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Background and Objectives: Nowadays, freshwater management is
critical due to the reduction of atmospheric precipitation. With the increase
in global temperature and climate change, water evaporation occurs
rapidly. Wind speed is one of the factors on evaporation. Winds have a 20
to 40 percent effect on the speed of water evaporation. Controlling the
wind speed can help reduce water evaporation in reservoirs and dams.
This study aimed to investigate the effect of wind speed at different air
temperatures. Another aim of this study was to use the CFD (Ansys Fluent)
method to determine the areas and percentage of wind impact on the
reservoir surface so that the kinetic energy of wind applied on the water
surface can be calculated. By investigating the effect of different wind
speeds on the water surface at the two specified air temperatures, it was
observed that water evaporation has a direct relationship with the volume
of wind input to the water surface. Using the information obtained in this
study, most water evaporation occurs at the beginning of the water
reservoir in the direction. The use of CFD software (Ansys Fluent) allows
for more accurate results. Using the mentioned software, it is possible to
observe and analyze the airflow on the surface easily.

Novelty: This study is to investigate the amount of wind force applied to
the surface of the water by the CFD method and the amount of water
evaporation by measuring its weight at two temperatures of 40 and 30
degrees Celsius and several different wind speeds.

Materials and Methods: In this study, CFD and laboratory methods were
used to investigate the effect of wind energy on water evaporation. In the
CFD method, the effect of wind speed and its effect on different areas of a
reservoir was applied to the surface of the reservoir using Ansys Fluent
software and the amount of wind power to observe which area of the
reservoir can have the most evaporation. For further investigation of the
CFD method, first, the water reservoirs were drawn in 3D using
SolidWorks design software to be analyzed in the workspace of Ansys
Fluent software. In the reservoirs design, a 40 * 31.5 cm plate with 24 cm
diameter air inlet ducts was used to control and measure the amount of air
entering the reservoirs. The diameter of this plate facilitates precise
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calculation of the volume of incoming air. In this study, to measure
evaporation in the effect of wind speed and temperature, the weight of
water was measured after applying wind speed at a specific temperature
and time. Investigating how wind interacts with the water surface using the
CFD method: Experimental, numerical, or turbulent wake models can
usually be used to study airflow. In a laboratory study, a reservoir with a
length of 63 cm, a width of 31.5 cm, and a height of 13 cm was constructed
and used to determine the wind's effect on the evaporation rate. A wind
generator was used to create the wind flow at the desired speed, a heater
was placed behind the wind generator to increase the temperature, a
temperature control module was used to adjust the temperature of the air
entering the test environment, a wind meter was used to measure the wind
speed and adjust the wind generator. A digital scale was used to investigate
the changes in water weight. The weight of the water in the reservoirs was
16534 grams. The wind speed in this experiment is 3, 4, 5, and 6 m/s,
respectively. The air temperature was set at 30 and 40 °C, respectively. To
calculate the volume of air entering the water's surface, a wall with a height
of 40 cm and a width of 31.5 cm and a 24 cm diameter vent in the center of
this wall has been used for air intake.

Results: According to the output of CFD software, it can be understood
that most of the air contact with the water surface takes place in the first
20% of the water level of the reservoir. The lowest wind speed is at the
bottom of the reservoir, which includes about 25% of the total reservoir.
The velocity changes along the path of the reservoir begin to decrease,
resulting in a decrease in the amount of evaporation at the bottom of the
reservoir compared to the beginning of the reservoir. Using the water
evaporation data, it can be concluded that by creating a suitable windbreak,
the wind speed can be further reduced to reduce water evaporation. The
purpose of calculating the kinetic energy of the wind and the power
generated by the wind when it hits the surface is to show that these two
factors cause the water droplets to separate from their surface, which
causes evaporation. The power exerted by the wind on the surface of the
water creates waves and can increase the rate of evaporation when water
comes into contact with the air. According to "According to the results of
the laboratory analysis, the maximum wind power, the maximum wind
power exerted on the surface of the water is 9 W/m2, which corresponds to
a wind speed of 6 m/s. The maximum Kinetic energy is 4.76 m?s. In this
study, it was found that a wind speed of 6 m/s with an air temperature of 40
degrees Celsius caused water evaporation equivalent to 156 grams, which
increased evaporation by 50% compared to the result of a temperature of
30 degrees Celsius. At wind speeds of 3, 4, and 5 m/s, the difference in
water evaporation at temperatures of 40 and 30 °C is 36 g.

