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conducted for 1 < W e < 50. At smaller We values, drops
rebound after colliding, while for W e > 10, the drops
coalesce. From sequences of the large field of view, initial
velocity, drop shape, and drop trajectory were quantified,
and local velocity and vorticity patterns were observed
through the entire collision event. Sample velocity and
vorticity fields from the small view are given for one time
step in Fig. 2. The fields represent the time of maximum
drop deformation for a rebounding case (Fig. 2(a)) and a
coalescing case (Fig.2(b)). Each field reveals a tilted
vortex ring within each drop that has been distorted by the
deformation. In the case that rebounds, the rings induce
downward and inward flow through their centers, but the
maximum velocities are located away from the symmetry
plane. In the coalescing case by contrast, the rings and the
deforming outer drop surfaces induce stronger inward
motion leading to maximum downward velocities on the
symmetry plane. This strong downflow acts to drain fluid
from the thin film separating the drops so that the film
ruptures and the drops coalesce. More details describing
this mechanism as well as the overall drop trajectories are
given in the full paper.

Experiments on binary drop collisions in liquid were
conducted. A high-speed, dual-field measurement system
was developed to quantify drop trajectories and velocity
fields during the collision process. Velocity and vorticity
fields of the impact zone were investigated in detail. It was
found that the flow dynamics inside of the deforming drops
is critical for coalescence. The effects of drop Weber number
(W e) and collision angle were examined.
1. Experimental setup and methodology
Water/glycerin drop pairs were injected into an ambient
layer of silicone oil in a plexiglas tank. The drop fluid
(water/glycerin) was index matched with the silicone oil to
eliminate optical distortion. Therefore, velocity variations
inside of drops could be observed. TiO2 particles of ~1µm
diameter are added to both fluids to act as tracers. The drop
fluid was made visible by adding a fluorescing dye. Two
tubes were positioned opposite each other, and a pump
pressurized the drop fluid within the tubes. A timing circuit
controlled the opening time of solenoid valves upstream of
each tube. By adjusting the pump pressure and valve
opening time, the volume and velocity of the drops, hence
W e, could be varied.

(a)
Fig. 1 Dual-field PIV setup

A high-frequency Nd:YLF laser beam, pulsed at 1 kHz,
was formed into a sheet that was directed vertically
downward through the plane bisecting the tube outlets. To
achieve dual-field PIV, three high-frame rate cameras
(Photron APX) were used. As shown in Fig. 1, two cameras
were set up for stereo PIV to resolve all three velocity
components in a larger field of view. A third camera imaged
a smaller field for planar PIV. The large field captured drop
trajectories and initial collision conditions, while the small
field resolved the thin film region that formed between the
colliding drops.

(b)
Fig. 2 Sample vector fields at time of maximum deformation.
Cases resulting in rebounding, W e= 4 (left) and coalescence, W e=
15 (right). Field of view is 13 × 13 mm2. Vectors show local
velocity [m/s]. Colors show vorticity [1/s]. Red is counterclockwise
and blue is clockwise

2. Results and discussion
Extensive experiments on head-on drop collisions were
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