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Abstract

Bridging the Gap: New Physics in Confined Droplet Coalescence
By Nandish Vora

Coalescence is the process via which two droplets merge and become one through the
formation of a ”bridge” or "neck” between them which is driven by Laplace pressure.
Coalescence of simple fluids in various different experimental situations has been a
long studied problem with various applications in very pertinent fields. However,
recently there has been a push for furthering our understanding coalescence of more
than just fluids. Particular of interest is biological aggregates and colloidal systems
where dissipation plays a large role. It is understood that a governing law that can
describe such systems is given by Darcy’s Law, a mathematical model describing fluid
flow through porous materials. In this experiment we use confined droplet coalescence
to understand how these systems work and what the characteristics of coalescence
are. We show what the necessary conditions are to test Darcy coalescence and what
an experiment might look like. Our experiments have shown that the neck width
grows as a power law in time with a power of ~ 0.4 during coalescence. Furthermore,
our work emphasizes the challenges involved in building an experimental set up that
truly imitates the aggregate systems we are trying to understand.
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Chapter 1

Introduction

1.1 What is coalescence?

During coalescence, two fluid droplets merge through the formation of a liquid bridge
which reduces the interfacial energy between the two droplets. This bridge is then
driven by surface tension and expands. The dynamics of this phenomenon are con-
trolled by Laplace pressure and starts out of a singularity forming due to infinite
curvature of the bridge at the point of contact. This singularity and the formation of
the bridge has been studied when the coalescence takes place in air or in vacuum [5].
Most experimental works study the growth of the neck radius r(t) as a function of
time. After plenty of work on the problem, the current understanding is that when
two droplets are brought into contact, the initial dynamics are governed by inertial
and viscous forces [6]. Yet for small droplets, inertial forces are negligible and the
system is in Stokes flow [7]. Once in the Stokes regime, the dynamics can be described

by an analytical solution for the droplet shape evolution [8, 9, 10].



1.2 Applications of coalescence

Coalescence falls under the class of free surface problems with plenty of importance in
different areas some which are discussed here. In the food industry [11, 12], produc-
tion of food products involves mixing of liquids. Stabilising these mixtures is essential
to maintain shelf life and taste, and is rooted in the coalescence processes. Further,
Stability of emulsions and suspensions are affected by coalescence and mixing prob-
lems [13, 14, 15, 16]. In the petroleum industry [17], coalescence of oil drops and its
interaction with surrounding solutions is important. Understanding the dynamics of
coalescence would be important to streamline oil clean up and separation techniques.
In the field of meteorology, coalescence of cloud and rain droplets is important to
understand the development of weather patterns and predicting weather phenomena
[18]. In medicine, understanding the coalescence of blood cells in clotting processes

or detecting tissue defects is rooted in understanding coalescence [19]

Based on past work, we can analyse characteristics of coalescence processes such as the
scaling law for bridge width r(t), the curvatures of the bridge, and the overall shape
of the droplets to characterise and understand the physics of the initial moments of

coalescence and the ensuing dynamics.

1.3 New age of coalescence problems

In recent years, coalescence is being studied under a new lens. It is used as the basis
to study and understand the dynamics of liquid-like systems such as biological ag-
gregates. Critical living systems processes like cancer invasion and tissue engineering
can be better understood by learning about the fusion dynamics of these liquid-like

systems [19, 20, 21].
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Figure 1.1: a) Application of coalescence to understanding how oil droplets coalesce
to improve oil extraction and spill clean up efforts [1] b) Application of coalescence
in meteorolgy and rain drop formation from cloud droplets Courtesy: Atmospheric
Processes and Phenomena, Press Books

Most of these systems exist at a low Reynold’s number. Coalescence is understood
well for such a system with simple liquids. However, more complex systems like col-
loidal structures, polymers, and aggregates of living matter are not well understood.
Additional complexities are added to our understanding of simple liquid coalescence
models, such as friction or, viscoelatsic terms to explain differences from well under-
stood models and characteristics like scaling laws [22]. A particular application of
understanding these new coalescence problems is the measurement of quantities like

surface tension in systems where these quantities are hard to measure as is in the case

of the coalescence of cell nucleoli [23].

