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Refrigeration Needs of the FCC 

Beam screen , thermal shield and 

current leads  need refrigeration 

above 40 K. 
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Starting Point: Presentation of  L.Tavian of Feb. 14, 2014 

Beam screen , thermal shield and 

current leads  need refrigeration 

above 40 K. 

 

Together they  need more than 50% 

of the  equivalent refrigeration 

capacity.  

 

There is potential for efficiency 

improvement and  investment cost 

reduction.  



3/11 TU Dresden  –  CERN FCC  –  Sept 2014 

We start with the  LHC 4.5 K refrigerator. 
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Presently used oil flooded screw 

compressors with 55 % efficiency 

should be replaced by turbo 

compressors with 70 % efficiency. 

 

Presently used expansion turbines with 

power  dissipation should be replaced 

by turbines with power recovery in 

directly coupled turbo compressors. 

 

Both changes require  a working gas 

with larger molecular weight than 

helium. 

But concentrate on the section above 20 K 
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Nelium as Refrigerant for Temperatures above 30 K 

Recently we have studied 

methods to increase the 

efficiency of large scale 

hydrogen liquefiers. 

 

The most effective steps were 

the choice of a mixture of 

helium and neon  (called 

“Nelium”) as refrigerant  

 

and to recover the power of the 

cryogenic expansion turbines in 

directly coupled one-stage 

turbo compressors.  



6/11 TU Dresden  –  CERN FCC  –  Sept 2014 

Improvement Potential 

Replacement of 55 % screw compressors by 70 % turbo 

compressors brings a reduction of power consumption by 22 %. 

 

Power recovery of turbines brings an additional reduction of 

power consumption of about 8 %. 

 

An overall reduction of power consumption of 30 % brings a 

reduction of investment cost of about 15 %. 
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Improvement Potential 

Replacement of 55 % screw compressors by 70 % turbo 

compressors brings a reduction of power consumption by 22 %. 

 

Power recovery of turbines brings an additional reduction of 

power consumption of about 8 %. 

 

An overall reduction of power consumption of 30 % brings a 

reduction of investment cost of about 15 %. 

 

But: 

Development work is needed: 
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Needed ExpansionTurbine Development 

Large Size

50 bar

Power Recovery

High Speed

Hermetic

Vacuum Insulation

Moderate Speed

Leaks

Perlite Insulation

Small Size

20 bar

Power Dissipation

Ongoing 

development: 

Larger size

Needed for FCC

Present Helium 

refrigerator technology: 

Gas bearing turbines

Present air separation 

technology:

Oil bearing turbines

Ongoing development: 

Magnetic bearings
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Oilfree turbo compressors with 

active magnetic bearings and 

integrated electric motor have 

been developed for natural gas 

subsea applications. 

 

But for Nelium one would need: 

 

• New compressor wheel 

design  

• New wheel material 

• Higher circumferential speed 

• More stages 

• Better cooling of motor 

Needed Turbo Compressor Development 
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Present CERN Current Leads Can be Improved 

 

A reduction of the copper cross section 

in the transition region between the 

copper heat exchanger and the 

superconductor section will lead to a 

reduction of the  needed amount of 

cooling gas by about 7 %. 
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Manufacturers of compressors and turbines are not very interested in 

development programs for uncertain applications. But in the end  their 

cooperation is needed. 

 

Our task as researchers are: 

 

• Optimize process and heat exchangers: Clarify specification 

 

• Identify aspects, which make machine development easier (e.g. 

chiller  before entry into coldbox, which leads to lower suction 

temperature) 

 

• Basic research e.g. 

• Thermophysical properties of Nelium 

• Ideal shape and material for Nelium compression wheels 

 

• Identify applications with similar requirements (Hydrogen 

liquefaction, high temperature superconductivity applications) 

 

 

Preparatory Studies Needed to Get Industry Interested 


