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ABSTRACT

Recently, humans have resorted to the use of renewable energies for the purpose of reducing global
warming problems that affect the safety of the environment. Wind energy has started to occur in the
first place among renewable energy types. However, it is difficult to obtain wind energy in areas where
the wind speed is relatively low, so this study dealt with how to increase the production of wind energy
in areas where the wind speed is relatively low by designing buildings that increase the wind speed by
using of the phenomenon of venturi. How wide the high velocity values take place, how homogenous
the distribution of the velocity is, and the turbulence values were calculated by CFD for four cases. It
has been determined which of the four cases in which the wind turbine selected can operate most
efficiently. One-year wind speed data measured at 10 m above the ground were taken from the Karabiik
Ovacik meteorological station. Annual energy calculations were made using the power characteristics
of the selected wind turbine and Weibull graphs. It has been concluded that the amount of energy that
can be obtained with the proposed building geometry layout in the mentioned region can be increased
by 4 times.

Keywords: Wind Turbine, Buildings, Windspeed, Venturi Effect, Weibull, CFD.

1. INTRODUCTION that cause global warming[4]. It is extracted
The rapid development of technology, science, from the kinetic energy of the wind by means of
and industries, as well as the occurrence of wind turbines to produce electrical energy, as it
significant improvements in the standard of is considered abundant and renewable energy
living, have greatly increased human needs in [5]. The wind turbines are installed especially in
the areas of planning and living[1]. The need for regions where annual wind power distribution is
energy has also increased to keep pace with the sufficient. It is important to choose turbines
developments that have occurred recently, compatible with annual statistical data of wind
leading people to consume fossil energy greatly, speed[6]. While vertical axis wind turbines are
but there are significant negatives such as selected in regions where the wind speed
environmental pollution caused by carbon changes frequently, horizontal axis wind
dioxide released into the atmosphere, and high turbines are selected to take advantage of the
costs. After the occurrence of oil crisis in 1973, increasing wind speed as it rises from the
oil costs also increased. Therefore, people were ground [7]. For local electricity needs, turbines
forced to find inexpensive and environmentally that are small and have a battery system for
friendly energy, so they started relying on a new energy storage can be used. However, in areas
energy source, which has been called renewable with high wind speed throughout the year,
energy [2]. The use of renewable energy has commercial large wind turbines connected to
spread widely in the world, as special the grid are used [8]. Wind turbines cannot be
complexes have been established to invest this used in residential areas due to buildings and
energy[3] .This energy come from the sun, other obstacles that negatively affect wind
wind, and soil. Wind energy is one of the types speed. In addition, there are negative effects
of renewable energy that does not emit gases such as noise [9]. However, due to the increase
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in wind speed with height, special designs have
been applied in very high buildings, and
applications have been made by placing
turbines in the buildings and meeting some of
the building's electricity needs [10]. In addition,
successful results have been achieved in
obtaining energy from the wind placing turbines
while adding special designs to the roofs of
buildings that are not very high [11]. There are
also studies to obtain energy from vertical air
movement on building facades by placing
specially designed wind turbines on the side
surfaces of the buildings[12]. There are
experimental and CFD studies in the literature
investigating and analysing how the wind
moves around buildings [13]. In some of these
studies, how the comfort of life inside the
building is affected by the air movement outside
the building was examined, while in another
part, how the wind affects the building statics,
especially in  high-rise  buildings was
investigated[14-16].

Many studies examining the increase in velocity
of the air by narrowing the distance between
buildings with Computational Fluid Dynamics
(CFD) are encountered in the literature. This is
also called the venturi effect[15-18].

The focus of this study has been on benefiting
from the wind energy in areas where the wind
velocity is relatively low, not enough to operate
wind turbines. It can be done by suitable
placement of buildings in order to get the
venturi effect. The buildings have been placed
in a semi-parallel manner, and an attempt was
made to narrow some areas of the buildings in
order to increase the velocity of the wind flow.
Four different cases were obtained by
symmetrical placement of four different
placement of building geometries in this study.
They were analysed by CFD. After comparing
the results of CFD study for the four cases of the
buildings, the most suitable case has been
chosen, and the power at which the wind
turbines start to operate was checked. Finally,
graphs were presented about Weibull
distribution and the annual energy production.
The main objective of this study is to fill in the
existing literature gap on how to benefit from
wind energy even in areas where the wind speed
is low.
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1.1. Theoretical Background

1.1.1 Mass Conservation

The conservation of fluid mass principle states
that the product of density, velocity and cross-
sectional area of the fluid passing through a
certain cross-section will remain constant. This
creates the possibility of increasing the low
wind speed by placing the two building
geometries in a way that narrows the cross-
sectional area [19].

