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A simple experimental setup used to study the impact and coalescence of deposited droplets is
presented. Droplet impact and coalescence are investigated by high speed particle image velocimetry.
Experimental velocity fields near the liquid-substrate interface are presented for the impact and
coalescence of 2.4 mm size droplets of glycerine and water impacting on a flat transparent substrate
in air. The experimental arrangement images the droplet inner flow from below the substrate by
a high speed camera and continuous laser light. Experimental results are in the form of digital
images that are processed by particle image velocimetry and image processing algorithms to obtain
velocity fields, droplet properties and contact lines. Experimental results are also compared with
numerical simulations by lattice Boltzmann method. Numerical and experimental results confirm
that the coalescence of impacting droplets improve mixing at the relaxation stage.
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I. INTRODUCTION

The study of the impact and coalescence of droplets
is of prime importance to the inkjet industry as it is the
ultimate factor determining the quality of printing. In
addition, the coalescence of droplets is a mechanism with
potential applications for the mixing of reagents in mi-
crofluidic systems, biological materials and the printing
of electronics, [1–3]. Coalescence occurs throughout na-
ture and industry, from rain drop formation to rapid pro-
totyping and sintering. With the inkjet industry expand-
ing into new areas of manufacturing, the accuracy of drop
deposition is becoming paramount. For applications such
as printed circuit boards or depositing biological materi-
als, the final drop shape and position are essential to the
functionality of the final product. Similarly for microflu-
idics where two substances require mixing, the rate and
extent of mixing must be known for chemical reactions
to be controlled. In order to rely on drop coalescence for
these applications it is essential to understand both the
internal and the free surface dynamics.

Several investigations have been carried out to study
the dynamics of two sessile drops coalescing. In these ex-
periments, the first drop is placed on a substrate and
a second drop is formed next to it by pumping fluid
through the substrate until the second drop contacts the
first and coalescence takes place, [1] and [4]. This method
is treated as having two sessile drops as the second drop is
usually expanded very slowly. In these experiments, the
rapid neck growth at the point of connection between
the two drops is observed from above [5] or/and the side
[4]. So far, these studies have shown that the expansion
of the neck is driven by surface tension and is opposed
by inertial or viscous forces. In particular, it has been
demonstrated that the diameter of the meniscus between
the two coalescing drops grows in time following a power
law. This behavior has been found in the coalescence of

mercury droplets, in the coalescence of thin viscous drops
spreading due to surface tension and in the early stages
of spreading of both viscous and inviscid fluids, [5–8].
These investigations focus their attention on externally
measured properties such as contact angles, composite
diameters and droplet radii, and not on studying the in-
ner dynamics of the droplet flows.

Many previous experimental works have been per-
formed to visualize the internal motion of droplets. The
visualization of the internal flow of a single drop de-
posited on a surface has demonstrated the existence of
symmetric circulation flows which either ascend or de-
scend at the axis of symmetry depending on the mo-
tion of the contact line, [3]. Additionally, experiments of
two differently coloured droplets coalescing have identi-
fied the time scales in which the mixing of fluid occurs,
[1]. Quantitative measurement techniques, such as Par-
ticle Image Velocimetry (PIV), on sessile or coalescing
droplets encounter several limitations, the most impor-
tant being the optical distortion effects produced by the
differences of refractive indexes between the droplet fluid,
the substrate material and the medium in which the fluid
is jetted (commonly air), [9]. Experiments within index-
matched liquids have been conducted using dual-filed and
tomographic PIV. These experiments have given an ac-
curate insight into the internal flow of coalescing drops,
rebound properties and therefore the mixing behaviour,
[10] and [11]. Apart from these investigations, little quan-
titative experimental work on the internal flow of drops
during impact and coalescence in air has been carried
out.