In a more recent work done by Yue et. al. [2], they show that in these complex
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Figure 1.2: a) Simulations done to show what the overall shape of coalescence looks
like when fluid flow is governed by Stokes equation. b) Simulated overall shape when
fluid flow is governed by Darcy flow (Darker colors are later in time). ¢) Results from
simulations showing how curvatures scale in coalescence in various regimes. Dashed
grey lines have a slope of -2 and -3 to guide the eye. d) Results from simulations
showing how the neck width scales in time. Dashed grey lines have slope 1/2 and 1/5
to guide the eye. Taken from the work by Yue et. al. [2]

systems coalescence is coupled to a viscous, dissipative background. Such systems
can be understood better by adding frictional terms to the Navier-Stokes description.
They draw the comparison to using Brownian Dynamics rather than Molecular Dy-
namics to model systems at a molecular level. They link this new continuum model
to Darcy’s Law, a mathematical description of fluid flow through a porous medium
given by:

—VP=av (1.1)
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Figure 1.3: Poiseulle flow between two parallel plates in a Hele-Shaw cell

where « is a proportionality constant.

Yue et. al. expand upon how this changes the characteristics of droplet coalescence
such as the overall shape of the droplets and the time dependence of the growth of
the neck. Fig. 1.2 a) and b) shows the difference in the overall shape of coalescence
between Stokes flow and Darcy flow. In Darcy flow you can see that the two individ-
ual droplets are not really drawn to each other but the neck still grows creating a sort
of oval race track shape. Fig. 1.2 ¢) shows that under Darcy flow, Yue et. al. think
that the curvature of the neck goes as R/r? as opposed to R?/r? in the usual Stokes
regime case. Fig. 1.2 d) shows that the neck width scales as a power law r oc ¥ where
g =1/5 at late times. However, in these simulations at early times, the curvature is

cut off by a particle size leading to what looks like a power law with § = 1/2

Our experiments arise from aiming to understand the scaling law that governs the

growth of the coalescence neck and compare it to results obtained from simulations.
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1.4 Studying Darcy’s Law using a Hele-Shaw cell

To test how coalescence takes place under Darcy’s Law, we need a technique to make
Darcy’s Law the governing law for fluid motion. One way to do this is by coalescing
our droplets in a Hele-Shaw cell where the Darcy flow governs fluid dynamics. We
assume viscous and incompressible flow between two parallel plates a distance h apart.
We can then assume that the flow in this region is Posueille flow and must be parabolic
in the z direction as shown in Fig. 1.3. Further we say that the flow depends only on

the z-position. We take the average velocity between the plates with Posueille flow

6

V= ﬁz(hj — 2){(vy (2, 1), vy (2, 1), 0) (1.2)

6
The prefactor of 7 can be determined by taking the expression z(h—z) (v, (,t), vy(x, 1), 0)
and averaging over the gap size. We know that the flow is in the Stokes regime and
we can use Stokes equation V P(x,y) —nV3v(z,y, z) = 0. Plugging our velocity into

this equation we get

P 12 — 2) 92 P 12 —2) 0?
8__ B vx(x,t)_l_G(h z) 0%, ’3__77 _ Uy(95,t)+6<h z) 0%, 0)=0
or h? h?  0x? dy h? h?  Ox?
(1.3)

We can integrate equation (1.4) across the gap size to get rid of the z dependence

and we end up with

(7 T G i) =0 ()

= ¢ _
ar o2 ne oy, 1) + oy o2

21}1

0x?

y terms), we can assume that the former is a much larger term as the gap thickness h

v
We are left with some extra terms. If we compare h—z with (and the same for the

tends to zero. This basically means that length scales in the x and y-directions, are



much larger than h, So, let’s set these terms to zero. Hence we end up with:

h?
—_—_ VP = 1.
12n M (15)

Equation (1.6) is Darcy’s Law. The assumptions we have made here are that:

1. The gap size is small. Which means the inertial terms can be neglected and the

Reynold’s number is low.

2. Gradients in the flows in the zy-direction are at a larger scale than the gap size,

h and hence they can be neglected.

1.5 Coalescence in a Hele-Shaw Cell

There are a few investigations that outline the coalescence of fluids in a Hele-Shaw
cell and its characteristics. In Ref. [4], they use a vertical Hele-Shaw cell to study the
coalescence of a drop as it falls into a bath of the fluid, i.e. gravity drives the drop
toward the fluid until they coalesce. It must be noted that this is not coalescence of
two drops, but the coalescence of a drop on a planar interface; but we do not think
this makes a difference. This is varied for two gap sizes and various drop radii. They
report on the time scaling law for the growth of the neck as r o< t in early times which
crosses over to r o< t'/4 at later times. This is followed up with a mathematical work
[24] where they show why the scaling law must follow a 1/4 power law. However,
we do not understand how they have accounted for effects of gravity. Further, their

analysis of the scaling does not arise out of a Darcy’s Law argument.

