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Abstract: River water pollution is a key environmental issue to human society. How to effectively
simulate the flow velocity and pollution transport in a vegetated river can provide a theoretical basis
for solving such problems. Based on previous experimental data, this article uses the lattice Boltzmann
method and random displacement method to simulate the velocity distribution and nutrient transport
in multi-layer rigid vegetated rivers. The simulation results indicate that incorporating the drag force
of the vegetation into the model according to different vegetation layers can effectively simulate
the velocity in a multi-layer vegetated river. Incorporating the turbulent diffusion and mechanical
diffusion effects of nutrients caused by vegetation into the model can effectively simulate the effects
of multi-layer vegetation on nutrient transport. This model can provide effective predictions of the
flow velocity and pollution transport in multi-layer vegetation.

Keywords: multi-layer rigid vegetation; pollution transport; velocity; lattice Boltzmann method;
random displacement method

1. Introduction

With the development of society, the river water environment is receiving more and
more attention from people [1,2]. The main reason for the deterioration of rivers’ water
quality is that people discharge excessive production waste and domestic sewage into the
river, causing eutrophication or heavy metal pollution, and so on. Rivers often contain
a large amount of vegetation, including floating vegetation, submerged vegetation, and
emergent vegetation. Vegetation is an important factor affecting the water environment of
rivers [3,4]. It not only absorbs excess pollutants in the river, but also affects the hydrody-
namics of the river [5,6]. At the same time, river vegetation also affects the hydrological
conditions of rivers, including having an impact on the curvature of rivers, and so on.
Studying the impact of vegetation on river hydrodynamics and pollutant transport can
effectively provide theoretical assistance for the retention of river pollution.

The research and development of river flow dynamics have been improved a lot
recently, and many scholars have made significant contributions to the study of the distri-
bution of river flow dynamics. The research on river hydrodynamics can be divided into
several methods: indoor laboratory flume velocity simulation, outdoor river hydrodynamic
measurement, and numerical model simulation. For rivers without vegetation, the N-5
equation can be directly used for the solution. Later, many studies also incorporated the
influence of vegetation on river water dynamics into the solution. Vegetation has a certain
drag effect on the water flow, and different vegetation types have different drag effects
on the water flow [7,8]. Some scholars previously unified the resistance of vegetation to
the water flow into a comprehensive roughness coefficient [9], but this was clearly a poor
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