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Extended Abstract
Introduction

Drip irrigation systems play a crucial role in water-efficient agricultural practices. However, clogging in
emitters, particularly in labyrinth channels, significantly affects performance and longevity. The deposition
of suspended particles within the flow path leads to reduced efficiency, necessitating precise analysis of flow
behavior under different operating pressures and salinity conditions. While empirical studies provide
valuable insights, computational fluid dynamics (CFD) has emerged as a powerful tool for simulating fluid
flow and sedimentation in complex geometries, enabling cost-effective optimization of emitter designs.

Methodology

In this study, flow behavior and sediment deposition in pressure-compensating emitters with labyrinth
channels were examined under various salinity and operating pressure conditions. Computational fluid
dynamics (CFD) simulations were performed using COMSOL software, and the results were compared with
experimental data. Moreover, in our study the pressure-compensating emitters of three different brands -
Netafim (8 and 25 L/h), Eurodrip (8 and 24 L/h), and Peresi Zalvan (8 and 24 L/h)- were examined under
three operating pressures (0.5, 1.5, and 2.5 bar) and two water salinity levels (5 and 12 dS/m). The COMSOL
software was used for CFD simulations, focusing on flow velocity distribution, pressure dissipation, and
sediment deposition within the labyrinth channels. Moreover, Experimental validation was conducted at the
National Salinity Research Center in Yazd, Iran to compare simulated sediment deposition with actual results
obtained from emitter degradation tests.

Results and Discussion

The analysis of velocity and pressure variations demonstrated that spiral channels, due to their serrated
edges, increase flow velocity up to 2.8 m/s, effectively preventing particle deposition. However, in vortex
regions and corners, the flow velocity approaches zero, increasing the risk of sediment accumulation. The
pressure dissipation analysis revealed that multiple serrations reduce flow pressure in different emitters by
57% to 87%. Furthermore, the comparison between simulated and experimental sediment variations
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exhibited a high degree of correlation (R? = 0.98). The findings indicate that increasing the inlet water
pressure to approximately 2.5 bar and the water salinity to 12 dS/m leads to a 50% and 114% increase in the
average sediment volume, respectively. Emitters featuring a pre-settlement zone before the spiral channel
demonstrate superior anti-clogging performance. Additionally, increasing the number of flow outlets reduces
particle residence time within the channel, thereby lowering the risk of clogging. The findings demonstrated
that increasing operating pressure up to 2.5 bar and water salinity resulted in higher sediment levels. In
alignment with the simulated results, the laboratory study conducted by Parvizi et al. (2025) on the same
emitters demonstrated that applying high pressures leads to an increased influx of particles into the labyrinth
channels, thereby heightening the risk of clogging. Additionally, Li et al. (2024) stated that increasing the
operating pressure within a specific range can improve the anti-clogging performance of emitters with a star-
shaped channel. However, this operating pressure should not exceed the typical working pressure for this
type of emitter, which is approximately 1 bar. Among the tested models, Netafim 25 L/h demonstrated anti-
clogging capabilities, attributed to its settling zone preceding the primary labyrinth channel. This structure
allowed larger suspended particles to settle before entering finer flow paths, reducing clogging potential.
Additionally, multi-exit flow designs, such as Netafim’s triple-channel configuration, can effectively
minimized particle retention time, lowering obstruction risks. Increasing pressure up to 2.5 bar and salinity
led to higher sediment accumulation, confirming that higher pressures exacerbate clogging risks. These
findings align with prior research (Yang et al., 2024; Zhang et al., 2022), which demonstrated that modifying
channel curvature and increasing exit pathways enhances clogging resistance. Studies have further confirmed
that increasing flow velocity in labyrinth channels optimizes sediment transport mechanisms (Wei et al.,
2008; Yu et al., 2018).

Conclusion

This research demonstrates that CFD simulation is a reliable tool for predicting and optimizing flow
behavior and sediment deposition in pressure-compensating emitters. Overall, higher salinity and an increase
in inlet flow pressure up to 2.5 bar led to greater sediment accumulation, which can raise the risk of clogging.
The findings of this study demonstrated that the geometry of the spiral channel in drip emitters has a direct
impact on flow patterns and clogging behavior. While the serrations in the spiral channel enhance flow
velocity and reduce sediment accumulation, flow velocity decreases in vortex regions and corners, increasing
the likelihood of particle deposition and clogging risks. Furthermore, it is recommended to reduce the risk of
clogging by using emitters with modified curved edges instead of sharp ones. Manufacturers should also
consider improving and refining sharp corner structures to enhance performance. Additionally, pressure
dissipation is better achieved in emitters with multiple serrations, which likely improves their resistance to
clogging. Moreover, this study suggests that CFD enables cost-effective and rapid assessment of pressure
and salinity management strategies for pressurized irrigation systems. Moreover, findings from this study
can be applied to future product development and efficiency enhancements in drip irrigation systems under
varying environmental conditions.
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of the water, respectively.
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Fig. 1- The depiction of water flow channels in different emitters for flow simulation. The labyrinth channels are
shown in blue and the scaling of the illustrations is not uniform.
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Fig. 2- Simulated flow velocity distribution and streamlines in the labyrinth channel of different emitters using
COMSOL software.
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resulting from the deterioration of various emitters (right) under different experimental conditions. The color scales
for the simulation results differ and cannot be used to compare emitters with each other.
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