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Task Description:

The objective of the project is to develop a methodology to correlate material flammability limits in normal gravity and
microgravity, which allows quantitative estimation of material flammability limit in microgravity based on the
flammability data obtained on the ground. The project involves an international team including JAXA, NASA, ESA
(European Space Agency), and universities in Japan, USA, and France. Dr. Olson is a U.S. Co-Investigator for the Japan
Aerospace Exploration Agency (JAXA)-sponsored experiments to be conducted aboard the Japanese Experiment
Module, Kibo. 
To establish global standards for fire safety in space, we seek to develop a fundamental understanding of how NASA’s
material flammability test, NASA-STD-6001.A Test 1, relates to the actual flammability of materials in micro and
partial gravity. 

The investigation strategy is to perform extensive research via ground-based experiments, including 1g and parabolic
flight tests, and via theoretical formulations. Flight experiments on orbit in International Space Station (ISS)/KIBO will
be performed to verify the correlation. The flight experiments on orbit are expected in 2018 or later. 

By the end of the project, a new fire safety standard test method for screening spacecraft materials will be proposed that
addresses the shortcomings of existing standard test method such as NASA STD 6001B. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Studying materials flammability in space allows us to accurately control the flow field and thus elucidate the importance
of a critical Damkohler number (flow time /reaction time) on flame extinction. The anticipated improved methodology
should reduce time and cost for the spacecraft material screening. Investigation and results have Earth benefits for
terrestrial fire safety. 

  

Task Progress:

An international workshop was held at Hokkaido University in Sapporo, Japan in January, 2016. At that meeting, the
science requirements were reviewed and finalized. The science teams presented their status to the group. In addition,
plans for a parabolic aircraft campaign were discussed. 
A series of NASA Glenn Zero Gravity Research Facility (ZGRF) tests were performed this year with the updated
Microgravity Wind Tunnel, which includes a new longer test section and two high resolution GIGE cameras. The tests
were performed to determine the approximate high velocity blowoff limits for thin cotton fabrics. The materials were
ignited in normal gravity and then the experiment was dropped. The ambient gas oxidizer concentration was switched to
the test atmosphere to determine if the flame could survive in the reduced oxygen concentration during the 5.18 second
drop. 

For opposed flow flame spread, the low gravity blowoff limits were determined at three oxygen concentrations. These
were compared to normal gravity data. The 1g data indicates the limiting (zero flow) oxygen concentration is ~15.9%
O2, significantly higher than the observed ZGRF limits at ~13% O2. This demonstrates how the 1g test is not a
conservative test to evaluate microgravity flammability. However, it may be possible to account for the buoyant flow
and correct the data to predict a conservative microgravity limit. 

Some concurrent ZGRF tests have also been conducted, and the blowoff limits are even lower than opposed limits, but
further drop and 1g testing is required to determine if a similar shift in the limits is feasible for concurrent flow. Because
concurrent flames grow rapidly, it is difficult to get a 1g flame blowoff before the flame exceeds the apparatus size. 
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