In another work Ref. [3], they coalesce nematic droplets within an isotropic fluid.
The gap size was kept constant at 5um and coalescence was investigated for various

drop sizes. The scaling law of the neck growth was reported as a 1/4 power law. In
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Figure 1.4: Length scale comparison for experiments done in coalescence of nematic-
isotropic fluids in a Hele-Shaw cell (top [3]) and in a vertical Hele-Shaw cell (bottom
[4]. The lengths are plotted on a log scale and the measurement scale is indicated in
the titles.

this case also, there is no analysis of scaling from a Darcy’s Law perspective.

In both cases, the scaling law is promising and agrees to a certain extent with the
analysis done in Ref. [2]. However, we note that neither of these experiments, even
though conducted in a Hele-Shaw cell, may not be in the regime where Darcy flow is

the governing law.

We did an analysis of the various parameters of their experiments like the gap
sizes (h), drop radii (R), and the neck width (r). Flow is determined by curvature

such that the flow is over the length scale associated with the curvature. As shown



in 1.2 [2] the curvature of the neck is roughly given by the quantity R/r? This means
that the length it is associated with is r?/R. When we compare all these length
scales to the gap size, we note that the gap size is not the smallest length scale in
the experiment, in fact the neck widths and drop sizes are comparable to the gap size
which violates our assumptions made for Darcy’s Law. In the derivation of Darcy
Flow being the governing law in a Hele-Shaw cell, we think that h should be much
smaller than any other length scale in the problem in order to ignore higher order
derivatives. However, if the length scale at which those derivatives matter are smaller
or comparable to the gap size, we can no longer ignore flows at that scale. Hence,
this is not in a pure Darcy Law case, but some in-between. These length scale com-

parisons are plotted on a log number line as shown in Fig. 1.4.

Hence, in order to truly test Darcy coalescence, the experiment must have the gap
size as the smallest scale. And as we will show with our experiments, this is difficult
to achieve. However, in our experiments we are able to ensure that the drop radii are

much larger than the neck width which in turn is much larger than the gap sizes.
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Chapter 2

Methods

2.1 Experimental Set Up

In our experiment, we aimed to simultaneously grow two quasi-2D cylinders (disks)

of equal radii and then coalesce them.

To do this, we designed to acyrlic circular plates of diameter 15 cm, each. We fitted
the upper plate with two holes spaced 6 cm apart. We used 1.5 mm NPT barbed
fittings to inject fluid into the cell via the two holes. We then connected the NPT
fittings to a syringe using a 1.5 mm rubber tubing. We then employ a syringe pump

to inject fluid a constant volume rate.

The two plates of the calla are separated using plastic shims of widths 100 pm,
250 pm, and 500 pm, which is the gap size, h.

Initially, we attempted to use a mixture of glycerol and water as our fluid. How-
ever, we faced many difficulties in growing perfect disks and were unable to achieve a
consistent mix to standardise the viscosity. We would have had to employ humidity

control measures in order to fix the viscosity since a glycerol-water mix can absorb
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Figure 2.1: Experimental set up

humidity and change its nature. Further, we linked the imperfect disks to an issue of
pushing contact lines on the acrylic sheet. We tried addressing this issue by pumping
the entire cell with high density silicone oil before injecting just glycerol. However,
we inadvertently caused the growth of fingers due to viscous effects. We noticed that
when we were pumping the silicone oil into the cell, it grew out in nearly perfect
disks. After trials and errors, we settles on using 200 ¢St Si oil as our fluid. Further,
to improve the smoothness of the contact lines, we waxed the acrylic plates with
Rain-X fluid repellent. This allowed us to grow perfect disks of radii &~ 3 c¢m and

then coalesce them.

