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Introduction

The intricate dynamics of turbulent flow within confined channels represent a cor-
nerstone of fluid mechanics research, with profound implications across diverse
engineering disciplines. These systems are ubiquitous, ranging from heat ex-
changers and microfluidic devices to biological conduits and industrial piping. Un-
derstanding the fundamental characteristics of such flows is paramount for optimiz-
ing system performance, predicting behavior, and ensuring operational efficiency.
This introduction will delve into various facets of confined turbulent channel flow,
drawing upon recent research to illuminate key phenomena and their significance.
A detailed numerical investigation into turbulent flow characteristics within con-
fined channels was conducted, highlighting the impact of varying aspect ratios
and Reynolds numbers on flow structures, turbulence intensity, and energy dissi-
pation. Key insights included the identification of distinct flow regimes and their
associated spectral characteristics, providing valuable data for designing efficient
confined flow systems [1].

The study examining the effect of surface roughness on turbulent flow development
in a confined channel utilized direct numerical simulation. It revealed how differ-
ent roughness configurations alter the near-wall turbulence, leading to significant
changes in friction drag and heat transfer. The findings are crucial for understand-
ing and predicting flow behavior in practical engineering applications with rough
surfaces [2].

A computational fluid dynamics analysis of turbulent flow in a square-sectioned
confined channel focused on the statistical properties of turbulence, including
Reynolds stresses and turbulent kinetic energy. The results provided a compre-
hensive understanding of the anisotropic nature of turbulence in such geometries,
which is essential for turbulence modeling [3].

Investigating the influence of inlet conditions on turbulent flow development in a
confined channel employed large eddy simulation (LES). It demonstrated how dif-
ferent inlet velocity profiles and turbulence intensities affect the downstream flow
evolution, particularly the transition to fully developed turbulence, with implications
for the accuracy of CFD simulations [4].

A numerical exploration of turbulent flow in a micro-confined channel considered
rarefaction effects. It revealed deviations from continuum flow behavior at micro-
scales and the impact of Knudsen number on velocity slip and flow resistance,
which is critical for microfluidic device design and analysis [5].

The research examined the interaction of wall-bounded turbulence with passive
scalar transport in a confined channel. Using DNS, it quantified the impact of tur-
bulence on scalar variance and diffusion, particularly in the near-wall region, which
is relevant for heat and mass transfer processes in confined flows [6].

This paper investigated the influence of boundary conditions on turbulent chan-
nel flow using numerical simulations. It explored how different wall treatments,
including adiabatic and isothermal conditions, affect the flow field and turbulence
statistics, with findings crucial for accurate thermal analysis in confined geometries
[7].

A numerical analysis of turbulent flow in a confined channel with imposed periodic
boundary conditions examined the energy transfer mechanisms and the develop-
ment of coherent structures within the turbulent flow. This contributes to a deeper
understanding of the dynamics of confined turbulent flows [8].

A numerical investigation focused on the effect of non-Newtonian fluid behavior
on turbulent flow in confined channels. It explored how shear-thinning and shear-
thickening properties influence turbulence statistics, energy dissipation, and mix-
ing, with results vital for applications involving complex fluids in confined environ-
ments [9].

Finally, a numerical study on turbulent flow in a confined channel with an imposed
streamwise pressure gradient examined the interplay between the pressure gra-
dient and turbulence generation, leading to insights into flow development and
energy balance. This is relevant for understanding flow in systems like pipelines
and diffusers [10].

Description

The numerical investigation into turbulent flow characteristics within confined
channels, as presented by Liao et al. [1], provides a granular understanding of
how aspect ratios and Reynolds numbers dictate flow structures. The study metic-
ulously quantifies turbulence intensity and energy dissipation, identifying distinct
flow regimes and their spectral signatures. This research serves as a critical data
source for the optimization of confined flow systems, offering empirical backing for
design choices in areas such as heat transfer and aerodynamics.

Wang et al. [2] employed direct numerical simulation to dissect the impact of sur-
face roughness on turbulent channel flow. Their work elucidates the intricate mech-
anisms by which various roughness configurations disrupt near-wall turbulence,
consequently influencing friction drag and heat transfer rates. This detailed ex-
amination is indispensable for engineers dealing with real-world surfaces, where
roughness is an unavoidable factor.

Kim et al. [3] leveraged computational fluid dynamics to scrutinize the statis-
tical properties of turbulence in a square-confined channel. Their analysis of
Reynolds stresses and turbulent kinetic energy yields a profound appreciation for
the anisotropic nature of turbulence within such geometries. This foundational

Page 1 of 3



Tanaka H. Fluid Mech Open Acc, Volume 12:2, 2025

understanding is instrumental for the development and validation of advanced tur-
bulence models.

Garcia et al. [4] utilized large eddy simulation (LES) to explore the sensitivity of
turbulent channel flow development to inlet conditions. Their findings underscore
the significant downstream consequences of variations in inlet velocity profiles
and turbulence intensity, particularly concerning the transition to a fully developed
state. This research highlights the importance of accurate upstream data for reli-
able CFD simulations.

Chen et al. [5] delved into the complexities of turbulent flow within micro-confined
channels, specifically addressing rarefaction effects. Their numerical findings
demonstrate a departure from continuum behavior at micro-scales, quantifying the
influence of the Knudsen number on velocity slip and flow resistance. This work
is of paramount importance for the accurate design and analysis of microfluidic
devices.

Zhao et al. [6] investigated the interplay between wall-bounded turbulence and
passive scalar transport in a confined channel using DNS. Their study quantifies
how turbulence influences scalar variance and diffusion, with a particular focus on
near-wall phenomena. This research offers crucial insights into heat and mass
transfer mechanisms relevant to a wide range of industrial and environmental pro-
cesses.

Li et al. [7] explored the impact of boundary conditions on turbulent channel flow
through numerical simulations. Their analysis of adiabatic and isothermal wall
treatments reveals how these conditions modulate the flow field and turbulence
statistics, providing essential data for thermal analyses in confined systems.

Zhang et al. [8] presented a numerical analysis of turbulent channel flow under
periodic boundary conditions, focusing on energy transfer and the emergence of
coherent structures. This study enhances the fundamental comprehension of the
dynamic processes governing confined turbulent flows, contributing to a more nu-
anced understanding of turbulence generation and evolution.

Shi et al. [9] conducted a numerical investigation into the turbulent flow of non-
Newtonian fluids in confined channels. Their work elucidates how rheological prop-
erties, such as shear-thinning and shear-thickening, affect turbulence statistics,
energy dissipation, and mixing efficiency. This research is critical for applications
involving complex fluids where predictive modeling is essential.

Wu et al. [10] performed a numerical study of turbulent channel flow subjected to
a streamwise pressure gradient. They examined the critical interaction between
this gradient and turbulence generation, providing valuable insights into flow devel-
opment and energy balance within such configurations. This research is directly
applicable to systems like pipelines and diffusers where pressure gradients are
inherent.

Conclusion

This collection of research investigates various aspects of turbulent flow within
confined channels. Studies explore the effects of geometric parameters like as-
pect ratios, surface roughness, inlet conditions, and boundary conditions on flow
characteristics, turbulence statistics, and transport phenomena. Numerical sim-

ulations, including direct numerical simulation (DNS) and large eddy simulation
(LES), are employed to analyze flow behavior, energy transfer, and the develop-
ment of coherent structures. Specific attention is given tomicro-confined channels,
non-Newtonian fluids, and the influence of streamwise pressure gradients. The
findings are crucial for improving the design and prediction of fluid behavior in a
wide range of engineering applications, from heat exchangers and microfluidics to
pipelines and diffusers.
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