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Study on Flame Structure and Stabilization of Premixed n-Decane Spray in Counterflow
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Abstract : An experimental study was performed on combustion of lean-and stoichiometric-premixed spays in counterflow.
N-decane was used as a liquid fuel with low volatility. Flame structure and stabilization are discussed based on the flame-
spread mechanism of droplet array with a low-volatility fuel. Both blue flame and yellow flame were established near the
stagnation region. The flame spread among droplets and group flame formation were observed on the premixed spray side.

Envelope flames were also observed on the approach air flow side. The blue-flame region consisted of the propagating

premixed flame, the envelope diffusion flame around each droplet, the group diffusion flame at the initial stage, and the
envelope flame around droplets passing through the group flame. The flame was stabilized within a specific range of the
mean droplet diameter through the balance between the droplet velocity and flame-spread rate of the premixed spray.
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Fig.1 Counterflow premixed-spray burner.
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Fig.2 Burning premixed sprays for different atomization conditions
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Fig.3 Burning premixed sprays for different atomization conditions
(¢ =0.85).
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Fig.4 Intensified high-speed video images of burning premixed sprays
for different atomization conditions (¢ = 0.85, 3900 fps).
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Fig.5 Intensified high-speed video images showing flame spread to
droplets in lower parts of the premixed-spray flame (¢ = 0.85).
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Fig.6 Schematics of flame spread along a linear droplet array and

premixed-spray combustion with a low-volatility fuel.
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Fig.7 Combustion map of premixed-spray flame in counterflow.
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Fig.8 Stabilization mechanism of premixed-spray flame with less-
volatile fuel in counterflow.
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Fig.10 Intensified high-speed video image of a burning premixed spray
just before blowoff (¢ = 0.85, d32 = 122um, 3900 fps).
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