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Droplet transportation on the substrate plays a crucial role in applications such as drug delivery,
medical diagnosis and micro assay. Many techniques for droplet transportation have been developed
by using electric field, magnetic field, vibration and irradiation, but these techniques require external
power sources. We demonstrate automatic droplet transportation driven by gradient wettability and
Laplace pressure through FVM (finite-volume-method) simulations. Droplets on substrate with
gradient wettability move directionally, but the driving force may not be enough for long distance
transportation. Conical and wedgy structures offer a considerable driving force yielded by Laplace
pressure for droplets motion, and droplets move easily toward the thick end on hydrophilic conical
fiber, however it slows down or even stops when located in certain specific positions. Conical tubes
and wedgy grooves exhibit similar performances. Structures combined gradient shapes and gradient
wettability can conquer the problems and excellent droplet transportation ability is obtained. Wedgy
structures are more suitable for large scale fabrication since they can be achieved through traditional
IC (integrated circuit) process.

We have achieved the free energy, free energy gradient and velocity of the drops along the symmetry
axis with the data exported from the simulation results. The driving force of the Laplace pressure and
gradient wettability is not proportional to the velocity of the drop because the friction varies as the
drop shape changes. Thus we introduce the ratio of the free energy gradient relative to the gravity in
order to evaluate the driving force. The influence of parameters, such as half-apex angle, wettability
and wettability gradient, on the performance of the gradient structures is analyzed and optimized.
Meanwhile the side wall and bottom wall of the wedgy grooves can be designed and fabricated in
different materials, which are also investigated to further optimize the structures.
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