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Abstract

Evaporation from reservoirs is an important issue frequently occurring in dry, hot regions like Iran.
Since the laboratory and field studies of evaporation control are difficult, time-consuming, and costly,
and the investigation of various possible modes is not possible, numerical models with high capabilities
are widely used to analyze the hydrological processes. This article aimed to investigate the effect of
windbreaks on reducing evaporation of lakes and reservoirs in dry areas and determine the most optimal
location and layout of windbreaks using the FLUENT model. Initial investigations showed that wind is
the most important factor of evaporation in the Chahnimeh Region of Sistan, Iran. The results showed
that if solid windbreaks with 25% casement (height of 2 and distance of 66 m) are vertically installed in
a northwesterly direction, evaporation can be effectively reduced. Although the use of wind breaks in
Chahnimeh can help significantly reduce evaporation, it cannot be fully controlled. That is why diagonal
windbreaks with 30, 45, and 60° were designed to integrate the windbreaks with other evaporation

control methods such as solar panels. The results showed that 60° had the greatest amount of evaporation

reduction and were integrated with other methods to control evaporation.
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Introduction

The 21% century is engaged with problems related to
the steady increase in population, depletion of natural
resources, environmental degradation, and limited
resources. Resource managers and researchers must
take certain measures for the optimal utilization and
maintenance of natural resources for future generations.

*e-mail: hashemi@eng.usb.ac.ir

These measures are becoming more challenging on
a daily basis. One of these is natural water resources.
The amount and quality of water directly affects
living, health, income levels, and the volume of crops
and livestock [1]. One of the ways to waste water in
different parts of the world is evaporation. Different
methods such as physical-mechanical, chemical, and
biological methods are used to control evaporation in
order to control evaporation from reservoirs [2]. One of
the physical methods of evaporation control for areas
with high wind speeds is the use of wind tunnel walls.
Wind is one of the main elements of every climate, and



2290

Hashemi Monfared S.A., et al.

its changes can affect phenomena such as dust storms,
earth erosion, and evapotranspiration [3]. Windbreak
Technology is a tool to deal with these challenges.
Windbreaks are structures used to control wind
speed [4]. These structures can be artificial barriers
or protective tree belts. These structures are used to
control erosion, produce agricultural products, save
energy consumption, develop the environment, manage
waves and turbulence, etc. Reducing evaporation is one
of the most important uses of windbreaks done through
the change in wind velocity and direction and air
turbulence. Therefore, the evaporation process indirectly
influences at certain distances.

Numerous studies have been conducted to examine
the effect of windbreaks on wind velocity. These studies
have paid limited attention to the effect of windbreaks on
the evaporation of small water resources [5]. Windbreak
efficiency on wind velocity reduction depends on
three important factors: height, porosity, and direction
toward wind. Height is the most important factor in the
windbreak structure because the length of the protected
area in front of and behind the windbreak depends on
windbreak height. The length of the protected area
behind the windbreak generally depends on windbreak
height [6, 7].

Porosity is another most popular factor that describes
the internal structure of windbreaks. Porosity is the
ratio of empty space area to the entire windbreak area.
Porosity prevents air turbulence. If a solid windbreak is
used, the minimum wind velocity moves towards the
windbreak and air flow will pass over it. Air pressure
increases around the porous windbreaks at the windward
side; however, a low-pressure zone occurs in the
leeward. Windward air pressure pushes the air forward
inside and above the windbreak, while the low-pressure
zone behind the windbreak pulls the passing air through
the windbreak. If a very porous windbreak is used, the
air flow in the quiet zone can change direction, leading
to an eddy current [8-12]. In addition to height and
porosity, which are effective in windbreak efficiency,
maximum efficiency is claimed to be achieved when the
barriers are perpendicularly located [13, 14].

