140 g7 Aes=83 BA, A23¥ A1, pp. 140~148, 199

Comparative Study of Flame Spread Behaviors in One
Dimensional Droplet Array Under Supercritical Pressures
of Normal Gravity and Microgravity
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Abstract

Experiments on flame spread in an one-dimensional droplet array up to supercritical pressures of fuel
droplet have been conducted in normal gravity and microgravity. Evaporating process around unburnt droplet
is observed through high-speed Schlieren and direct visualizations in detail, and flame spread rate is measured
using high speed chemiluminescence images of OH radical. Flame spread behaviors are categorized into three:
flame spread is continuous at low pressures and is regularly intermittent up to the critical pressure of fuel.
flame spread is irregulerly intermittent and zig-zag at supercritical pressures of fuel. At atmospheric pressure,
the limit droplet spacing and the droplet spacing of maximumn flame spread rate in microgravity are larger
than those in normal gravity. In microgravity, the flame spread rate with the increase of ambient pressure
decreases initially, takes a minimum, and then decreases after taking maximum. This is so because the flame
spread time is determined by competing effects between the increased transfer time of themal boundary layer
due to reduced flame diameter and the reduced ignition delay time in terms of the increase of ambient
pressure. Consequently, it is found that flame spread behaviors in microgravity are considerably different from
those in normal gravity due to the absence of natural convection.
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Fig. 1 Schematic drawing of drop tower facility
for microgravity experiment.
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(a) (h)
Fig. 2 (a) Capsule loaded with present experiment

and (b) vacuum chamber loaded with capsule.
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Fig. 3 Schematic explanation on dropping process of
capsule.
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Fig. 4 Variation of flame spread rate with
droplet spacing: D=1.0mm., P=0.1MPa.
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Fig. 5. OH chemiluminescence images of flame
spread with ambient pressure in Microgravity;
D=1.0mm, 8=2.0mm, (a) P=0.5MPa, (b) P=1.5MPs,
(c) P=25MPa.
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Fig. 6 Typical schlieren images of flame spread in
microgravity; D=1.0mm, s=3.0mm, (a)
P=1,0MPa and (b) P=3.0MPa.
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Fig. 8 Typical direct images of flame spread in
microgravity, D=1.0mm, s=3.0mm, (a)
P=0.2MPa and (b) P=3.0MPa.
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