According to the law of conservation of mass,
the mass flow of a fluid (air) for steady flow is
DinM=Doue M (1)
Where m;=m; When m; Indicates mass flow
rate of fluid (air) (kg/sec).

)

m;=Q1p1
Q; Is the volume flow rate (m3/sec)

Whereas Q;=V,4,,V is the velocity of air
(m/sec). A is the cross-section area (m?)

Somy=p V4 4;.

p1V1A1=p,V2A; 3)
So V,A;=V,A, because the fluid (air) is
incompressible in this case.

From here, it was reached that the smaller the
area, the wvelocity increases, that is, the
proportionality between the fluid velocity and
the  cross-sectional area is  reversed,
Accordingly, the design of the buildings has
been chosen and the area where the air velocity
reaches the highest possible was determined for
the purpose of operating the wind turbines.

1.1.2. Weibull Distribution

In a given location, the wind speed does not
remain constant throughout the year. So how
much energy is obtained from the wind blowing
in this place during a year is related to how the
wind speed changes throughout the year. This
evaluation is mostly done with the Weibull
distribution [20].

The Weibull probability graph is obtained
through the use of Equation (4) by taking the
hourly average speed values in the
measurements made during the year (in order to
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obtain more reliable results, or a few years) in
the region where the turbine will be
installed[21].

Figure 1. Graphs by parameters of the Weibull
distribution[22].

Forv; <v<vi 1

plv v = e (<[ (3)]) -

({62

Where A and k are found for a given site on the
Equation(4) [23].

4)

In this function k and A values are
measurements of how wind velocity is
distributed in a year. Every placement has its
own k and A values. Weibull graphs shows the
relation between probability and velocity
values, for different k values, shown in the
figure 1 [22]. A wind turbine should be chosen
according to the Weibull distribution.

In this study, k and A values were calculated as
1.2 and 7 respectively by using the wind data
values at the meteorology station for Karabiik-
Ovacik in 2021.

1.1.3. Efficiency of wind turbine

The amount of energy to be obtained in a year
from a wind turbine installed in a certain
location depends on the Weibull values at that
location, and also on the efficiency and power
curve of the wind turbine. The overall efficiency
of the turbine depends on rotor aerodynamic
efficiency, mechanical efficiency and electrical
efficiency. These efficiencies are shown
mathematically in the equations[23].

From Betz’s equations about the maximum
power available in the wind [24]. Power is
defined as Equation. (5).
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161 3
=—=p.Vi. A
272 PV

()

Pmax

Where Cp = Cp per, = 16/27 was used .

In Equation (5) A is the swept area of the rotor,
and in the following we define this area as

A = (m/4).D? (It has been neglected that some
part of the hub area is not producing any power).

The rotor efficiency is defined as.

— Protor (6)

nmax P
max

Where Protor is the power in the rotor shaft.

The rotor efficiency can be calculated on the
basis of a Blade Element Momentum (BEM)
Theory. The efficiency of the rotor is derived
from the product of three efficiencies. As shown
in Equation (7).

Nrotor = Nwake-Ntip-Nprofile (7)
Where “wake” indicates the loss because of
rotation of the wake, “tip” represents the tip loss
and “profile” represents the profile losses. The

wake loss can be calculated on the basis of
Schmitz’ theory [23].

Figure 2. indicates the components of a wind
turbine.

Ciencrator

[7“.1\

[ e e

Figure 2. Main components in wind turbine[22].

The total efficiency of such a turbine can be
defined as Equation (8).

_ Pgria _
Ntotal = P -

max

(8)

Nrotor -Ngearbox -Ngen - Nconv
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Where

_ Protor

nTOtOT’
Pmax

l:’HS

ngearbox P
rotor

Pgen
PHS

Ngen =

_ Pgrid

Nconv
Pgen

Where the indices stand for “LS” = low speed
(shaft); “gen” = generator; “conv” = frequency
converter and “grid” = grid net. So typical
values for the efficiencies are — at nominal
power Gearbox:0.95-0.98, Generator: 0.95-
0.97, Converter: 0,96-0,98 at part load, the
lower values can be expected[22].

