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ABSTRACT

Wind energy is among the most economical energy sources available
nowadays. Renewables, such as wind and solar energy, have become key
elements of the global energy mix. Wind energy can generate large amounts
of electrical energy through wind turbines that exploit the movement of air.
In this study, a horizontal-axis wind turbine was simulated to measure its
productivity according to the weather conditions of the city of Kirkuk and
increase its efficiency when supported by a nozzle. the wind speed equation
was applied to the entrance of a wind turbine, and the effect of narrowing the
section area was described by a nozzle in front of the entrance to the turbine
through pressure and speed distribution lines. The effect of turbine efficiency
was studied after supporting it with a nozzle, narrowing the section area. The
system was simulated using the ANSYS 2024 simulation program (Fluid
Flow CFX). The turbine was designed in the form of a uniformly loaded
engine disc to find the most efficient turbine.
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1. Introduction

Wind turbines are rotating devices that convert
wind energy into mechanical energy, and they are
the most common way to use wind energy to
generate electricity [1,2]. Researchers are
currently working to increase wind power
capacity so that it can be stored for use during
low-wind periods [3,4,5,6].

Global wind capacity has grown significantly
over the past decade, rising from 238 GW in 2011
to 845 GW in 2021. New capacity is being added
to the grid every year, with 56 GW added in 2021
alone, as shown in Figure (1)[7]. This growth in
wind capacity is attributed to a combination of
factors, including falling costs, support for
government policies, and growing demand for
renewable energy.
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Figure (1) Grown of wind capacity

Wind energy

Wind arises as a result of the sun's uneven
heating of the earth's surface. The Earth absorbs
the sun's heat at different rates due to the diversity
of its terrain between land and ocean. During the
day, air over land heats up faster than air over
water. As warm air expands over land and rises,
colder, heavier air rushes in to replace it, resulting
in wind. Wind is calmer at night because the air
cools on land faster than water. Warming lands
closer to the equator than lands near the North and
South Poles lead to the formation of strong air
currents orbiting the planet. Thanks to its infinite
wind-blowing power, wind energy is one of many
renewable energy sources[8].
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The process of generating energy from wind is
very simple, as kinetic energy is converted into
mechanical energy. Wind turbines are commonly
used to generate electrical power. Wind energy is
one of the renewable and economical energies,
and its impact on the environment is much lower
compared to fossil fuels.

Wind flow is essential to the economy of this
sector, in addition to the aerodynamic
performance of turbines, as a turbine's output
power is directly related to the cubic wind
speed[9] .This indicates that a slight increase in
wind speed results in a considerable rise in power
production. Many researchers have, therefore,
attempted to improve the turbine rotors' wind
speed. The economic feasibility of the wind
energy sector has shown intriguing results in
ducted turbines, which have turbine rotors
encircled by a chamber to funnel airflow into the
system and boost the wind speed in the rotors
[10,11,12].

In 1956, Lilly and Rainbird [13] conducted
the first investigation into ducted wind turbines
(DWTs). Taking into account the head loss
through the diffuser, they were able to determine
the power gain of shrouded turbines. Numerous
numerical studies have examined the impact of
adding a flange and different diffuser and nozzle
(inlet) profiles [14,15,16].

Simulation of the nozzle and turbine
model

In this part, the ANSYS-CFX software is used
to simulate and analyze the aerodynamic
performance of different models. The simulation
involves a turbine independently, and the
simulation of the nozzle with the turbine is
performed at variable air speeds (0.5, 1, 3, 6 m/s).
The simulation aims to study the air velocity and
the distribution of speed and pressure in and
around the nozzle and turbine and to analyze the
improvement of the overall performance of the
turbine as a result of adding a nozzle.

The nozzle is made of aluminum and has a total
length of 4 m. The radius of the inlet air is 200
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cm, while the radius gradually decreases to 100
cm at the outlet air.

The turbine model was designed using the
SolidWorks 2023 software, relying on the NACA
4412 air wing section recommended by former
researcher Yaumao [17]. The blade is 965 mm
long, and it has been divided into multiple
sections along it, where the geometric shape of
each section is determined based on the design
data of the turbine, as shown in Figure (2); each
clip is precisely designed according to the data,
and combined to create the final shape of the
feather. After that, the hub was designed, and
three blades were installed on it to complete the
turbine completely as shown in Figure (3). This
design aims to achieve maximum aerodynamic
efficiency of the turbine when combined with a
pre-designed nozzle, as shown in figure (4). This
model is considered the basis for conducting
aerodynamic simulations and analyzing the
performance of the turbine in various conditions.

