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RESULTS AND DISCUSSION

FUTURE WORK
 The next method of flow-focusing droplet generation is to use a pressure pump

in lieu of pipette tips. By doing so, measurements of the inlet pressure to the
microfluidic device will be much more precise, giving researchers an increased
control over the fluids within the device.

 In addition to flow-focusing
droplet generation, the use of a
pressure pump will be app-
plied to a co-flow droplet
generation method. In co-
flow (see Fig. 8), a dispersed
liquid flows parallel through
the inside of an external co-
ntinuous phase liquid.

 The implementation of additional microfluidic chip geometries will allow for the
generation of biocompatible, monodisperse double droplets. Such double
droplets have countless potential industrial and scientific applications.
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 In this research, we investigate hydrodynamic behaviors and mechanisms of
droplet formation in various flow-focusing droplet generators. Since it has
been known that a geometrical factor plays a critical role in droplet
generation in oil-water systems, this study specifically tests whether an
aqueous two-phase system (ATPS) in different geometries generates
aqueous droplets with different sizes and properties.

 The influence of inlet pressure and flow-focusing configurations on droplet
sizes and flow regime for two different configurations of droplet generators
possessing junction angles, defined as the angle between discrete and
continuous phases, of 30° and 90° is studied. It is observed that the size of
droplet depends on both junction angle and flow regime.

Fig. 8  The needle-based co-flowing microfluidic device 
used for one-step generation of single monodisperse 
droplets. (a) schematic illustration  (b) details of the co-
flowing section. 

BACKGROUND
 Microfluidics techniques allow

production of highly monodisperse
droplets, emulsions, and bubbles using
active or passive methods.

 Aqueous droplet microfluidics
demonstrates the benefits of their
biocompatibility in many applications
such as cell patterning, cell
encapsulation, protein extraction, and
DNA separation.

 The current research focuses on
understanding fundamental physics
behind droplet generation at various
flow-focusing geometries and input
conditions (Fig. 1). This understanding
can subsequently help us to obtain
micro-droplets with targeted
properties.

Fig. 1 Droplet generation in a flow-
focusing geometry. The dispersed phase is
squeezed by continuous phase resulting in
droplet formation.

EXPERIMENTAL SECTION

 Materials and Device Fabrication

 ATPS made by dissolving two polymers,
polyethylene glycol (PEG) and dextran (DEX)
in deionized water (DI), is used in this
experiment.

 Two Microfluidics devices are fabricated
using polydimethylsiloxane (PDMS) by
standard soft lithography method.

 Using two liquid-filled pipette tips to apply
hydrostatic pressure at the inlets for droplet
generation (Fig. 2 and 3). Hydrostatic
pressure is controlled by altering height of
the fluid column in each pipette tip.

Fig. 3 Flow focusing geometry and an
expanded view of the fluid junction
using PEG acts as the continuous
phase fluid whereas DEX is the
dispersed phase fluid

Fig. 2 Microfluidics device (30°
and 90°). Pipette tips are
inserted into the inlets.

 In a dripping flow regime, droplets
generated using 90° chip geometry are
larger than those of the 30° chip. In a
jetting regime, an opposite trend
occurs. Since generated droplets in
jetting regime are smaller and have
higher frequency, it can be generally
concluded that 90° geometry is more
efficient. Fig. 4 shows the distinction
between a dripping regime and jetting
regime.

 Fig. 5 depicts the probability of droplet
generation versus various inlet
pressures

Fig. 4 Droplet formation (A) dripping
regime (B) jetting regime

Fig. 5 Effects of inlet pressures on droplet formation (A) 90° (B) 30°

Fig. 7 Representation of droplet generation (A) 90° (B) 30°
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Fig. 6 Effects of inlet pressures on droplet diameter (A) 90° (B) 30°
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 At two fixed pressures of DEX, droplet diameter will be generally decreased
by increasing pressure of PEG (Fig. 6 and 7).

 Figure 7 represents droplet generation of different sizes and frequencies.

 By increasing pressure of PEG at a fixed pressure of DEX, flow regime
follows a specific trend : PEG back flow, stratified flow, jetting, dripping and
DEX back flow.
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Droplet Generation Portraying Different Sizes and Frequencies


