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An Experimental Study About Interaction of Droplet Array Combustion
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Abstract

An experimental study was conducted to investigate the interaction phenomena of droplet array
combustion in ambient environment. The droplet with 1mm in diameter was supported from an optical fiber
and ignited with a hot wire. Combustion lifetimes and burning rate constants were measured for fuel of n-
heptane according to parameters, which were junction and suspender spacings, and array configuration.
Results show that the burning process considerably depends on the initial array configuration. The d*law is
found to be correct when applied to both of the droplets in array and the single droplet. For separation
distance of about Smm, there exists a critical state. So the transition from a merged flame to separated flames
occurs and burning velocity is much faster than before. Combustion lifetime of the lower droplet is shorter
than that of the upper droplet in the two-dimensional array combustion. Burning rate constants of the droplets
in arrays are smaller than that of the single droplet, while they become higher as separation distance increases.
Combustion lifetimes of the droplets in arrays are longer than that of the single droplet and decrease as
separation distance increase. It is concluded that the array configuration and the mergedness of the flame are
the most important factors governing multi-droplet combustion.
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Fig. 2 Droplet radius-squared history for fuel of heptane
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Fig. 3 Difference of junction points : (a) horizontal direction

(b) vertical direction
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Fig. 4 Comparison of droplet radius-squared histories : (a)
horizontal direction (b) vertical direction
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Fig. 5 Photographs of the flames (L : junction spacing) (a)-(b):
L=2mm, (¢)-(d): L=5mm, (e)-(f): L=8mm
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Fig. 6 Temporal variation of droplet diameter squared double
droplets
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Fig. 9 Burning histories of double droplets in tandem
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Fig. 10 Droplet burning sequences (L=5mm, H=]0mm)
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Fig. 11 Burning rate for double droplets in tandem (lower
droplet)

L —@—— LowerDroplet(H = 10 mm)
12 . ———a——— LowerDroplet(H=L)
—~-——— Single Droplet (L = )

1 1 1
o 2 4 6 8 10
L (mm)

Fig. 12 Burning lifetime for double droplets in tandem (lower
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Fig. 14 Droplet burning histories of one droplet in tandem
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Fig. 15 Droplet buming sequences of triangle shape model
f‘ s < Single Droplet
@) . ® UpperDroplet (L = 3 mm, H = 3 mm)
Oﬁ ) O LowerDroplet (L= 3 mm, K =3 mm)
[eX:1 o é} 3 Lower Droplet (L = § mm, H = 8 mm)
3 %} e 8 T LowerDroplet {l.= 8 mm, H = 3 mm)

[}
[}
iy %D O e
3 | %o O ®
3 o ®
=~ } .
o4l QXG o .
Qg O o L
[ % o, 0..
.V o o .
02l X Vo Q b
L) ] .
0 { 15
time (s)

Fig. 16 Burning histories of triangle shape model
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Fig. 17 Droplet burning sequences of inverted triangle model
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Fig. 18 Comparison of burning rates between triangle and
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