Conclusion: With the studies conducted on water evaporation using
laboratory methods and Ansys Fluent software, it can be concluded that the
impact of the wind flow on the water surface is greater at the beginning of
the reservoirs. Wind speed and temperature are two very important factors
in increasing the speed of water evaporation. The speed of water
evaporation at a wind speed of 6 m/s at an air temperature of 40 °C can be
50 percent higher than the speed of water evaporation at the same wind
speed at an air temperature of 30 °C. At wind speeds of 3, 5, and 4 m/s, the
evaporation of wind at a temperature of 40 °C is at least 30 percent higher
than at the same wind speeds specified at a temperature of 30 °C. Wind
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temperature, velocity, and surface area of water are among the factors
affecting water evaporation by increasing kinetic energy and creating a
moisture difference between air and water, which causes water
evaporation. At night, when the effect of solar radiation decreases, it can be
said that the effect of wind on water evaporation is very high.
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Introduction

Global warming is a major threat to the
quantity and quality of freshwater on Earth.
The construction of dams overexploits
underground reservoirs and rivers, and the
lack of hydrological data and methods for
assessing freshwater resources hamper
global estimates of lake vulnerability to
evaporation. Lakes contain about 87% of
the world's freshwater. The evaporation of
freshwater in the world is dependent on
climate and environmental factors such as
solar radiation, lake and watershed levels,
wind speed, relative humidity, air
temperature, and heat storage. Drought and
water scarcity in Iran are a climatic reality,
and given the increasing demand for water
by various sectors, this problem will
become more acute in the coming years.
The long-term average rainfall in Iran is
243 mm (one-third of the global average),
and the evaporation potential is about
2000 mm per vyear (three times the
global average). The total volume of water
resources from precipitation in lran is
403 billion cubic meters, of which more
than 70 percent is lost through evaporation.
The volume of renewable water resources is
about 100 billion cubic meters, of which
more than 70 percent is consumed in the
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agricultural sector [1]. A significant part
of the rain evaporates in areas with arid
and semi-arid climates. Also, studies
conducted in these areas show that the
evaporation of water from the reservoirs
can be 3200 mm in a year [2]. Wind
increases the evaporation rate by moving
moist air over the water's surface and
replacing it with dry air during the day and
night. Water salinity also reduces water
evaporation in lakes and seas. Regarding
the effect of water surface on the amount of
evaporation, it can be said that the greater
the contact surface of water with the
ambient air, the greater the exchange of
moisture with the ambient air and the
increase in water evaporation. Of course, if
the water surface is much larger, the water
added to the air during the evaporation
process will change the nature of the air,
and over time, evaporation will decrease.
By studying the atlas of the country's windy
regions shown in Figure 1, it can be seen
that in the provinces of Sistan and
Baluchestan, llam, and Khuzestan, which
have experienced a lot of water and
environmental stress in recent years, wind
speed plays a significant role. In addition to
the high air temperature in these areas, the
wind factor also increases the water stress
in this region.

Figure 1. Wind speed display in different regions of Iran [3].
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By studying the atlas of the country's
windy regions shown in Figure 1, it can be
seen that in the provinces of Sistan and
Baluchestan, llam, and Khuzestan, which
have experienced a lot of water and
environmental stress in recent years, wind
speed plays a significant role. In addition to
the high air temperature in these areas, the
wind factor also increases the water stress
in this region. Figure 2 shows the zoning of
total potential evapotranspiration at the
level of the country's watersheds. Total
potential evapotranspiration at the level of
the country's watersheds in 2018 varied
from less than 1000 mm in the northern,
northeastern, northwestern, and small parts
of the center and south of the country to
about 2300 mm in parts of the Karun
Bozorg, Karkheh, Marzi Gharb, Jarahi
and Zohreh, Hille, Kol-Mehran, Mand,
Koyirlot, Hamun Jazmorian, Hamun
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Meshkil and Hamun Hirmand basins [1]. In
general, based on Figure 2, it can be said
that in the provinces of Khuzestan and llam,
which contain the largest freshwater
resources of the country and various dams
have been built on the rivers of these
provinces, especially Khuzestan province,
the southern regions of Iran have the
highest evaporation and freshwater loss,
which has caused environmental crises in
recent years. In Sistan and Baluchestan
province, due to annual evaporation, this
province has been facing a biological
challenge and population  migration.
Therefore, it is necessary to think about
reducing the evaporation of water from
dams in Khuzestan and Chah Nimeh of
Sistan and Baluchestan, so that in addition
to reducing the evaporation of water from
reservoirs, we can be diligent in preserving
the country's water resources.
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Figure 2. Figure 2, Zoning of total potential watersheds at the level of the country's watersheds in Iran [3].