Drop coalescence occurring between two static drops
can be divided into three stages. During the initial stage
the drop edges meet and coalescence occurs. This be-
gins with the formation of a thin liquid bridge between
the two drops, which then increases in width with a tem-
poral power law, [1]. During this stage the contact line
does not move. After this the neck relaxes in the inter-
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mediate stage. The contact line of the drop begins to
move and the curvature of the drop surface changes from
concave to convex in order to minimize surface energy.
The final stage occurs as the drop relaxes into a spher-
ical drop. There is minimal movement of the contact
line during this phase as the drop forms a spherical cap.
This is driven by surface tension forces in order to reach
equilibrium.

This work presents a novel approach for the application
of particle image velocimetry on the impact and coales-
cence of two non-sessile droplets. The experimental setup
is simple and can be applied to non-matching refractive
index systems. Briefly, these experiments consists of im-
pacting droplets on a rectangular transparent substrate
to observe the internal dynamics through and from below
the substrate. In this way, the differences of refractive in-
dex do not distort the view, no reconstruction algorithms
are required and a clear visualization can be done in a
two phase system (air/liquid). In addition, this paper
combines shadowgraph imaging on a side-view plane and
a digital image analysis to extract the traditional geo-
metric properties of the coalescence phenomenon such as
dynamic contact angles, composite diameters and neck
height and width. Droplets of 2.4 mm diameter with
Newtonian properties are used in these experiments. Ex-
perimental results are compared with numerical simula-
tions based on the lattice Boltzmann method.

A. Experimental setup

A diagram of the experimental setup is shown in Fig.
1. As mentioned previously, the aim of these experi-
ments is to study the internal flow and the dynamics of
droplets during deposition and coalescence. The experi-
ments consist of depositing a droplet adjacent to a sessile
droplet resting on a transparent substrate. Two imaging
arrangements were used for these aims: an experimental
setup visualizing the inner droplet dynamics from behind
the substrate and a shadowgraph system to observe the
impact and coalescence behavior from a side view.

In all experiments, the position, size and speed of the
droplets and the impact properties are controlled by a
large scale printhead which has been described elsewhere,
[14]. This printhead consists of a closed liquid reservoir
containing a flexible membrane on one side and a nozzle
orifice opposite to it. The membrane transmits the mo-
tion produced by a mechanical actuator to produce the
pressure wave required to jet the droplet. The printhead
is operated in a drop on demand mode where the speed
and size of the produced droplets are adjusted by the
waveform sent to the printhead actuator (a V201 LDS
vibrator). For these experiments, a 2.2 mm nozzle was
used on the printhead with a solution of 85% glycerine
on water to produce Newtonian droplets. Single pressure
pulses were used on the actuator and adjusted to produce
the desired speed and size of the droplets. The measured
properties of these droplets are shown in Table 1. The

FIG. 1: (Colour online) Schematic view of the experimental
setup.

glycerine and water solution was mixed with titanium
dioxide (TiO2) particles of ∼ 2 µm diameter for the PIV
visualization.

Droplets were jetted onto a transparent perplex rect-
angular sheet of 5 mm thickness placed 65 mm away from
the nozzle plane. The droplet impact region was illumi-
nated by a continuous laser beam positioned behind the
substrate at an angle of 27 degrees from the substrate
normal, see Fig. 1. The substrate was mounted on a
translation stage with a micrometer control to precisely
adjust the separation between coalescing droplets.

Density: 1222.0 ± 2.0 kg/m3

Viscosity: 100.0 ± 0.5 mPa.s
Surface tension: 64.0 ± 0.5 mN/m
Static Contact angle: 63.2 ± 0.2 degrees
Droplet Speed of impact: 1.1 ± 0.1 m/s
Droplet diameter (in flight): 2.38 ± 0.03 mm
Droplet separation: 2.95 ± 0.03 mm
Time between
droplets deposition: 10.0 ± 0.5 s

Table 1. Fluid and droplet properties.

