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ABSTRACT

Understanding the behavior of flame spreading in a microgravity environment has direct implications to fire safety in
spacecraft. Compared to normal Earth gravity conditions where radiative effects are insignificant (for small flames)
due to high buoyancy, the absence of an opposing flow in the space environment can make the residence time
(time spent by oxidizer and fuel at the flame leading edge) relatively large, resulting in strong radiative effects.
A simplified analysis will be presented that predicts that flame spread over solid fuels is self-extinguishing even
in a high oxygen environment, provided that a non-dimensional radiation number exceeds a certain critical value.
Numerical analysis suggests that the asymmetry between the species and temperature fields caused by enhanced
radiative losses creates a vitiated atmosphere around the spreading flame, leading to its extinction. With the
non-dimensional radiation number being proportional to fuel thickness and inversely proportional to the ambient
pressure, the Residence Time Driven Flame Spread (SoFIE-RTDFS) investigation will vary these two parameters
in upcoming (June 2024) long duration experiments aboard the International Space Station (ISS). The intended
experiments should provide direct evidence to prove, or disprove, the predicted flame extinguishment and provide
unprecedented insight into the mechanism of flame spread in a microgravity environment. The analysis will be
expanded to establish closed-form formulas for downward flame spread over cylindrical fuels in a normal-gravity
environment. The second half of the talk will be devoted to a demonstration of the web-ware TEST (The Expert
System for Thermodynamics — www.thermofluids.net) freely available to all educators.
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