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Microdroplet coalescence mechanism is very important for the miniaturization of multiphase chemical processes with
microstructured devices. Using three working systems with different physical properties, this article presents an
experimental study on the fluid dynamics of microdroplet coalescence at different microchannel junctions. The critical
capillary number to distinguish coalescence or noncoalescence of microdroplet is investigated and its variations with
droplet size, collision angle, and physical properties are analyzed with two important parameters – the film drainage time
and droplet contact time. Experimental results indicate that microdroplet coalescence can be enhanced by reducing the
droplet collision angle. The differences of microdroplet coalescences in confined microchannels and free-flowing spaces
are provided with the analysis of critical capillary number. A model equation is proposed to predict the critical capillary
numbers in this study, which may provide valuable information for the design and development of new microstructured
chemical device. VVC 2012 American Institute of Chemical Engineers AIChE J, 59: 643–649, 2013
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Introduction

During recent years, microstructured chemical devices
have displayed essential roles in chemical engineering sci-
ence and technology researches with a wide variety of appli-
cations including medicine,1 food,2 material,3 and energy.4

Precisely controlled droplets and bubbles on the micrometer
scale with size distributions less than 5% have been success-
fully generated in the T-junction,5,6 flow focusing,7

coaxial,8,9 and some other kinds of microfluidic devices.10–12

These microscaled dispersed fluid particles can be used to
enhance and control the heat and mass-transfer processes in
many areas, such as organic synthesis,13 medicine delivery,14

particle preparation,15 gas absorption,16 solvent extraction,17

etc.
Besides the generation of microdroplets and microbubbles,

the coalescence of microdroplets and microbubbles is also
an important issue in the application of microstructured
chemical technology, especially for the miniaturization of
multiphase reaction and separation processes. Microdroplet
coalescence is not only a required process to realize phase
separation in common chemical engineering process but also
becomes an effective method to make reagent mixing and
induce chemical reaction with small volume droplets as car-
riers in microchannel device.18–20 Several methods have
been developed to promote microdroplet coalescence, includ-
ing active ways with energy input21–23 and passive ways
depending on the device structure or wetting properties.24–26

Although these methods worked well in some applica-
tions,20,27,28 fundamental studies on the fluid dynamics of
microdroplet coalescence are still limited. It is still highly
required to understand the coalescence mechanism of micro-
scaled droplets for their application in large-scaled chemical
process.

Previous fluid dynamic studies focused more on the milli-
meter-scaled droplets coalescing in the free-flowing space.
One of the most famous theories for droplet coalescence is
the film drainage theory,29 characterizing the coalescence
process with two important parameters: the ‘‘droplet contact
time’’ and ‘‘film drainage time.’’30 To achieve coalescence,
two droplets need to approach each other and drain off the
continuous phase fluid between their surfaces until the van
der Waals forces lead to fusion.31,32 Otherwise, elastic-like
collision of droplets will take place. Besides the film drain-
age theory, some other studies characterize the droplet coa-
lescence process with stress analysis. For example, in the
study of head-on droplet coalescence process, a controlling
parameter – the capillary number (Ca ¼ lCu/c, where lC is
the continuous phase viscosity, u is the flow velocity, and c
is the interfacial tension) describing the relative magnitude
of viscous stress and interfacial tension – is proposed.33 Leal
and coworkers34,35 have demonstrated that the head-on drop-
let coalescence only occurs as the capillary number below a
critical value – the critical capillary number (Ca*).

Comparing with the large droplets in common chemical
device, the microdroplets in microsturctured device have
some unique characters. First of all, the size of the micro-
droplet is much smaller than the millimeter-scaled droplets,
which brings good mass and heat transport performances.
Second, unlike the droplets flowing in the free spaces, such
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as extraction columns or stirring reactors, most of the micro-
droplets run in confined microchannels. Third, the flow field
in microstructured device is regular and easily controlled
laminar flow, which is very different from the turbulent flow
in large columns and vessels. Considering these special char-
acters and the mechanism requirement from microstructured
chemical device applications, the basic study on the fluid
dynamics of microdroplet coalescence is therefore highly
required. In recent years, Christopher et al.36 gave an experi-
mental research on the liquid-plug collisions at T-shaped
microchannel junction. In their experiment, the critical capil-
lary number was also observed for the occurrence of plug
coalescence. In our pervious work, the microbubble colli-
sions at different T-shaped microchannel junctions with dif-
ferent channel widths were carefully investigated and the
characterized film drainage time and bubble contact time
were concluded as the main factors determining microbubble
coalescence.37

