Controlling Leidenfrost Droplets Directionality
by Tuning the Height of the Surface Features
Scientific Achievement

— We identify the interplay between wetting and
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of the droplet in the same direction as the feature tilt on — The preferential movement of Leidenfrost droplets switches
the nanoscale pillars, while positive velocity values from moving with the tilt of the nanoscale pillars to against the
indicate motion opposite to the feature tilt on the the tilt of microscale pillars.
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microscale priars — Asymmetric wettability of dynamic Leidenfrost droplets upon

impact is dominant on tilted nanoscale pillars array; while the
forces induced by asymmetric vapor flow are stronger on
much taller microscale tilted pillars.
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Narrative Highlight Text:

Arrays of tilted pillars with heights ranging from hundreds of nanometers to tens of
micrometers were fabricated and used as Leidenfrost ratchets to control droplet
directionality. Dynamic Leidenfrost droplets on the ratchets with nanoscale features were
found to move in the direction of the pillar tilt while the opposite directionality was
observed on the microscale ratchets. This remarkable switch in the droplet directionality
can be explained by varying contributions from the two distinct mechanisms controlling
droplet motion on Leidenfrost ratchets with nanoscale and microscale features:
asymmetric wettability of dynamic Leidenfrost droplets upon initial impact appears to be
the dominant mechanism determining their directionality on tilted nanoscale pillar arrays,
while the forces induced by asymmetric vapor flow are the stronger mechanism on arrays
of much taller tilted microscale pillars. The point of crossover between the two
mechanisms coincides with the pillar heights comparable to the values of the thinnest
vapor layers still capable of cushioning Leidenfrost droplets upon their initial impact. The
proposed model of the length scale dependent interplay between the two mechanisms
points to the previously unexplored ability to bias movement of dynamic Leidenfrost
droplets and even switch their directionality.
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