The PIV technique requires two successive images
taken in a short time interval to determine the motion of
particles in a flow. In conventional PIV, the illumination
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and the frame separation are usually provided and con-
trolled by a twin laser system and a specialized camera,
[10]. The correct utilization of this technique depends
on many different variables and, as a consequence, its
application is mostly restricted to systems with symmet-
rical geometries and to media with matched refractive
indexes. In addition, the measurement of the fluid speed
is limited by the frame rate, the field of view and the size
and resolution of the CCD sensor and the optical sys-
tem used for visualization. The measurement volume of
a conventional PIV is determined by the field of view of
the camera system and the width of the laser beam illu-
minating the flow (usually a laser sheet). In this work, an
imaging setup consisting of a high speed camera coupled
to a microscope lens was used for the PIV image acquisi-
tion. As a result, the time between successive images for
the PIV analysis was determined and controlled by the
frame speed of the high speed camera. The dimensions
of the measurement region of this setup are determined
by the field of view and the depth of field of the imaging
system and not by the characteristics of the laser beam.
A Phantom V7.3 monochrome high speed camera operat-
ing at a frame separation of 333.0 µs and a exposure time
of 331.0 µs (3,000 fps option) was used with a Navitar
12x Zoom microscope lens system for the image acquisi-
tion. The camera system was pointed upwards to focus
on the region of droplet impact on the substrate surface.
The microscope zoom lens was set to produce a field of
view of 10 mm × 7.5 mm. Under these conditions, the
depth of field produced by the optical system was <200
µm and a resolution of 80 pixels/mm was achieved.

The axial position of the camera was adjusted to place
the focal region on the substrate plane. The droplet im-
pact and coalescence were illuminated by a laser beam
with a 10 mm diameter at the landing plane. A CW
laser diode with a wavelength of 532 nm and a maximum
power of 200 mW was expanded by a 16.5 cm focal length
aspheric lens and utilized as the light source.

The angle of incidence and the position of the laser
light were chosen to minimize reflections. The maximum
amplitude region of the beam was centered at the edge
of the sessile droplet opposite to the impact. The laser
beam was delivered with an angle of incidence of 27 de-
grees. For these experiments, the laser was operated at
its maximum power, the camera set to its maximum sen-
sitivity and the frame speed and size chosen to be the
fastest and largest possible to show a clear view of the
coalescence process. Examples of the images acquired by
the experimental setup are shown in Fig. 2.

A second visualization setup was utilized to observe the
impact and coalescence of droplets from a side view per-
pendicular to the substrate plane. For this imaging, the
high speed camera was used with a macro lens Tamron
SP AF90 set to its maximum magnification and maxi-
mum aperture. For the illumination, a 20 × 20 cm acrylic
optical diffuser was placed between the substrate and a
500 W generic halogen lamp. The camera was angled a
few degree downwards to clearly show the baseline of the

FIG. 2: (Colour online) Examples of images for drop impact
and coalescence taken by the high speed image setup. The
fluid used in these experiments was seeded with 2 µm TiO2

particles to permit a PIV analysis. On the left, original images
are shown. On the right, a digital negative is presented to
facilitate the visualization of the contact line position.

droplets. Under these conditions, the high speed cam-
era was operated at a frame separation of 149.0 µs and
a exposure time of 2.0 µs. The resolution obtained by
this setup is 40 pixels/mm, and examples of the recorded
images are shown in Fig. 3.

B. Image analysis

The images experimentally obtained by the previously
explained setup were digitally analyzed to obtain the ge-
ometrical properties of the coalescence process. Bottom-
view images were analyzed to determine the composite
droplet length, neck width and left and right droplet
radii. Side view shadowgraph images were studied to es-
tablish the neck height and the contact angle. A diagram
showing these properties is shown in Fig. 4. The Canny
edge detection technique was used to find the drop out-
line for all the pictures in Matlab. For the bottom view,
the maximum left and right point were then identified.
The image was divided into two vertically down the cen-
ter and the maximum and minimum vertical positions
for each side were found. By combining these with the
coordinates of the respective side position the intersect-
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FIG. 3: (Colour online) Examples of images for drop impact
and coalesce obtained by high speed shadowgraphy. In both,
this series and the one shown in Fig. 2, the time = 0 µs
corresponds to the frame showing the impacting droplet at
the closest position from the substrate. As a consequence, a
systematic timing error of up to 150 µs can exists between
this side view and the bottom view shown in Fig. 2.

