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Study of Flame Spread over Polymer-Insulated Wire in Depressurized Enclosure
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Abstract: Flame spread character along polyethylene (PE)-insulated wire as a model of electric
devices, which is most possible fire source in space, in quiescent closed chamber is examined
experimentally. Sub-atmospheric pressure range from 20 kPa to 100 kPa is of interest to
simulate the space habitant environment. Throughout the study, ambient gas composition is
fixed at 79 vol.% of nitrogen and 21 vol.% of oxygen (same as air), hence the partial pressure of
oxygen is decreased as the pressure in the chamber is decreased. Flame spread subsequent
forced ignition is observed and the spread rate is determined as a measure of the fire damage.
Three types of chamber configuration are demonstrated to investigate the enclosure effect on
flame spread; such as (a) with ceiling and side walls (severely confined case), (b) with ceiling but
no side wall, (c) open (no obstacle. Least confined case). Results showed that the spread rate is
quite sensitive on the imposed enclosure configuration near the extinction condition; the spread
rate decreased with ceiling and side walls but no decrement trend is observed in open
configuration. It is suspected that the burned gas tends to stagnant near the combustion regime in

severely confined case and the oxygen component to be burned is limited. ~Without any confined

effect, faster spread rate is achieved in depressurized environment.

It is addressed that the severe

regulation for fire safety should be applied in the space habitant.
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Fig.1 Schematic diagram of experimental set up
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Fig.2 Considered “confined” conditions
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Fig.3  Direct photographs (top) and photographs with
backlight (bottom) of spreading flame over PE-insulated wire
(from left, P=100, 80, 60, 40 kPa). Flame spreads from right
to left.
Backlight images are all magnified.

Every image is taken at t=15 s after ignition.
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Fig.4 Flame spread rate in various “confined” conditions
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