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Abstract

Objective: Filters are critical components in micro-irrigation systems. They intercept and filter impurities in
irrigation water, ensuring water meets the quality standards for agricultural irrigation. This study focuses on
screen filters as the research subject. A comprehensive investigation of sediment particle distribution
patterns, the dynamic evolution of three-dimensional filter cake formation, and associated structural
transformations is critical for elucidating the fundamental mechanisms governing screen filter clogging
processes. The research provides a theoretical basis for selecting appropriate operational parameters in

practical irrigation applications. It holds significant importance for promoting water-saving agriculture.

Methods: A combined approach of numerical simulation, laboratory prototype testing, and theoretical
analysis was employed to investigate the flow characteristics and filter cake growth process in vertical
screen filters under varying conditions of inflow rate, sediment concentration, and mesh size. Subsequently,
the experimental data were analyzed to establish a grading model for filter cake clogging levels. This study
systematically examines vertical screen filters, spanning from macroscopic flow field characteristics to

microscopic filter cake growth processes.

Results: (1) Regarding particle distribution within the tank, among particles at three locations, the lower
chamber intercepts the largest number of particles, accounting for approximately 60%. This indicates that
the upper and lower chamber structure of the vertical screen filter effectively intercepts sediment. Particle
size significantly influences particle state, with larger particles dominating in the lower chamber. As flow
rate increases, the number of particles intercepted by the screen increases, while the total number of
particles retained in the lower chamber decreases significantly, and the total number of particles in the
upper chamber increases notably. In the early stages of filtration, particles are mainly concentrated in the
region near the outlet (Region 1V), with fewer particles distributed in the other three regions. However,
particles of different sizes become more dispersed across the screen surface as flow rate increases, with
smaller particles exhibiting greater dispersion. Increasing concentration has little effect on the proportion of
different particle sizes, indicating that changes in particle concentration primarily affect the number of
intercepted particles rather than their distribution. (2) Studies on filtration time at different stages reveal
that higher inlet sediment concentrations result in more particles being intercepted per unit time,

accelerating filter clogging and shortening the duration of T1 and T2 stages. Flow rate has a greater impact



on the T1 stage, leading to an increase in the effective filtration time ratio as flow rate increases. Since the
T1 stage is dominated by screen filtration and the T2 stage by cake filtration, changes in mesh size have a
more significant effect on the duration of the T1 stage. As mesh size increases, the effective filtration time
ratio decreases. Concentration changes equally affect the duration of both stages and have no significant
impact on the effective filtration time ratio. (3) Filter cake growth involves the filling of mesh pores by
easily clogged particles, followed by the sequential filling of pores in the large particle skeleton by
filterable particles. The proportion of easily clogged particles gradually decreases, while the proportion of
filterable particles increases. When the screen aperture is larger, the inlet particles contain more easily
clogged particles, resulting in a smaller proportion of filterable particles in the formed cake. For clogged
cakes, higher flow rates lead to a greater proportion of filterable particles in the cake. As the cake growth
stage progresses, the median particle size, pore-to-particle ratio, and porosity ratio all decrease. Influenced
by the sediment-carrying capacity of the flow, during the S1 and S2 stages, higher flow rates result in larger
porosity ratios, while during the S3 and S4 stages, higher flow rates lead to smaller porosity ratios.
Concentration shows weak correlation with cake porosity. A grading model for cake clogging levels is
established based on porosity, cake thickness, filtration area, and pore-to-particle ratio to quantify the

clogging state of the cake.

Conclusion: The research results provide a theoretical basis for the operation and parameter settings of
screen filters. They hold significant importance for reducing the degree of filter clogging and extending the

lifespan of filtration systems.

Key words: Screen filter; Growth of filter cake; Structure of filter cake; Filtration duration; Particle size
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