In this study, maximum efficiency (1,4, ) Of the
wind turbine chosen is 0.4.

The turbine power curve shows at which wind
speed the turbine starts to operate (cut in), after
which wind speed it is stopped (cut out), and in
which wind speed range it produces maximum
(nominal) power. This characteristic is a result
of turbine efficiency values and design
parameters [23].

In this study, cut in velocity, cut out velocity,
nominal velocity of the selected wind turbine
are 3 m/s, 26 m/s, 11 m/s respectively.

1.1.4. Annual Energy Calculation

The energy that the turbine can produce in a
year depends on the wind speed statistics of the
region where the turbine is located and the
power graph of the turbine. The total amount of
energy that can be obtained annually is
calculated by the Equation (9)[23].

If the power for the turbine at a given wind

speed is P(v,,), the annual production can be
calculated as:

Eqnn = 2{8766h.p(v; <v<V;11). P(vin)} (9)

Where v,,is the mean value of v; and v;,; i.e.

Vi = (Vi +Vi41)/2
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1.1.5. Wind homogeneity and turbine
efficiency
Frequent changes in the magnitude and/or
direction of the wind speed over time cause the
turbine rotor to be under the influence of
inhomogeneous wind. This situation negatively
affects the energy to be obtained from the
turbine. Therefore, the homogeneity of the wind
should be taken into account in the place where

the turbine will be installed[25].

1.2. Computational Fluid Dynamics (CFD)
Computational Fluid Dynamics is based on the
numerical solution of partial differential
equations expressing the conservation of mass,
momentum and energy of fluids in a large
number of cells created in the defined flow area.
Boundary conditions of the defined flow area
are defined[26].

In this study, inlet boundary velocity, output
boundary pressure, solid surfaces ‘wall’, and
flow field boundaries ‘symmetry’ are defined,
and conservation equations are solved in the
cells (mesh) created, and velocity in each cell,
static pressure values as well as turbulence
Kinetics are determined. Energy equations are
not solved in this study. Because energy
equations are solved in analyses involving heat
and temperature and/or compressible fluid
analysis.

In CFD calculations, there are three basic
calculation  methods:  Reynolds-Averaged
Navier-Stokes (RANS), Large Eddy Simulation
(LES) and Detached Eddy Simulation (DES).
RANS equations are the most widely used CFD
approach for practical engineering applications.
They solve for time-averaged flow properties
and are typically used for steady-state
simulations. However, this approach is not
suitable for predicting unsteady or transient
flow phenomena, where large fluctuations in the
turbulent flow field can have a significant
impact on the results. The choice of CFD
approach depends on the specific application
and the level of accuracy required. RANS is the
most widely used and computationally efficient
CFD approach for practical engineering
applications, while LES and DES are more
suitable for predicting unsteady or transient
flow phenomena and complex flow regions [27].
The easiest and most widely used RANS was
used in this study.
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The most common turbulence models used in
RANS simulations are the Spalart-Allmaras, k-
omega, and k-epsilon models. The Spalart-
Allmaras model is a one-equation model that
solves for a single variable to represent the
turbulent viscosity, and it is particularly useful
for attached boundary layers and external flows.
The k-omega model is a two-equation model
that solves for both the turbulent kinetic energy
(k) and the specific dissipation rate (omega),
and it is particularly useful for flows with strong
vortices and shear layers. The k-epsilon model
is also a two-equation model that solves for the
turbulent kinetic energy (k) and the rate of
dissipation of turbulence Kkinetic energy
(epsilon), and it is particularly useful for flows
with complex turbulence structures.

There are also many sub-varieties of these
models, which include modifications and
enhancements to improve their accuracy or to
account for specific flow characteristics. For
example, the RNG k-epsilon model is a
modification of the standard k-epsilon model
that includes additional terms to improve its
performance in swirling flows. The SST k-
omega model is a hybrid model that combines
aspects of both the k-epsilon and k-omega
models to improve its accuracy in a wide range
of flow regimes [28]. In present CFD
simulations, the SST k-omega model was used.

2. METHOD

2.1.  Numerical Calculations

From the literature[29], four different two-
dimensional (top view) building geometries
were taken, and four different cases were
obtained by bringing together two symmetrical
buildings as shown in the figure 3.
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Figure 3. The geometry of the four cases of the
buildings [25].

