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Fig. 1. (a) Schematic of particle focusing process in an asymmetrically curved microchannel, the insets (i) and

(ii) are the distributions of 9.9 um particles in the inlet region and the outlet region at a flow rate of 50 uL/min,

respectively; (b) schematic illustrating the balanced forces of particles in the channel cross section and the

tendency of transverse forces with time.
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Fig. 2. (color online) (a) Photograph of the fabricated microfluidic chip, the right insets are the SEM images of the

front and cross-sectional view of the microchannel; (b) processing of the original particle fluorescent images.
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Fig. 3. (color online) Channel-length regulation mechanism for the focusing behaviors of 9.9 pm particles at a

flow rate of De = 6.25: (a) Schematic of the asymmetrically curved microchannel with the particle fluorescent

streak images at specific locations; (b) particle fluorescent streak images along the migration length; (c¢) normalized

particle fluorescent intensity profiles corresponding to the streak images. The inset is the bright-field image of the

distribution of particles in the outlet region.
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Fig. 4. (color online) Flow-rate regulation mechanism for the focusing behaviors of 9.9 um particles in the outlet region: (a)
Particle fluorescent streak images at different flow rates; (b) normalized particle fluorescent intensity profiles corresponding

to the streak images; (c) schematic illustrating the presented three-stage model of the flow-rate regulation mechanism.
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Fig. 5.

particle focusing of two different-sized particles is shown as a function of De and channel length; (b) focusing positions and

(color online) Particle-size regulation mechanism for the focusing behaviors of particles: (a) State diagram for

ratios of two different-sized particles in the outlet region is shown as a function of De with the corresponding fluorescent
streak images of 7.32 um particles; (c) focusing positions and ratios of two different-sized particles at De = 12.5 is shown

as a function of channel length with the corresponding fluorescent streak images of 7.32 um particles.
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Abstract

In this paper, an asymmetrically curved microchannel device is designed and fabricated to quantitatively characterize
the dynamic inertial focusing process of polystyrene particles and blood cells flowing along the channel. The experimental
investigations are systematically carried out to probe into the regulation mechanisms of flow rate and particle size.
Specifically, based on the particle fluorescent streak images and the corresponding intensity profiles at specific downstream
positions, the lateral migration behaviors of particles in the mirochannel can be divided into two stages: the formation of
focused streak and the shift of focusing position. It is also found that the channel structures with small radii are dominant
during the whole inertial focusing process. A three-stage model is then presented to elucidate the flow-rate regulation
mechanism in terms of the competition between inertial lift force and Dean drag force, according to the evolution of
particle focusing dynamics with increasing flow rates. By making comparisons of focusing position and focusing ratio
between two different-sized particles under various experimental conditions, we find that the larger particles have better
focusing performances and stabilities, and the relative focusing position of different-sized particles can be adjusted by
changing the driving flow rate. Finally, the applicability of the explored inertial focusing mechanisms for manipulating
biological particles with complex features is investigated by analyzing the lateral migration behaviors of blood cells in
the asymmetrically curved microchannel. The obtained conclusions are very important for understanding the particle

focusing dynamics in micro-scale flows and developing the point-of-care diagnostic instruments.

Keywords: curved microchannel, inertial focusing, regulation mechanisms, lateral migration
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