
 

Researchers observe inwardly rotating spirals
in a nonoscillatory medium
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A team of researchers at Université Côte d'Azur and Hokkaido
University have recently carried out a study exploring the spontaneous
formation of spiral patterns observed on the downward-facing free
surface of a horizontal liquid film. The surface examined by them entails
Rayleigh-Taylor instability, which destabilizes the interface between two
fluids of different densities when the heavier fluid is pushing down the
lighter one.

The researchers observed that the liquid discharge resulting from this
instability can occur in the form of propagating liquid curtains, which
are generated at the film's circular periphery and appear as inwardly
rotating spiral arms. Using a phenomenologically constructed cellular
automaton, they demonstrated that these patterns arise from the phase
locking, which leads to an intermittent discharge of liquid at a constant
flow rate over the entire film surface.

"About 15 years ago, Dr. Laurent Limat and his colleagues studied spatio-
temporal dynamics of liquid columns moving freely along the edge of a
circular dish," Christian Mathis, one of the researchers who carried out
the present study, told Phys.org. "Inspired by their work, we began the
study of a bi-dimensional assembly of liquid columns, hoping to describe
all the secondary instabilities related to losses of symmetry. We just
found one such instability, but we discovered that we were in front of a
rather simple system showing extremely rich behavior."

In their study, Mathis and his colleagues observed that increasing the
flow rate gave rise to a series of complex patterns, including a regular
hexagonal lattice of drops, a regular hexagonal lattice of columns, spatio-
temporally intermittent behavior of columns and, finally, liquid curtains
forming spiral waves.
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The apparatus they used is fairly simple, consisting primarily of a semi-
closed cylindrical vessel, with silicone oil continuously pouring into it
through an inlet at the top and a fine mesh grid at the bottom. The vessel
contains a constant amount of oil, determined by the equilibrium of a
negative pressure in the vessel and the weight of the oil.

Excessive liquid in the vessel leaks through the grid and forms a liquid
film underneath it. This film destabilizes in different ways, depending on
the oil flow-rate and viscosity. Inside this apparatus, everything is made
of transparent PMMA, as this enables easy observation and precise video
measurements with adapted lightning.
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"At a sufficiently high flow-rate, liquid curtains appear, move like waves
and, end up coiling around some center point and forming rotating spiral
arms," Mathis explained. "We measured the frequency of rotation of
each arm and of the whole pattern and the length of arms. The key
observation is the spontaneous formation of spirals through breaking the
rotational symmetry of the system."

Spiral patterns can be found in many systems, both in lab experiments
and in nature. Most of these spirals patterns rotate, with the spiral arms
trailing the direction of this rotation. Patterns that rotate in the opposite
direction are quite rare and are referred to as antispirals.

"We have shown that antispiral patterns can be produced in a simple
liquid system, for which we know all the governing equations," Harunori
Yoshikawa, another researcher who carried out the study, told Phys.org.
"Deep investigation of this 'well-known' system would provide insights
into rare occurrences of antispiral patterns."

The experiment carried out by Yoshikawa, Mathis and their colleagues
could pave the way for further studies exploring the manifestation of
antispiral patterns. In addition, their study could provide a benchmark
for theories of pattern formation.

"We are now focusing on theoretical modeling, seeking an appropriate
model equation and the ranges of involved parameters," Yoshikawa said.
"We hope that we will theoretically reveal the essential features of these
pattern formation processes."

The researchers are also currently exploring other patterns observed in
their system, as the inwardly rotating spirals were merely one of their
observations. For instance, the dripping regime and some of the peculiar
behavior of the liquid columns are yet to be extensively investigated. In
the study carried out by Mathis, Yoshikawa and their colleagues, the
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dynamic of the spirals appeared to be related to the characteristics of the
liquid film itself, a finding that they are also looking to explore further.

  More information: Harunori N. Yoshikawa et al. Inwardly Rotating
Spirals in a Nonoscillatory Medium, Physical Review Letters (2019). 
DOI: 10.1103/PhysRevLett.122.014502
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