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Rapid cell separation in double spiral microfluidic chan-
nels
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A double spiral microfluidic platform is developed to allow pre-
cise and continuous cell separation in a compact format with
throughput comparable to traditional techniques. The Dean drag
force induced by the curved microchannels acts on particles and
cells to compete with the inertial lift force, resulting in different
equilibrium positions for particle and cells with different sizes. A
numerical model to track the particle/cell trajectories in the 3D
Dean flows is developed, by taking account of the effects of the
key hydrodynamic forces. The numerical simulation is validated
against the experimental observations and serves as an effective
tool for microfluidic chip design and optimization. The separation
chip is characterized with the binary mixture of 5 and 10 micron
diameter polystyrene beads at different flow rates. Finally, suc-
cessful separation and concentration of 4T1 cells from the murine
blood cells at a high throughput is achieved using the same mi-
crofluidic chips.
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The separation of biological cells or minute particles in hydro-
dynamic metamaterials, analogous to photonic counterpart, was
investigated by a new hybrid model: FVM based computational
model in conjunction with an in-house-built computer code. This
hybrid model can simulate the interaction of particles in hydro-
dynamic metamaterials. By examining the streamline of the fluid
flow and the collision of particles within the metamaterial, we con-
firm that separation of particles originates from the hydrodynamic
force and interaction between particles and microstructure in the
metamaterial. The simulation results were consistent with the ex-
perimental data reported in the literature. The proposed model is
promising for the design optimization of hydrodynamic metama-
terials in the future.
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A pathway of hardness enhancement in transition-metal
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The mechanical behaviours of OsB, Os,B; and OsB, are system-
atically investigated by the first-principles calculations. It is found
that the changing trends of bulk modulus and hardness are com-
pletely different for OsB, Os;B; and OsB,, which indicates that
the underlying sources of incompressibility and hardness are fun-
damentally different. The incompressibility is related to elastic
deformation that is closely associated with valence electron den-
sity, whereas the hardness depends strongly on plastic deformation
that is determined by bonding nature. It is shown that incorporat-
ing small boron atoms into osmium should be a valid pathway of
hardness enhancement. This strategy is in principle also applica-
ble to other transition metal borides, carbides, nitrides.
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Directly resolving particles in an electric field and applica-
tions to heterogenecus dielectric materials and biomedical
engineering
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We extend Prosperetti’s seminal Physalis method for finite-sized
particles in fluid flow to directly resolve dielectric particles in an
electric field. The method can be used to accurately predict, for
the first time, the local charge distribution, force and torque on
particles and to accurately account for the mutual fluid-particle,
particle-particle, and particle-boundary interactions. The method
is very accurate and able to satisfy exactly the discontinuous in-
terface conditions, efficient to simulate up to one million particles
using a PC, and unique in the computational world. These features
make the method especially important to applications to heteroge-
neous dielectric materials and biomedical engineering.
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