Figure 2, Zoning of total potential
watersheds at the level of the country's
watersheds. The maximum water evaporation,
according to Figure 2, is 2083 mm per year,
and the minimum is 21.8 mm [4]. As shown

144

in Figure 2, Iran is located in a low-rainfall
zone, and the protection of water resources
is very important. In the field of water
evaporation and waste of water resources,
various factors can be mentioned, including
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environmental pollution due to its improper
use and population growth, which leads to
environmental pollution. In addition to
these issues, the demand for fresh water is
increasing rapidly [5]. Evaporation from
free surfaces can be realized using natural
or powered convection [6]. Climate change
has increased the rate of water evaporation
in recent decades. Water evaporation due to
climate change can reduce more than 40
percent of the volume of freshwater stored
in existing dams in the world [1].
Researchers have conducted various studies
to reduce water evaporation, one of which
is the use of windbreaks. Physical and
chemical methods have been used in the
world to reduce water evaporation. In
physical methods, floating coatings are used
and can prevent water evaporation by 70 to
95 percent. In the chemical method,
chemicals are widely used to reduce water
evaporation, such as WaterSavr, and can
prevent between 20 and 40% of water
evaporation from reservoirs. Biological
methods such as floating plants, plant
windbreaks, etc. can significantly reduce
the volume of water evaporation from
reservoirs, but there are limitations in the
use of biological methods, including water
consumption by the plant itself and causing
transpiration [7]. Behrouzi and Farshid
(2017) conducted a study on the subject of
evaluating evaporation estimation methods,
a case study of Karaj Dam Lake. In this
study, they studied the feasibility of
different evaporation estimation methods to
find a suitable method with a fair
relationship between cost and accuracy. The
optimal method may vary depending on the
climate. They found the Penman, Monteith,
and Unsworth (PMU) method as the
optimal estimation method for Karaj Dam
Lake (located northwest of Tehran, Iran),
for Karaj Dam the PMU model provides
consistent results with file measurements
(error less than 2%). For example, from 2 to
15 August 2005, the PMU model predicts
evaporation of 98.7 + 0.83 mm/day, and the
field measurement for the same period was
13.8 + 0.01 mm/day [1]. In 2012, Karami

