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Overview

A new flammability apparatus and protocol, FIST (Forced Flow Ignition and
Flame Spread Test), is under development. Based on the LIFT (Lateral Ignition and
Flame Spread Test)[1] protocol, FIST better reflects the environments expected in space-
based facilities. The final objective of the FIST research is to provide NASA with a test
methodology that complements the existing protocol 2] and provides a more
comprehensive assessment of material flammability of practical materials for space
applications. Theoretical modeling, an extensive normal gravity data bank and a few
validation space experiments will support the testing methodology. The objective of the
work presented here is to predict the ignition delay and critical heat flux for ignition of
solid fuels in microgravity at airflow velocities below those induced in normal gravity.
This is achieved through the application of a numerical model previously developed B]
of piloted ignition of solid polymeric materials exposed to an external radiant heat flux.
The model predictions will provide quantitative results about ignition of practical
materials in the limiting conditions expected in space facilities.

Experimental data of surface temperature histories and ignition delay obtained in
the KC-135 aircraft [4,5] are used to determine the critical pyrolysate mass flux for
ignition and this value is subsequently used to predict the ignition delay and the critical
heat flux for ignition of the material. Surface temperature and piloted ignition delay
calculations for Polymethylmethacrylate (PMMA) and a Polypropylene/Fiberglass
(PP/GL) composite were conducted under both reduced and normal gravity conditions. It
was found that ignition delay times are significantly shorter at velocities below those
induced by natural convection.

Introduction

Long-term missions in space facilities bring concern about the possibility of an
accidental fire [6,7], since there are combustible materials and sources of ignition aboard.
In fact, there have been some minor incidents reported on Space Shuttle flights [8] and
aboard MIR [9].
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aircraft. Therefore, ignition tests in these ground based facilities can only be conducted at
very high heat fluxes, which result in ignition ddays less than this time. Thus, until
experiments are conducted in space based facilities, the results must be extrapolated, and
are consequently limited in scope. Theoretical modeling, therefore, becomes a promising
means to predict fire properties under microgravity and low velocity conditions.

Ignition of solid combustible materials has been extensively investigated theoretically
[10-13]. Many investigators have focused on the condensed phase by introducing an
empirical criterion for ignition. Among these, the critical pyrolysate mass flow rate at
ignition is physically the most relevant 10,14-16], because it is logically related to the
lean flammability limit. For this reason, this criterion is adopted here in conjunctionwith
the available experimental data. This strategy assumes fast chemistry in the gas phase.

Problem configuration

A schematic of the FIST apparatus is shown in Fig. 1. It consists of a smalkscale
combustion wind tunnel with a fuel sample mounted into a low conductivity, inert slab on
one wall of the test section, and a radiant panel on the opposite wall. The surface of the
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Experiments  are 0 20 o 80 80 100 120
conducted with two Time [s]

different fuels in both
normal and reduced
gravity. The first is
clear, 12” thick PMMA
and the other is a 1/8” thick commercially made polypropylene (70% by mass) and loose
glass fiber (30%)(PP/GL) blend, typically used for electronic casings and paneling '
Normal gravity tests are conducted at airflow velocities of 1.0, 1.75 and 2.5 m/s;
larger than the limited values of natural convection. The experiments at forced airflow of
0.09 and 0.15 m/s are conducted in a KC-135 aircraft following parabolic flight

Figure 2. PP/GL surface temperatures in normal and reduced gravity
at various airflow velocities.
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trajectories. The FIST testing apparatus is similar to the normal gravity test facility, albeit
slightly reduced in scale [17] and is placed within the Spacecraft Fire Safety Facility
(SFSF)[18]. Although these experiments are subject to the g-jitter and resulting buoyant
flows of the aircraft, zero gravity and no buoyancy is assumed in modeling the low
gravity experiments. The governing equations, boundary conditions, and the properties
of PMMA and PP/GL can be found in [3] and [5]. Both thermal and oxidative pyrolysis
are considered in the model together with in-depth absorption and phase change when
appropriate. S S

For ignition to occur, the solid must first pyrolyze. The pyrolized fuel then mixes
with the oxidizer in the boundary layer to produce a flammable mixtre, which is ignited
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by the pilot. In order to
determine the
pyrolyzate mass flow
rate at which ignition
occurs, the numerical
and FIST experimental
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Figure 3. Experimental (solid) and predicted (open) igpition delay data

for PMMA.

conditions. This value is subsequently used to predict the ignition delay diagram (ignition
delay vs. heat flux) and the critical heat flux for ignition.

Results and discussion

The measured and predicted surface temperature histories at various airflow velocities
are shown in Fig. 2 for PP/GL composite (30 kW/m?). The numerical results agree well
with the experimental data up to the point of ignition. The experimentally observed sharp
increase in temperature at ignition is not predicted by the model since the gas phase is not
considered. Similar temperature histories are observed for PMMA[5].

The numerically predicted and experimentally measured ignition delays are plotted in
Fig. 3 for PMMA and Fig. 4 for PP/GL. The critical heat fluxes can be deduced from the
ignition diagrams by noting the external radiant flux at which the ignition delay
approaches infinity. The ignition delay and critical heat flux for ignition decrease as the
forced-flow velocity decreases, consistent with the findings of [16]. This suggests that

for PP/GL.
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Figure 4. Experimental (solid) and predicted (open) ignition delay data
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materials will ignite
more easily under the
low velocity conditions
of space facilities. The
critical heat flux for
ignition as the forced
flow velocities
approach zero is close
to half of the value
measured in normal
gravity. It should also
be noted that since the

gas phase is not
considered in  this
model, oxygen

limitation effects are
not examined.




Conclusions

The ignition delay, critical pyrolysate mass flow rate, and critical heat flux for
ignition depend strongly on the airflow, and decrease as the airflow velocity decreases.
This indicates that the environmental conditions must be considered in determining their
values. In microgravity conditions, where airflows can be reduced significantly below
natural convection limited values, the ignition delay times and the critical heat fluxes
have been predicted to be close to half of the value in normal gravity. The results, if
confirmed with longer duration microgravity tests, have very important unphcatlons
since they indicate that materials will ignite easier under the conditions expected in space
facilities, and that consequently stricter design specifications may be needed for fire
safety.
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