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Dispersion and vaporization behavior of liquid fuel droplets in a heated axisymmetric jet is studied using
detailed flow visualization based on numerical simulations. Results show that the gravity has a strong effect on
the dynamics of jet shear layer and droplets. The presence of gravity introduces the buoyancy-induced hydro-
dynamic instability, causing the large vortical structures to appear without any external perturbation. The
droplet dispersion and vaporization behavior is influenced by both the vortex structures and the gravity. Three
regimes, distinguished by the Stokes number St and the ratio of droplet terminal velocity to characteristic gas
velocity Vr, are identified to characterize the effects of vortex structures and gravity on droplet dispersion. At
low St and Vr, the droplets behave like gas particles. In the second regime, 0.1 < St < 0.64 and 0.04 < Vr <
0.3, due to the centrifugal action of the vortex structures the droplets are dispersed more than the gas particles.
At the lower end of the third regime, the droplet motion is affected by both the vortex structures and the gravity,
whereas at the higher end it is affected more by gravity. The effect of vaporization is to shift the Stokes number

range for the three regimes.

Nomenclature
B = Spalding transfer number
C,, = droplet drag coefficient
C, = specific heat
D = vapor/air binary diffusion coefficient
d, = droplet diameter
g = acceleration of gravity
H = heat transferred from gas phase to droplet per unit
mass of fuel vaporized
H = H/L
h = heat transfer coefficient
L = latent heat of vaporization
Le = Lewis number, A/(pDC,)
M = molecular weight
m, = droplet vaporization rate
#, = droplet vaporization flux rate, #1,/(7d?)
m, = normalized droplet vaporization rate, n1,/(2@pDd,)
Nu = Nusselt number ;
P = pressure
Pe = Peclet number, RePr
Pr = Prandtl number
R = universal gas constant
Re = Reynolds number
r = radial distance for gas-phase
S¢ = Schmidt number
Sh = Sherwood number
St = Stokes number, t./t;
T = temperature
T, = boiling temperature
T, = initial droplet temperature
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characteristic flow time

droplet acrodynamic response time, p,d7/(18u,)
axial velocity

droplet terminal velocity, p,d;g/(18u,)
radial velocity

axial location of droplet
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Subscripts

fuel vapor

gas-phase

ith species

droplet characteristic or group
liquid-phase

surface

ambient condition
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Introduction

RAVITY influences combustion phenomena in many

significant ways. Combustion systems where gravity plays
a key role include burning droplets, jet diffusion flames, freely
propagating premixed flames, candle flames, flames over solid
and liquid pools, and other heterogeneous flames.! Since the
pioneering work of Burke and Schumann® and Hottel and
Hawthorne,? the gaseous diffusion flames, because of their
practical and scientific importance, have been extensively
studied over many decades. More recently, opportunities
provided by the microgravity (ug) environment at ground-
based and space facilities have motivated additional research
in this area, focusing on the effects of gravity on the diffusion
flames.*~ It has been found*-? that the reduction of gravity
introduces drastic changes in both the steady-state and the
dynamic characteristics of these flames. Under ug conditions,






























