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Abstract

Turbulent boundary layers (TBLs) subjected to adverse pressure gradients (APGs) are
ubiquitous in engineering and geophysical flows, yet they remain challenging to analyze and
model due to their pronounced spatial development and sensitivity to upstream conditions.
In contrast, turbulent Couette-Poiseuille (C-P) flow, a statistically one-dimensional flow be-
tween two parallel walls driven by both wall motion and pressure gradient, offers a simplified
framework for studying wall-bounded turbulence subjected to APGs.

In this study, we compare equilibrium APG TBLs with constant Clauser parameters to
equilibrium turbulent C-P flows driven by equivalent pressure gradients. Notable similarities
between turbulent C-P flows and APG TBLs are observed, including profiles of turbulence
statistics and characteristics of flow structure. By drawing analogies and constructing sim-
ilarity transformations between the two systems, we demonstrate that turbulent C-P flows
can serve as a simplified model for understanding and modeling the complex dynamics of

APG TBLs.
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