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A graphical representation delineating the mechanics of penetrative convection,
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accompanied by the major contributing elements. Various factors and their
impacts are symbolized by circles with a representative example, while arrows
and descriptives indicate how each one influences penetrative convection.
Credit: Advances in Atmospheric Sciences (2024). DOI:
10.1007/s00376-024-4014-0

Turbulence is an area of fluid dynamics that has been known about and
researched for over a century. Most of us are broadly aware of it as a
concept from our travels in the air, wherein it can at best be an
inconvenience but at worst a frightening and dangerous experience.

Indeed, this was starkly demonstrated recently when, in May 2024, a
Singapore Airlines flight from London to Singapore encountered severe 
turbulence that was fatal for one passenger and left many others injured.

Perhaps less familiar to people is the specific phenomenon of
penetrative turbulence, or penetrative convection, which is the subject of
a recent review article written by Professor Zijing Ding and his team
from the School of Energy Science and Engineering at the Harbin
Institute of Technology in China, published in the journal Advances in
Atmospheric Sciences.

Penetrative turbulence occurs when a fluid that has been heated in an
unstable manner penetrates another layer of fluid that has been stratified
stably. It is a phenomenon often observed in large-scale natural and
engineering environments, and is especially important in the earth and
planetary sciences, as highlighted.

For example, penetrative turbulence is thought to play an important role
in the mass–momentum transport in the tachocline (the transition region
of stars between the radiative interior and the differentially rotating
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outer convective zone); and, here on Earth, it is also important for
underwater oceanic life in winter. It influences the distribution of
phytoplankton and other marine organisms, and can thus serve as an
indicator of ecosystem health and contribute to the carbon cycle within
these water bodies.

In our atmosphere, penetrative turbulence is central to the motions of
key circulation systems, and thus its successful incorporation into 
prediction models ultimately impinges on our ability to forecast the
weather. Of course, this takes on added importance in the current
context of climate change and the effects it is having in the form of
extreme weather events, such as droughts and floods.

"Our paper examines past theoretical, numerical, and experimental
studies on penetrative turbulence, along with field studies that have
provided insights into turbulence modeling," explains Professor Ding.

"We look at the physical factors that initiate penetrative convection,
state-of-the-art methods being applied to better understand its transport
mechanisms and statistical properties, and discuss some perspectives
emerging from the knowledge we have gained in terms of implications
and practical applications in various scientific fields."

A central theme of the review is the derivation of scaling laws embedded
within large-scale penetrative turbulence. The ability to do so has, for
example, enhanced our comprehension of heat distribution dynamics in
the oceans, which, when integrated with other dynamic oceanographic
factors such as wind-driven currents and thermohaline circulation, can
help elucidate the influences of oceanic processes and glacial melt on
Earth's climate.

In addition, the exploration of penetrative convection extends beyond
natural systems to technical applications in engineering, such as the
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design of heat exchangers and the optimization of geothermal energy
systems.

"However, practical applications often expose the limitations of our
theoretical models," adds Professor Ding, "and this is perhaps most
notably the case in the atmospheric sciences."

The frequency of extreme weather events is on the rise due to global
warming, and scientists have been aware of penetrative convection as a
contributing factor to this trend. By integrating more precise
representations of penetrative convection into climate models, it should
become possible to generate more reliable predictions of long-term
climate patterns.

"Ultimately, in the atmospheric sciences, our goal is clear," concludes
Professor Ding. "We need a more realistic model of atmospheric
convection to facilitate better predictions of both weather and climate.
This requires us to successfully incorporate such influences as boundary
conditions, Earth's rotation, and solar radiation, to name but a few."

Advancements in our understanding of penetrative turbulence are central
to these aims, and this timely review by Professor Ding and his
colleagues provides a valuable point of reference for scientists to
continue their studies in this important field.

  More information: Zijing Ding et al, Scaling Laws Behind Penetrative
Turbulence: History and Perspectives, Advances in Atmospheric Sciences
(2024). DOI: 10.1007/s00376-024-4014-0
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