et al. conducted a study on how evaporation
from the free water surface will change
under future climate conditions using the
MLR-EPan model. They studied water
evaporation for three time periods:
2021-2040, 2041-2060, and 2061-2080.
They were able to predict the volume of
evaporation over a 60-year period and
under different scenarios as 1.4, 19.1, and
31.9 mm [8]. In 2013, Ghahraman and
Rahimzadegan conducted a study on the
efficiency of different methods for estimating
evaporation using satellite data on the
surface of saline water (case study:
Lake Urmia). Their goal was to calculate
evaporation from the surface of saline water
using satellite images and estimate different
methods for obtaining evaporation. The
results of this study showed that evaporation
on the saltwater surface of the lake is not
uniformly distributed and that keeping the
albedo and radiation inside the lake constant
causes errors in calculating evaporation. It
was also found that combined methods, due
to considering all the parameters affecting
evaporation, have less error than other
methods and provide more reliable results
[7]. In 2016, Maria Oros and her colleagues
investigated the rate of evaporation from
a warm-free surface. They developed a
laboratory method for measuring evaporation
rates that could control the humidity and
temperature of the environment [6]. In 2012,
Ebrahimi et al. conducted a case study of
Khorramabad city on the subject of
evaluating methods for reducing evaporation
through combined methods of floating balls
and monolayers in a class A basin. In the
study conducted to reduce evaporation from
class A evaporation basins, an attempt was
made to examine for the first time the
efficiency of three types of balls with a
monolayer of hexadecanol as an evaporation-
reducing coating. The balls used included
three types of balls with two and six
holes and without holes with a diameter of
7 cm made of propylene. To investigate the
performance of these coatings in reducing
evaporation, class A pans were tested for
2 months [9]. Shahi et al. "Simulating the
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effect of spatial wind changes on evaporation
with  CE-QUAL-W?2 integrated model
and Bowen's ratio™ have conducted a study
in 2024. They are a new solution. To
investigate the effect of spatial changes of
wind on the estimation of evaporation
from the surface of reservoirs, they have
been presented. Thus, The concept of the
windshield index (Sx) and the ability of the
2W-QUAL-CE model to assign a separate
value to Windshelter of different parts of
the lake has been used by the WSC
coefficient and it is possible to estimate
evaporation from the lake under the
influence of wind spatial variations, by
combining the results of the W-QUAL-CE
2 model and the Bonn ratio energy budget
method (BREB) [10]. Sharifi et al.
have researched "Improving CE-QUAL-W2
calibration using a terrain-based wind
sheltering coefficient tuning method" in
2025. They have conducted studies in the
field of water quality simulation, including
thermal stratification, selective harvesting,
and eutrophication modeling using the
CE-QUAL-W2 model. In their model, the
wind shelter coefficient (WSC) plays an
important role in calculating the wind-
induced shear stress and, subsequently, the
thermal gradient of the reservoir. In their
study, they introduced the W.indshelter
Index (Sx) to the CE-QUAL-W2 model
as a criterion for achieving the spatial
distribution of the state of the wind shelter
of water surface points and designed a more
accurate and faster calibration method using
Sx to determine WSC and estimate the
thermal gradient in different parts [11]. In
2024 Salarijazi et al. have conducted a
study on the subject of (More reliable
determination of daily evaporation from
the pan in cold regions by limited
meteorological factors). They have examined,
in two default and revised modes to
determine the amount of evaporation in
cold regions (a total of 14 equations) that
the Emberg classification has been used.
Performance index (PI) was used to analyze
the efficiency of the equations and as an
error criterion. Findings: They show that in
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the absence of suitable evaporation datasets
for revision, the equations of Kohler et al.
(evaporation from basins and lakes, U.S.
Government Press, Washington, 1955) and
Papadakis (Soil Science 93: 76, 1961) can
be used as more appropriate options for
determining evaporation in cold regions
[12]. Mohammadi et al. conducted a study
on (Improvement of daily pan-evaporation
calculation in arid and semi-arid regions by
limited climatic data) in 2024. They have
concluded that for the analysis of
evaporation pan data in arid and semi-arid
regions, the Nordonson-Fox equation
(K -N -F) (1955) is better for analysis than
other equations related to a context [13].

The purpose of this study was to
investigate the effect of wind speed on
different air temperatures. Another purpose
of this study is to use the CFD method to
determine the area and percentage of wind
impact on the reservoir surface in order to
calculate the kinetic energy of the wind and
the wind power applied to the water
surface.

Novelty of this research is the use of the
CFD (Ansys Fluent) method to determine
the water level of the reservoir due to
collision with different wind speeds. Also,
the effect of wind speeds of 3, 4, 5, and 6
m/s at two temperatures of 30 and 40 °C
has been investigated.

Materials and Methods

Water evaporation is one of the
problems that humans are facing today.
Evaporation statistics from the basin
surface were used to estimate evaporation
from free water surfaces. Based on the
evaporation statistics from the basin, the
amount of evaporation from the free water
surface can be estimated from the following
equation 1 [7].
E = k.Epan (8]
E: Evaporation from the free surface of
water in reservoirs or lakes. Ep;,: Amount
of evaporation from the pan. K: A constant
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coefficient whose value for a standard and
class A evaporation pan is between 0.58
and 0.78 m?.