For these four cases, flow fields were created as
shown in the figure. On the left edges of these
flow areas, the wind entering edge, the wind
entry velocity is defined. Since this study is for
regions with low wind speed, the velocity
values taken are 2, 4, 6 m/s.

The dimensions of four different cases are
shown in the figure 4.

25
Case 1
ER
AR
\ .
20 ,,)-L

—_

?x‘ j ; ‘
/ - 6
20
20 /
o
5u] ~L

25




Bakirct and Mohammed /INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 7:1 (2023) 129-141

Case 2
—35
f———— 20 -‘
f 37
10.5
\ uE
/J
10.5
§
25
Case 3
| 30 |
! |
10
\ 4
puo—f | :

(R e A ]

f— 15 ==

Figure 4. The geometry of the four cases of the
buildings that were studied with their parameters.

The fluid domain used in this CFD simulation
is shown in Figure 5. The left edges of the flow
field are named as ‘inlets’. For ‘inlet’, the wind
is defined as perpendicular to the left edge with
the speed value. The building geometries are
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defined as ‘wall’, the upper and lower edges of
the flow area are defined as ‘symmetry’ and the
right edges are defined as ‘outlets’. Zero
effective pressure value is taken for the outlet.

Symmety2 % = s fors
n )

Figure 5. Named sections of the geometry.

2.2. Mesh quality and independence

There are different methods to see the accuracy of the
results obtained from the computational fluid dynamics
analysis. The most important of these are validation,
comparison of calculation results with theoretical
formulas, comparison with test results for the same
geometries and under the same conditions. However,
verification, on the other hand, is one of the most
important ones to show whether the computational
fluid dynamics results are consistent within themselves
or not, to show that the quality of the cells created in
the flow field is good enough and to show that the
results obtained do not change when the number of
cells is increased[31]. Figure 6 indicates the mesh
structure in Case3.

Figure 6. Mesh structure.

When the mesh number was increased from
2000 to 7000, it was seen that the results (output
velocity values) changed very little and after
7000 cells the results did not change at all
(Figure 7). Apart from this, in order to have high
mesh quality in CFD simulations, it is
recommended to have skewness values below
0.5 and orthogonality values above 0.7 [31]. In
the CFD study conducted here, it was ensured
that the mesh quality was high enough.
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2.3. Setup

The following physical conditions and numerical
solution criteria are taken into account in the
computational fluid dynamics solution:

1.The solution was taken as steady.

2.Energy was turned off.

3. Viscous Model is k- (SST). It was chosen
because it achieves better and more accurate
results when the mesh is very fine near the wall
[32].

4.Boundary conditions:

*At inlet velocity is (2,4,6 m/sec)

*In this study, walls are designed as no-slip
*Neglected direction of velocity

5.Solution method is coupled

6.Number of iterations is 500.

3. RESULTS AND DISCUSSIONS

The maximum wind speed values that can be
obtained between and around the building
geometries were calculated using the same inlet
speeds in four different situations (Table 1).

Table 1. Maximum velocity flow for four cases to

the buildings.
Inlet
Velocity | Casel | Case2 | Case3 | Case4
(m/sec)
2 6.64 4.04 5.18 5.91
4 13.3 8.07 9.77 12.2
6 20 12.7 15.3 18.3

While the largest maximum speed values for all
input speeds were obtained in Casel, the
smallest maximum speed values were obtained
in Case2. But this does not necessarily mean
that Casel is the best one.
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The case of wind turbine placement cannot be
evaluated based on this result alone. Because
the general distribution and homogeneity of the
wind speed to which the turbine rotor is
exposed, as well as the turbulence situation
should also be taken into account.

For the Casel, we can see how the velocity
value changes around the building geometry
from the contour graph given in figure 8.

Figure 8. Velocity contour in Casel.

In Casel, when looking at the streamlines,
vortices formed around the building geometries
can be noticed. As shown in Figure 9.

=

Figure 9. Streamline contour for velocity Casel.

It can be concluded that, in Casel, the velocity
distribution does not have enough homogeneity
and stable velocity although it has the largest
maximum velocity value.

