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Research Question
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How does incorporating both the streamwise and spanwise components of wall
Shear stress affect drag reduction in fully developed turbulent channel flow?

Background & Motivation

* Drag reduction (DR) is a critical engineering goal for
maximizing efficiency and reducing fuel consumption.

« Streamwise vortices (aligned with the flow) result in
sweep and ejection events at the wallll3],

« Spanwise vortices (normal to the flow) generate

alternating high and low speed streaks near the walll?l.

Deformation causes the surface to wrinkle

Faster moving fluid hits the
interface and deforms it
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* Active control methods like opposition control show
significant DR but are limited by high energy demand
and complex system requirements.

Passive control methods are feasible, but their modest
DR demands significant work to enhance efficiency.
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Methodology

* Direct Numerical Simulations (DNS) were performed
using the spectral element code Nek5000.

Discussion & Results
Spanwise shear stress generates far less drag than
streamwise shear stress.

Combining spanwise and streamwise shear stress
results in limited drag reduction.
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velocity is applied at an angle to the wall normal.
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