U]

AR T ABEFRIXE X I
A

308 F2BYE - 20104 3

pp. 179 ~ 189

SRRoE olgst

Numerical Investigations of Vorticity Generation in
Fully Vegetated Open-Channel Flows
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Abstract

This paper presents a numerical investigation of vorticity generation in fully vegetated open-channel flows. The Reynolds
stress model is used for the turbulence closure. Open-channel flows with rough bed-smooth sidewalls and smooth bed-rough
sidewalls are simulated. The computed vectors show that in channel flows with rough bed and rough sidewalls, the free-sur-
face secondary currents become relatively smaller and larger, respectively, compared with that of plain channel flows. Also,
open-channel flows over vegetation are simulated. The computed bottom vortex occupies the entire water depth, while the free-
surface vortex is reduced. The contours of turbulent anisotropy and Reynolds stress are presented with different density of veg-
etation. The budget analysis of vorticity equation is carried out to investigate the generation mechanism of secondary currents.
The results of the budget analysis show that in plain open-channel flow, the production by anisotropy is important in the vicin-
ity of the wall and free-surface boundaries, and the production by Reynolds stress is important in the region away from the
boundaries. However, this rule is not effective in vegetated channel flows. Also, in plain channel flows, the vorticity is gen-
erated mainly in the vicinity of the free-surface and the bottom, while in vegetated channel flows, the regions of the bottom and
vegetation height are important to generate the vorticity.

Keywords : secondary currents, vegetated channel, turbulent anisotropy, Reynolds stress, vorticity equation
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Table 1. HZIskat ¥ HEIEHo| M= (Tominaga &, 1989)

roughness (m) Unnax I Re
Case AR fram bed sidewall (m/s) (x107%) (x10%)
S1 8.0 0.05 - - 0.4631 0.937 6.37
R21 8.0 0.05 0.012 - 0.4687 3.41 5.05
R31 7.9 0.0402 - 0.012 0.458 1.25 3.65
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