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Experimental and Numerical Study on Characteristics of
Air-assisted Spray and Spray Flames
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Abstract

Air-assisted atomizer flames are investigated numerically to study spray structures in
nonburning and burning conditions based on experimental data. A PDA is used to measure
droplet size, velocity, and number density for both nonburning and burning spray.
Computations utilize time-averaged gas-phase equations and k-¢ turbulence model for
simplicity. The major features of the liquid-phase model are that a SSF approach is used
to represent the effect of gas-phase turbulence on droplet trajectories and vaporization, an
infinite-diffusion model is employed to represent the transient liquid-phase process.

Computation and experiment results show that the droplet acceleration and evaporation
proceed quickly in near the atomizer, characterizing high number densities and a strong
convective effect. The primary combustion zone, however, is dorminated by the gas phase
reaction and exhibits a sheath combustion
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Co : drag coefficient : pressure
Gy, Gy, C : coefficients in turbulent model Re : drop Reynolds number
Dy : drop diameter r : radial coordinate
D32 : Sauter mean diameter Sp, : source term due to interactions
Gk . turbulence energy production between gas and drops
term S, : source term
a : gravity s : standard deviation
k : turbulent kinetic energy U, u, v : instantaneous, mean and
L. : eddy size fluctuating axial velocity
N : normal(Gaussian) distribution components
n : number of drops represented V, v. v' : instantaneous, mean and
by a computational drop fluctuating radial velocity
P : present grid point components
@ : spatial constant H : heat of vaporization
B : mass fraction of mixture L : enthalpy of vaporization
Y : spatial distribution of mass f : mixture fraction
fraction e : flucutation of mixture fraction
Subscript Superscript
k : kth computational drop
i : ith direction X : x directional components
eff . effect y : y directional components
L] : index to identify a grid node m : mixture mass
P : dispersed phase oX : oxidizer
fu : fuel
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