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Introduction: The mission of the NCSER is to 

perform critical path research in fluids and combustion 
to support NASA’s space program and related national 
initiatives, increase awareness of microgravity re-
search and enhance its scientific, technological, educa-
tional, and economic impacts and to support the devel-
opment of enabling technologies for space exploration. 
As NASA works towards completing the International 
Space Station it is also preparing for its greatest ven-
ture yet: the human exploration of the moon, Mars and 
the nearer asteroids. Establishing a long-term human 
presence beyond low-earth orbit places stringent de-
mands on spacecraft systems that supply power and 
propulsion and provide human life support. The chal-
lenges facing NASA are dominated by energy, air 
quality, water, astronaut health and food. As it strives 
to meet these challenges, NASA’s human space explo-
ration program will invigorate engineering research 
and development in this country. Furthermore, there is 
tremendous potential to develop new approaches to 
engineering education as younger scientists and engi-
neers become engaged in the quest to extend the 
boundaries of human presence in space through re-
search programs at universities and at NASA Centers.. 

 
Expectation:  The 3 to 4.5 minutes of low-gravity 

test time advertised by the emerging commercial sub-
orbital industry is a capability that opens up new pos-
sibilities for research.  The science community should 
note form the start that research for topics and applica-
tions in both space-flight and for the benefit of life 
right here on Earth are candidates for micro-gravity 
experiments.  While the NCSER is chartered to focus 
on NASA’s critical needs for space exploration, we 
need to look broadly at the opportunities that may 
come available for the NCSER to deliver on this 
charge.  When the commercial sub-orbital research 
launches become regular, this should be a distinct and 
valuable change in the “laboratory” settings available 
for low-gravity research efforts.   

Cheaper, more frequent, and simpler to use are per-
formance characteristics that aid experiments when 
present in research equipment.   Such characteristics 
are desirable to all when shopping for high-speed cam-
eras, data acquisition, laser-diagnostics for combustion 
measurements, and the like.  Access to low-gravity test 
time is yet another research tool that we all would like 
more of for lower cost.   

Opportunities: Discussed in the talk is how the 
varied experimental efforts in NCSER and CWRU and 
the proposed low-gravity capabilities of this new in-
dustry lead us to envision enhanced and expanded 
low-gravity research.  Consistent with the charge of 
NCSER, these experiments address NASA’s needs in 
energy, air quality, water, astronaut health and food. 
As we strive to meet these challenges, traditional and 
new low-gravity experiments can also deliver on in-
vigorating engineering research and development in 
this country. 

One example of heritage NCSER/NASA-GRC ex-
periments that would benefit from the anticipated 
flight profile is the Condensing Heat Exchanger Con-
cept Developed for Space Systems, or CHESS.  A 
more efficient design for water removal from cabin air 
in space flight would remove the water directly from 
the air without the need of an additional water separa-
tor downstream. For CHESS, researchers at the NASA 
Glenn Research Center in collaboration with NASA 
Johnson Space Center designed a condensing heat ex-
changer that uses capillary forces to collect and re-
move water and that can operate in varying gravita-
tional conditions including microgravity, lunar gravity, 
and Martian gravity. The CHESS concept for a con-
densing heat exchanger involves the use of a highly 
conductive porous substrate as the cold surface over 
which moisture condensation occurs. The condensed 
water vapor is removed through another embedded 
porous tube insert via a suction device. Thermal prop-
erties, porosity, and wetting characteristics of the po-
rous materials are designed to promote efficient con-
densation and avoid air penetration into the suction 
tubes. Other engineering concerns, such as priming 
and the startup and shutdown transients, also influence 
the selection of the porous media used in the design.  

To test this concept and develop empirical heat- 
and mass-transfer correlations, NASA is building a 
ground-based test facility at Glenn.  The emerging 
commercial sub-orbital flight programs will provide a 
great laboratory in which to further develop the tech-
nology, including perhaps important studies of tran-
sient response of the system.   

Conclusion: If the promised flight profiles are de-
livered, the new commercial sub-orbital rocket indus-
try will create research capabilities that are novel and 
desirable.  The expected increase in affordability 
would enable more experiments that previously 
thought possible.   
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