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Vibrating Fluids Contain
Hedgehogs
Swirling vortices and prickly hedgehog shapes are among the new
patterns seen when a fluid containing floating particles is vibrated.

By Katherine Wright

W hen Héctor Alarcón, at O’Higgins University, Chile,
and his colleagues set out to study the forces that act
on particles moving through the fluid in a vibrating

tank, hedgehogs were the last thing on their minds. Hundreds
of other researchers have conducted similar experiments,
observing various patterns, yet Alarcón and his colleagues saw
something new: patterns that resemble this spiny nocturnal
creature [1].

The team adapted a setup that was used by Michael Faraday in
the 1830s. Faraday was interested in how particles arrange on a
solid, vibrating surface that is covered in water. To study the
phenomenon, Faraday sprinkled particles into a shallow,
water-filled container that was then jostled back and forth. The
particles sank to the bottom of the container, and in response to
the vibrations, they arranged into patterns such as parallel
stripes, checkerboards, or hexagonal structures, depending on
the vibration frequency. The vibration also set up standing
waves (which oscillate without moving anywhere) in the water,

Spiky waves. Researchers have observed hedgehog-like patterns
of particles floating amid currents that form near the surface of a
vibrated fluid (see videos below).
Credit: H. Alarcón et al. [1]

As seen from above, circulating flows near the surface of fluid in a
vibrating tank change from swirling vortices to rotating rings to
spiky-hedgehog shapes as the amplitude of waves increases from
less then 1.5 mm to greater than 4.3 mm. (The video is slowed by
3.6 times; flow is indicated by 10-micrometer-diameter, hollow
glass particles.)
Credit: H. Alarcón et al. [1]

a phenomenon known today as Faraday waves.

In their experiment, Alarcón and his colleagues instead used
particles that remained buoyant, floating just below the
surface. Their 3-cm-wide water tank was about 28 cm long and
was shaken vertically at 8.3 Hz. Looking down on one of the
antinodes (lines where the maximum surface oscillations
occur), they could see the particles collecting into four groups,
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VIDEO

Simulations replicate the hedgehog patterns.
Credit: H. Alarcón et al. [1]

two on each side of the antinodal line.

The team observed a variety of designs for these groups,
ranging from twirling vortices to spiky hedgehogs, depending
on the size of the oscillation. They also replicated the patterns
in simulations, finding that the particle groupings are produced
by circulating fluid currents generated by the regular pushing
and pulling of the fluid along the walls. “This is the first time
that such currents have been reported,” Alarcón says. He adds
that the currents could be used to collect and remove
contaminants from industrial fluids.
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