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® Multiphase flow in microchannels with
characteristic dimensions ranging from

Introduction: Droplet Microfluidics

tens to hundreds of microns. analysis.
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® Droplet-based microfluidics provides: micro-scale compartmentalization,
process automation, minimal reagent consumption, and high-throughput
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Critical part: The droplet generator

Inlet Continuous Phase

® Droplet formation in a microfluidic cross-junctions ® Flow Pattern emerges from the two-phase flow

depends on various factor:

- flow conditions: flow rates ratio

- fluid properties: viscosties, interfacial tension
- channel geometry

Inlet Droplet Phase =100 pm Flow direction - liquid-surface condition: wetting condition
l L S & s ® ) Ca ® I . .
| = s : | ® Important dimensionless numbers:

Droplet containing cells Reynolds (Re) and capillary (Ca) numbers.
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Interesting multiphase flow problem : recent experimental insights
® In cross-junction device, the droplet interfacial forces allows the elongation of the neck ® Varying the channel geometry in a cross-junction microfluidic device enables

® Leaking flow through the gutter causing Ca-dependency of the
droplet formation.

® Leaking flow behaves differently with different junction geometry

shape and therefore causing the increase of necking process duraiton.
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the generation of multiple droplet sizes while maintaining constant input flow

rates. (
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Droplet
microluidics

Force Type  Scaling  Relevance in Microfluidics

Inertial pU?L?  Negligible (low Re)
Viscous uUL Dominant
Surface yL Comparable/dominant
Body pglL? Usually negligible
S p: density,
L L: length scale U: characteristic velocity

y: surface tension
g: gravity

High through-put reaction scanning Churski (2010)

00:00 / 24:00

Microfluidic counter Zaremba (2021)

Why use droplets?

Compartments that allows isolation

Offers operation automation

Low reagents consumption

Offers operations of large numbers of micro-sized reactors,
high throughput experiments
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Example application

3D illustration and real experimental images
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24 h observation of Cancer cells (A549/Blue) +
Natural Killar cells (not stained) inside droplets.

Frame rate is 1 frame per 15 minute
There are 96 cycles = 24 hr observation
Shown here is one position out of 104
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Our microfabrication facility

Fabrication Resolution Dimension range of Material Z-step
Methods microchannel or structure structures Femtoseco n d

and its accuracy L I

X-Y Z Width W Height H . aser-puise
CNCmilling 5pm  5pm  W>200um  H>5um,His PC, PMMA, Easy Photo-lithography engraving
limited by flute etc.
length
Photolithog- 1 um 1pmf W > 1um H<2W % PDMS Complicated
raphy bonded to a
glass
Femtosecond 10 um 20 um Glass, Polymer

Laser-pulse

PC: Polycarbonate,
PDMS: Polydimethylsiloxane

End-mill cutter

Inlet/Outlet holes

Plate (PC, PMMA, etc)

channel

—>

Cleaning and washing
Bonding: Hot-press method

microchannels

microchanels can be
engraved on both plastes

SEl 7kV  WD11mm SS40 x1,300 10pm

CNC milling process



Types of microfluidic junctions

How do we make droplets? *-*

A microfluidic cross junction device . .
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Droplet formation at low capillary number regime

Front view of a
droplet

Experimental validation
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Current/Future
WOrk

« Special flow pattern: Bi-modal

« QOscillation of two different flow
pattern producing two (or more)
droplet sizes.

» Future plan:
* Use numerical simulation
« Advanced measurement: PI1V, 3D-
PTV (?)
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Thank you

Please visit my poster!
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