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Physical Sciences  
• Investigations  are based on gaining an 

understanding of gravity’s role in the 
forces that drive natural physical 
processes.   

• Underlying processes are revealed when 
the influence of gravity on these systems is 
reduced.  

• Research is both fundamental and applied, 
with benefits that improve the 
development of space systems as well as 
products and processes on Earth.  
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Fluid Physics 
• Two-phase flow 
• Phase separation 
• Boiling, condensation 

• Capillary and interfacial 
phenomena 

Complex Fluids 
• Colloids 
• Liquid crystals 
• Foams 
• Non Newtonian fluids 
• Granular flows  

 

Combustion Science 

• Spacecraft fire safety 
• Solids, liquids, droplets, 

gasses 
• Supercritical reacting fluids 
• Soot 

 

Biophysics 
• Biological macromolecules 
• Biofluids 
• Biomaterials 
• Biological physics 



 By masking the disc of the sun the 
structure of the corona is revealed. 



What is the key to uncovering  
discoveries in these fields? 

• Reduce the influence of the gravity vector 
(acceleration due to gravity) and you can 
minimize the complications that are added to 
systems based on buoyancy driven convection. 

• This allows us to unmask underlying processes. 
– Surface tension 
– Interfacial phenomena 
– Surface tension gradient driven convection and 

temperature gradient driven Marangoni convection 
– Sedimentation, nucleation and crystallization 

processes 



Boiling Example 



Fluids Experiments 

Marangoni Convection 

Sedementation/Crystallization Surface Tension & Liquid Flow 

Contact Angles Wetting and Phase Change 



Solids Burning  
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1. Fundamental studies of material flammability and flame processes for: 

 

• Ignition 

• Spread 

• Growth 

• Extinction 

 

as a function of 

 

• Gravity 

• Flow 

• Orientation 

• Configuration 

• Environment 

Concurrent Flow Flame Spread Schematic 

Flammability 



ISS FLEX “Anomalous” Combustion 

heptane droplet burning in air at 1 atm pressure 



ISS FLEX “Anomalous” Combustion (n-decane) 

hot flame 
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D0 = 4.05 mm 
Fuel – n-decane 
Oxygen – 25% 
Nitrogen – 75% 
Pressure – 0.5 atm 

narrow-band 

Radiation 

wide-band 

radiation 

Visible flame extinction 



Cool Flames Results to Date 

• A new phenomenon where a hot flame extinction leads 
to a low-temperature, “cool-flame” burning in 
microgravity has been observed for the first time  

• These cool flames produce partially oxidized fuel and 
potentially re-ignite to hot flames posing fire safety 
concerns in spacecraft environments 

• Existing, widely-used detailed chemical kinetic models 
do not accurately predict the 2nd stage cool flame 
extinction and need further improvement 

• Improved low temperature chemistry will have wide 
ranging applications including advanced internal 
combustion engine design and development 

• The new phenomena may lead to new innovative 
burner designs and fuel reforming technologies 



For More Information 

• Watch for the release of the Researcher’s 
guides to Combustion Science in Space and 
Fluid Physics in Space. 
http://www.nasa.gov/mission_pages/station/research/researcher_guide/ 
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