Windbreaks have been used for many years as wind
erosion in agricultural lands and dispersion of eroded
particles, dust, and spray drift to nearby habitation [15,
16], and a huge tract of reclaimed land to prevent the
generation and diffusion of dust from dry land [17].
The effectiveness of using windbreaks in agriculture
is related to the reduced wind velocity. The advantages
include the reduced effects of wind on plants, reduction
of pathogens and pests, the reduction of pollutants,
and high crop production performance [18, 19]. Also,
Wind in open and urban areas can be controlled by a
windbreak whose primary benefit is the reduction of
wind velocity [20-22].

Natural windbreaks such as trees are very efficient
barriers to high-velocity winds. The main factors that
can affect the efficiency of a windbreak are tree height,
width, tree arrangement, porosity, etc. [23].

In addition to the aforementioned factors, the
type of plants as natural windbreak is of great
importance in inhibiting wind velocity [24, 25]. Wu
(2015) compared the mean velocity behind two types
of plants (AREMISIA and SALIX). Depending on
the velocity, the shelter impact zone is different.
According to the features, both of these plants can be
effective in controlling the sand motion in dry regions
[26]. Climate needs to be taken into account while
selecting windbreaks because the water used by natural
windbreaks influences the regional underground water.
Therefore, an inappropriate system can lead to important
consequences in dry regions [27]. As stated earlier, in
addition to using windbreaks for controlling evaporation,
erosion, and agriculture, they can be used in livestock
and industrial and power plant installations as protection
against wind velocity [28-31]. Extensive studies have
been conducted in this regard. For example, a model
was proposed by Viagiak (2003) to integrate windbreak
shelter breaks into a geographic information system
(GIS). Windbreak shelter is modeled in terms of friction
velocity reduction, which is a function of wind speed
and direction, distance from the barrier, windbreak
height, porosity, width, and orientation. The model
was first used in a study in an area with an extensive
windbreak network in England. The windbreak features
were recorded, including windbreak type, height, width,
porosity, and location. In order to investigate the impact
of the network, a windbreak network shelter index (SI)
was suggested based on the average decline of the wind
velocity in the study area. The network was found to
provide an acceptable level of protection; however,
windbreak distribution was not found to be optimal in
terms of the wind vector distribution. The integration
model has some limitations that should not be ignored.
The most important limitation was simplification of the
effects of multiple barriers and diagonal winds [32].

Yusaiyin and Tanaka (2009) studied the effect of
windbreak width on tension force and bulk tension
coefficient using 2D Navier-Stokes equations to show
that wind tension force increases as windbreak width
rises; however, bulk tension coefficient declines. Then
they proposed a relationship between Bulk tension
coefficient, windbreak width, and height. The results
also show that windbreak width is effective in the
location and extent of minimum wind speed. As
windbreak width rises, wind speed declines by 15-22%
[33].

Elastically supported windbreak panels were
investigated by Giannoulis (2015) using CFD — static
analytical model. The results were compared to panels
of hinge support at their base. Elastic support field
tests were performed using expansive springs, allowing
rotation at base support in reaction to wind loading.
Developed wind pressures were measured on the panels
for various positions of equilibrium under different
wind expansions. The results showed that the elastic
support was responsible for significantly reducing the
wind pressure and tensions on the windbreak [34].
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This study investigates the extent of evaporation
reduction through wind velocity control by artificial
windbreaks from the reservoir and lake. Chahnimeh
Reservoir in Zabol, Iran was selected as the study area.
The reservoir consists of four natural organized pits that
lie in the northern section of Hirmand River Delta in
Sistan, Iran. The hydrologic data related to evaporation,
temperature, humidity, and wind velocity are collected
and analyzed statistically in SPSS, providing a linear
relationship of evaporation with humidity, temperature,
and wind velocity. The results of the analysis showed
the importance and effect of wind velocity compared
to other parameters on the evaporation in the region.
A 2-D simulation was done in FLUENT to develop a
model of wind flow on the reservoir surface with the
windbreak obstacles. Since the dimensions are vast and
the simulation is difficult, hydraulic similarity (Reynolds
number) was employed to lower the size of the
region. This prepares the ground for simulation.
This simulation was aimed at determining the best
windbreak height in order to control wind speed,
prevent flow turbulence, and characterize the windbreak
porosity effect on reduced wind velocity, the effect
of windbreak angle compared to the horizon on the
wind speed reduction, and the best solid and casement
windbreak configuration.

