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March 3, 2004

to:

J. Makdisi

from:

M. Iarocci
subject:

Helium Cooled Heat Barriers for MECO
 
With reference to questions within e-mail messages from Y. Makdisi and J. Tuozzolo.

This memo addresses a system that would eliminate the ozone buildup issue, presently of safety concern, in the MECO magnet system 80 K thermal barriers.  Investigated and analyzed (see attachment) is an option to eliminate liquid nitrogen from the thermal barriers.  The liquid nitrogen cooling is replaced with helium, cooled by the refrigerator system.  This memo also summarizes the analysis of helium cooling as applied to the MECO barriers, including the MLI heat-shields, and support conduction intercepts; some related capital expenditures, and refrigeration operating economics and availability of similar equipment is also addressed.  Cooling at the 80 K level with helium implies the heat stations in the magnet system are designed to accept this type of cooling, and the refrigeration process cycle is available to handle the task of higher temperature refrigeration.  

Regarding the refrigeration availability and cost increase for the shield option, one vendor was asked about the additional cost to add the higher temperature supply and return to their standard equipment, and if they had any working examples.  They replied: “we just have quoted a very similar TCF200 system to a Laboratory in England which had a requirement of 900 W @ 4.5 K and 0.4 g/s liquefaction. Similar plants have been built for Korea and Japan.”  For the additional cost they replied: “100K CHF is the budgetary delta cost for the shield option.” This figure is approximately $125K US.  As a comparison, other “stand-alone” options to cool the shields with helium include helium/ LN2 heat exchangers with warm compressor driven flow or cold pumps.  Both of these options would cost many $100K.  

An estimate of the increase in cost to operate the refrigerator was developed.  It was based upon the overall load derived from heat transfer calculations, see pages 2-10 of the attachment; where geometry input was obtained from MIT’s CDR, and discussions and e-mail correspondence with Brad Smith.  From page 18 of the attachment I summarize the added power needed to cool the shields by stating “For example, the power required to refrigerate at 70 K is only about 4% of the equivalent power at 4.5 K.  Considering the nominal % Carnot efficiency for typical refrigerators the power required to produce 4.5 K refrigeration is ~ 300 We/Wr (Watts electrical per Watts of refrigeration).  For a 3 kW shield at 70 K, 36 kW of electrical power is needed.”  In terms of additional electrical operating cost ~ $2.26 per hour.

There were a few technical issues that needed clarification, so the analysis laid out a rough approach to heat stations for MLI shields and conductive loads, and made performance comparisons to LN2 cooling, see pages 11-17 of the attachment.  After discussions with Brad Smith, including comments from Joe Smith, the consensus was this approach did not seem to have any “show stoppers.” 

My conclusion is that cooling MECO thermal barriers with helium is not a difficult task, but certainly will need closer coordination with the refrigeration process design.  Helium cooling will eliminate the ozone production issue and will only add little extra cost to operation.  As for capital cost, comparing refrigerator elevated temperature cooling with other means, a cost saving is realized. 
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