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Figure6 Theinfluence of the ratchet inclination 6 on the acceleration (a) and velocity (b) characteristics (V=80 uL)
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In recent years, self-propelling fluidic devices have received particular attention, due to their unique abilities to displace
liquid at small scales without an external force. The ability to control the dynamics of liquids is crucial in applications
such as thermal management, ink-jet printing, lab-on-a-chip technology and spray cooling. As known, Liquid spilled on a
hot surface rapidly evaporates. At the Leidenfrost temperature, well above the boiling point, one observes long-lived
droplets that levitate because of the excess pressure resulting from the permanent feed of vapor at the bottom of the
droplet. So millimeter-scale liquid droplets on substrates can move spontaneously due to the animbalance of surface
tension forces caused by a therma gradient, and that makes Leidenfrost droplets very mobile because of their
contact-free suspension. In recent years, using the Leidenfrost droplets to control wetting condition of droplet, the new
phenomenon, named the self-propelled droplet, had been found that the droplets can move at a well-defined direction on
some surfaces such as ratchet surfaces. However, according to the literature published recently, the relationship between
the dynamic characteristics of self-propelled droplets and the ratchet structure parameters was not clear, and the
mechanism of the Leidenfrost droplets was not clear either. So the different ratchet-structured surfaces were prepared
with the aluminum sheet in this work. The dynamic behaviors and the mechanism of self-propelled droplets on hot
ratchet surfaces were studied by analyzing the images captured by a high speed camera at the frame rate of 1435 Hz. The
data were acquired with image analyzing technology. Ratchet surfaces were heated on constant temperature heating units.
Deionized droplets with different volume V were deposited on hot ratchet surfaces with different inclination 8 and height
H at different temperature T. The relationship among the various parameters was analyzed and the dynamic characteristics
of droplets varied with the surface temperature were discussed. All experiments were carried out at room temperature of
25+2°C, relative humidity for 50%—60%. The experimental images were captured three times by the high speed camera
during the experiments, and the average values were adopted. A model was established according to the experiment data
and the theoretical analysis on the mechanism of the self-propelled droplets on hot ratchet surfaces in this paper. The
results showed that droplets on ratchet surfaces at different temperature presented different dynamic characteristics. The
stable Leidenfrost droplets and self-propelled phenomenon could acquired only when the surface temperature reached the
Leidenfrost temperature (LFP). With the increasing of surface temperature, the acceleration of the self-propelled
Leidenfrost droplets firstly increased and then decreased, which meant there existed a fixed temperature value for a
self-propelled droplet to reach its maximum acceleration. In addition, the inclined angles of ratchets had significant
effects on the acceleration of the self-propelled Leidenfrost droplets. When the temperature of ratchet surfaces and the
ratchet depth H were constant, the acceleration of self-propelled droplets would increase with the increaseing of the
inclined angles of ratchets. The size of the droplets had no relationship with the acceleration of self-propelled droplets.

droplet, ratchet surfaces, L eidenfrost effect, self-propelled, acceleration
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