Materials and Methods
Numerical Model

Computational fluid dynamics (CFD) models have
the ability to simulate the wind flow effect around a
fence in a fast and computationally efficient manner
[35]. FLUENT is one of the most complete and widely
used software packages in CFD. The ease of use and
its frequent capabilities for solving flow analysis are
why the software package is widely used in research
and industry. FLUENT is an analytical tool for 2D and
3D flows using Navier-Stokes equations. If the flow is
turbulent, the governing equations change into Reynolds
equations. One-, two-, three-, four-, and five-equation
models are then employed by the user. FLUENT
solvents are based on the finite volume method [36]. The
general form of equations is as follows:

Continuity equation
Z[if.pdo ] p7.a5=0

Momentum equation
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Defined turbulence models in FLUENT are the
SPALART-ALLMARAS single equation model, K-¢
and K- double equation model, TRANSITION K-KL-
OMEGA triple equation model, TRANSITION SST
four-equation model, and REYNOLDS STRESS five-
equation model. In this study, we used K-¢, RNG for the
solid windbreak and k-w, BSL for casement windbreak
turbulence model to model the wind flow. This is one
of the commonly used two-equation models, which
include two extra-energy equations for calculating the
turbulence properties of the flow. The first transitional
variable is kinetic turbulence energy (K). The second
transitional variable in this model is the loss of
disturbance (g, ®). K and ¢ are determined as follows:
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..where U = average flow speed, T" = severity of
turbulence, C,, = experimental constant factor of K-g
disturbance model, considered 0.09, | = mixing length,
and L = length of field.

Study Area

Sistan is among the regions with excessive
events such as floods and droughts, giving unique
characteristics to the region due to special hydraulic-
hydrological and spatial conditions. Being in a closed
catchment area, the complex hydraulic system of
the Hirmand River and Hamoon Wetland, hydrological
conditions governing Chahnimeh Reservoir, and
120-day winds blowing around the northwest over
the course of the three months of the summer are
responsible for recent draughts, dust increase, and
air pollution. This has adversely affected the living
condition. There are also other issues such as poor
annual rainfall, high temperature, and soil with low
permeability, groundwater resource constraints, and joint
surface water resources with Afghanistan. Chahnimeh
Reservoir is one of the most important resources of
surface water in Sistan. Chahnimeh Reservoir consists
of four natural pitches. It lies in northern Hirmand
River Delta in the Iranian Sistan region with a latitude
of 30°45” and longitude of 61°38” at average height of
500 m above sea level (Fig. 1). This reservoir forms
a single-body waterfall during the high-water years,
and in dry years it creates separate zones of water. With
a maximum capacity of almost 630 million m® and
area of over 47 km?, Chahnimeh Reservoir is the water
supply for Zabol, Zahedan, and other residential areas
of Sistan. It also supplies the irrigation water for almost
8000 hectares of the region. In the northern area is an
evaporation station. There are also two other stations
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Fig. 1. Chahnimeh Reservoir 4 in southeastern Iran.

(Synoptic in Zahak and Evaporation in Zahak). They
are 5 km north of the reservoir next to each other. The
recorded statistics are considered appropriate for use in
scientific studies [37].

Model Simulation

The first assumption is that wind is the most
important factor of evaporation. The annual evaporation,
wind velocity, temperature, and humidity of Zahak
Meteorological Station were used. After statistically
analyzing the data, linear multivariate regression
was created. Eventually, the equation with the lowest
standard error and greatest correlation was considered
the final one:

E=-1452+(0.464*T)+(0.686* W) — (0.102* M)
M

...where E = evaporation (mm), T = temperature
(centigrade), W = wind speed (m/s), and M = relative
moisture.

