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Tightrope dancer bubbles
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When a metallic wire is heated up to the boiling point in a subcooled liquid bath some vapor
bubbles nucleate on its surface. In the literature, it is admitted that these bubbles generated from
active nucleate sites grow up and depart from the heating surface due to buoyancy and inertia. Wang
et al. [1] observed an alternative situation: In water or alcohol subcooled baths, bubbles can slide
along a horizontal heated platinum thin wire. They also addressed other aspects of the problem such
as the interactions between bubbles (bouncing or fusion) [2].

We performed experiments using a 5-cm-long horizontal constantan wire (diameter ¢ €
[0.1; 1]mm) in a 1.5-cS silicone oil subcooled bath. This is a total wetting situation. The resistive
wire is heated up through Joule’s effect with a current setting up to 64 A. The injected power P can
thus reach 200 W.

For P =10 W and ¢ = 0.2 mm, as bubbles nucleate on the wire surface, they spontaneously
move along it without preferential sense. They exhibit velocities up to 100 mm/s. Bubbles may
appear and move on top of or beneath the wire. One can notice that the top position is more stable
due to Archimede’s force. In Video 1(a), a typical view of such a bubble and its thermal plume is
presented. If two bubbles come into contact they can bounce or fuse [see Video 1(b)].

Keeping ¢ fixed to 0.2 mm and increasing P up to 17.5 W, one can observe a new regime:
Motionless clusters composed of a few big bubbles (~0.5 mm) steadily remain on the wire [see
Video 1(c)]. Small bubbles continue to circulate between these clusters. If we further increase the
heating power P, clusters elongate along the whole wire up to cover it as a single motionless cluster
[see Video 1(d)]. If we continue to increase the injected heat (¢ staying fixed to 0.2 mm), we observe
that this unique cluster dislocates into smaller clusters until this regime ends and the system returns
to the situation previously described where isolated bubbles move freely.

Increasing P up to 30 W, a vapor film totally isolates the wire from the liquid bath [see
Video 2(a)]. This phenomenon is called film boiling. Because of Rayleigh-Taylor instability, this
vapor film is destabilized following a well defined wavelength [3]. If we now change the wire
diameter in this regime, the destabilization pattern will be modified: For small diameters one can
observe pearls [see Video 2(a)], while for large ones we observe medusa [see Video 2(b)].

We believe that there is a common mechanism that could explain why the bubbles do not leave
the wire and from which the horizontal propulsion mechanism arises: thermal Marangoni flows.
Temperature differences appear between the top and the bottom of the bubble (the wire heats the
bottom but the top is still close to the subcooled bath temperature) and also between the front and
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VIDEO 1. (a) Image of a bubble moving on a hot wire for ¢ = 0.2 mm and P = 10 W. One can notice the
inclined thermal plume as a signature of the bubble motion. The bubble velocity is v ~ 60 mm/s. (b) Motion
of some bubbles on a heated wire for ¢ = 0.2 mm and P = 15 W. Images are separated by 0.01 s. When two
bubbles come into contact they can bounce (between 0.04 and 0.07 s) or fuse (between 0.00 and 0.02 s). (c)
Cluster regime, with ¢ = 0.2 mm and P = 17.5 W. (d) The wire is covered by a single (almost) motionless
cluster, with ¢ = 0.2 mm and P = 20 W. DOL: http://dx.doi.org/10.1103/APS.DFD.2015.GFM.V0013
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VIDEO 2. Film boiling patterns: (a) pearl regime, with ¢ = 0.2 mm and P = 45 W, and (b) medusa regime,
with ¢ = 0.6 mm and P = 90 W. DOI: http://dx.doi.org/10.1103/APS.DFD.2015.GFM.V0013
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the rear of the bubble [4] (the motion of the bubble creates a mixing zone at the bubble rear inducing
a cooler zone). Thermal Marangoni flows, occurring for a bubble in a thermal gradient, attract the
bubble to the hottest temperature points [5]. This mechanism can thus explain our observations.
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