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Numerical Analysis for the Detailed Structure and the Soot Formation
Mechanism in Counterflow Ethylene-Air Nonpremixed Flame

ABSTRACT

The flame structure and soot formation in the counterflow Ethylene-Air nonpremixed flame
are numerically analyzed. The present soot reaction mechanism involves nucleation, surface
growth, particle coagulation, and oxidation steps. The gas phase chemistry and the soot
nucleation, surface growth reactions are coupled by assuming that the nucleation and soot
mass growth has the certain relationship with the concentration of benzene and acetylene. In
terms of the centerline velocity and the soot volume fraction, the predicted results are
compared with the experimental data. The detailed discussion has been made for the
sensitivity of model constants and the deficiencies of the present model. Numerical results
indicate that the acetylene addition to the soot surface plays the dominant role in the soot
mass growth for the counterflow nonpremixed flame.
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Nomenclature incipient soot
Na 1 Avogadors' number, particles/kmol
Y. : Mass fraction of soot A : Surface area of soot
N : Soot number density, particles/rn3 k : Boltzmann constant, JJK
M. @ Molar mass of soot, kg/kmol pcs . Density of the soot, kg/m3
Cmn 1 Number of carbon atoms in the C. 1 Agglomeration rate constant
T . Temperature, K
w Shekojebal dishyd u, v Velocity component, m/s
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