After determining the rational relationship between
evaporation and temperature, and wind velocity and
humidity, the windbreak system needs to be selected.
According to the system, either artificial or natural
(trees) windbreaks are used.

Natural windbreaks are dynamic systems changing
and developing during their service life. These
windbreaks must be constantly managed in order to

be effective, to minimize the effect of insects and
diseases, and to provide long-term optimal advantages.
Also, the study by Smith et al. (1997) showed that
natural windbreaks must supply the required water
through underground tables or surface water. This is
not possible in Sistan due to the water crisis. A long
time is also required to grow them. On the other hand,
these windbreaks are responsible for water loss through
evaporation. Artificial windbreaks were used in this
study due to the above-mentioned issues and regional
climatic conditions.

In this section, 2D-simulation of Chahnimeh
Reservoir was done after determining the windbreak
in line with climatic conditions. Since the region is
vast, simulation is difficult. Reynolds number is used
to shrink the area. The 1/24 scale was used to make
simulation possible. The next step is to build the model
range. GAMBIT was used to impose the boundary
conditions, mesh the computational field, and solve
the flow field. The first stage is determining the
appropriate model height. An appropriate height is one
not affecting the wind-speed input. The study by Wang
and Takle (1995) showed that the model height must be
8 times as much as the windbreak height. According to
the first assumption for 3-m windbreak height becomes
0.125 m by 1/24 scale. Therefore, the model height is
I m. In this study, the height was considered 2 m
in order to ensure that height had no effect on wind
velocity. The next parameter is model length. According
to previous studies, the flow length must be 30H-50H
after the windbreak. The length was considered 30H in
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Fig. 2. The flow range and solid windbreak simulated in GAMBIT.

this study. After determining the flow range, boundary
conditions must be imposed. Velocity inlet and pressure
outlet were considered. Fig. 2 shows the flow in
GAMBIT.

In the last stage, the model is meshed. The GAMBIT
outlets are used for FLUENT inputs. It is essential to
determine the input wind, type of fluid, fluid features,
and type of turbulence equation in FLUENT. Maximum
wind speed is 19 m/s. It is converted to 456 m/s
(1/24 scale). Therefore, we defined the wind velocity of
456 m/s at the boundary conditions at the velocity inlet
section.

In this study, as stated before, K-¢, RNG for solid
windbreak and K-, BSL for porous windbreak
turbulence model was used to model the wind flow.
The last step is solving. If the results are convergent,
the selected mesh is appropriate; otherwise, the mesh
needs to be changed and the question must be solved
again. The procedure is done for 2, 2.5, 4, and 5 m
solid windbreaks. After simulating the solid windbreak,
a casement windbreak is modeled. According to
the studies in the past, we know that if the barrier is
dense, air will pass over it. As a result, air turbulence
is created on the wind leeward due to lower pressure.
Therefore, in this method, compared to the relatively
permeable windbreaks, an effective area is created on
the leeward of the wind. Porous windbreaks have many
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Fig. 3. Airflow changes for solid and porous windbreaks.

advantages such as reduced vortex flow behind the
windbreaks, declining turbulence, pressure behind the
windbreaks, and velocity. As a result, greater distances
can be considered between windbreaks. Fig. 3 shows the
difference.

Past studies show that porous windbreaks were
mainly used for wind erosion prevention, livestock
protection, agriculture, etc. Since this article was aimed
at reducing evaporation through wind control, porous
windbreaks cannot be used. The proposed windbreaks
have casement (the lower half of the windbreak is
fully solid, while the upper half has casement). In this
study, windbreaks with 10%, 15%, 20%, 25%, and
30% casement were taken into account. Modeling
windbreaks with casements are similar to those of
solid windbreak simulation. The only difference lies in
turbulence. k-®, BSL, and the turbulence model were
used for windbreaks with casement. Layout and distance
between windbreaks are important factors.