FIG. 4: (Colour online) Diagram of the quantities determined
by the image processing.

ing chord theorem was used to estimate the radii of the
left (R1) and right (R2) drop individually.

The neck width was found by splitting bottom-view
images across the horizontal axis and analyzing the top
and bottom section of the neck. The neck was found
as the point closest to the central axis between the two
maxima of the left and right drop peaks. From these
coordinates the neck width and position from the left
and right edge were found (Rx and l). In a similar way,
side-view images were analyzed to obtain the neck height
(Lz).

II. SIMULATIONS BY LATTICE BOLTZMANN
METHOD

For comparison, the droplet coalescence process is here
also analysed numerically using the lattice Boltzmann
(LB) method [18]. This mesoscopic approach has the
benefit that liquid free surfaces do not require special
tracking or reconstruction at each time step; they arise
naturally as part of the (liquid-gas) phase separation
model, which in this case is the popular Shan-Chen mul-
tiphase model [19]. In addition, there is no need to spec-
ify the dynamic contact angle as an input to the model
— only the equilibrium contact angle. These features
make the method well suited to the simulation of flows in-
volving both large and topological changes in free-surface
shape, such as arise in droplet impact and coalescence.
The LB method is also algorithmically much simpler than
other diffuse-interface methods.

The ‘lattice’ in the LB method represents a discreti-
sation of both 3D space and molecular velocity. Each
node in the lattice has a set of vectors, ~ea (a = 0, . . . , 18),
given by the displacements from the node to its 18 nearest
neighbours plus the zero vector. The vectors ~ea represent
19 molecular velocities, and each of these has associated
with it a probability distribution function, fa. The val-
ues of fa across the whole lattice evolve in time accord-
ing to a simple two-step process repeated at each time
step: (i) the fa at each lattice node relax towards a local
Maxwellian distribution, and (ii) each fa ‘streams’ along
its associated vector to the neighbouring node. Thus step
(i) represents molecular collision and step (ii) molecular
motion.

Using a simple single relaxation time, τ , for all the fa,
the process can be written as

fa(~x+~ea, t+∆t) = fa(~x, t)− [fa(~x, t)− feq
a (~x, t)]

τ
(1)

where the local Maxwellian equilibrium distribution is
given by:

feq
a (~x, t) = waρ

[
1 + 3

~ea · ~u
c2

+
9
2

(~ea · ~u)2

c4
− 3

2
~u2

c2

]
(2)

for a = 0, . . . , 18. Here wa are weights associated with
each vector ~ea, ~x is the position within the lattice, t the
time, ∆t the time step, and c the lattice speed, while ρ
and ~u are repectively the macroscopic density and veloc-
ity calculated as follows:

ρ(~x, t) =
18∑

a=0

fa(~x, t) (3)

~u(~x, t) =
18∑

a=0

~eafa(~x, t)/ρ(~x, t) (4)

For multiphase capability, the Shan-Chen model [19]
introduces an interaction potential between neighboring
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lattice nodes, which can be expressed as:

F (~x, t) = −Gψ(x, t)
18∑

a=0

waψ(~x + ~ea, t)~ea (5)

where F is fluid-fluid interaction force, G is an interaction
strength parameter (negative for particle attraction), and
ψ is a potential function that depends on density:

ψ(ρ) = ρ0 [1− exp(−ρ/ρ0)] (6)

where ρ0 = 1. This model produces a non-ideal equation
of state that supports the coexistence of a heavy phase
of density ρh and a light phase of density ρl.