2.2 Preparation and Execution

Before each experiment, we washed both acrylic plates with water and soap and dried
them thoroughly. We then waxed each plate with multiple uniform coats of Rain-X
fluid repellent. We then placed the shims to separate the plates by the desired gap

size, h and secured the set up using large clips such that the plates are squeezed onto
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Figure 2.2: Picture of a frame from an experiment with gap size 100 pym

the shims and they do not move. This is now a Hele-Shaw cell. The cell is placed
on top of an LED light for illumination. We then plug in the rubber tubing into the

NPT fittings attached to the syringes of Si oil.

At this point, we start pumping the fluid in at a constant volume rate depending
on what the gap size is. We pump at 0.1 ml/hr, 0.25 ml/hr, and 0.5 ml/hr for the
respective gap sizes; 100 pm, 250 pym, and 500 ym. Both pumps are turned on si-

multaneously so that the drops grow together and coalesce when they are roughly
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the same size. The injection points were designed to ensure this. Once the droplets
are very close, we turn off the pump so that no more fluid enters the system and the
coalescence is not affected by the constant influx of volume. This is further discussed

in section 2.3.

Once the pumps are turned off, we record the coalescence from above using a high-
speed Point Grey camera at 70 fps. We record the coalescence for roughly 10 seconds
to capture earliest behaviour and some late behaviour. The images are then processed
using ImageJ software and exported to Tracker software in video format. We then
manually click off points for the two edges of the neck and calculate the distance
between them as the two ends of the neck grow apart during coalescence. Figure 2.2

shows an image from an experiment.

We then analyse this data in Wolfram Mathematica to understand the scaling law for

the neck growth.

2.3 Growing a drop with a constant volume injec-
tion

We briefly mentioned the effect of pumping in the fluid in our experiment. It is im-
portant to understand how the disk grows in the Hele-Shaw cell and how pumping

will effect the coalescence process. We first understand how the disk grows in the cell.

Lets look at the the function that describes the radius of a quasi-2D cylinder as
it grows under constant volume input in a Hele-Shaw cell. Let the volumetric rate

V'(t) = k. We also know from basic geometry that V’(¢) = 2whr(t)r’(t). Hence we
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Figure 2.3: Radius of drop measured as it grows in a Hele-Shaw cell with constant
volume injection for a gap size of 250 microns. The fitted power is 0.489 4 0.001

solve the following differential equation:

with the initial conditions

2rhr (6)r'(t) = k

r(0) =0

Using separation of variables we can find the solution for r(¢):

Hence, we should see the growth of the disk go as t/2.

refactor 4/ ﬁ
P hr’

(2.2)

(2.3)

We can also predict the
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Our volume rate, k = 6.5 x 107 m?3/s and the gap size , h = 250 x 107° m. Hence,

we predict a prefactor of 0.0029

We conduct a test run to confirm this and to also understand if and how the drop
continues to grow once the pump is turned off. Fig. 2.3 shows that we see the 1/2
power law growth and the growth comes to a stop after a small transient once the
pump has been turned off. This confirms that once the pumps are turned off, the
drops are barely growing anymore and the coalescence we are concerned with is not

being affected by pumping.
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Chapter 3

Results and Discussion

3.1 What we see

The initial coalescence is very rapid and you can see the quick formation and growth
of the neck. At the point of contact, the curvatures are very high as you can see
in the first image of Fig. 3.1. Recall that the pumps have been stopped before the
coalescence process even started, so there is no new fluid being added to the system
as the neck grows. Eventually, we see that the neck growth gets arrested and the neck
radius does not increase further. You can see this in Fig. 3.2. We think this is because
there is no pump to provide enough pressure to overcome and drive the contact line in
the Hele-Shaw cell. Sometimes contact lines can get pinned for various reasons such
as particle-particle interactions, colloids attaching to interfaces, or polymer chains
getting stuck in interfaces etc. [25]. An example would be a water droplet pinning to
a car windshield. So, we can divide what we see in our experiment into two regimes;

the initial growth phase, and the slow-down arresting phase.
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Figure 3.1: Sequence of images of the coalescence process. Let ty be the time at which
coalscence occurs. The frames are captured at the times as follows: to—1s, tg+0.1 s,
to+5 s, and to+ 90 s. You can see evolution from a sharp curvature at the beginning
to a shallow curvature when the coalescence arrests after a slow down.
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Figure 3.2: Coalescence gets arrested after some time due to not enough pressure in
the system to push the contact line

3.2 Time dependence of bridge growth

We are now at a position where we can analyse the growth of the neck as a function
of time. We plot the neck width in time for the various gap sizes we tested. In all
cases, the drop radii are ~ 3 cm. Fig. 3.3 shows this raw data. Each data set was

fitted to an equation of the form of
r(t) = a(t —to)" (3.1)

