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Task Description:

NOTE: Continuation of "Residence Time Driven Flame Spread Over Solid Fuels," grant # NNX10AE03G. 
Flame spread over solid fuels in an opposed-flow environment has been investigated for over four decades for
understanding the fundamental nature of hazardous fire spread. The appeal for this configuration stems from the fact that
flame spread rate remains steady, even if the flame itself may grow in size. For practical fire safety issues, however,
wind-assisted flame spread is more relevant. 

However, these two regimes have always been studied in isolation without much effort to establish a connection, even
though the underlying mechanism of flame spread is the same in all regimes. Sitting between the two regimes are
high-residence time flames, as found in a low-velocity or quiescent microgravity environment. Residence time is the time
spent by an oxidizer in the combustion zone. Such flames, which are of interest on their own merit due to fire safety
issues in spacecrafts, offer some unique characteristics because of the high residence time. Radiation becomes dominant
and, based on previous space experiments and analysis, we contend that a vigorously spreading flame on Earth becomes
self-extinguishing in a microgravity environment under certain conditions such as the fuel thickness being greater than a
critical value. 

The proposed research uses a comprehensive approach-- a novel experimental set up and a theoretical framework based
on scaling and numerical modeling-- to investigate flame spread driven by varying residence time, from blow-off
extinction in an opposed-flow configuration through high residence time flame to blow-off extinction in a
concurrent-flow configuration. At the heart of this proposal is a novel but simple experiment where the residence time
of the oxidizer can be controlled and high residence time flames can be established for a long duration (compared to
drop towers). As a proof of concept, we have constructed a flame tower at San Diego State University (SDSU) in which,
after a sample is ignited, the sample holder, placed in an open moveable cart, can be traversed at any desired speed
upward or downward, creating an external flow that can augment or mitigate the buoyancy-induced flow. Preliminary
results show that we can control the residence time and create flames in different regimes, including a transition between
a wind-aided and wind-opposed configuration. At Gifu University in Japan, we have been developing an interferometry
based imaging system which we intend to enhance to capture the thermal footprint of a flame's leading edge. The leading
edge is central to our understanding of mechanism of flame extinction. Further development of this technology will
enable us to integrate diagnostics in future space based experiments and provide validation data to a comprehensive
numerical model. The comprehensive model, to be built upon our existing two-dimensional model, will solve an
unsteady, three-dimensional, Navier stokes equation with finite rate kinetics in the gas and solid phases and radiation in
the gas phase. The software implementation will be object-oriented and utilize a new technology called Web Services
that will decouple various sub-models and enhance parallel execution. 

The radiation model will also be refined by including the equilibrium composition of species for finding radiative
properties in high residence-time flames. The comprehensive model, tested against available theory, data in literature,
and data generated at SDSU and Gifu, was applied to test the three hypotheses presented in the preceding grant
regarding flame extinguishment in a microgravity environment. A successful outcome of that project is leading to a well
thought out space-based experiment on the mechanism of flame extinction in a gravity free environment. We have
received authority to proceed to Preliminary Design Review. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Our research has three components: We have built a novel experimental facility called Flame Tower at SDSU, where
ground based experiments on flame spread have been conducted; Theoretical and computational work that explores the
similarity and differences between the mechanisms flame spread in a zero gravity space environment and on Earth;
Design and propose a space based experiment to establish extinction mechanism of flames. 
The data that we are acquiring in the Flame Tower will provide the research community with a comprehensive set of
results for testing different theories of flame spread in a normal gravity environment. Moreover, by controlling the
residence time, various regimes of flame spread, including the microgravity regime, can be explored in the Flame Tower.
Our theoretical work predicts a fuel thickness beyond which steady flame spread is unsustainable in a gravity free
environment. If we are successful in establishing a critical thickness, this will have a powerful impact on making fire
resistant environment for humans in space. 

  

Task Progress:
New project for FY2015. 
Continuation of "Residence Time Driven Flame Spread Over Solid Fuels," grant NNX10AE03G. 
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