The equations 2 are used practically and
simply, including the equations stated that
are used in hydrological works in water
engineering:

U
E =0.35(e; — e4)(0.5 + Wzo)

)

In equation number 2, the value es - ed,
which represents the vapor pressure deficit,
is the average daily temperature (T), the
average relative humidity (RH), and U2 is
the wind speed. Using equation number 3,
the vapor pressure deficit can be obtained
[14].

RH

1- 1—00) (3)

16.78T — 116.9)]
T + 273100 (

es—eq = [exp(

In equation 3, T is expressed in degrees
Celsius, RH in percent, and es — ed in
kilopascals. Equation 4 is also used to
obtain water evaporation, in which the mass
transfer method is used to calculate water
evaporation from the surface of reservoirs
or dam lakes [15].

E = 0.291(A°%%)(U,) (e, — eq)

(4)

A is the surface area of a water reservoir
or lake in square meters, (es — ed) The
vapor pressure deficit depends on
temperature  and  relative  humidity.
According to equations 2 and 4, it is
observed that the evaporation of water in
water storage areas is directly related to
wind speed.

Investigating the effect of wind power on
the water surface using the CFD (Ansys
Fluent) method

In this study, the CFD and laboratory
methods were used to investigate the effect
of wind energy on the rate of water
evaporation. In the CFD method, the effect
of the passing wind speed and the amount
of its impact on different areas of a
reservoirs was studied using the Ansys
Fluent software, and how much wind power
was applied to which surface of the
reservoirs to see which area of the reservoir
could have the most evaporation. To further
investigate the CFD method, the water
reservoirs were first drawn in three
dimensions using the SolidWorks design
software to be analyzed in the Ansys Fluent
software workspace. It is shown in Figure 3
along with its dimensions.

40 cm

Figure 3. Designing the test environment with SolidWorks software.

vy
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In the reservoir design, a (40 * 31.5 cm)
plate with 24 cm diameter air inlet ducts
was used to control and measure the
amount of air entering the reservoir. The
diameter of this facilitates precise
calculation of the volume of incoming air In
this study, the method of water mass loss
rate over time through evaporation (water
weight changes) was used, thus, by
applying wind speed at a specific
temperature and at a specified time, the
weight of water lost was calculated and the
amount and effect of wind speed and
temperature on the rate of water
evaporation  were  calculated.  The
volumetric flow of incoming air can be
obtained from the following equation:
Q=4av 5)

In equation number 5, it can be said that
A is the cross-sectional area of the air inlet
duct into the test chamber, in m? and V is
the speed of the wind blown into the duct,
in m/s. The amount of water evaporated by
wind speed and at a given air temperature is
calculated from equation number 6.

M=M1-M2 (6)

In equation 6, can say that M1 is the
initial weight of water before the test and
M2 is the weight of water after the test, the
unit of which is grams or kilograms. In
theory, the water evaporation rate can be
obtained from equation 7:

_ M1-M2

ET
Apt

()

In equation 7, it can be noted that p
is the density of water equal to (gr/m®)
1000, and t is the time in seconds [16].
To calculate wind speed at different
altitudes can be obtained from the following
equation:

V(h) = %m(i),h >0

e ®)

Yoy

In the above equation, V is the wind
speed measured at a height of 10 m above
the ground and K is the Karman coefficient,
which is taken to be 0.41 for winds at a
height of less than 100 m. hy is the height of
10 meters and h is the height of the study.

power and Kkinetic energy created by
wind

The power produced by the wind is
directly related to the surface area of
impact. The larger the surface area of
impact, the more power and energy can be
applied to the surface. According to
equation number 9, the power the wind
generates when it hits a surface can be
calculated. This power can create waves on
the water's surface [17].
p= 0.5p4V3 9)

In the above equation, p is the wind
density, A is the surface area of the object
in contact with the wind, and V is the wind
speed. According to the above equation, it
can be said that the energy produced is
directly related to the third power of the
wind. From equation number 10, the kinetic
energy created by the wind can be
calculated. In equation 10, m is the mass of
air entering the water surface, which can be
extracted by equation 10 [18].

The density of air is assumed to be
1.22.

