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ABSTRACT

In order to reduce the amount of evaporation from water reservoirs, various methods have been proposed, which can be divided into two
physical and chemical categories. In the physical methods, by using physical coverings, such as floating balls, metal and polymer plates, or
tree leaves, and by covering the water surface, evaporation waste is greatly reduced. These covers reduce a large amount of solar energy
reaching the water surface and reduce vapor transmission by slowing the air flow (Zhang et al, 2017). The present study was conducted with
the aim of investigating the effect of the coverage and shape of polypropylene sheets on reducing the evaporation rate and the effect of
meteorological variables on the efficiency of these sheets efficiency. This research was carried out in two parts, in the first part, the efficiency
of square and triangular polypropylene plates was investigated in comparison with floating balls, and in the second part, the efficiency of 100,
70, 50, and 30% coverage of polypropylene plates was evaluated.The results obtained from the tests showed that in the conditions of using
floating balls, the reduction of evaporation was more intense and this coating was able to reduce evaporation to a greater extent compared to
square and triangular floating plates. Also, using the square and triangular polypropylene plates and floating balls reduced evaporation by
30.71%, 14.86% and 48.7%, respectively, compared to the control pan. The results of two-way ANOVA on different meteorological variables
showed that the percentage of relative humidity, which was the most important factor in evaporation from the pan, lost its significance due to
the presence of floating balls and polypropylene sheets on the water surface. The comparison of rectangular covers with different densities
showed that by increasing the density from 30, 50 and 70% to 100% respectively, evaporation decreases by 2.3, 1.5 and 0.8 times.
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1.Introduction

Water is considered as the main factor for the growth of agriculture and industry in arid and semi-arid regions. Improper and excessive
consumption of water resources and its waste in various ways have led to the reduction of water resources. One of the most important
challenges of the current century is the lack of water. This issue has affected many countries of the world and created many problems for
governments and people. This problem has made the need for an optimal solution for monitoring and managing water resources to be more
attention. Water is a limiting resource due to rapid population growth and climate change, especially in arid and semi-arid regions. The annual
evaporation rate in the Karun River basin has been measured as 1521 mm, which directly evaporates several billion cubic meters of water
annually from the entire surface of the reservoirs of this river. Accordingly, in this research, an attempt has been made to investigate the rate of
evaporation from the free surface of water using different shape of polypropylene plates. Floating balls were used to evaluate the performance
of polypropylene sheets. In addition to the effect of the shape of the polypropylene plates, the density of the plates has also been evaluated on
the rate of evaporation from the water surface.

2.Methodology

The present study was conducted to investigate the effect of the amount of coverage and shape of polypropylene sheets on the reduction of
evaporation and the effect of meteorological variables on the efficiency of these sheets. Experiments related to this research were carried out at
Ahvaz Airport meteorological station located in Ahvaz city. Ahvaz is the capital of Khuzestan province with a hot and dry climate, which is
located in the southwest of Iran along the Karun River, the largest river in Iran, at 31° 20' N and 48° 40' E latitude and 16 meters above sea
level. The annual average rainfall is 202.5 mm and the average minimum temperature is 19.2 and maximum temperature is 33.4 °C. Along
with polypropylene sheets, floating balls, which are among the common methods to reduce evaporation from the water surface, were used as a
measure to evaluate the efficiency of polypropylene sheets. The diameter of the balls was 10 cm, made of PVVC and 200 balls were used in one
pan. In this research, polypropylene sheets with square and triangle geometric shapes, 10 cm in size and 100%, 70%, 50% and 30% coverage
were used. Two-way analysis of variance was used to investigate the effect of different meteorological variables on the performance of
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polypropylene sheets in this study. In this study, this analysis was used to investigate the effects of independent variables on the dependent
variable. The independent variables in this research include different meteorological variables such as temperature, relative humidity
percentage, average vapor pressure, wind speed and solar radiation, and the dependent variable of evaporation was considered in different
treatments. To perform two-way analysis of variance, the dependent variables should have an approximately normal distribution.

3.Results and discussion

The results of two-way analysis of variance (ANOVA) to investigate the effects of different meteorological variables on the rate of
evaporation from the free surface of water showed that the effect of temperature and relative humidity variables on the rate of evaporation is
significant. The Partial Eta Squared coefficient of relative humidity had the highest value, which showed that different levels of relative
humidity have the largest changes on the amount of evaporation from the free surface of the pan. The results of two-way ANOVA to
investigate the effects of different meteorological variables on the rate of evaporation from the free surface of water in the pan containing
floating balls showed that none of the meteorological variables was significant on the rate of evaporation from the pan containing floating
balls. In other words, the presence of floating balls reduced the impact of changes in meteorological variables on the rate of evaporation.
Meanwhile, the results of two-way ANOVA related to square composite plates showed that in the presence of polypropylene plates, the
temperature variable had a significant effect on the rate of evaporation. Comparing the results of the two methods of floating balls and
polypropylene plates with the control pan showedthat the percentage of relative humidity, which is the most important factor in evaporation
from the control pan, has lost its significance due to the presence of elements on the water surface. The investigation of different methods of
reducing evaporation showed that the use of square floating plates, triangular floating plates and floating balls reduced the evaporation from
water surface about 30.71%, 14.86% and 48.7% comparing to control pan, respectively. According to the measurements, the control pan,
triangular floating plates, square floating plates and floating balls have the highest evaporation rate. The results of one-way analysis of
variance to investigate the effect of different densities of polypropylene sheets on the rate of evaporation from the free surface of water showed
that there was a significant difference between all the coverages used.

4.Conclusions

The results of two-way variance analysis to investigate the effects of different meteorological variables on the rate of evaporation from the free
surface of water showed that the variables of temperature and relative humidity were significant on the rate of evaporation in the control pan.
This is despite the fact that none of the meteorological variables were significant on the rate of evaporation from the pan containing floating
balls. In other words, the presence of floating balls reduced the effect of changes in meteorological variables on the rate of evaporation. In
addition, in the presence of polypropylene sheets, only the temperature variable had a significant effect on the rate of evaporation. Comparing
the results of the two methods of floating balls and polypropylene plates with the control pan showed that the percentage of relative humidity,
which is the most important factor in evaporation from the control pan, has lost its significance due to the presence of elements on the water
surface. Examining the different treatments investigated showed that the use of square and triangular floating plates compared to the control
pan caused a reduction of 30.71% and 14.86% of evaporation from the pan, respectively. The reason for the difference between the two cover
was related to more free space between the triangular elements compared to the square elements, although we tried to make the covers 100%.
The comparison of rectangular covers with different densities showed that by increasing the coverage level from 30%, 50% and 70% to 100%,
evaporation decreases by 2.3, 1.5 and 0.8 times, respectively.
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