In order to simulate a droplet impacting onto a solid
surface, a surface wetting model must also be introduced.
Here this is achieved by specifying the fluid density on
the solid surface via a ‘surface affinity’ parameter [20]
defined in the range 0 to 1 by:

η =
ρw − ρl

ρh − ρl
(7)

where ρw is the density at the wall. Specifying η and
using the calculated ρw results in an equilibrium contact
angle between 0◦ (η = 1) and 180◦ (η = 0). In this study
the choice η = 0.4 is used to give a static contact angle
of θs = 63◦. This approach is sufficient to simulate the
wettability of a perfectly smooth surface.

FIG. 5: (Colour online) Lattice Boltzmann simulation of
droplet impact and coalescence corresponding to that in Fig.
3.

However, the properties of the surface can have a large
influence on droplet deposition, spreading and coales-
cence. Owing to contact angle hysteresis, in the exper-
iments (see below) only a small retraction of the con-
tact line can be observed and the final footprint of the
droplets after coalescence covers almost the same surface
that was wetted during impact. For improved simulation
of this phenomenon, a wetting model taking into account
contact angle hysteresis and fluid adhesion on the solid
surface is required. In this study, the model proposed
in [21] is used. The surface affinity parameter (7) is ini-
tially set to correspond to the advancing contact angle
θa = 85◦. Once the surface at a given location is wetted,
i.e. when for the bottom wall:

ρ(x, y, z + 1) ≥ ρl + Ha(ρh − ρl), (8)

the wettability properties change and the surface affinity
at relevant nodes is changed to match the receding con-
tact angle θr = 54◦, i.e. η = f(θr). Here Ha = 0.9 is a
threshold parameter governing when the change will be
applied. On the other hand, when the contact line starts
to retract and the surface is dewetted, i.e. when

ρ(x, y, z + 1) ≤ ρl + Hr(ρh − ρl), , (9)

the surface at the given location starts to recover its
initial wettability properties back to θa over a time Te,
which corresponds to the physical time needed for evap-
oration of water molecules from the dewetted surface.
Hence η = f(θa, Te) in this case. The threshold parame-
ter Hr (= 0.1) again controls the surface conditions un-
der which this change is initiated. Such a wetting model
gives more flexibility to define fluid-solid interactions and
improve the ability to capture the effect of contact an-
gle hysteresis in lattice Boltzmann simulations. Fig. 5
shows a visualisation of the lattice Boltzmann simula-
tion corresponding to the experimental conditions in Fig.
3. Parameters used for LB simulation are as follows:
G = −4.5, ρh = 1.493, ρl = 0.253, τh = 1.0, τl = 0.9,
gravity = 1.48 ·10−6 and the initial droplet diameter was
40 lattice nodes.

III. RESULTS

A. Experimental

High speed bottom-view images were analyzed by two
particle image velocimetry codes: URAPIV and MatPIV
with similar results, [15, 16]. Consecutive high speed pic-
tures were analyzed to detect the motion of the seeded
particles to obtain internal velocity fields. As previously
mentioned, the correct application of PIV analysis is con-
ditioned to several variables including the particle dis-
placement criterion. In these experiments, PIV analyses
were only applied to image pairs showing a maximum
particle displacement of less than 10 % of the size of the
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FIG. 6: (Colour online) Velocity fields on the coalescence of two glycerine and water droplets. The droplet on the right had
impacted the substrate at a time = 0 µs, the droplet on the left was deposited 10 s earlier and is considered sessile. The velocity
vectors around the laser reflections should not be considered as they produce spurious results.

interrogation area (64 × 64 pixels). As a result, appro-
priated PIV analyses were performed using consecutive
images taken 3 ms after impact. This time corresponds to
the region after maximum spreading, a phase usually de-
scribed as the relaxation regime, [17]. Velocimetry stud-
ies at earlier times were restricted by the frame speed
of the camera which was limited by the light conditions
and its sensitivity. Experimental PIV results are shown
in Fig. 6.

The velocity vectors surrounding the center of the
recently deposited droplet suggest the existence of a
convection-type circulation. This forced-convection flow
is constantly shifted to the left until it is found at the cen-
ter of the composite drop 6 ms after impact. It has been
suggested that the mixing of coalescing droplets starts at
the relaxation regime and these results agree with that
thesis, [1].