Figure (2) Blade design of turbine

Figure (3) Designed turbine
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Figure (4) Nozzel design

Wind turbine performance and power
calculations

The performance of wind turbines and the
analysis of the resulting energy are key aspects of
studying the efficiency of the turbine and the
nozzle. Wind energy is a source of mechanical
energy for turbines, and the energy produced can
be determined using the relationship between
angular torque and rotational speed, as shown in
the equation below:

Pout=Tw
Where:
Pout: Output power (W)
T: Torque (N-m)
®: Angular velocity (rad/s)

Power factor (CP) is a measure of the
efficiency of a turbine in converting wind kinetic
energy into mechanical or electrical energy. As
shown in the equation below:

__ Pout
Cp=garagm e (1)

Where:
p :density of air (kg/md)

A the area of the sectional surface of the rotor
(m?)
Voo = Wind speed at the entrance (m/s)
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The ratio of the velocity of the terminal A is where the highest efficiency is achieved at
one of the most important measures for A=2.50, while the efficiency decreases at higher
analyzing turbine efficiency, and the following speeds due to the effects of aerodynamics.

relationship defines it:

_ @ 0.35
A=T2 )

0.30

Where: o

0.20

R: rotor radius (m). &

0.15

For further analysis, the torque coefficient io

(CT) can be used as a measure of turbine 0.0
performance, expressed as follows: o . - - = =
Tip speed ratio
Cr = Actual torque T __ Cp 3 o
T ™ Theortical torque  05pARVZ A ~(3) Figure (5) Curve Cp for turbine without nozzle

These equations represent the theoretical basis

for analyzing the performance of wind turbines in Turbine Results with Nozzle

this work. Power (CP) torque (CT), and tip

velocity ratio (A) are used to evaluate turbine When the nozzle is operated with the turbine
efficiency without the influence of solar radiation, the

results showed that different air velocities
significantly affect the power factor Cp and the

Results and Discussion output power Pout. At an entry speed of 0.5 m/s,
CP started with a low value of 0.10 at a terminal
Turbine results without a nozzle speed ratio (A=1.51), gradually rising to a peak of
0.26 at A=2.50, with an output power of 12.01

When simulating a turbine without a nozzle, watts, and then decreasing to 0.20 at A= 3.00.
the results showed that the power factor Cp and At 1 m/s entry speed, performance improved

slightly, with a maximum CP value of 0.26 at
A=2.50 with an output power of 12.09 watts,
reflecting a slight increase compared to 0.5 m/s.

the output power Pout are significantly affected
by different air velocities. At an entry speed of
0.5 m/s, the CP peaked at 0.24 at a tip speed ratio

of 2.50, with an output power of 11.33 watts, At an entry speed of 3 m/s, the turbine showed
while decreasing to 0.19 at 3.00. At 1 m/s entry better performance, as Cp rose to a maximum
speed, performance improved slightly, with a value of 0.28 at A=2.50 with an output power of
maximum CP value of 0.25 at A=2.50 with an 12.98 watts, giving higher efficiency at this
output power of 11.6 watts. At an entry speed of speed.

3 m/s, the turbine showed the best performance, At 6 m/s, Cp reached its highest value of all
with (CP) peaking at (2.50) at a value of 0.27, speeds, reaching 0.27 at A=2.50 with an output of
with an output power of 12.72 watts, giving 12.72 watts, but Cp dropped to 0.22 at A=3.00.

optimal efficiency at this speed. At 6 m/s, Cp
peaked at A=2.50 at 0.26, with an output power of
12.03 watts, but performance decreased at A=3.00
to Cp=0.22. These results show that the turbine
operates more efficiently at medium speeds (3

These results indicate that Cp and output
power increase with increasing air velocity until
the optimum speed is reached at A=2.50, where
the highest turbine efficiency is achieved, while
Cp begins to decrease when the optimal ratio is
m/s), exceeded due to aerodynamic effects that reduce
turbine efficiency.
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Figure (6) Curve Cp for turbine with

Comparison between wind turbine and wind
turbine involved with a nozzle

After comparing the results of both simulation
models, a clear difference in values Appeared
between a turbine with a nozzle and a turbine
without a nozzle, where the results showed that
the best condition was reached in a tip speed
ratio(A =2.5), where a model with a nozzle
recorded the power (12.98w) with a power factor
of (0.28), while a model without a nozzle
recorded (12.72) and with a power factor
of(0.27).

An improvement was noted in the produced
energy by (0.26) and in the efficiency of
(0.01).As shown in the curves for Cp and Pout
below.
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028 Cp with nozzle
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Figure (7) Curve Cp for turbine with
nozzle and without nozzle
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Conclusion

From the results, the effect of a nozzle on a
wind turbine became evident. The highest
efficiency of the turbine without a nozzle was
achieved at a moderate air speed of 3 m/s and a
tip speed ratio (A) of 2.5, where 12.72W was
produced. Efficiency decreased at higher speeds
due to aerodynamic effects. However, it was
noted that efficiency increased when the turbine
was placed inside a nozzle at the same airspeed
and tip speed ratio, achieving higher productivity
than the previous state, reaching 12.98 watts.
Thus, the difference between the two cases
highlights the importance of using a nozzle to
increase wind flow and improve the efficiency of
wind turbines.
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