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Thermal Conductivity



Thermal Conductivity Overview

Data from: Ekin (2007)



Data from: Ekin (2007)



Data from: Ekin (2007)



Aluminum

A. Woodcraft, "Predicting the thermal conductivity of aluminium alloys in the cryogenic to room 
temperature range", Cryogenics 45(6): 421-432, 2005. 



Thermal Conductivity of  Copper



Copper Thermal Conductivity



Copper Temper vs Thermal Conductivity
(THE EFFECT OF MILL TEMPER ON THE MECHANICAL AND MAGNETORESISTIVE PROPERTIES OF OXYGEN-FREE COPPER 
IN LIQUID HELIUM - F. R. Fickett)



Copper Temper vs Thermal Conductivity



Copper Thermal Cycling vs Thermal Conductivity



Wiring/Tubing



Copper Wire 1

Data from: Ekin (2007)



Copper Wire 2

Data from: Ekin (2007)



Wires

Data from: Ekin (2007)



Thermal Anchoring Copper Wire

Data from: Ekin (2007)



Stainless Steel Tubing Thermal Conduction

Data from: Ekin (2007)



Heat Capacity/ Enthalpy



Heat Capacity

Data from: Ekin (2007)



Copper Enthalpy



Aluminum Enthalpy



Thermal Contact



Screw Forces 1

Copper~ 30% of listed Load
Brass~60% of listed Load
Aluminum ~ 80% of listed Load

Brass
Aluminum
Copper
Stainless

30
45
17
57*

Yield Strength
(ksi)

Data from: Ekin (2007)



Screw Forces 2

Data from: Ekin (2007)



Solid-Solid Joints

Data from: Ekin (2007)



Metal-Metal Thermal Contact

If high force is available and the contact area 
is limited:
Cu/Cu:
No grease if loads > 200 lb (4–40 screw). 
Gold Plated:
No grease crossover > 10 lb (0–80 screw)

Data from: Ekin (2007)



Metal-Metal Thermal Contact
Cu/Cu

Au Plated

Indium Foil



Copper and Aluminum Thermal Contact
(Thermal Contact Conductance NASA Technical Memorandum 110429)



Some Experiments on Thermal Contact at Low Temperatures



The Hardness of  Metals-D. Tabor



Thermal Contraction



Matching Differential Thermal Contraction
• Goal: minimize stresses induced upon cooling down, while also 

maintaining good thermal contact. Closely balance changes without 
exceeding any material strengths

• One specific example: securing radiation shield panels

• Goal: ΔL < 0, without over-stressing material

4 K Shield: 0.25” Cu panel

Stainless screw…
∆L > 0

Brass screw… 
∆L < 0 by 1/10 of a mil

77 K Shield: 0.25” Al panel

Brass screw… 
∆L > 0

Brass screw + 2 SS washers…
∆L < 0 by 1/20 of a mil



Thermal Contraction - Overview

Data from: Ekin (2007)



Thermal Contraction - Metals

ABCs: aluminum > brass > copper > stainless

Data from: Ekin (2007)



Thermal Contraction - Nonmetals
Stycast 2850FT designed for contraction 

~matched to that of Cu

Data from: Ekin (2007)



Epoxy Thermal Contraction

Stycast 2850FT designed for 
contraction ~matched to that of Cu

Data from: Ekin (2007)



Electrical



Electrical Resisitivity



Radiation/Insulation



Emissivity

Data from: Ekin (2007)



Windows

Data compiled from: ESCO (UVFS), Thorlabs (N-BK7 and Sapphire)



Superinsulation

Data from: NASA Aluminized Mylar study (1997)



Effect of  temperature and preconditioning on the outgassing rate of  double
aluminized mylar and dacron net http://dx.doi.org/10.1116/1.572411



Outgassing rate of  multilayer insulation materials 
at ambient temperature



Outgassing Behavior of  Multilayer Insulation Materials
A. P. M. GLASSFORD



OUTGASSING RATE OF REEMAY SPUNBONDED POLYESTER AND DUPONT DOUBLE 
ALUMINIZED MYLAR (DAM)
R.J. Todd, D. Pate, K.M. Welch
Brookhaven National Laboratory
August 1992



Outgassing/Permeation



Helium Permeation

Data from: Ekin (2007)



Degassing Rates

Data from: Ekin (2007)



O-ring Seals- “Face Seal Glands”
Permeation 
Rate, He, tL/sec/lin. cm, 
23°C

Outgassing 
Rate, tL/sec./lin.cm., 
23°C

Temp-
erature 
Limit,°C

Relative 
Cost

Butyl 3 x 10-8 1 x 10-5 86 Lowest

Nitrile 9 x 10-8 1 x 10-6 135 Low

Viton 5 x 10-8 3 x 10-8

Pre-baked
150 Medium

Perflouro 1 x 10-6 3 x 10-8 200 Highest

Parker O-ring Handbook

VAT CERN Accelerator School, Platja D’Aro, Spain



Cryopumping

Data from Ulvac Cryogenics

Vapor pressure over an adsorbed layer

Many gases effectively pumped 
simply by reducing temperature of 
chamber surfaces (blue and green
curves)

● Add model of particles 
hitting surfaces

He, H, and Ne retain reasonably 
high vapor pressures even at 4 K

Requires special pumping 
techniques: charcoal sorbs



Cryosorption Pumping
• Need to ensure He heat of adsorption carried away efficiently 
• Typical pore size ~ 0.5 - 2 mm, and huge surface area: 107 cm2/g
• 1 cc of charcoal can pump ~ 100 cc of He gas

• After sticking, adsorbed He moves into bulk of the sorb via 2D 
surface diffusion. Temperatures < 3 K make this diffusion 
inefficient, decreasing pumping

• Typical pumping speed ~ 6 L/s/cm2, (peak pumping speed typical 
until sorbs filled to ~75% capacity)

Gurevich (1990)
Hsueh (1978)Tobin (1987)



Cryogens Cooling Power

Data from: Ekin (2007)
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