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Tab. 1 Hydraulic conditions for different cases of flow interacting with discontinuous vegetation patches

Ul N/ Re Re’
Case Q/(Ls™) H/m L/m h/m 1 /m I,
(ms™)  (Bkm™) (=UH /v) (=Ud/v)
A 25.92 0.36 0.12 254 0.5 0.24 3.50 0.11 42 900 953
B 25.92 0.36 0.12 423 0.5 0.24 6.35 0.09 42 900 953
C 54.00 0.45 0.20 423 0.5 0.24 8.47 0.07 89 374 1589
D 25.92 0.36 0.12 254 1.1 0.24 6.99 0.04 42 900 953
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Fig. 1 Schematic layout of the discontinuous vegetation patches
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Fig. 3 Mesh generation schematic for the computational domain :
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Fig. 4 Validation of the large eddy simulation against experimental data : Time—averaged longitudinal velocity
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Fig. 5 Streamwise evolution of vertical profiles of time—averaged streamwise velocity
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Fig. 6 Streamwise variation of depth—averaged velocity
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Fig. 7 Contours of time—averaged streamwise velocity
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Fig. 9 Photograph of the discontinuous vegetation patch layout implemented for river ecological restoration in the Yulong

River, Wuhan, China
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Discontinuous Vegetation Patches for Hydrodynamic-Habitat Regulation in Rivers

ZHAO Fang', WANG Huilin™
(1. WISDRI Engineering & Research Incorporation Limited, , Wuhan 430223, China; 2. South China Agricultural University,
Guangzhou 510640, China)

Abstract: Discontinuous vegetation patch restoration technology, which optimizes vegetation spatial layout, can effectively regulate
river flow structure, promote material cycling, and enhance biodiversity. This study aims to systematically investigate the
hydrodynamic regulation mechanisms of discontinuous vegetation patches and their ecological effects, providing a quantitative basis for
ecological river design. A combined approach of flume experiments and large eddy simulation (LES) was employed. The flume
experiments were conducted in a 20 mx0. 8 mX0. 5 m recirculating flume with a 1%o bed slope, using artificial reed vegetation (height
0. 25 m, diameter 8 mm). A 2X2 factorial experimental design was adopted with four distinct cases, varying vegetation density (254 and
423 plants/m?), gap length (0.5 and 1.1 m), and Reynolds number (42 900 and 89 374). Acoustic Doppler velocimetry (ADV) was
used to measure three-dimensional instantaneous velocities. For LES, the Smagorinsky subgrid-scale model (C =0. 1) was employed
with an immersed boundary method to represent rigid vegetation stems. The computational domain measured 15 mx0. 8 mX0. 6 m.
Inlet boundary conditions incorporated a synthetic eddy method to generate realistic turbulent inflow. Grid independence was verified
using three structured grids (18. 13 million, 147 million, and 254 million cells), with the medium grid (147 million cells) selected for all
simulations, ensuring near-wall resolution of y'<3.2. Model validation against experimental data demonstrated excellent agreement
(R* > 0.96). Results revealed that vegetation density, gap length and Reynolds number are key factors governing flow velocity
distribution. Under low-density conditions (N=254 plants/m?), longitudinal velocity decreased by 32% within vegetation zones and by

approximately 58% within gap zones. High-density conditions (N=423 plants/m?) combined with high Reynolds number (Re=89 374)
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intensified the vertical velocity gradient across the canopy, with gap zone velocities (z/h<1) decreasing by an additional 13. 6% -
27.4% compared to high-density low-Reynolds conditions, creating favorable conditions for material deposition and biological habitat
formation. Recirculation zone length expanded with increasing vegetation density, reaching a maximum of 0. 6 m. Long gaps (L=1. 1m)
facilitated more stable velocity distribution and promoted flow recovery compared to short gaps (L=0.5 m), with gap zone velocities
reduced by approximately 25.8% and depth-averaged velocity recovering to 0.98UU in the middle of the gap. Multi-patch
arrangements exhibited cumulative effects, with flow velocities within the fourth vegetation patch decreasing by 15% - 33% relative to
the first patch. High Reynolds number significantly enhanced shear layer intensity at the canopy top, increasing turbulent kinetic
energy by 45% and further reducing gap zone velocities. The LES successfully captured complex flow structures including canopy
deceleration (15% - 33% reduction), canopy acceleration (31% - 34% increase), recirculation zones, and near-bed velocity
enhancement induced by horseshoe vortices around vegetation stems. The optimized vegetation patch layout derived from experimental
and numerical findings (N=250 plants/m? L=1.0 - 1.5 m) was applied to the Yulong River restoration project in Wuhan. Post-
implementation monitoring over three years demonstrated significant improvements: water quality improved from Class V to Class IV
and bank erosion depth decreased by 67%. This study reveals the "resistance regulation — recirculation habitat - ecological response"
cascade mechanism of discontinuous vegetation patches, providing quantitative insights for vegetation parameter optimization in
ecological river design. Future research directions include investigation of vegetation flexibility, non-uniform spatial arrangements, and
coupled multi-factor effects on flow characteristics.

Keywords: ecological river; discontinuous vegetation patches; large eddy simulation; longitudinal velocity; recirculation zone;

hydrodynamic regulation
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