2
m == pAVy, (10)

3

Investigating how wind interacts with
the water surface using the CFD method:
Experimental, numerical, or wake flow
models can usually be used to study airflow.
Today, one of the common numerical
methods is the use of computational fluid
dynamics (CFD), which is calculated based
on the behavior of the fluid using the
solution of the Navier-Stokes equations.
Given the nonlinear nature of these
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equations, various methods have been
introduced to facilitate the solution of those
equations, one of which is the method that
has high accuracy and can calculate the
equations at high speed and help in
presenting the results through the use of the
mean Reynolds equations. These equations,
by averaging the Navier-Stokes equations
and reducing the effect of air velocity
fluctuations in the equations, speed up the
solution of the equations and provide
acceptable results for calculating the
amount of air velocity fluctuations and
airflow turbulence on the blades of a wind
turbine. Also, various turbulent flow
models can be introduced, including two
models that can be calculated based on the
amount of kinetic energy of the turbulent
flow k-¢ and the rate of loss of this energy

(k-w) and the kinetic energy of the turbulent
flow and the frequency of loss of this
energy [7] ANSYS Fluent software is used
to investigate the effect of wind speed on
water evaporation using the CFD method.
To analyze the water evaporation test
space in ANSYS software, a laboratory
environment with defined dimensions was
first designed with SolidWorks software
according to Figure 3. Figure 4 shows the
design of the laboratory environment with
SolidWorks software. The following table
shows the boundary conditions specified for
analyzing and investigating the effect of
wind speed in the ANSYS software
environment. It is written. Figure 5 shows
the ANSYS space display and the designed
test environment.

Table 1. Ansys Fluent environment boundary conditions (CFD).

Inlet area
Outlet area
Velocity inlet
The volume of the bounding box
Solution method

p air

8.58 m?
8.58 m?
6,5,4,3 m/s
51.48 m®
k — &, Realizade

1.22

Reservoirs

20.00{rm)

10.00

Figure 4. Display of the ANSYS Fluent environment.
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Investigating the independence of the
grid in AnasysFluent software analysis

Considering the possibility that the
numerical solution results in AnsysFluent
software may be dependent on the created
network, to be sure of the results of
software data, the independence of the
results from the network is checked first. In
this study has been used to analyze
reservoir made of five mesh sizes. Number
of grids are 63000, 80000, 105000, 120000,
and 190000. According to the output of the
results of the software analysis in
determined meshes were the same, which
indicates that the results are independent of
the mesh size.

Investigating the effects of wind speed
and temperature on water evaporation in
the laboratory

In this study, a reservoir with a length of
63, a width of 31.5, and a height of 13 cm
was constructed to determine the effect of

wind on the evaporation rate on a
laboratory scale. A wind generator was
used to create a wind flow with the desired
speeds, a heater was placed behind the wind
generator to increase the temperature, a
temperature control module was used to
adjust the temperature of the air entering
the test environment, an anemometer was
used to measure the wind speed and adjust
the wind generator, and a digital scale was
used to check the changes in water weight.
The water inside the reservoir weighed
16534 grams. The wind speeds in this
experiment were 3, 4, 5 and 6 m/s,
respectively. The air temperature was set to
30 and 40 °C, respectively. To calculate the
volume of air entering the water surface, a
wall with a height of 40 cm and a width of
31.5 cm was used, and in the center of this
wall, a valve with a diameter of 24 cm was
used for air inlet, as shown in Figures 3 and
5. Figure 5 shows a demonstration of the
experimental environment constructed to
measure the rate of water evaporation due
to wind power.

P ‘
Figure 5. Experimental demonstration of the effect of wind speed, air temperature, and flow rate
on water evaporation.

Figure 6 shows the wind speed meter.
Using the wind speed meter, the inlet wind
speed of the reservoir and the rotational
speed of the blower are controlled. Figure 7

Yeo

is an electric heater that can provide the
inlet air temperature at two levels 30 and
40 °C.
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Figure 7. Electric heater.