In this work, we give a further research on the microdrop-
let collisions at T-shaped and Y-shaped microchannel junc-
tions to make in-depth analysis on the fluid dynamics of
microdroplet coalescence based on the variation of the criti-
cal capillary number for microdroplet coalescence. Experi-
ments are made with different working systems, and semi-
empirical equations for the droplet contact time and the film
drainage time are established based on the experiment
results. Coalescence enhancement method based on the
increase of droplet contact time is proposed with the reduc-
tion of the droplet collision angle. The relation of droplet
contact time and film drainage time with the critical capil-
lary number is discussed and a model equation is established
to calculate the critical capillary numbers in this study.

Experiment

Schematic figures of the microchannel devices used in the
experiment are shown in Figure 1 with designed structural
parameters. In each microdevice, there are two flow-focusing
droplet generation structures. The lengths of the orifices in
all these generation structures are 0.5 mm and their heights
and widths are both 0.3 mm (w ¼ h ¼ 0.3 mm). The main
channels in these devices given by thick lines in Figure 1
have square sections, whose widths and height are both 0.6
mm (W ¼ H ¼ 0.6 mm). The meeting junctions of the
microchannels are fabricated as T-shape and Y-shape with

collision angles (h) of 180�, 120�, and 60� in the middle of
these devices. Microdroplet collisions are performed at these
microchannel junctions during the experiment. The down-
stream channels of the meeting junctions have same cross
sections as the upstream channels. These microchannel devi-
ces were fabricated on polymethyl methacrylate (PMMA)
plates with end mills and sealed to chips by a high-pressure
thermal sealing machine (A274, Techson) at 75�C, 0.4 MPa.
The fabrication errors were about 0.02 mm for the micro-
structures. The inlets and outlets of two-phase fluids were
drilled on top of these chips, connected with Teflon pipes.
Only water and ethanol were used in the fabrication proc-
esses to avoid contamination.

Water/alcohol two-phase systems are commonly used in
chemical engineering processes and they can form water-in-
oil droplets without surfactant in PMMA microchannels.38,39

In this study, water/pentanol, water/octanol, and water/dec-
anol (Sinopharm Chemical Reagent) were selected as work-
ing systems. The two-phase fluids were premixed together
before experiment to ensure no mass transfer occurring
within the collision processes. Physical properties of these
working systems measured with an Ubbelohde viscometer
and a commercial tensiometer (OCAH200, DataPhysics
Instruments GmbH) at 27�C are given in Table 1.

Feeding of both phase fluids were driven by syringe
pumps (TS2-60, Longer) and controlled consistently in both
generators of the microchannel devices to make equal-sized
microdroplets. Before running each experiment, the alcohol
phase was first pumped into the microchannel device to wet
the channel wall. After changing any operating condition, at
least 5-min time was allowed for the two-phase flow reach-
ing stable state. The flowrates of dispersed phase (QD) were
controlled from 1 to 70 lL/min and the flowrates of continu-
ous phase (QC) were varied from 10 to 260 lL/min in the
experiment. Microdroplet collisions were made at the meet-
ing junctions and recorded by a high speed camera (PL-
B742F, PixeLINK) on an optical microscope (Olympus) at
frame rate of 220 frames per second. The droplet diameters
were measured from the recorded pictures and the small
measurement error only came from the picture resolution –
0.005 mm/pixel; 0.01 mm (2 pixels) was the biggest mea-
surement error for the droplet diameter. To analyze the
movement of droplet mass center in their collision processes,
a self-made computer program is made to find the two-
dimensional mass center of droplet in recorded pictures (xm

¼ Rmixi/Rmi, where xi is the position of a pixel point and mi

is a number to identify the pixel point in droplet. mi ¼ 1 in
droplet and mi ¼ 0 at the outside). The film drainage time
and the droplet contact time were also counted from the
frames of recorded videos. The film drainage time is defined
as the time interval from droplet contact to droplet fusing,
and the droplet contact time is the time interval from droplet
contact to droplet separation. The time measurement error is
just the time interval between adjacent frames – 0.0045 s.

Figure 1. Schematics of the microchannel devices
used in this study and pictures of the meet-
ing junctions.

