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Combustion Characteristics of Spherical Droplet

in Turbulent Flow Field
Chong Pyo Cho, Ho Young Kim and Suk Goo Yoon

ABSTRACT

The burning characteristics of interacting spherical droplet in a turbulent flow are
numerically investigated. The transient combustion of 3-dimensionally arranged droplets,
both the fixed streamwise droplet distances of 3 radii and 10 radii and different turbulence
intensities, is studied.

The results obtained from the present numerical analysis show that droplet vaporization
rate for heptane droplet is insensitive to turbulence intensity, and that the transient flame
configuration and retardation of droplet surface temperature augmentation with streamwise
droplet spacing substantially influence vaporization process of interacting droplets. Single
flame mode in which individual flames are merged into single flame, with decreasing
streamwise droplet spacing, becomes faster. Therefore, vaporization rate of the second

droplet with decreasing streamwise droplet spacing decreases remarkably with flame
movement.

Key Words : turbulence intensity, interacting droplets, vaporization rate, streamwise droplet
spacing
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Fig. 1 Schematic of spherical droplets
burning in a convective flow
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Table 1 Generalized equations

Phase Equation » r, S,
Continuity 1 0 0
M u __63.4. 2 a3
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. H,
Turbulent kinetic energy k py G, - pe
Gas X
phase TKE dissipation rate £ f’ {'(C;.Gr 12PE)
N
Species Y, Lo Svw,
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p N
Energy h = > kW,
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Continuity 1 0 0
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Table 2 The methods to evaluate the
thermophysical properties

Properties Method
P Rackett[4]
k, Latini & Pacettil4]
M, Sastri~Rao method[4]
c Corresponding States Methods(CSP) for
il liquid ¢,{4]
L Watson relation[4)
Peng-Robinson equation[4] J
P, Van der Walls and density-dependen
mixing rule[4]
c Abramzon & Sirignano[6)
rE Wilke's method[4]
p Lucasl4]
¢ Lucas mixing rule[4]
k Abramzon & Sirignano[6)
8 Wilke's method[4]
D, Fuller et al.[4}
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Table 3 Comparison of drag coefficients

Re Ca

Johnson et al[10]{ Clift et alL[11] [ Present
50 1.59 1.57 151
100 1.10 1.09 1.05
300 0.656 0.651 0.650

(b)

Fig. 3 Streamlines and contours of vorticity
at 1,=650 in the (x,y)-plane: 20 increments
in contour levels from —10 to 10ud/do.

Fig. 4 Isosurface of temperature at 17,=1700
for 1=0.01: 540 and 2200 K.
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for 1=0.05: 540 and 2200 K.
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Fig. 6 Variation of diameter squared and fuel
mass fraction on droplet surface with
turbulence intensity.
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Fig. 9 Variation of fuel mass fraction on

droplet surface with streamwise droplet

spacing.
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