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T:  temperature           σ = 5.67 x 10-8 W/m2/K4	


ε:  emissivity 
A:  area	


Ball IR Black (BIRB) Data* 
Sample 1; 2 mm thick  
Fit used for hybrid measurements 
Sample 2; 1.5 mm thick 
Sample 3; 0.8 mm thick 
Sample 3; after 410K heat treatment 
Sample 4; 0.8 mm thick 
Sample 5; 0.8 mm thick 
Sample 7; 0.8 mm thick 
	  

         Other Black Surfaces 
Aeroglaze Z307 Paint, 33 – 102 µm thick 
Kapton 100 XC, 25 µm thick 
Kapton 275 XC, 69 µm thick 

Sample 1:   12.7 mm        3.175 mm           16.3 µm 
Sample 2:   9.53 mm        3.175 mm           17.0 µm 
Sample 3:   9.53 mm        3.175 mm             8.4 µm 
Sample 4:   9.53 mm        3.175 mm             8.4 µm 

          Z307-Painted Aluminum Honeycomb Data* 
                            Cell Height     Cell Diam.     Paint Thickness 

Sample 5:   12.7 mm        3.175 mm 

Insta-Blak Liquid-Alkaline-Treated Aluminum Honeycomb 
                             Cell Height     Cell Diam.  

                                    Noise Diagonistics 
-  Unexplained heat into hot sample varied over hours/days  
-  Suspected source:  cryocooler vibrations 
-  We performed diagnostic experiment: 

•  Installed accelerometer on cryostat main shell 
•  Controlled a fixed ΔT centered at 20 Kelvin 
•  Recorded vibe spectrum, heater power for 44 hours 

-  Found vibe mode at 46 Hz correlated inversely with power 
-  Graph: 

Control power delta from maximum power 
46 Hz amplitude scaled to match power delta 

-  Convincing evidence:  varying vibrations cause power noise 

                                             Motivation 
-  NASA uses high-emissivity surface treatments for space missions 
-  James Webb Space Telescope (JWST) program: 

•  Several deep-space radiators operating at ~ 35 Kelvin 
•  Black spacecraft surfaces surrounding science instruments 
•  Cryogenic absorber panels used in ground testing 

-  Traditional emissivity-measuring methods: 
•  Expensive to operate in large cryo-vacuum chamber 
•  Low precision at 30 – 40 Kelvin temperature range 

-  Since 2010 we have measured emissivity using a new method: 
•  Relatively inexpensive; runs in a 25 cm lab cryostat volume 
•  Gives high precision results down to 20 Kelvin 

                                             Apparatus 
-  “Hot sample” disk inside a “cold plate” can 

•  Disk top/bottom and can’s inner top/bottom “lids” are coated 
•  Disk outer edge and can’s inner vertical wall have low emissivity 
•  Disk and can temperatures controlled with heaters/sensors 
•  Disk suspended by wires running out through slots in can 

-  Simulates textbook heat exchange between large parallel plates: 

                                       Data Acquisition/Analysis 
-  For each average temp. perform a series of  thermal balances 

•  T(disk) = T(suspension ring) > T(can) 
•  ΔT values are kept small (less than 6% of average temp.) 
•  To within very small uncertainty,  

4-Identical-Surface Configuration 

Hybrid Configuration 
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-  For 4 identically-coated disk and can surfaces, can show that: 
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-  Hybrid test configuration:  two different coatings 
-  Used when surface is too thick for disk (painted honeycomb) 
-  Sometimes used because it is much quicker to set up 

•  Disk top/bottom are identical, with known emissivity ε2 

•  Can top/bottom are identical, with unknown emissivity ε1 
•  To within very small uncertainty,  

•  This method has larger uncertainty than 4-identical-plates 

Strain gauges wired in series used for 
heater circuits on hot sample disk plates. 

A painted aluminum honeycomb top cold-
plate sample with its slotted spacer ring. 

Two plates bonded into one hot sample 
disk using a bonding fixture. 

The fully assembled test apparatus installed 
on the cryostat’s cold plate. 

Test cryostat integrated into work bench.  
Cryocooler compressor is located under 
right side of bench. 

*Some previously-published data is shown again here with the proper correction for thermal contraction. 

The test apparatus partly assembled, with 
the hot sample suspended and the top cold 
plate not yet installed. 