The main channels are shown as thick lines and the ori-

fices are given as thinner lines. The inlets and outlets of

two-phase fluids as well as their flow directions are indi-

cated with arrows. (a) h ¼ 180�; (b) h ¼ 120�; (c) h ¼
60�. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Table 1. Physical Property of the Three Working Systems
(27�C)

Systems

Viscosities of
Water Phase
lD (MPa s)

Viscosities of
Alcohol Phase
lC (MPa s)

Interfacial
Tensions
c (mN/m)

Water/pentanol 0.92 � 0.02 3.13 � 0.05 4.15 � 0.11
Water/octanol 0.85 � 0.01 6.65 � 0.04 7.55 � 0.09
Water/decanol 0.90 � 0.02 10.74 � 0.08 8.02 � 0.25
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To eliminate the time difference between the arrivals of two
droplets at the meeting junction, the synchronization of the
generators was strictly controlled and all the results in this
article were chosen from the tests that collisions started at
the center of the meeting junctions. Several tests are
repeated for one operating condition to give parallel experi-
mental results.

Result and Discussion

Collisions of microdroplets

The microdroplet generation in a flow-focusing generator
is shown in Figure 2a. We observed that all the microdrop-
lets generated in the same generator had small size distribu-
tions with relative diameter deviations less than 3%. The av-
erage diameters of droplets from two opposite generators, d
¼ (d1 þ d2)/2 (d1 and d2 are diameters of droplets from dif-

ferent generators in one experimental device), at different
operating conditions are ranging from 0.47 to 0.58 mm as
shown in Figures 2b–d. The relative deviations of d1 and d2

coming from the fabrication errors (�0.02 mm) in micro-
channel devices were less than 6% in all the experiments.
Figure 2 shows the droplet diameters are close to the chan-
nel width (d [ 0.8 W); therefore, the droplet flows were con-
fined by the channel walls.

The microdroplets moved regularly one after the other
without any contact in the upstream channels. Collisions
only took place at the junction centers. The droplet collision
processes were well repeated in each operating condition
and the collision results indicated that all the three working
systems displayed coalescence phenomena at very low aver-
age velocity of two-phase fluids (uav ¼ (QC þ QD)/WH).
Although at high average velocities, the two droplets sepa-
rated at last. Some representative photographs from recorded
videos are shown in Figure 3, which shows coalesced drop-
lets on the left-hand side and noncoalescence droplets on the
right-hand side. In confined microchannels, the droplet colli-
sion process is less of randomness, which can be clearly dis-
integrated to several stages. A scheme diagram for these
stages is shown in Figure 4. For the coalesced microdroplets,
they flow from upstream microchannels and contact with
each other at first. Then, they block the channel section and
begin to squeeze with each other with the narrowing of
microchannel junction. A liquid film forms between their
contacting surfaces preventing droplet fusion and the film
area increases with the two droplets coming closer. At the
same time, the film thickness reduces with the proceeding of
draining process. When the film thickness reaches to a criti-
cal value as the van der Waals forces on droplet surfaces
start to work, droplet fusion takes place instantly. For the
noncoalescence microdroplets, they keep squeezing with
each other in the whole collision process. Even reaching the
strongest droplet deformation, the film drainage process has
not finished. Because of the droplet surface deformation, the
interfacial energy increases with the squeezing of droplets.
When this energy reaches its highest value, the squeezing
process comes to the end and the release of stored interfacial
energy causes quick droplet separation. The noncoalesced
droplets traveled downstream one after the other at last.

Figure 2. Microdroplet generation in a flow-focusing
generator and the average droplet diameters
in experiment.

uav is the average velocity of two-phase fluids, defined as

uav¼(QC þ QD)/WH. (a) A picture of microdroplet and

the flow-focusing generator; (b) the average droplet

diameters in water/pentanol experiment; (c) water/octa-

nol experiment; (d) water/decanol system. The scale bar

is 1 mm. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 3. Time sequences showing the behaviors of microdroplets at different microchannel junctions: contact,
squeezing, coalescence, or separation.