After modeling vertical windbreaks, diagonal
windbreaks are modeled. The angles are 30, 45, and 60.
Simulation is similar to the previous section. K-¢ and
RNG turbulence model was used to simulate wind flow.

Verification of Numerical Results

To ensure the accuracy of numerical results, they
must be compared to a laboratory work. In this study,
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Fig. 4. Comparing the wind speed profiles in the present study
with a study by Skidmore and Hagen.
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Fig. 5. Wind speed profile for a 0.083 m (2 m in reality) solid windbreak.

the empirical results of the study by Skidmore and
Hagen were used. To this end, the wind velocity profile
was drawn for a solid windbreak (height = 2.24 m and
wind speed = 4.3 m/s). According to the diagram, an
optimal consistency was found between the numerical
results and those of Skidmore and Hagen. The relative
error was reported 1.568%, which is within an
acceptable range. Note that a part of the mentioned error
is associated with the height and length of flow in the
numerical model.

Results and Discussion

According to relationship No. 1, evaporation
has been found to have a direct relationship with
temperature and wind velocity. It has an inverse
relationship with humidity. This means that increasing
temperature and wind velocity lead to increasing
regional evaporation. As a result, one unit change of
wind velocity creates the greatest change in evaporation
compared to other parameters. We conclude that wind is
the most important evaporation factor in the Chahnimeh
Reservoir. Consequently, windbreaks can be used to
control evaporation.

B8.5%e+01
3.32e+01
501e-01

When the barrier is congested on the water surface,
the air flow will pass over it. An air turbulence is
created on the wind leeward due to lower pressure.
Above the windbreak (Z/H>1 Z is the height above
the ground), the wind is deviated upwards and airflow
lines are compressed. As can be seen in Fig. 5,
high wind velocity only occurs at areas above the
windbreak. Wind velocity is significantly reduced
behind the barrier at lower heights (Z/H<1). This area,
where the velocity is significantly reduced, is called the
quiet zone. The length of this zone is usually considered
between 5 and 10 H. If the wind condenses, air flow
changes direction in the quiet zone, creating an eddy
current. Along with the leeward after the quiet zone
lies in the wake zone, where the air flow gradually
recovers in line with wind velocity. The area stretches
between 30 and 50 H; however, the wind almost
reaches its initial velocity at distances greater than
25 H. Meanwhile, the eddy current significantly
declines in the awakening area and wind flow changes
to regular lines. Fig. 5 shows the wind velocity profile
for a 0.083 m windbreak. As can be seen, an excessive
increase in height has no effect on wind flow and the
wind reaches its initial value.

Fig. 6. Wind speed profile for a 0.083 m (2 m in reality) solid windbreak (25% casement).
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Table 1. Wind speed reduction per different windbreak heights.

One Windbreak
Windbreak height (m) Wind speed reduction (%)
0.083 30.2
0.1 21.07
0.125 2.47
0.167 -1.96
0.208 -1.2

A decrease in windbreak density is responsible for
an increase in the volume of passing air through the
barrier. This results in the pressure difference between
two sides of the windbreak, responsible for the increase
in effective region on the leeward side. Fig. 6 shows the
wind velocity profile for windbreaks with casement.
Here, since the volume of wind passing through the
barrier increases, the eddy current declines and a regular
flow is experienced.

