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Fig. 1. Schematic diagram of the structure of the microfluidic chip and the distribution of nanoparticle surfactants: (a) Structure of

the micro-pore throat chip; (b) schematic diagram of the experiments of droplet generation, acceleration and trapping confinement;

(¢) schematic diagram of the assembly of nanoparticle surfactants at the oil-water interface.
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Table 1.  Interfacial tension for three different flu-

id systems.
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Fig. 2. Typical release processes of single trapped droplets in the micro-pore throat: (a) Release process of the trapped droplet with

a size of L/w, = 8; (b) release process of the trapped droplet with a size of L/w; = 5; (c) release process of the trapped droplet with

a size of L/w; = 3.5.
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Fig. 3. Phase diagram of trapping, breakup and direct re-
lease of a single droplet with clean oil-water interface. In
this diagram, the horizontal dashed lines from top to bot-
tom represent the following scenarios: L/w; = 7.7 (restric-
ted droplets additionally experience frictional resistance
from the wall), L/w; = 5 (Owing to the limited channel
height, droplets are squeezed into pancake droplets by the
microchannel), and L/w; = 4.1 (this value marks the size
threshold between droplet breakup and direct release). The
serial numbers D, @, @), and @ correspond to the curve
forms of Egs. (3), (6), (8), and (10), respectively.
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Fig. 4. Critical release state of a single trapped droplet with the same size (L/w; = 3.5) in the micro-pore throat under different re-

agents: (a) Pure liquid group; (b) only nanoparticles group; (¢) nanoparticles surfactant group.
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Effects of nanoparticle surfactants on release behavior of
trapped droplet in micro-pore throat”
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Abstract

The release of trapped droplets in pore-throat structures is of great significance to study multiphase flow in
porous media. In this paper, the effects of nanoparticle surfactants on the release behavior of trapped droplets in
micro-pore throat are investigated using microfluidic visualization system and fluorescence techniques. We
demonstrate a droplet control technique in microchannel and observe the release states of trapped droplets in
pore-throat. We obtain the phase diagram of droplet states and establish mathematical models describing the
critical transition condition by mechanism analysis. Based on the analysis of force on the trapped droplets, the
breakup mechanism and the release mechanism are also obtained when droplets move through the pore-throat.
The breakup of droplets is dominated by capillary pressure, with the critical capillary number of breakup being
negatively correlated with droplet size. Conversely, the release of droplets is controlled by capillary pressure and
hydrostatic pressure, with the critical capillary number of release exhibiting a positive correlation with droplet
size. In addition, this research reveals the effect of nanoparticle surfactants on droplet release behavior by
analyzing the variation of droplet length with flow velocity and capillary number. Nanoparticle surfactant
reduces the critical flow velocity of droplet release but significantly increases the critical capillary number, and
this phenomenon becomes more pronounced with the increase of concentrations of nanoparticle surfactants.
Fluorescence experiments further elucidate the mechanism by which nanoparticle surfactants inhibit the release
of trapped droplets in pore-throat by inducing interfacial viscoelasticity. Nanoparticles react with polymers at
the interface to form the viscoelastic film. This film-induced interfacial viscoelasticity hinders droplet
deformation and increases the viscous resistance between droplets and wall, thereby impeding the release of

trapped droplets in pore-throat.
Keywords: pore throat, droplet release, trapped droplet, nanoparticle surfactants
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