We shifted each data set such that t, was negligible so that every data set starts from
near zero. After fitting, we plotted each function with the data. We expect the gap
size to affect the rate of growth based on Eq.(1.7) and also affect the gradients in

pressure.
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Figure 3.3: Neck width plotted as a funtion of time along with the power law fits
fitted using Eq.(3.1)

Fig. 3.3 shows data from our experiments with three different gap sizes. We can
see that the fastest coalescence takes place for the largest gap size and then we go in
decreasing order. However, we expect the different between the velocities to go oc h2.
However, we think that there are more nuances involved in this since the pressure
gradients involved also depend on h. We in fact do not see a large enough difference
like we would if it only depended on h%. Further, based on the various fits we can see
that we fit our data with a power law and the power on average is 0.39 4+ 0.02. There
are some inconsistencies in the fits and the there might be more than meets the eye
with the functional form this data follows. However, a lot more can be revealed if we
plot this on a log-log plot.

We can non-dimensionalise the data points with pre-factors. We chose the lR as
n

the scaling for time, and for scaling the neck width. We plot this on a log-

1
h1/5 R4/5

log plot in Fig.3.4 and see a somewhat collapse of data. We wanted to compare the
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and the vertical axis by h'/°R*® which was determined empirically. Dotted lines
guide the eye to a slope of 0.5 and 0.4
slopes in the collapsed data and noticed that at early times, a power of 1/2 seemed to
match the data very well with a cross over to a 0.4 power law after some point. We
cannot pinpoint the exact location of this crossover but it is apparent in the data that

there must be some crossover. At later times, the 0.4 power law seems to be dominant.

This analysis shows that the fits in Fig. 3.3 are more nuanced since there might

be different power laws dominating at different times.

3.3 Measuring curvatures

We know that the curvature of the neck during coalescence is important because it

defines a length scale at which flows occur during the process. We try and measure
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the curvature of the neck in our experiments using some rudimentary methods.

We import the images of our experiment into Wolfram Mathematica and use those
tools to click off points along the edge of the neck as shown in Fig. 3.5. We then
create an parametric interpolation from the coordinates of these clicked off points to
create the plot as shown in Fig. 3.6. We do this for 11 frames at varying times in the
experiment. We can than use the information from these interpolation plots to find
the curvature. We use the equation for curvature (k) of 2D planar curve described
by the variables z(s) and y(s).

_ ‘x/y// _ x//y/‘
(@ + W)

(3.2)

We can then average this curvature around the neck region to obtain a value for the

curvature.

We want to see how the curvature changes across the experiment. However, this
is not an automated process and would be difficult to execute for all the frames from
our experiment. However, we can qualitatively confirm that the curvature decreases

through the experiment as seen in Fig. 3.6.

3.4 Variables Comparison

Similar to the analysis in Fig. 1.4 we plotted the various length scales in our experi-
ment on a log number plot. In our experiment, the neck width is always larger than
the gap size. However, because of the arresting of the coalescence, we see that the

neck width never exceeds a drop radius.
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o

Clicked off points

Figure 3.5: Clicking off points in an image from our experiment to extract the cur-
vature of the neck. Orange points are the points used to extrapolate the curvature.

We note that that in our experiment, the gap size is not the smallest length scale.
The radius associated with the curvature, given by r?/R is an order smaller than the
gap size at early times in the coalescence. However, for later times in the experiment
we see that this length scale is comparable and an order larger than the gap size.
This means that we cannot conclude that our experiment is in the Darcy flow regime
for the entire experiment. However, if our coalescence did not arrest, we could be
approaching the region where Darcy flow becomes the governing law. In order to
capture both early and late behaviour in Darcy flow regime, we would have to make

the gap size smaller by at least an order. This poses a large experimental challenge.

