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Experimental Investigation of Collision Mechanisms
Between Binary Droplet of Fuel Jet
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Abstract

In this study, the mechanisms of binary droplet collision were studied with diesel, ethanol and purified water. The droplet
collisions of liquid droplet have been investigated for the same droplet diameter. In order to obtain the digital images of the
droplet collision behavior, the experimental equipment was composed of the droplet generating system and the droplet visu-
alization system. The droplets were produced by the vibrating orifice monodisperse generator. The visualization system con-
sisted of a long distance microscope, a light source, and a high speed camera. The outcomes of binary droplet collision can
be divided into four regimes, bouncing, coalescence, reflexive separation and stretching separation. The impact angle and the
relative velocity of binary droplet are main parameters of collision phenomena, so the transition mechanism of droplet col-
lision can be divided by the impact parameter.
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Fig. 1 Schematic diagram of droplet generating and opti-
cal systems

Table 1. Test conditions

Orifice diameter (1im) 90

Droplet size (um) 175

Velocity of droplet 9~12 m/s

Test fuels Pl?l‘ified water, Ethanol,
Diesel

Drop size ratio (A=d/dg); 1

High speed camera 20,000 fps

Table 2. Physical properties of test fuels

Density Suxfa.:ce Viscosity
Fuel (kg/m’) tension (keg/ms)
£ (kg/s)
Ethanol 780 0.023 0.0012
Diesel 831 0.026 0.00223
Water 998 0.073 0.001

Fig. 2 Schematic of the binary droplet collision
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Fig. 3 Mechanisms of droplet collision

sl=ol A n| g a}eka] 4] A 138 A435(2008) 189

* 4NN

(a) Water (We=17.5, B=0.184, 0=12.5 )

(b) Ethanol (We=44.7, B=0.295,0=14.

(¢) Diesel (We=38.64,

358, a=13.4)
Fig. 4 Coalescence
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(a) Water (We=30.71, B=0.02927, a=12.5)

{c) Diesel (We=51.1, B=0.0837, 15.2)

Fig. 5 Reflexive separation

(a) Water (We=128.4, B=0.588, 0 =36.4)

(b) Ethanol (We=128.35, B=0.485, 0.=213)

(¢) Diesel (We=149.5, B=0.462, a=24.4)

Fig. 6 Stretching separation
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(a) Water (We=43.95, B=0.852, 0 =19.9)

{c) Diesel (We=46.6, B=0.761, a =14.3)

Fig. 7 Bouncing
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Fig. 8 Collision regimes according to the Weber number
(m : bouncing, A : stretching separation, @: coa-
lescence, w : reflexive separation)
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Fig. 9 Collision regimes according to the Reynolds num-
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