To determine the best windbreak height, five heights
were taken into account: 0.083, 0.1, 0.125, 0.167, and
0.208. To determine the wind velocity reduction, a wind
speed diagram was drawn for each windbreak up to
30 H distance after the windbreak. Accordingly, speed
changes were calculated. Table 1 shows wind speed
reduction at different heights. As can be seen, 0.167 and
0.208 (4 and 5 m in reality) windbreaks are responsible
for the wind speed increase. These windbreaks are very

Table 2. Wind speed reduction for 0.083 and 0.1 m windbreak

Windbreak height Distance Reduced wind speed
(m) (m) %)

0.75 78.07017544

1 39.69298246

1.25 28.50877193

0.083 1.5 78.07017544
1.75 45.1754386

2 16.66666667

2.25 6.798245614

25 4.166666667

0.75 75.43859649

1 28.72807018

1.25 6.798245614

1.5 28.72807018

1.75 91.88596491

" 2 25.87719298
2.25 8.99122807

2.5 1.315789474

2.75 -3.070175439

3 -3.070175439

5.00e+02

Velocity
Magnitude
(m/S) 200e+02

i

0 05 1 15 2 25 3 35
Position (m)

Fig. 7. Wind speed on water surface for a 0.083 m windbreak.

stiff. 0.083 and 0.1 (2 and 2.5 m in reality) windbreaks
result in the greatest increase.

Table 2 shows the wind speed reduction up to 30 H
after the 0.083 and 0.1 windbreaks in order to select the
best windbreak height. As can be seen, we are faced
with wind speed increases at 2.75, 3, and more for the
0.1 windbreak. As a result, the 0.083 m windbreak
(2 m in reality) is found to be the best windbreak for
Chahnimeh Reservoir.

Fig. 7 shows the wind speed changes at water
surface for the 0.083 m windbreak. According to the
diagram, although we were faced with the gradual
increase in wind speed up to 14 H, it has significantly
decreased compared to the initial speed. When the wind
speed reached its peak at 14 H (340 m/s), it declines
up to 18 H. Wind speed gradually increases after 18 H
and reaches its initial value. As expected, the minimum
wind speed was seen near the windbreak at H after the
windbreak. For the 0.083 m windbreak, wind speed
reaches its initial value after 30 H.

To arrange the windbreaks and find the best distance,
two- and three-row models were taken into account by
0.083 windbreaks. A three-row windbreak (0.083 m)
was responsible for the greater wind speed reduction.
As a result, we considered it the criterion. As the
distance rises between windbreaks to 50 H, the optimal
distance is achieved. The results showed that wind
speed reduction scored the top at 2 m (73.71%),
responsible for 74.1% evaporation reduction. Also
wind speed reduction and evaporation rates are similar.
Therefore, 2 m (48 m in reality) was considered the most
optimal distance.

500e+02

450e+02
4.002+02
350e+02

300e+02
Velocity 250e+02

Magnitude
(IT|/S) 2.00e+02

1502402
1.00e+02
500e+01 —

0.00e+00

[} | 2 3 4 5 [ 7
Position (m)

Fig. 8. Wind speed on water surface among three windbreaks
(height = 0.083 m and distance = 2 m).
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Table 3. Wind speed reduction for various porosities.

Table 4. Wind speed reduction for various casement angles

Fig. 8 shows the wind speed on water surface among
three windbreaks (height=0.083 m and distance=2 m).
From 0.05 m from the windbreak to 20 H, a gradual
increase in wind speed is expected. As can be seen in
Fig. 8, the wind speed gradually increased. However, it
is less than the initial speed (456 m/s). Maximum speed
occurs at 20 H. From 20 H to 28 H, wind declines. From
28 H to 30 H where the second windbreak is located, the
speed is irregular. Since the 2™ windbreak has partially
diverted the wind upwards, leeward speed reduction
is greater than that of the 1** windbreak. Slight wind
reduction is seen between the 2™ and 3™ windbreaks.
Maximum speed occurs after the 2" windbreak at
33 H, while the minimum happens at 40 H. After the
3¢ windbreak at 54 H, the speed gradually recovers,
ultimately reaching its initial value.

Porosity is one of the most effective factors in
windbreak structures. Windbreaks with casement were
the innovation of our study. Casement/total area ratio
shows the casement percentage. 0.083 m windbreak
with casement was taken into account. Table 3 shows
the wind speed reduction for various percentages of
casement area. As can be seen, 25% casement windbreak
was responsible for the greatest wind speed reduction.

