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CryogerﬁcsTestLab

KENNEDY SPACE CENTER

The Cryogenics Test Laboratory, NASA Kennedy

Space Center, works to provide practical solutions
to low-temperature problems while focusing on

long-term technology targets for energy-efficient
cryogenics on Earth and in space.

Space launch and exploration is an energy intensive
endeavor; cryogenics is an energy intensive discipline.
3
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B Z_ Cryogenics is about two things:
W 1) Using the low-temperature to do something useful
v 2) Storing a lot in @ small space (energy density)

i

Success in cryogenics has always been defined
as a healthy triangle of interaction among

research, industry, and training.
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Thermal Insulation Systems Technology

v'Materials
=Foams, bulk-fill, blankets
=*Multilayer insulation (MLI)
sAerogel blankets,
AeroFoam, AeroPlastic,
composites

v'Testing/Methodologies
=Real-world conditions
= System thermal
performance
=Experimental and design
approaches

v'Applications
=Design and analysis
sStandard test methods and
material practices (ASTM)
»TISCALC (design tool)

4/11/2012 5
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6. Future Materials and Applications
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Flat—slab geometry A = %Z_T
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Flow of Thermal Energy

—

Heat Flow

v'Heat flow begins when the two objects are connected.

v'Does heat flow stop when the connector becomes steady-state?
4/11/2012 13
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Apparent thermal conductivity data (k-values) for different
cryogenic insulation materials (293 K / 77 K)
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Cold Vacuum Pressure (millitorr)
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Basic Environmental Condition:
Cold Vacuum Pressure
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— Life cycle considerations
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*Layered composite insulation (LCI)

Structural composites of all kinds

Vacuum insulated panels (VIP)
Phase change materials (PCM)

24
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Bulk-Fill Insulation Materials

10x

100x

Glass
Bubbles
~65um
*zoom i1s 300x

Perlite

Powder
~600um

Aerogel
Beads
~2000 pm
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US Patent 6 824, 306 Thermal Insulation Testmg Method
and Apparatus
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Thermal Insulating Performance of Various Materials

MLI System at HV h
LCI System at HV

Aerogel Beads at HV
LCI System at SV
MLI System at SV

Aerogel Blanket at NV
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Apparent Thermal Conductivity (milliWatt per meter-Kelvin)



Variation of apparent thermal conductivity (k-value) with cold vacuum pressure for
three different SOFI materials:
- Boundary temperatures are approximately 293 K and 78 K

22

m e S ot |

/

18

y /4

<
B
S 1 /
g
v
E ///
g 12
= //
VA -8 A104 SOFI BX-265 B
10 -
~6~ A105 SOFI NCFI 24-124
8 —&- A106 SOFINCFI27-68 | —
6
0.1 1 10, 100 1000 10000 100000
CVP (millitorr)
04/11/2012 37

1000000



Heat Flux (W/m2)

Variation of heat flux with cold vacuum pressure for three different SOFI

materials:
- Boundary temperatures are approximately 293 K and 78 K
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members cart an International Space Station experiment

cryogenic freezer called a Glacier unit, for transport to
Space Launch Complex-40 at Cape Canaveral Air Force
Station. The unit is for an experiment late-load
demonstration test with Space Exploration Technologies
Corp. SpaceX Falcon 9 rocket and Dragon capsule.
http://mediaarchive.ksc.nasa.gov/search.cfm?cat=22
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v'Heat rejection power ~375W at -
160° C minimum temperature

Te%h Golc Gha

v'Four trays each accommodate up
to 2.8 liters (11.4 liters total volume)
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vIce Bricks available in melting temps
of +4, -26, and -32 °C

v'Example hold time: 232 hours with
12 Ice Bricks at +4 °C
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9. What is the best insulation system? o A
The one that does the job (thermally & mechanically) for the least cost over time.

10. What are the 3 ingredients for improving thermal effectiveness of the
cold chain? |

Materials + Testing + Application (total system approach)

Tegch | @@D@] GChailn Forum
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