L.

Print ISSN: 2322-2069
Online ISSN: 2322-2794

Journal of Water and Soil Conservation

Quantitative efficiency of composite plates in reducing evaporation

from water surface

Javad Zahiri"*2' Adell Moradi Sabzkouhi?

1. Corresponding Author, Associate Prof., Dept. of Water Science and Engineering, Agricultural Sciences and Natural Resources
University of Khuzestan, Khuzestan, Iran. E-mail: j.zahiri@asnrukh.ac.ir

2. Assistant Prof., Dept. of Water Science and Engineering, Agricultural Sciences and Natural Resources University of Khuzestan,
Khuzestan, Iran. E-mail: adellmoradi@asnrukh.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Full Paper

Article history:

Received: 07.21.2023
Revised: 11.09.2023
Accepted: 11.21.2023

Keywords:

Analysis of variance,
Composite plates,
Evaporation,
Interaction effects

Background and Objectives: Iran's average annual evaporation rate is
2100 millimeters, which is three times the global average. This figure
indicates that if the evaporation rate of reservoirs decreases with
appropriate methods, we can better use these resources. Neglecting the
high evaporation rate in the country has caused billions of cubic meters of
water to evaporate from the reservoirs of more than 600 dams in the
country every year. This research studied the effectiveness of composite
plates in reducing evaporation from the free surface of water under real
conditions.

Materials and Methods: The present study was conducted in the
meteorological station of Ahvaz airport, with a geographical latitude of
31° 32, a geographical longitude of 48° 66', and an altitude of 16 meters
above sea level. Class A evaporation pans made of galvanized iron with a
diameter of 120.7 millimeters and a depth of 25 centimeters were used. All
experiments were conducted between July and December 2022. In this
study, composite plates with aluminum coating were used to reduce
evaporation from the water surface with a thickness of 4 millimeters and
consisted of two layers of aluminum sheet in the outer shell and a layer of
polyethylene in the middle. Floating balls, a relatively common method of
reducing evaporation, are used to investigate the effectiveness of composite
plates. In addition, the effect of various meteorological variables such as
temperature, relative humidity percentage, average vapor pressure, wind
speed, and solar radiation on the efficiency of composite panels was
investigated. Two-way analysis of variance was used to investigate the
effect of various weather variables on the performance of composite plates.

Results: Experiments showed that square composite plates had an
efficiency of 69%, triangular composite plates had an efficiency of 67%,
and floating balls had an efficiency of 73% in reducing evaporation from
the water surface. Therefore, floating balls had a slightly greater effect on
reducing evaporation from the free surface. The empty space between
square composites, due to their larger dimensions compared to triangular
composites, is less, which can be considered as one of the reasons for the
reduction of evaporation in square composites compared to triangular
composites. According to the analysis of variance, two parameters, relative
humidity, and wind speed, significantly affect the efficiency of composite
plates in reducing evaporation from the water surface. Based on the
analysis of variance considering the interaction effects, none of the
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interaction effects significantly affect the efficiency of composite plates.
However, considering the interaction effects in addition to the main effects,
the R-squared value of the created model increased to 0.669, indicating that
the interaction effects contributed about 0.2 to this value.

Conclusion: Based on the analysis of variance considering the main
effects, two parameters, relative humidity and wind speed, have a
significant effect on the efficiency of composite panels in reducing
evaporation from the water surface. Relative humidity has an effect of
0.182, and wind speed has an effect of 0.197 on the efficiency of composite
panels. Relative humidity and wind speed are among the parameters that
significantly impact the rate of evaporation from the water surface, causing
a decrease and an increase in evaporation from the water surface,
respectively. The presence of composite panels has greatly reduced these
two parameters' effect on the water surface's evaporation rate.

Cite this article: Zahiri, Javad, Moradi Sabzkouhi, Adell. 2023. Quantitative efficiency of composite
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Figure 1. The location of Ahvaz meteorological station along with nearby evaporation pans.
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Figure 4. The effect of the evaporation suppression methods on the evaporation rate in (a) the first phase, (b)
the second phase and (c) the third phase of the experiments.
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Figure 5. Box diagram of the efficiency of the used coatings on reducing evaporation.
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Figure 6. The effect of square composite plates on the amount of dissolved oxygen in water.
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Table 2. Results of ANOVA based on the main effects.
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Table 3. Bonferroni test on the within-group effects of the sun solar irradiance.