Therefore, how wide the highest speed values
are spread, how the distribution of high-speed
values is in the section where the turbine can be
placed between two buildings, what the
turbulence values are will affect the efficiency
of the turbine to be used. All these properties of
the flow around the building geometries were
investigated in CFD study. When all of this
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criterion was analysed for four different cases,
Case 3 was found to be the best.

L

Figure 11. Streamline of Velocity contour for
Case3.

|

Figure 12. Turbulence intensity contour for Case3.

How the velocity values for the Case3 change
around the two buildings can be seen from the
velocity contour shown in figure 10 and the
velocity streamlines shown in figure 11. Also,
considering the turbulent Kinetic energy
distribution contour shown in Figure 12, the low
values between the two buildings and the
homogeneous velocity distribution give a clue
that the Case3 may be suitable for turbine
installation. Therefore, Case3 should be
examined more closely.
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The velocity distributions and turbulent kinetic
energy changes between and around the
buildings for four different cases were
examined and it was concluded that the most
favourable situation would be obtained in the
Case3 with homogeneous velocity distribution
of high velocity values.

Figure 13. Pressure line.

The static pressure change on this line is shown
in figure 13. It is seen that the pressure first
decreases rapidly along the line and then does
not change much. As shown in figure 14.

Figure 14. Pressure graphic between two buildings
on the pressure line.

In order to specify the placement of the wind
turbine in between the two buildings in Case3,
pressure, velocity and turbulence conditions
were examined in 6 different positions taken on
the line drawn in the middle between the two
buildings and the best position where the
turbine could be placed was determined. Those
positions are shown in the figure 15.
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Figure 15. Lines for the possible positions of the
wind turbine.

Figure 16 refers to the wind speed graphic at the
six positions identified in Figure 15.

It was found that the wind speed increases
gradually at the 4%, 5% and 6" position,
especially in the side that is in the middle of the
two buildings and achieves the highest value at
the line 6. As shown in the graphics, the wind
speed starts to increase at one of the buildings
until it reaches an area in the middle of the two
buildings, where it will see a state of stability in
the wind speed, but then it gradually decreases
when it reaches the edge of another building.
The wind speed has been studied in the six sites
in order to discover that the high wind speed is
maintained for long distances between the two
buildings for the purpose of selecting the
appropriate wind turbines.

Figure 17 shows the graphic of wind turbulence
between the two buildings at position 6 that
were previously divided. Whereas it is
necessary to study wind turbulence and its
amount, because wind turbulence has a great
impact on the work of wind turbines, as wind
turbulence causes vibrations and fatigue in the
turbine blades, which leads to reducing
efficiency and increasing wear in the turbines. It
was noticed that the wind turbulence graphic is
opposite to the wind speed graphic. The
turbulence begins with its highest value at the
edge of the one of building. It gradually
decreases in the central region between the two
buildings, and then gradually increases until it
reaches the edge of another building. The two
graphics have been studied in detail for the
purpose of determining the appropriate area for
placing the wind turbine, as well as determining
the type of turbine suitable for this study and its
dimensions. Table 2 indicates the value of
velocity and turbulence at position 6 that were
previously divided.
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Table 2. Velocity value and Turbulence
intensity in each line.

Velocity Turbulence
Line (m/sec) intensity
1 1.80641 0.006
2 4.02142 0.016
3 4.2449 0.028
4 4.25129 0.027
5 4.25726 0.028
6 4.43688 0.109

The distribution of velocity values and
turbulence intensity values obtained as a result
of computational fluid dynamics analysis at
these 6 different locations are compared with
graphs (Figures 16 and 17). It can be said that
the position where the highest velocity is
obtained, the velocity distribution is most
homogeneous, and the lowest turbulent
intensity value is obtained is line 2.

Since the distance at the selected location
between the two buildings where the turbine can
be placed is slightly more than 6 m, the turbine
rotor diameter can be chosen as 5 m. The
selected horizontal axis wind turbine has a start
speed (cut in) of 3 m/s, stop speed (cut out) of
26 m/s, nominal speed of 11 m/s. Its rated power
is 1.22 kWatt. The power curve of this turbine
is shown in figure 18.

