
 

Leidenfrost effect drops found to be self-
propelled
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Behaviour of Leidenfrost drops starting from rest on flat silicon wafers. a,
Schematic of the experiment: a quasi-spherical water drop with radius R sits at
the centre of a hot wafer with diameter L. Water containing tracers is dispensed
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from a needle located at a millimetre-size distance H above the substrate. Owing
to evaporation, it detaches at a radius R ≈ H/2. b, Chronophotography (timestep
of 94 ms) of a water drop with radius R = 1.10 mm. Once liberated, the
Leidenfrost drop self-propels on the reflective wafer heated at T = 300 °C. c,
Superimposition of 100 trajectories (top views, R = 1.00 ± 0.05 mm) on a wafer
at T = 350 °C. All drops self-propel after detachment with straight, isotropic
trajectories. The grey zone on the bottom right is hidden by the needle and thus
inaccessible experimentally. d, Same experiment for 40 drops with radius R = 2
mm. The roughly straight-line trajectories now follow a common direction.
Credit: Nature Physics (2018). DOI: 10.1038/s41567-018-0275-9

A team of researchers at Physique et Mécanique des Milieux
Hétérogènes in France has found that Leidenfrost effect drops move
around on a hot pan because they are self-propelled. In their paper
published in the journal Nature Physics, the group describes their study
of the drops and what they found.

When drops of water land on a hot surface they begin moving around in
the pan like a hockey puck on ice. Prior research has shown the
slipperiness of the drops is due to a thin layer of steam that is created
between the drop and the pan—causing the drop to be levitated. As to
why the drop moves without prompting, prior researchers have suggested
it is due to slight bits of air movement or gravity acting on them. In this
new effort, the researchers have found that there is another force
involved.

To find out why the drops move without apparent cause, the researchers
set up an experiment that involved placing a pan on a hot plate
surrounded by high-speed cameras which were attached to motion-
tracking software. To find out what goes on inside of the droplets, the
group injected tiny glass spheres into a small sample of water which was
used for generating droplets.
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In examining the results on their computer screen, the researchers found
that larger drops behaved as expected—the glass spheres flowed in a
smooth manner and the drops on the hot plate hardly moved. But as the
drops on the pan grew smaller due to evaporation, they flattened out and
the flow inside of the drops became unbalanced—the unbalance caused
the drop to move forward.

The researchers also found that the unbalance inside the drop caused the
drop to tilt downwards in the same direction that the drop was
moving—sort of like a miniature tidal wave. That tilt, they note, worked
like a ratchet to keep the drop moving until the drop evaporated
completely. They also noted that the drops tended to roll towards a
cooler part of the heated surface, suggesting that their movement might
be controllable. If so, that could lead to a new type of self-propelled
devices.

  More information: Ambre Bouillant et al. Leidenfrost wheels, Nature
Physics (2018). DOI: 10.1038/s41567-018-0275-9 

Abstract
As reported in 1756 by Johann Gottlob Leidenfrost, volatile liquids on
hot solids form "gleaming drops resembling quicksilver", a consequence
of their levitation on a vapour cushion. This makes the drops
spectacularly mobile, moving away as soon as they are deposited—an
observation commonly attributed to gravity or surrounding airflows. This
mobility has been exploited to manipulate drops, because tiny forces
such as those generated on asymmetric substrates can move them in well-
defined directions, a situation that also provides heat evacuation. Here
we report that Leidenfrost droplets initially at rest on horizontal
substrates self-rotate and self-propel in the direction they are rolling, in
the absence of any source of asymmetry or external force. Their rapid
internal flow is found to be accompanied by a tilting of their base, which
creates a permanent ratchet-like mechanism, entraining the rolling liquid
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despite the fact that it is not in contact with its substrate.
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