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Anisotropy of Turbulence in Vegetated Open—Channel Flows
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Abstract

This paper investigates the impacts of turbulent anisotropy on the mean flow and turbulence
structures in vegetated open-channel flows. The Reynolds stress model, which is an anisotropic
turbulence model, is used for the turbulence closure. Plain open—channel flows and vegetated flows
with emergent and submerged plants are simulated. Computed profiles of the mean velocity and
turbulence structures are compared with measured data available in the literature. Comparisons are
also made with the predictions by the k-&¢ model and by the algebraic stress model. For plain
open—-channel flows and open—channel flows with emergent vegetation, the mean velocity and Reynolds
stress profiles by isotropic and anisotropic turbulence models were hardly distinguished and they
agreed well with measured data. This means that the mean flow and Reynoldsstress is hardly
affected by anisotropy of turbulence. However, anisotropy of turbulence due to the damping effect
near the bottom and free surface is successfully simulated only by the Reynolds stress model. In
open-channel flows with submerged vegetation, anisotropy of turbulence is strengthenednear the
vegetation height. The Reynolds stress model predicts the mean velocity and turbulence intensity
better than the algebraic stress model or the k-&¢ model. However, above the vegetation height, the
k-¢ model overestimates the mean velocity and underestimates turbulence intensity. Sediment
transport capacity of vegetated open-channel flows is also investigated by using the computed

profiles. It is shown that the isotropic turbulence model underestimates seriously suspended load.

keywords : Vegetated open-channel flow, Reynolds stress model, anisotropic turbulence, turbulence
structure, suspended load
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