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High-gravity water waves

January 15 2020
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What might look like jelly being stirred is actually water subjected to 20
times normal Earth gravity within ESA's Large Diameter Centrifuge—as
part of an experiment giving new insight into the behavior of wave
turbulence.

This research, led by Stéphane Dorbolo of University of Liege and Eric
Falcon of CNRS and University of Paris, has been published in Physical
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Review Letters.

Wave turbulence occurs anywhere where a set of random waves interact
with each other—from the ocean to the atmosphere, or in plasmas—but
the exact mechanisms behind it are only dimly understood. For surface
waves on a liquid, gravity dominates the behavior at low frequencies,
while 'capillary action' based on surface tension becomes more important
at high frequencies.

To increase the range of frequencies where waves are dominated by
gravity, the researchers conducted their experiment in the ESA's Large
Diameter Centrifuge (LDC) where they can create effective gravity
levels up to 20 times that of Earth's gravity.

Within this extended range, the result was a surprise: the typical
timescales of wave interactions and dissipation did not depend of the
wave frequency, as predicted theoretically.

Instead these timescales are set by the longest available wavelength
within the system—namely the size of the container the waves occur
within, an effect that current wave turbulence theories does not take into
account.

Prof. Falcon explains: "This result suggests that 'container' size needs to
be considered in studies of water waves within an ocean—as well as
atmospheric waves on Earth and magnetically confined plasma waves as
in fusion experiments.

"Notably, this experiment serves to complete the scientific picture of
how gravity has an impact on surface wave turbulence, because tuning
the gravity level to an opposing low value has already been performed in
experiments in zero-G parabolic flights in 2009 and more recently
aboard the International Space Station in 2019. This has allowed us to
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successfully observe pure capillary wave turbulence with no contribution
from gravity."

Operating within a sci-fi style white dome, the LDC is an 8-m diameter
four-arm centrifuge that gives researchers access to a range of
hypergravity up to 20 times Earth gravity for weeks or months at a time.
At its fastest, the centrifuge rotates at up to 67 revolutions per minute,
with its six gondolas placed at different points along its arms weighing in
at 130 kg, and each capable of accommodating 80 kg of payload.

More information: A. Cazaubiel et al. Wave Turbulence on the
Surface of a Fluid in a High-Gravity Environment, Physical Review
Letters (2019). DOI: 10.1103/PhysRevl ett.123.244501

M. Berhanu et al. Capillary wave turbulence experiments in
microgravity, EPL (Europhysics Letters) (2020). DOL:
10.1209/0295-5075/128/34001
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