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Combustion of Fuel Droplets in a Uniform Flow
of Air Under a Zero-Gravity Condition

Satoshi OKAJIMA, Yoshiaki NAGAO, Kazutoshi ABE,
Shuji YAMAGUCHI and Mitsuo SHIMADA

Abstract

The authors conducted experiments to study the combustion of stationary drop-
lets of n-heptane and benzene in a uniform flow of air under a zero-gravity condi-
tion, which was realized in a freely falling chamber, and the effect of the relative
velocity of the fuel droplets with respect to the surrounding gas on their combus-
tion, not disturbed by natural convection, has been examined for the first time.

The evaporation constant increases with increasing the air velocity and is pro-
portional to the one-second power of the Reynolds number. The time-variation of
the flame is similar to that of the spherical combustion when the air velocity is
lower than about 10cm/sec, but at the air velocity of about 30 cm/sec the changes
of the flame dimensions during combustion differ greatly from those of spherical
combustion and rather resemble the behavior of the stationary droplets burning
under a normal-gravity condition. The upper part of the flame of fuel droplet in
a uniform flow of air under a zero-gravity condition can be easily explained by
Burke-Schumann’s model, using the reasonable diffusion coefficient.
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Fig. 1 Falling tower.
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Fig. 2 Motion of falling assembly and drag shield.
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Fig. 4 Experimental setup for observation of air velocity and its profile.
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Fig. 5 Particle tracks images.
Fig. 6 Diagram of control system.
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Fig. 7 Direct photographs of n-heptane burning droplets at various air
velocities under a zero-gravity condition.
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Fig. 8 Direct photographs of benzene burning droplets at various air
velocities under a zero-gravity condition,
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Fig. 11 Effect of air velocity on evaporation constant of stationary droplets burning in
a uniform flow of air under a zero-gravity condition.
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Fig. 13 Flame dimensions vs. droplet diameter at various air velocities
under a zero-gravity condition.
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Fig. 14 Experimental and calculated profiles of flame of stationary droplet burning
in a uniform flow of air under a zero-gravity condition,
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