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A Numerical Study on Interaction and Combustion
of Droplets Injected into a Combustor

J.J. Kook, S.H. Park™
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Droplets in Tandem Array

ABSTRACT

Vaporization, ignition and combustion of fuel droplets in tandem array are theoretically
investigated to understand the droplet interactions in combustors. Including the effects of
density variation in gas-phase, internal circulation and transient liquid heating, a numerical
studies are performed by changing parameters such as initial droplet temperatures, initial
droplet spacings, initial Reynolds numbers, surrounding gas temperatures, and activation
energies of fuel vapors. Combustion regime maps classify the droplet combustion phenomena
according to the configuration and location of the flame with respect to injection Reynolds
numbers and surrounding gas temperatures. In addition, it is shown that the dynamic
histories of droplets and ignition delay tinies are dependent on droplet size ratios and initial
spacings of tandem droplets.
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Table 1 The basic parameters used in this analysis.

Parameter Valu?
Pressure [atm] 10.0
Molecular weight, oxidizer {g/mole] 2897
Molecular weight, fuel, n-octane [g/mole] | 114.23
Arrhenius coefficient [m“/kgsecf 1.0¢10°
Initial droplet temperature [K} 380
Specific heat of fuel, n-octane [J/kgKl 2177
Latent heat [kj/kgl 3015
Oxygen—fuel ratio 35
Prandt]l number, liquid phase 8.0
Viscocity, liquid phase [Nsec/m’] 54x107
Density, liquid phase [kg/m’] 720
Heat of reaction [k]/kgl 4.48x10°
Activation energy [kcal/molel 25

Nz HHE

. Arrhenius coefficient

. specific heat

: diameter

. activation energy

. thrust drag force

: pressure drag force

: friction drag force

! total drag force

; latent heat of vaporization
* mass evaporation rate

: molecular weight

: oxygen-fuel ratio

. universal gas constant, droplet radius
_c : spacing between droplets
" reaction rate

. mole fraction
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@ : acceleration
4H . heat of reaction
r ! nondimensional time
w : vorticity
‘g . stream function
5t & Xt
C—C ' center to center
D ! diameter
DD . downstream droplet
f : fuel
I’y : gas phase
h : hydrodynamic
hg : gas phase hydrodynamic
g ! ignition
/ : liquid phase
LD ! leading droplet
n : normal direction
0 : initial state, oxygen
r . reference state, radial direction
s . surface, separation, shear stress
z ! axial direction
oo . free stream
z 7
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