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Observations and Burning Velocity Measurements of a Fuel Rich Flame of Fuel Vapor-Air Premixture
Containing Fine Fuel Droplets Using a Counterflow Burner
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A uniform spray counterflow burner was developed to perform a fundamental study on partially-
prevaporized spray combustion. Condensation method was applied to generate partially-prevaporized
spray streams. A laser sheet technique was used for observations of droplet behavior in a flame.
Droplet velocity upstream of the leading edge of a blue flame was measured with a particle tracking
velocimetry (PTV). A flame was observed with a color CCD camera. Flame observations and burning
velocity measurements were performed for spray streams with mean droplet diameters between 16 and
29 um and strain rate of about 300 s” (281 to 338 s™). Total equivalence ratio was varied from 1.2 to
1.6 and liquid equivalence ratio was set at about 0.2 and 0.3. Ethanol as a volatile fuel and n-decane
as a low-volatile fuel were employed. A flame could not be stabilized below 1.2 in the total equivalence
ratio. For both fuels, it was found that droplets existed in a blue flame when the mean droplet
diameter was larger than 19 pm. In the case of n-decane spray streams, envelope flames around a
droplet which passed through a blue flame were observed. Burning velocity of ethanol spray flames of
0.2 and 0.3 in the liquid equivalence ratio increases with the increase in the total equivalence ratio.
The burning velocity of n-decane spray flame took the maximum value at 1.3 in the total equivalence
ratio when the liquid equivalence ratio was 0.2. For spray streams of 0.2 in the liquid equivalence
ratio, burning velocity of spray flame of low-volatile n-decane was larger than that of volatile ethanol
in the total equivalence ratio rage from 1.2 to 1.4. The results suggested that droplet evaporation in a
blue flame decreased flame temperature and led to slow combustion.
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Fig. 4 Laser-sheet image of an ethanol droplet-vapor air
stream.
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Fig. 5 Typical of droplet diameter distribution.
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Fig. 6 Droplet and gas velocity profiles along y-axis.
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Fig. 10 Droplet and gas velocity profiles along y-axis.
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