The zero time in these pictures is defined as the moment droplets start to contact. (a,b) Experiments at collision angle 180� with

water droplets in pentanol. uav ¼ 3.6 mm/s in Figure 3a; uav ¼ 10.1 mm/s in Figure 3b. (c,d) Experiments at collision angle 120�

with water droplets in decanol. uav ¼ 1.1 mm/s in Figure 3c; uav ¼ 9.7 mm/s in Figure 3d. (e,f) Experiments at collision angle 60�

with water droplets in octanol. uav ¼ 6.9 mm/s in Figure 3e; uav ¼ 14.6 mm/s in Figure 3f. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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Critical capillary number

Repeated tests for one operating condition were made sev-
eral times and droplet coalescence was observed in all the
parallel tests at very low average velocities. While at higher
average velocities, the droplets were separated with each
other in all repeated tests. Between the absolute coalescence
and noncoalescence regions, a narrow transition region
existed, where both droplet coalescence and noncoalescence
occurred. The coalescence and noncoalescence regions are
clearly distinguished in the experiment due to the narrow
operating region of transition state; therefore, the microdrop-
let coalescence processes can be strictly controlled in micro-
channels. This controllability is attributed to the regular two-
phase flow in the microstructured device. The center of the
transition region represents the critical condition for the
occurring of microdroplet coalescence. According to some
previous researches,33–36 droplet coalescence can be deter-
mined by the critical capillary number lower than which
coalescence takes place. The critical capillary numbers of
microdroplet coalescences in this work’s experiment are
given in Figure 5 showing the critical capillary number
increases with the decrease of collision angle. This result
represents that it is benefit for microdroplet coalescence at
higher flowrate in the Y-shaped microchannel junction.
Therefore, the microdroplet coalescence can be enhanced by
decreasing the droplet collision angle. The critical capillary
numbers varied from 0.0026 to 0.014 in this work’s experi-
ment and Figure 5 shows that these critical capillary num-
bers are different for different working systems.

Film drainage time and droplet contact time

To give a more in-depth understanding of the mechanism of
microdroplet coalescence, the droplet collisions are analyzed
in more detail with the film drainage theory. In the experi-
ment, the time interval from droplet contact to fusion gives the
film drainage time and the time interval from their contact to
complete separation shows the droplet contact time provided
by the two-phase flow at microchannel junction. Figure 6
exhibits the average film drainage time, the average droplet
contact time, and their distributions of parallel tests with color
dots and error bars. We can find the film drainage time is on
the range of 10�2 s and changes little with the variation of

collision angle and average velocity. This result accords with
the viscous forced controlled film drainage process of deforma-
ble fluid particles with fully mobile interfaces described in the
review article of Liao and Lucas.29 In the studies of multi-
phase flow at micrometer scale, the viscous force has been
proved as one of the main forces affecting microflows10 and
our previous work has demonstrated that the viscosity of con-
tinuous phase is very important for the determination of micro-
bubble coalescence in microchannels.37 Some other reports
have also introduced that this fully mobile interfaces com-
monly exist in the liquid–liquid dispersed systems without sur-
factant and mass-transfer processes,30,31 the same as the work-
ing systems in this study. According to the theoretical model
provided by Liao and Lucas,29 the viscosity force controlled
the film drainage time for the deformable fluid particle with
fully mobile interface proportional to the viscosity of continu-
ous phase, droplet size, interfacial tension, and variation of
film thickness between droplet surfaces, as shown in Eq. 1

tdr �
lCd

c
ln

hi

hf

8>: 9>; (1)

where hi is the initial film thickness and hf is the final film
thickness before fusion. According to a previous article of Yeo

Figure 5. The critical capillary numbers of different
working systems. The error bars give the
transition regions, where both droplet coales-
cence and noncoalescence take place.

[Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 4. A scheme diagram of the developing stages and some characterized parameters in the microdroplet col-
lision processes.

(a) Droplet flow; (b) droplet contact; (c) squeezing; (d) fused droplet; (e) strongest deformation; (f) separated droplets. [Color fig-

ure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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et al.,40 the most important parameter affecting hi and hf is the
viscosity ratio of two-phase fluids and some other experi-
mental studies have demonstrated that the two-phase viscosity
ratio is an important parameter for the critical capillary
number of microdroplet coalescence.36,41 Based on this
analysis, the effect of film thickness variation on the film
drainage time is expressed as a dimensionless formula of two-
phase viscosity ratio in this study

ln
hi

hf

8>: 9>; � p0 lC

lD

8>>:
9>>;

k

(2)

and a semiempirical equation is built for the film drainage time
considering its main influencing factors, shown as

