for LN2, LH2 Transfer Lines  

üFoamed Pipe  
× Foam materials  

× Foaming methods: Tiles, spray, in     
situ foamed  

üAerogel -based: twice b etter 

üVacuum Jacketed  
  about 40 times better  

× Vacuum - convection  

× Low conduction support: G -10 etc. 

× less cross section and small 
contact areas 

ü+ MLI ɀ reduce radiation  
Å 2-3 order better, also for LH2  

üHigh Tc SC Cable 

üSpecial Transfer Line  



Thermal Isolation  for LHe Transfer Lines  

üLatent heat -20.6J/g at 4.2K 
 Various high efficient LHe transfer   

 lines: designed, tested, utilized. 27km 
in LHC etc.  

üAnnual screens  
 Multi temperature screens intercept 

 heat load at high T levels 

üUnique design: spacers  

 Low conduction materials, less cross 
section and small contacts 

üCombine multi -transfer lines 
in one vacuum pipe  

 Cost, save space, construction, 
operation  

üOptimize the MLI layers  

 ~77K: 30-40 layers, ~10K: 10-20 layers 

 

Fermilab double 
line , ~6.5km  

CERN LHC, 650 mm 

KEK Multi -lines  
150 mm 



 
Support System for Thin Solenoid 

Magnets with Very Large Toroid Warm Bore 

Á Cold mass must be supported in a 

Stable and Stiff fashion 

Á Magnet: OD 3.3m, ID 2.8m, L 5m 

Á Field 1.5T, Cold mass 5.5 ton, Total 

weight 13 ton,  

Á Axial H force 100 ton on SC coil 

Á 0.25W per axial support, 0.3W 

radial  

Á6 axial members all on one end, 

Inconel 718 OD 26mm ID 20mm 

Á12 Inconel rods on each end 

ÁThermally intercepted at 77K and 

4.4K: heat flux and hot spots 

ÁSpherical bearing on both ends 

ÁLN2 cooled shields 



Support System for Thin Solenoid 

Magnets with Very Large Toroid Warm Bore 

CERN ATLAS Detector Magnet  

ü 2T axial magnet field 

ü ID 2.3m L 5.3m, coil 5.5 ton 

 

CERN CMS Detector Magnet  

ü 4T axial magnet field 

ü ID 6 m, L 12.5 m, coil 5.5 ton 



Support Post for Long Cylindrical Heavy 

Weight Cold Mass 
International Collaboration 
HERA, SSC, LHC, ILC (TESLA):  

Á Post Type Supports between 300K and 

2K have been successfully developed 

and utilized.  

Á Minimize heat leak, withstanding the 

axial and radial loads.  

ÁTop and bottom stainless steel 
flanges , post column of fiber/epoxy  
Á Two heat intercept plate in 

aluminum alloy -shrink -fitted and 
glued to post at about 80K and 5K 

Á 80K to cold mass is 0.18W (0.09W 

by MLI and 0.09W by post support 



Support Post for Long Cylindrical Heavy 

Weight Cold Mass 
ü A ɀ LHC magnet post support  
ü B ɀ LHC magnet on the post in 

the cryostat  
ü C ɀ ILC/TSLA/XFEL cryostat  
ü D ɀ ILC cavities upside down 

through Helium line hang to the 
post  
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