For the experiments shown here the very early stages of
coalescence differ from the case of two static drops merg-
ing. The second drop is impacting on the first such that it
initially impacts the substrate, but as it spreads it merges
into the first drop. For a single drop the spreading pro-
cess is divided into the impact and wetting stages. The
impact stage consists of the kinematic phase, spreading

phase and relaxation phase. Therefore the initial stage
of coalescence with an impacting drop can be divided
into the same three phases. The side view images in Fig.
3 show the drop impact and spreading. The kinematic
stage occurs for the first few hundred microseconds as the
fluid in the second drop is moving vertically downwards.
Beyond this, fluid begins to spread horizontally. This
corresponds to the spreading phase of impact. This is
when coalescence between the two drops starts. The fluid
spreads outwards and the drop height of the second drop
decreases forming a flattened disc shape corresponding to
a maximum diameter, this occurs after approximately 3
ms. As the height of the second drop decreases below that
of the first drop it can be assumed that the inertia causing
the drop spreading is greater than the hydrostatic forces
of the bulk fluid above. During the relaxation phase of
spreading, or the intermediate stage of coalescence, the
height of the second drop increases and the surface cur-
vature decreases. After around 30 ms the drop reaches
the final stage of coalescence and starts to relax into a
spherical cap shape. The drop does not reach a spherical
cap shape due to hysteresis of the contact angle causing
pinning.

The external dynamics of the impact and coalescence
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FIG. 7: (Colour online) Temporal evolution of the measured
droplet and neck features determined from the image process-
ing

process are quantified in Fig. 7, which shows the mea-
sured droplet radii (defined in Fig. 4), and the width and
height of the growing ‘neck’ between them. The radius of
the predeposited sessile droplet is remarkably unaffected
by the impact of the second droplet. The radius of the
impacting droplet grows very rapidly and expands be-
yond that of the sessile droplet as it spreads into its flat-
tened disc, then it enters the retraction and much slower
relaxation stage captured in the PIV results of Fig. 6.

The growth of the neck height is particularly telling
when considering the differences between the impact-
driven coalescence considered here and the capillary-
driven coalescence of two static droplets. As the im-
pacting droplet spreads, it quickly pushes into the sessile
droplet and swiftly closes the gap between them. The
neck height therefore increases very rapidly in this stage,
until it becomes commensurate with the height of the disc
formed when the second droplet is at its maximum ex-
tent. At this stage it is difficult to define a clear ‘neck’ in
the side views (Figs. 3 and 5), and the neck height pro-
file shows a plateau corresponding to the height of the
flattened second droplet. However, the flattened droplet

then begins to recover; its height increases, and a distinct
neck once again forms, which grows much more slowly.
From this point the development is similar to the static
coalescence case.

B. Computational

It has been observed before [22] that diffuse-interface
models of wetting, such as the lattice Boltzmann method
used here, have a tendency to overpredict the speed
at which wetting occurs because, for computational ef-
ficiency, the liquid-gas interface thickness is generally
larger than the true thickness. This effect is also seen
in the simulations presented here, which show the coales-
cence process happening more quickly than in the exper-
iments. However, it is interesting to check the qualitative
behavior of the model against the experimental data.
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FIG. 8: (Colour online) Evolution of the droplet and neck
features calculated from the lattice Boltzmann simulation.