tdr ¼ p
lCd

c
lC

lD

8>>:
9>>;

k

(3)

where p, p0, and k are dimensionless parameters. Correlated
from the experimental results, the equation of tdr for different

working systems are given in Table 2 and shown as the dash
lines in Figure 6 (P ¼ 304 � 31 and k ¼ �0.750 � 0.061 in
95% confidence intervals of tdr). Comparing with the
millimeter-scaled droplet coalescence processes with similar
physical properties (tdr: 0.1–10 s),30,31 the film drainage time is
much shorter at micrometer scale (tdr: 10�2 s). Together with
the compelled collision in confined microchannel, fast film
drainage process is easier to realize for microdroplet, which is
different from the common multiphase processes in extraction
columns or stirring reactors.

The hollow signals in Figure 6 are the average droplet
contact time at microchannel junctions. The droplet contact
time is also on the range of 10�2 s but reduces with the
increases of the average velocity and droplet collision angle,
representing that it is mainly determined by the two-phase
flow at microchannel junctions. For the noncoalesced micro-
droplets in the experiment, the droplet contact time is lower
than the calculated film drainage time from Eq. 3, as shown
in Figure 6. This is the main reason for the unfinished film
drainage process. The droplet contact time is modeled from
the movement of droplet mass centers in this study. As
shown in Figure 4, the distance between droplet mass centers
on the horizontal axis would change from d to x with the
squeezing of droplets, where x is the shortest horizontal dis-
tance between droplet mass centers in the collision process.
In this process, the relative horizontal velocity of droplets
reduces from 2uavsin(h/2) to zero (Figure 4b–e). After reach-
ing the highest degree of droplet deformation, the droplets
separate with each other quickly (Figure 4ef). We observed
that the droplet separation time was too short (less than the
time resolution of our camera, 0.0045 s, much shorter than
the time interval of droplet squeezing process) to be consid-
ered from the experiment; therefore, the droplet contact time
is estimated by the squeezing process only. The mass center
distances of microdroplets at their contacting moment and
the highest deformed moment shown in Figures 4b,e were
measured with our computer program. Based on the varia-
tion of the microdroplet mass center distance with the exper-
imental time, the average relative velocity of droplets in
their squeezing process is assumed as uavsin(h/2) in this
study, half of the relative velocity in the upstream micro-
channels. Using the totally moving distance of droplet mass
centers and their average relative velocity, the droplet con-
tact time is calculated by the following equation (Eq. 4)

tco ¼ d � x

uav sinðh=2Þ (4)

Measured from recorded videos with the self-made computer
program, x is identified as 0.315 (�0.009) mm, 5% higher than
W/2. Comparing with the experimental data in Figure 6, the
lines of calculated droplet contact time fit well with the
experimental results. Figure 6 shows that the film drainage
time is lower than the calculated droplet contact time for

Table 2. Formulas for the Film Drainage Time and the
Droplet Contact Time

Film Drainage Time tdr Droplet Contact Time tco

304
lCd

c
lC

lD

8>>:
9>>;

�0:750 d � 0:315 ðmmÞ
uav sinðh=2Þ

10�4s\
lCd

c
\10�3s; 0:07\

lD

lC

\0:3

� �
ð60o � h � 180o; uav\15 mm=sÞ

Figure 6. The droplet contact time and the film drain-
age time.

The solid symbols show the average film drainage time

of coalesced droplets (tdr) and the open symbols give the

average contact time from separated droplets (tco). The
error bars are the time distributions in parallel experi-

ments. The solid lines give the calculated droplet contact

time from Eq. 4 and the dashed lines show the calculated

film drainage time from Eq. 3. (a) Water/pentanol sys-

tem; (b) water/octanol system; (c) water/decanol system.

[Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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coalesced microdroplets, which means the droplet contact time
provided by the two-phase flow at the microchannel junctions
is large enough to complete the film drainage process in those
experiments. Reducing the droplet collision angle can increase
the droplet contact time, which is benefit for the occurrence of
microdroplet coalescence.