However, even though we are not in Darcy flow regime, why do we not see a similar
power law scaling like in Ref. [4] and Ref. [3]?7 For one, the length scale comparison
of the neck width and drop radius is very different in those studies. Further, our
experiment is not under the influence of gravity nor are we dealing with liquid crystal
formations and colloidal interactions. Further, we have a large frictional term coming
from the difficulty and insufficient pressure to move the contact line beyond a certain

point. There must be some decay contribution from pushing the contact line.
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Figure 3.6: Interpolation plots created from clicked off points to qualitatively under-
stand how curvatures evolve in the experiment. Both axes are in metres
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Our experiments
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Figure 3.7: Length scales in our experiments plotted on a log number line

3.5 Comparing results to theory

We have established that there are various length scales involved in this story of co-
alescence and the answer to what is happening is not an easy one. However, we can
get a better understanding of what is giving rise to these various power laws from
a theoretical perspective established in Yue et. al. and previous works. We will
make some simple approximations to understand how we get a power law r oc t3. Of
course, most of the theory work done is speculative, but we have good reason to be-

lieve that there is some accuracy to it and we can make reasonable predictions from it.

Let us first consider what we know. Taking the 3D coalescence of a simple fluid.
We know from Ref. [8] and Ref. [2] that the curvature of the neck goes as R?*/r?,
which means that the flows and pressure differences take place at the length scale of
r3/R% Tt is safe to say that the derivatives of the flow and pressure are over this

length scale.

Consider the Stokes equation:

VP =nV3v (3.3)
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The pressure must go as P ~ 7/L where is the length scale we picked as 73/ R?. So
we get
/L

Ui i nr o~y (3.4)

And so we get a power law for r where 5 = 1. This is as we expect and can see in

Fig. 1.2 d)

Let us now consider pure Darcy flow. From Fig. 1.2 we see that curvature goes
as R/r? and so the length scale over which flows and derivatives of flows take place

is r2/R. So when you consider Darcy’s Law
VP =—-av (3.5)
The pressure must go as P ~ /L which in this case gives

L R?
fw%;wwL

rd

(3.6)

And so in this case we get a power law for r where § = 1/5. This agrees with simu-

lation work done and shown in Fig. 1.2 d)

Let us apply this argument in our case, where we are trying to create a Darcy flow
regime, but are getting something in between. We know that r ~ % We can choose
L to be various length scales. If we say the flow is along the length r, we get a power
law with g = 1/3. If we chose L = h, we get a power law with § = 1.We can also
choose some intermediate where L? = r x h and we get a power law with 8 = 1/2. Tt

is possible that our experiments are in this intermediate phase where Darcy flow is

not fully applicable.



26

3.6 Future line of work

There are a few tweaks one can make to this experiment to make it closer to testing
Darcy flow. We highlighted that going to smaller gap sizes is quite a challenge.
We can decrease the drop size which would make the length scale associated with the
curvature much larger. We could also solve the contact line pushing issue with a better
substrate. For example, we could do the experiment on glass plates instead because
silicone oil wets glass much better than acrylic. This would allow the coalescence
process to go much further allowing us to measure larger neck widths putting us in a

regime where Darcy flow is the governing law.
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Conclusion

Over the last year, we have devised an experiment that can test dynamics of con-
fined droplet coalescence, specifically in a Hele-Shaw cell. We are able to measure the
scaling laws and observe the overall shape of this coalescence process. However, as
we have shown, it is incredibly challenging to observe coalescence in the Darcy flow
regime. There are many length scales that show up in our experiment that are much
smaller than the gap size. We have shown that because of this, we cannot consider our
experiment to be in Darcy flow. Similarly, past experiments also cannot be considered
in Darcy flow regime. In the experiment in Ref. [3], the drop radii are comparable
to the gap size which makes the length scales involved more complicated since the
gap size is comparable to all the relecant length scales. In Ref. [4], the gap size is
comparable to all the length scales in the problem, again making it complicated to
understand what the dynamics are and at what length scale the flows are occurring.
Further, neither work makes an argument using Darcy’s Law and also does not agree

with the theoretical work done by Yue et. al.

Our experiments however are in a regime where only the curvature length scale is
comparable to the gap size except later in the experiment. However, our experiment
involves more complexities with the issue of contact lines. But we can say that our
experiment in early times are in agreement with the theoretical work. In the work

done by Yue et. al, the initial growth of the neck is given by a power law of 1/2
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because a particle width is cutting off any other length scale to impact the result. In

our experiment, we claim that the gap size is cutting off these dynamics at early stages.

A lot more work needs to be done to understand the nuances of what length scales
are at play. However, we have begun to bridge the gap in our understanding of
confined droplet coalescence and how we can use these continuous theory analogs to

understand the coalescence dynamics of biological aggregates and colloidal systems.
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