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Abstract
Background and Objectives

Water shortage and the need for its optimal use in arid and semi-arid regions, including Iran, has led water
officials and farmers to use modern irrigation systems, such as drip irrigation with the aim of making optimal
use of water resources. Drip irrigation has been welcomed in most parts of the world due to its high efficiency
and the possibility of irrigation in different environmental conditions. The most important reason for the
superiority of drip irrigation over other irrigation methods is the controllable amount of water for each plant.
Drip irrigation is a method in which water is poured out of the net at low pressure through an orifice or device
called an emitter and dripped into the bottom of the plant. This irrigation system, like other methods, requires
accurate knowledge of the parameters affecting it to achieve the desired efficiency. One of the most important
parameters for the irrigation system is the distribution of moisture in the soil and in fact the shape of the moist
bulb. Therefore, knowledge of how to distribute water in the soil is essential for the proper design and
management of subsurface drip irrigation systems. Since testing is very difficult and time consuming to detect
the shape of moisture distribution in the soil, the use of numerical and analytical simulation can be an effective
and efficient way to design these systems.

Methodology

In order to determine the progress of the moisture front in drip irrigation, first the soil texture type and
physical properties of the soil were determined. It should be noted that the emitter flow rate was measured and
adjusted in volume at the beginning of the test to minimize the difference between the emitter flows along the
three side tubes. Evaluation experiments were performed with three outflows of 2, 4 and 6 liters per hour. With
the start of the system, the progress of the moisture front at different times was measured by digging a trench
using a scale. Numerical simulation of moisture front progress was performed using HYDRUS model based
on Richard equation and analytical simulation was performed using Moment Analysis. HYDRUS software
was used to numerically simulate the progress of the moisture front. The simulation range was considered to
be 100 cm by 100 cm on the two-dimensional plane. In these simulations, 3956 nodes are used to represent the
entire simulation range and also, relevant equations were used to calculate the two-dimensional spatial Moment

of the wetting pattern.
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Findings

The simulations show that the initial volumetric moisture content is 0.11 and the saturation volumetric
moisture content is 0.380 and the water dispersion rate increases over time on the x and z axes. With increasing
flow, the maximum dispersion is in the x-axis, which occurs in flow of 6 liters per hour. The result for flow of
6 liters per hour based on the data used is slightly higher than the desired value. The reason why the value of
Moo in the flow rate of 6 liters per hour is higher than expected, is that in the simulation flow rate of 6 liters
per hour change in the size of the inlet diameter and the amount of flux changes the amount of water entering
the soil and moistens a large volume of soil. Due to the different amount of moisture applied to the area at
different times, the value of z, 02, o2 is different and has caused a change in the size of the oval in different
flows. The increase in the size of the ovals indicates the high dispersion of water in that area. The results
showed that the Moment analysis was able to express the position of the center of mass of water distributed in
the soil with correlation coefficient of 0.986 in linear mode and 0.982 in logarithmic mode. By comparing the
values of diameter and depth obtained from the HYDRUS and the drawn ovals, it can be concluded that both
methods provide close results. The accuracy of the Moment analysis method in simulating different types of
moisture patterns resulting from drip irrigation under different flows with the use of different volumes of water
is similar to the HYDRUS model and therefore it is possible to use this feature to predict the pattern of moisture
from a certain flow using a specific volume of water.

Conclusion

In this study, the accuracy of Moment analysis in simulating various moisture patterns resulting from drip
irrigation under different flows with the use of different volumes of water was investigated and the possibility
of using this feature to predict the pattern of moisture from a given flow using a specific volume of water
checked. In order to investigate the Moment of the amount of water distributed in the soil by subsurface drip
irrigation, simulation was performed by two-dimensional HYDRUS software for three discharges of 2, 4 and
6 liters per hour with an inlet water volume of 12 liters. Then, using the results of simulation of moisture
distribution range by a programming language including MATLAB software, and by calculating the Moments,
it was determined that the Moments are able to express the position of the center of mass of water distributed
in the soil and how it is distributed relative to x and z axes. The increase in the size of the ovals indicates that
more water is distributed in that area. Comparing the diameters and depths of the moisture front between the
simulated HYDRUS model and the Moment analysis model, it was found that the Moment analysis is an
efficient way to study the distribution of water moisture by drip irrigation and this method can be used as an
alternative input to estimate parameters.
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