Quantification of the critical capillary number

Figure 6 illustrates that the calculated film drainage time
and droplet contact time have intersections, representing the
critical condition for microdroplet coalescence. When the
droplet contact time equals to the film drainage time, Eq. 5
can be given

tdr ¼ p
lCd

c
lC

lD

8>>:
9>>;

k

¼ tco ¼ d � x

uav sinðh=2Þ (5)

According to Eq. 5, the critical capillary number for droplet
coalescence is

Ca� ¼ lCuav

c
¼ 1

p
1 � x

d

8: 9; lD

lC

8>>:
9>>;

k

� 1

sinðh=2Þ (6)

Equation 6 shows that the critical capillary number has a linear
relation with 1/sin(h/2), hence, reducing droplet collision angle
can enlarge the available operating region of microdroplet
coalescence. For the confined microdroplets in this work (d[
80% W), the ratio of x/d changed little (x/d ¼ 0.59 � 0.05);
therefore, Eq. 6 can be simplified as

Ca� ¼0:00135
lD

lC

8>>:
9>>;

�0:750
1

sinðh=2Þ ;

where 0:07 \
lD

lC

\ 0:3; 60
� � h � 180

�
(7)

The measured critical capillary numbers given in Figure 7 fit
well with the calculation results from Eq. 7.

Comparing with our experimental results for confined
microdroplets at T-shaped microchannel junction and Chris-
topher’s results for microscaled liquid plugs,36 (Ca* ¼
0.008–0.004 at lD/lC ¼ 0.1–0.3), we find that the critical
capillary numbers for similar working systems are nearly the
same, although the channel sizes are different (the channel
width is 0.1 mm in Christopher’s work) in different experi-

ments. This comparison provides another evidence for the
little effect of droplet size on the critical capillary number in
confined microchannels. However, Hu et al.’s41 studies have
shown that the critical capillary numbers in the free-flowing
spaces have power law dependence on droplet diameter
(Ca*�d�0.82). Christopher et al.36 found that the experimen-
tal critical capillary number for their 100-lm liquid plugs
(Ca* � 0.02) was similar as Hu’s 100-lm droplets (Ca* ¼
0.022) colliding in a predominantly extensional flow at a vis-
cosity ratio of lD/lC ¼ 0.01. They believed that the local
dynamics near the droplet fusing points determined the coa-
lescence process, although the nature of the global flow
fields in the confined microchannels and free-flowing spaces
were very different. According to the analysis of film drain-
age time and droplet contact time in this work, we believe
that these closing critical capillary numbers may be a coinci-
dence. The critical capillary number is determined by the
film drainage time and the droplet contact time. The global
flow in the collision space surely affects the droplet contact
time, which cannot be neglected in the analysis of droplet
coalescence process.

Conclusion

In summary, the microscaled droplet–droplet collision
processes at three confined microchannel junctions are exper-
imentally investigated with different water/alcohols’ systems.
Microdroplet coalescence processes can be well controlled
attributing to the regular two-phase flow in microchannels.
The experimental results indicate that the microdroplet coa-
lescence is determined by two important time parameters –
the film drainage time and droplet contact time. The film
drainage time is mainly affected by the droplet size and
physical properties of working systems, and the droplet con-
tact time is a function of two-phase velocity and droplet col-
lision angle, which can be easily changed to enhance the
droplet coalescence process. When the contact time provided
by the microchannel junction is larger than the film drainage
time, droplet coalescence will take place. The critical capil-
lary number is the special operating condition as the film
drainage time equals to the droplet contact time. This critical
capillary number is mainly affected by the viscosity ratio of
two-phase fluids and the droplet collision angle, which can
be simply represented by an equation of Ca* ¼ 0.00135(lD/
lC)�0.75/sin(h/2). This equation may provide valuable infor-
mation for the design and operation of microstructured
chemical devices.

In this work, the equal-sized microdroplet collision proc-
esses are discussed, which commonly exist in the microstruc-
tured chemical processes. However, not all the microdroplets
to be coalesced in their applications must have equal sizes.
The effect of droplet size difference on the microdroplet coa-
lescence processes will be discussed in our further works. In
addition, the studies concerning microdroplet coalescence
mechanism with mass-transfer and surfactant adsorption
processes will also be performed in our further researches
using the experimental platform in this work to give a more
comprehensive understanding of microdroplet coalescence
process.
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Figure 7. The relation of viscosity ratio, collision angle,
and the critical capillary number.

The error bars show the transition regions where both

droplet coalescence and separation occurred. The dashed

lines give the fitting errors of Eq. 7. [Color figure can be

viewed in the online issue, which is available at wiley-

onlinelibrary.com.]
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