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Experimental principles. a, In superfluids, for fixed radial wavenumber, the full
dispersion relation (blue line) extends beyond the classical IW regime (red line)
with a cutoff frequency of 2Ω (dashed black line) set by the angular velocity Ω.
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Here, ω is the angular frequency of the wave mode. b, A smooth-walled quartz-
glass cylinder, filled with superfluid 3He-B, is rotated about its longitudinal axis.
During the experiments, we monitor the vortex configuration at two locations
using two pairs of NMR pick-up and excitation coils. The quartz glass container
is open from the bottom to a heat exchanger volume with rough silver-sintered
surfaces. c, The spatial distribution of vortices is monitored with a magnon BEC,
trapped in the axial direction in a minimum of the magnetic field H and in the
radial direction by spatial variation of the spin–orbit energy (called texture). The
radial trapping potential is modified by the presence of vortices. d, We use
pulsed NMR to probe the ground-state frequency in the magneto-textural trap.
The frequency is shown as the shift from the Larmor frequency fL. The
relaxation rate of the signal depends on the vortex density, while the final
frequency (dashed line) is affected by the orientation of vortices. Credit: Nature
Physics (2023). DOI: 10.1038/s41567-023-01966-z

Most people only encounter turbulence as an unpleasant feature of air
travel, but it's also a notoriously complex problem for physicists and
engineers. The same forces that rattle planes are swirling in a glass of
water and even in the whorl of subatomic particles. Because turbulence
involves interactions across a range of distances and timescales, the
process is too complicated to be solved through calculation or
computational modeling—there's simply too much information involved.

Scientists have attempted to tackle the issue by studying the turbulence
that occurs in superfluids, which is formed by tiny identical whirls called
quantized vortices. A key question is how turbulence happens on the 
quantum scale and how is it linked to turbulence at larger scales.

Researchers at Aalto University have brought that goal closer with a new
study of quantum wave turbulence. Their findings, published in Nature
Physics, demonstrate a new understanding of how wave-like motion
transfers energy from macroscopic to microscopic length scales, and
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their results confirm a theoretical prediction about how the energy is
dissipated at small scales.

How energy disappears

The team of researchers, led by Senior Scientist Vladimir Eltsov, studied
turbulence in the Helium-3 isotope in a unique, rotating ultra-low
temperature refrigerator in the Low Temperature Laboratory at Aalto.
They found that at microscopic scales so-called Kelvin waves act on
individual vortices by continually pushing energy to smaller and smaller
scales—ultimately leading to the scale at which dissipation of energy
takes place.

  
 

  

The researchers used a unique rotating cryostat in their study. Credit: Mikko
Raskinen/Aalto University

"The question of how energy disappears from quantized vortices at ultra-
low temperatures has been crucial in the study of quantum turbulence.

3/5



 

Our experimental set-up is the first time that the theoretical model of
Kelvin waves transferring energy to the dissipative length scales has been
demonstrated in the real world," says Jere Mäkinen, the lead author of
the study and a Postdoctoral Researcher at Aalto.

Planes, trains and automobiles

In the future, an improved understanding of turbulence beginning on the
quantum level could allow for improved engineering in domains where
the flow and behavior of fluids and gases like water and air is a key
question.

"Our research with the basic building blocks of turbulence might help
point the way to a better understanding of interactions between different
length scales in turbulence. Understanding that in classical fluids will
help us do things like improve the aerodynamics of vehicles, predict the
weather with better accuracy, or control water flow in pipes. There is a
huge number of potential real-world uses for understanding macroscopic
turbulence," Mäkinen says.

For now, Eltsov, Mäkinen, and others plan to go where the science takes
them. Right now, their goal is to manipulate a single quantized vortex
using nano-scale devices submerged in superfluids.

  More information: J. T. Mäkinen et al, Rotating quantum wave
turbulence, Nature Physics (2023). DOI: 10.1038/s41567-023-01966-z

Provided by Aalto University

Citation: Building an understanding of quantum turbulence from the ground up (2023, March 15)
retrieved 26 January 2025 from https://phys.org/news/2023-03-quantum-turbulence-ground.html

4/5

https://phys.org/tags/real+world/
https://dx.doi.org/10.1038/s41567-023-01966-z
https://phys.org/news/2023-03-quantum-turbulence-ground.html


 

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://www.tcpdf.org