Power curve of the wind turbine

1400

1200
1000
) ||||H

01234

Power(watt)
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g8 8 B &

B

567 8 91011121314151617181920212223242526
Velocity(m/s)

Figure 18. Annual power of wind turbine.
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Title Title Title
P ; P a3 R
-
a2
ol
a1
42
] a0
40 —_
T B
- >
>3- 391
®-
1 3
3
1 1 H L
2 1
1 | i | % i i
B R [ : H H H e T T T J
T il [} 0.02 0.04 006 0.08 0.1
0 0.005 001 0.015 0.02 0.025 0 0.0 0.0z 0.03 0.04 005 006 Turbulence Intensity
Turbulence Intensity Turbulence Intensity " mneet
—Saries L — saries 1 L_ 3 o
Tite Title Title
43— 43— 43 3
42- a2- 42
1 a1
41- 41
1 40
_0- 40-
£ E Ex
= S =
38
37
37— -
37- E
* T 38
T ; T 351 . . ; H i ;...
§ oz 008 s o 1az e
Turbulence Intensity 0 002 0.0 006 008 o1 012 0 0.05 0.1 02 0.25 03 035
et Turbulence Intensity

Line 4

Line 5

— et

Line 6

015 .
Turbulence Intensity
ties 1

Figure 17. Diagrams of the turbulence intensity between two buildings in each of the lines ((1,2,3,4,5,6) respectively.

138




As a suitable example for the low wind speeds
mentioned in this study, energy calculations
were made using one-year wind speed data
obtained from the meteorology station located
in the Ovacik region of Karabiik province. New
speed values were obtained by interpolation,
considering the wind speeds of this region and
the results of the Case2 analysed with
computational fluid dynamics. The Weibull
distributions of the velocity values of the region
at a height of 10 m and the two building
placements in Case3 were obtained and
compared as shown in Figure 19.

Comparison of weibull graphs
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Figure 19. A windspeed probability density
function.

It is seen that the velocity values between 1 m/s
and 19 m/s in the region reached values between
1 m/s and 29 m/s with the placement of the two
buildings as in Case3 (Figure 19). More
importantly, it can be seen from the graphs
given in Figure 19 that the Weibull probability
values increase for the turbine’s operating range
of 3 m/s and 24 m/s speed values (especially for
the speed range between 3 m/s and 19 m/s).

When the annual energy calculation is made for
Case2, the amount of energy (energy-1)
obtained by the wind turbine (shown in blue) at
different wind speeds in the region without the
venturi effect and the amount of energy
(energy-2) obtained by the same wind turbine
(shown in green) according to the new speed values
obtained by placing two buildings are
compared. Graphics are given in Figure 20.
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Figure 20. Annual power production.

4. CONCLUSION

In this study, a solution has been proposed to
meet some of the electricity needs of the
buildings in regions where the wind speed is not
sufficient to operate the wind turbine efficiently
and where a new settlement can be established.
The creation of a venturi effect by placing two
symmetrical buildings in the direction of the
wind was analysed by computational fluid
dynamics. Four different situations were
created with four different building geometries,
and the wind speeds of 2, 4, 6 m/s in each of
them were calculated by CFD, up to which
speeds could be increased by the venturi effect.
The homogeneity of the wind and the
turbulence situation were also analysed to
determine the state where the turbine can
operate most efficiently. Since there isa 6 m gap
between the two buildings, a 5 m diameter
horizontal axis wind turbine installed ona 10 m
high tower was chosen.

One-year wind speed data measured in the
meteorological station area in the Ovacik region
of Karabiik province and Weibull statistical
graphics for the new speed values obtained as a
result of CFD analyses were used to calculate
the amount of energy that can be obtained in this
region for a year, and the results were
compared.

While the amount of energy that can be obtained
in a year with a wind turbine with a diameter of
5 m and used in this chosen location is 2126.58
kWatt-hours, this amount increases to 8272.58
kWatt-hours with the effect of venturi resulting
from the proper placement of the buildings. It
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has been observed that the amount of energy
that can be obtained with the proposed building
layout in the mentioned region can be increased
by approximately 4 times.

In this study, the change of wind direction was
not taken into account. The heights of the
buildings were not taken into account in the
CFD study. However, the speed of the wind
increases as it rises from the ground.

If the wind direction values are taken into
account in the data taken from the meteorology
in a region taken as an example, more accurate
results will be achieved. Taking into account the
roughness coefficient values of the region will
cause the study results to be more reliable.

Considering the heights of the buildings, more
accurate results will be achieved if both the
variation of wind speed with height and how the
vertical surfaces of the buildings affect the air flows
are taken into account.
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