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Modeling of Flammability Limits of Thin Materials in Microgravity Environment
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Abstract

A model for flammability limits of thermally thin materials in microgravity environment has been developed by scale

analysis.
off limit and the other is radiation extinction.

The flame spread over a thermally thin material with an opposed flow has two extinction limits; one is the blow-
These limits are expressed by the following non-dimensional parameters, Da

and Rr¢ as Da=1 and Rn..+1, respectively. In the previous model, the intersection of these limits corresponded to the

minimum limiting oxygen concentration (MLOC).

However, near the MLOC condition, due to the coupling of the effects of
radiation and kinetics, the MLOC was far underestimated than the measured MLOC.
equation 7+R,,;+1/Da=1 is proposed to take account of the coupling effect.

In the new model, non-dimensional
The predicted extinction limit with the new

model agrees with the actual limit obtained by flight experiments.

Keyword(s): Flame spread, Flammability map, Scale modeling, Extinction, Damkohler number
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Gas-phase diffusion length

Solid-phase diffusion length

Radiation loss factor

Adiabatic flame temperature
Vaporization temperature

Ambient temperature

Opposed-flow velocity

Flame spread rate

Flame spread rate in thermal regime
Velocity relative to flame, V.= V. + V¢
Critical opposed-flow velocity

Width of fuel

Oxygen mass fraction

Thermal diffusivity of gas, evaluated at 7%
Surface emissivity

Gas-phase conductivity evaluated at 7}
Solid-phase conductivity
Nondimensional spread rate

Gas density evaluated at 7

Solid density

Fuel half-thickness

(2014 £ 7 A 31 B, 2014 4% 10 A 7 BiEER)