The simulation predictions of the droplet radii and
neck growth are given in Fig. 8. Despite overpredict-
ing the rate at which the changes occur, the simulation
captures well the essential features such as the spreading
of the second droplet to its maximum extent, and subse-
quent recoil. The growth of the neck height again shows
the different behaviour at different stages: the very rapid
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FIG. 9: (Colour online) Velocity fields calculated from the Lattice Boltzmann simulation of the coalescence of two droplets. The
droplet on the right had impacted the substrate at a time = 0 µs, the droplet on the left was deposited in previous simulation
and is considered sessile. Note that the velocity vectors in the right-hand images are magnified 200 times compared to those
on the left.

initial increase in height as the gap between the droplets
is closed, and the later, slower relaxation. However, the
simulation overpredicts the extent to which the second
droplet merges with the first in the initial impact stage
(as can be seen by comparing Fig. 5 with Fig. 3). Hence
there is actually a reduction in neck height as the sec-
ond droplet flattens. Again, the ‘neck’ is not distinct at
this stage. Another cause for a slight discrepancy be-
tween the simulation and experiment is that in the sim-
ulation the neck height is calculated based on the local
minimum in the free surface height measured along the
centreline. Hence any concavity on the surface would
produce a lower value of the neck since in the experimen-
tal side view, one cannot see past the higher outer part
of the droplet.

Fig. 9 shows the droplet impact simulation viewed from
below the substrate, mimicking the arrangement of the
experimental PIV system, and showing the calculated ve-
locity vectors. The images in the left-hand column of the
figure show the spreading stage of the droplet deposition,

while those on the right show the retraction. Focusing on
the right-hand column, these show good agreement with
the generic features of the experimental PIV results of
Fig. 6: the flow is focused towards a point on the cen-
treline between the neck and the centre of the second
droplet. As in the experiments, the flow is mainly from
the right, consistent with the recoil of the droplet seen in
Fig. 3. The footprint of the combined drop does not show
as pronounced a peanut shape as in the experiments, but
with the inclusion of contact angle hysteresis in the model
it does retain an elongated shape rather than relaxing to
a circular footprint.

To give an indication of the speed of flow in the ear-
lier stages of the impact and coalescence, the left-hand
column of Fig. 9 shows the expansion stage of the impact-
ing drop. It is important to note the difference in scale
of the velocity vectors in the two columns — the vectors
in the right-hand images are magnified by a factor of 200
compared to those on the left. Hence the velocities in
the initial stage are two orders of magnitude higher than



9

those captured in the PIV analysis, highlighting the chal-
lenge in visualizing the internal dynamics of the droplets
in the earlier stages. The simulation results also indicate
that the pre-deposited droplet is essentially inert in the
initial coalescence stage.

IV. CONCLUSIONS

An experimental configuration that allows the visual-
ization of the internal dynamics and surface motion of
drops impacting and coalescing onto a transparent sub-
strate has been presented. Particle image velocimetry has
been used to obtain the internal velocity field of coalesc-
ing droplets and these results compared with numerical
simulations. The velocity fields obtained reveal that dur-
ing the recoil of the impacting droplet, a flow is induced
from the otherwise inert pre-deposited droplet towards
the second droplet. This supports the suggestion that
mixing between droplets begins at the relaxation stage
of coalescence.

Side-view shadowgraph pictures of the same experi-
ment were analyzed to determine the geometrical char-
acteristics of the coalescence process. The growth of
the neck height in particular highlights the difference be-
tween this impact-driven coalescence and the coalescence
of two static droplets. The neck height initially increases
more rapidly in the impact-driven case, as the gap be-

tween the droplets is closed by the rapid spreading of
the second droplet. The neck then becomes difficult to
distinguish from the side view, and the height levels off
at the height of the fully spread second droplet, before
becoming more distinct again as the second droplet re-
gains its height and coalescence proceeds as in the static
droplet case. The lattice Boltzmann simulations slightly
overpredict the speed at which coalescence takes place,
but capture the main features of the process.

The comparison of experimental and computational
results presented here highlights two important points.
Firstly, the quantitative differences between the exper-
imental and numerical data demonstrate the need for
good experimental visualization and quantification of
flows, both internally and externally, in order to validate
computational methods. Secondly, the numerical predic-
tions of the fluid velocities in the early stages illustrate
the challenges in developing experimental systems capa-
ble of analysing the internal dynamics of droplets in the
early stages of impact and coalescence.
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