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Motivation

• Learn
− How to apply fundamental principles to sample 

environment problems
− How to obtain useful quantitative models

•Work smarter
− Evaluate concepts before cutting metal
− Compare observed and calculated data to better 

understand system behavior 



OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

3Santodonato - September 2006 - SE Workshop

Starting Point

•Classic reference guide
− Simple examples
− Useful tables

•Setup companion spreadsheets
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Problem 1: Cooling with Liquid 
Nitrogen and Helium

•Need to cool a 10kg hunk of iron
− Initially at 293K

•How much liquid helium required …
− to cool to 4.2 K?  
− If pre-cooled to 77K with LN2?
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Problem 1: Cooling with Liquid 
Nitrogen and Helium

•Need to cool a 10kg hunk of iron
− Initially at 293K

•How much liquid helium required …
− to cool to 4.2 K?  490 liters
− If pre-cooled to 77K with LN2?

• 6 liters LN2
• 125 liters LHe
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Problem 2: Cooling with CCR

• 2a: What is CCR cooling capacity?
− Temperature dependent
− Vendor info limited
− We need to measure it ourselves
− Fit to function

Stepping up; higher power
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Problem 2b
observed

•How long for the CCR 
to cool itself?
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Problem 2b

•How long for the CCR 
to cool itself?

observed

calculated
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Calculation Notes

• Finite difference approximation (FDA)

• First order differential equation

• Lots of shortcuts
− Using Cv from Debye table

• Need Cp, but Cv is close and easy
− Least accurate (1st order) FDA

•Good reference
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Problem 2c

•Now attach a load to CCR
− 3 pounds of copper
− Simulate “SMASH rig” cold link

Calculation predicts 90 minute cool down
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Problem 2c

• Test result gives 100 minutes
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Problem 2d: Cool Something Bigger

•Massive anvil pressure cell
− Paris-Edinburg Cell  (model VX-2)
− 25-pound hunk of steel!

• Is it feasible to cool using CCR?
− Within a day
− To 77K or lower
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Problem 2d

• Factor of two discrepancy between 
calculated and observed

•But calculation gave the right answer
− Yes, it is feasible 
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Problem 3: Hot Stick

• Top-loading cryostat
− VTI range: 2 to 300 K

• Hot stick reaches 600 K
− Different high and low temperature operating modes

• Exchange gas for low temperature
• Evacuated VTI for high temperature 

• We are concerned about temperature 
gradients in high temperature mode
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Calculate Gradient

•Simplified scenario
− Flat sheet of aluminum 

•Setup comparable test

•Use results as a guide 
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Calculation Notes

•Setup like fin problem
− T-dependent “h”
− Iterate, update h

•Use “VBA” routine in 
spreadsheet
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Summary

•Rough calculations sometimes roughly 
agree with observed data
− No need for exact match
− Just looking for guidelines

•Gain a better understanding of sample 
environments by implementing both …
− Rigorous equipment testing
− Quantitative analysis
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