Fig. 9 shows the wind speed changes at water
surface for a 0.083 m windbreak. According to the
diagram, although we were faced with a gradual wind
speed increase up to 9H, the speed significantly declined
compared to the initial speed. From 9H to 14H, the speed
of the wind declines. Afterward, it gradually increases
until it reaches the initial speed. A comparison of Figs.
7 and 9 show that leeward speed of casement windbreak
is less than that of the solid windbreak; however, wind

Velocity 250e+02
Magnitude
(m/s)

0 05 1 15 2 25 3 s

Position (m)

Fig. 9. Wind speed on water surface for 25% casement windbreak.

Windbreak height Porosity Wind speed reduction Windbreak height Anele Reduce wind speed
(m) %) (%) (m) ¢ (%)
10 24.1 30 24.69
15 28.22 45 29.51
0.083

0.083 20 37.53 60 30.08
25 38.72 90 302
30 35.86

speed increases after reaching the minimum value.
It reaches the initial value after 30 H. Less porosity is
responsible for the movement of minimum wind speed
toward the barrier.

The distance increased to 50 H to determine the
optimal distance. Wind speed reaches the maximum at
2.75 m (50.44%), responsible for 50.67% of evaporation
reduction. Similar to the solid mode, evaporation
reduction is proportional to wind speed. Therefore, 25%
casement windbreaks were used with the distance of
2.75 m (66 m in reality).

The results of solid and casement windbreaks showed
that windbreaks alone cannot control evaporation.
However, evaporation significantly declines. To this end,
diagonal windbreaks were used. If diagonal windbreaks
are used in the case of being combined with other
evaporation control methods such as solar panels or
floating sheets, the evaporation is fully controlled. In
addition to reducing wind speed, diagonal windbreaks
can act as shadow structure and reduce temperature. If
they are combined with floating sheets, they block the
movement of sheets as a result of wind. Meanwhile,
the wind declines and shadow is created. Diagonal
windbreaks can also be used as solar panels. Table 4
shows the wind speed reduction for different angles. As
can be seen, as the windbreak moves toward the vertical
position, wind speed reduction increases. The greatest
wind speed reduction was seen at 60 degrees.

In order to achieve essential efficiency, windbreaks
should be located against the dominant wind. To
determine the windbreak location, wind velocity data
of Chahnimeh were collected. Then the data were
analyzed and the dominant wind was determined, which
is from the northwest. Therefore, windbreaks need to be
installed along this direction.

Conclusions

In this study, the effect of wind on evaporation is
investigated in a windy region on the surface of water
in reservoirs. The initial analysis shows that wind is the
most important factor on regional evaporation in the
study area. Artificial windbreaks are used to control the
wind speed on the reservoir water surface. The effect
of windbreaks on evaporation reduction and wind flow
was modeled. Windbreaks with various heights and
distances were used to control the wind. According to



Using Windbreaks for Decreasing Lake...

2297

hydrological conditions, the maximum solid windbreak
efficiency is achieved when 161 solid windbreak
rows are used (height = 2 m and distance = 48 m).
This leads to wind speed reduction by 73.71% and
evaporation reduction by 74.1%. If casement windbreaks
are used, the maximum efficiency is achieved when
117 rows of windbreaks with 25% casement
(distance = 66 m and height = 2 m) are used, leading to
the wind speed and evaporation reduction by 50.44% and
50.67%, respectively. In both modes, windbreak length
and width need to be equal, located along the northwest
direction. On the other hand, the results show that
windbreaks alone cannot control evaporation; however,
it is very effective. If a combination of methods is being
considered, such as floating sheets or solar panels, more
satisfied results will be expected. Results show that a
windbreak with the angle equal to 60 degrees with the
horizon can be used to reduce evaporation by up to
30.08%.
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