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Abstract — Here, we demonstrated the optimum design of pillar microstructure for efficient microdroplet merging. The
microfluidic device mainly consisted of programmable microvalves and pillar microstructures. Based on the system,
aqueous droplets were continuously generated at T-junction using actuating of integrated programmable microvalaves
under the immiscible continuous fluid (mineral oil containing 0.5 wt% Span 80). The principle of merging process
depended on the competitive correlation of hydraulic pressure of continuous phase and Laplace pressure of the droplet.
We found that the design of the micropillars controls above two pressures. Finally, it was demonstrated that the microf-
luidic system could be able to efficient biochemical reaction. We expect that the microfluidic system is useful analytical
or reaction tools in fundamental science, biotechnology, and chemical engineering.
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Fig. 1. (a) Schematic diagram of multilayered microfluidic device. (b)
Time lapse images of droplet generation. White and black arrow
indicate continuous phase and dispersed phase, respectively. (c)
Time lapse image of droplet merging (Scale bar 500 um).
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Fig. 2. (A) Schematic diagram of droplet merging process. (B) Three-
dimensional illustration showing the structure of the merging
chamber and force balance when the droplet is stagnated in
the pillar area.
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Nomenclatures

: Average volumetric flow rate
n : Number of side channels between the droplet tail and entrance
of the merging chamber
L : Length of the blocking pillar region
Lg  :Length of the side channel

W, : Width of the side channel

W, : Width of the outer channel

0 : Dynamic viscosity

h : Height of the channel

APy : Hydraulic pressure of surrounding droplet
AP, : Laplace pressure of the droplet

P,  :Inner pressure of droplet

P, : Hydraulic pressure at the head of the droplet
P, : Hydraulic pressure at the tail of the droplet
T : Radius at the head of droplet

r, : Radius at the tail of droplet

% : Interfacial tension
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