Results water surface, performed by Ansys Fluent

Software.
The figure below shows the result of the

analysis of the speed of air impact with the

Figure 8. Wind hitting the water surface using an air speed of 6 m/s.

v
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The total area of the reservoir is 1984.5
square centimeters. According to the
output image from the CFD (Ansys Fluent)
software shown in Figure 8, it can be
understood that the greatest air impact with
the water surface, which has a wind speed
of 6 m, is about 20% of the first 396 square
centimeters of the test water reservoir,
which is indicated by the letter A. 55% of
the reservoir surface is in contact with a
wind speed of 3.9 meters per second,
which is 823 square centimeters, which is
indicated by the letter B. The end of the
reservoir, which is about 25%, is in contact
with a wind speed of 2.5 meters per second,
which is 765.5 square centimeters, which is
indicated by the letter C. The speed changes
along the path begin to decrease, resulting
in a decrease in the evaporation rate

compared to the beginning of the reservoir.
Using the water evaporation data in the
diagram in Figure 4 and the air impact
display in Figure 5, it can be concluded that
by creating a suitable windbreak, the wind
speed can be further reduced. The table
below shows the amount of kinetic energy
created and the power of the wind when it
hits the water's surface. The reason why the
highest wind speed is in the first 20% can
be said that the greatest effect of water
evaporation by air is at a low altitude of 10
meters, and at first, the wind hits the initial
part of the reservoir with speed, and then its
speed decreases and reaches other areas of
the water surface. In general, it can be said
that the reduction of wind speed is done in
the first 20% of the reservoir.

Table 2. Calculation of kinetic energy and power exerted on the water surface by wind-flow.

Wind speed (m/s) Kinetic energy (m?/s) power acting on the water surface (W/m?) Q (m?)
6 7.765893 9.043134 0.271296
5 4.494151 5.233295 0.22608
4 2.301005 2.679447 0.180864
3 0.970737 1.130392 0.135648
2 0.287626 0.334931 0.090432

The purpose of calculating the kinetic
energy of the wind and the power created
by the wind when it hits the surface is to
show that these two factors cause the
separation of water droplets from its
surface, which causes evaporation. The
power applied by the wind to the water's
surface creates waves and can increase the
evaporation rate when water hits the air.
According to Table 1, it is shown that the
maximum power applied to the water
surface is 9 W/m?, which corresponds to a
wind speed of 6 m/s. The maximum Kinetic
energy is 4.76 m?/s.
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Results of the experiment to investigate
the evaporation of water due to wind
power

The experiment was conducted to
investigate the effect of wind speed and
temperature on water evaporation for
30 minutes. The general results of the
experiments conducted at two temperatures
of 40 and 30 °C and defined wind speeds
using relations 5 and 6 are written in Tables
3 and 4. In this experiment, the ambient air
temperature is 29 °C, and the initial water
temperature is 22 °C.
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Table 3. Amount of water evaporation at speeds 3, 5, 5, 6 (m/s) at an air temperature of 40 °C.

Wind speed Initial weight of

Inlet air volume

Weight of water after Amount of water

(mfs) Time water (grams) (m3s) testing (grams) evaporated (grams)
16534 0.27 16378 156
6 30 min 16534 0.27 16378 156
16534 0.27 16378 156
16534 0.22 16402 132
5 30 min 16534 0.22 16402 132
16534 0.22 16402 132
16534 0.18 16413 121
4 30 min 16534 0.18 16413 121
16534 0.18 16413 121
16534 0.13 16420 114
3 30 min 16534 0.13 16420 114
16534 0.13 16420 114

Table 4. Amount of water evaporation at speeds 3, 5, 5, 6 (m/s) an air temperature of 30 °C.

Wind speed Time Initial weight of  Inlet airsvolume Weigh? of water Amount of water
(m/s) water (grams) (m°/s) after testing (grams) evaporated (grams)
16534 0.27 16430 104
6 30 min 16534 0.27 16430 104
16534 0.27 16430 104
16534 0.22 16438 96
5 30 min 16534 0.22 16438 96
16534 0.22 16438 96
16534 0.18 16449 85
4 30 min 16534 0.18 16449 85
16534 0.18 16449 85
16534 0.13 16456 78
3 30 min 16534 0.13 16456 78
16534 0.13 16456 78