95% Confidence Interval Sig. Aol Sl Sl b A b
Upper Bound Lower Bound Mean Difference Irradiance Irradiance

-1.17 -3.69 0.000 -2.43* 2 1
-5.44 -8.85 0.000 -7.15% 3

3.69 1.17 0.000 2.43* 1 9
-3.29 -6.13 0.000 -4.71* 3

8.85 5.44 0.000 7.15* 1 3

6.13 3.29 0.000 4.71* 2

I3p slos fulyl (25 S0555 DS 53 b3 pep Ose)l i~ sar
Table 4. Bonferroni test on the within-group effects of the temperature.

95% Confidence Interval . Mol SKla lea o loa e
Upper Bound Lower Bound 319 Mean Difference Temperature Temperature

-0.99 -3.48 0.000 -2.23* 2 1
-4.79 -8.02 0.000 -6.40* 3

3.48 .99 0.000 2.23* 1

-2.82 -5.50 0.000 -4.16% 3 2

8.02 4.79 0.000 6.40* 1 3

5.50 2.82 0.000 4.16% 2

DU gl (ps B0gse SIS s s pen D)l -0 Jgdx
Table 5. Bonferroni test on the within-group effects of the pressure.

95% Confidence Interval Sig. Mol . Sle lpa los [pa jles
Upper Bound Lower Bound Mean Difference Pressure Pressure

6.12 3.39 0.000 4.76* 2

8.35 4.77 0.000 6.56* 3 !

-3.39 -6.12 0.000 -4.76% 1

3.21 0.39 0.007 1.80* 3 2

-4.77 -8.35 0.000 -6.56* 1

-0.39 -3.21 0.007 -1.80* 2 3

b e il s S0 SIS s S pon bl b N Jpa
Table 6. Bonferroni test on the within-group effects of the wind speed.

95% Confidence Interval sig. Mols Sl NG NG
Upper Bound Lower Bound Mean Difference Wind Speed Wind Speed
-0.09 -0.39 0.001 24" 2 .

0.11 -0.44 0.000 -28" 3
0.39 0.09 0.001 24" 1
0.06 -0.13 1.000 -.03 3 2
0.44 0.11 0.000 28" 1 3
0.13 -0.06 1.000 .03 2

Vo
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Table 7. Bonferroni test on the within-group effects of the relative humidity.

95% Confidence Interval sig Aosls Sl o asbs o Casbs
Upper Bound Lower Bound Mean Difference Humidity Humidity

5.08 2.65 0.000 3.87 2

7.73 4.55 0.000 6.14" 3 .

-2.65 -5.08 0.000 -3.87" 1

3.61 0.93 0.000 2.27 3 ?

-4.55 -7.73 0.000 -6.14" 1

-0.93 -3.61 0.000 2.27 2 :
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Figure 7. The effect of meteorological parameters on the efficiency of composite panels in reducing evaporation.
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Table 8. Results of two-way ANOVA based on main and interaction effects.

Gl o bl Sig. = ERIRES o
Partial Eta Squared df Source
£ . £ t" . \.-.,J
0.002 0.704 0.146 1 S X ol s
Humidity x Solar Irradiance
0.002 0.757 0.097 1 g M X e s
Humidity x Surface Pressure
G Lo
0.000 0.915 0.011 1 e syl
Temperature x Humidity
L S
0.009 0.763 0.272 2 P E X e b
Humidity x Wind Speed
0.004 0.620 0.248 1 St M e _
Surface Pressure x Solar Irradiance
Syt el e
0.000 0.895 0.018 1 CHRosm o e
Temperature x Solar Irradiance
£ . £ L—; LJ -
0.008 0.787 0.241 2 gt aitiaiurce
Wind Speed x Solar Irradiance
Lo x L
0.036 0.142 2.216 1 gl L e
Temperature x Surface Pressure
L Lis
0.001 0.806 0.061 1 Shutallicl
Surface Pressure x Wind Speed
L Lo
0.001 0.843 0.040 1 TS

Temperature x Wind Speed
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Figure 8. The present value of the economic profit and the present value of the total cost during the useful life
of the composite plates per unit area of the Kowsar Dam reservoir.
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