According to Tables 3 and 4, it has been
determined that wind speed 6 (m/s) with an
air temperature of 40 °C produces water
evaporation equal to 156 grams, which,
when compared with the result of
temperature 30 °C, has an increased
evaporation of 50%. At wind speeds
3, 4, and 5 (m/s), the difference in water
evaporation in temperatures 40 and 30 °C is
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36 grams. By examining the difference in
water evaporation at wind speed 6 (m/s)
with wind speeds 3, 4, and 5 (m/s), it can be
understood that increasing wind speed
along with the temperature of the air
entering the test chamber increases the
evaporation rate sharply. In  water
evaporation, wind speed 6 (m/s) at a
temperature of 40 °C caused a difference of



3551395 58 5 530008 Ly [ o 2 8 s 6 ARglogl (oo

24 grams compared to wind speed 5 (m/s)
at the same temperature, which indicates
the effect of wind speed higher than 5(m/s)
at temperature 40 °C on water evaporation.
By comparing the results of this study, it
can be seen that in the southern regions of
Iran, especially in Khuzestan province,
where many dams have been built and the
air temperature is often high, wind speed

can play a decisive role in reducing the
water volume of dams. However, to
examine this evaporation more accurately,
airflow rate should be used instead of wind
speed. Considering the airflow rate entering
the experimental environment, it can be
concluded that by increasing the contact
area of water with wind, the evaporation
rate in this experiment can change.

Evaporation of water

0.13
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—
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o
Eé 0.22
o .
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0 50
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Figure 9. Showing the effect of air speed and temperature on the rate of water evaporation.

According to the diagram in Figure 9, it
is clearly shown that water evaporation has
a direct dependence on the inlet air flow
rate, which determines the surface area of
wind contact with water, and also shows the
effect of air temperature 40 and 30°C,
which creates a difference of nearly 50% in
wind speed 6 (m/s). At wind speeds 3, 4,
and 5 (m/s), the air temperature has a more
significant effect, at least 30% between the
temperatures 40 and 30 °C, on the rate of
water evaporation at a constant inlet air
flow rate. According to the results obtained
in the discussion of the experiment and the
CFD method, the wind speed must be
controlled to protect water evaporation and
reduce the rate of evaporation. In windy
areas, windbreaks or chemical and physical
methods can prevent sunlight and wind
from hitting the surface of the water.
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Conclusion

Novelty in this study is to investigate the
amount of wind force applied to the surface
of the water by the CFD method and the
amount of water evaporation by measuring
its weight at two temperatures of 40 and 30
degrees Celsius and several different wind
speeds.With the studies conducted on water
evaporation using laboratory methods and
Ansys Fluent software, it can be concluded
that the impact of the wind flow on the
water surface is greater at the beginning of
the reservoirs. Wind speed and temperature
are two very important factors in increasing
the speed of water evaporation. The speed
of water evaporation in a wind with a speed
of 6(m/s) at an air temperature of 40 °C can
be 50 percent higher than the speed of water
evaporation at the same wind speed at an air
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temperature of 30 °C. At wind speeds of
3, 5, and 4 (m/s), the evaporation of wind at
a temperature of 40 °C is at least 30 percent
higher than at the same wind speeds
specified at a temperature of 30 °C. By
studying the air inlet flow rate in this study,
it is possible to observe the effect of the
water surface and air impact in addition to
air temperature and wind speed. Wind
temperature, speed, and water surface area
are factors affecting water evaporation by
increasing kinetic energy and creating a
difference in humidity between air and
water, causing water evaporation. At night,
when the effect of solar radiation is
reduced, it can be said that the effect of
wind on water evaporation is very high.
Using the results obtained, it is possible to
have an acceptable effect on water
evaporation by making changes in the wind
speed discharge, such as using windbreaks.
Water evaporation can also be prevented by
using water surface covers such as black
balls or canopies, etc. In the southern
provinces, especially Sistan Baluchestan
and Khuzestan, various windbreaks should
be used to reduce evaporation from
constructed dams and manage water
resources. The findings of this study help to
reduce the wind speed and its Kkinetic
energy due to collision with the surface of
the water by using items such as
windbreaks and with the correct proportion
to the wind, in order to prevent the
evaporation of water in the reservoirs.
Analyzing this study at two different
temperatures and with varying wind speeds
can give us complete guidance on how to
store water in reservoirs in different
climatic zones to better conserve water
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