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ABSTRACT

MECHANICAL DESIGN AND FLUID ANALYSIS OF A VERTICAL-AXIS WIND
TURBINE  "TRIBINE"

Alp Igertokoglu, Biisra Kog, Cankat Enver Siiren

Faculty of Engineering
Department of Mechanical Engineering

Adpvisors: Prof. Dr. Dante Dorantes, Assist. Prof. Ehsan Layegh Khavidaki

JUNE 2018, 65PAGES

Purpose of the final project is to design a wind turbine with an artistic view, choose
proper wind turbine axis and comparison of them. The chosen wind turbine should be
manufacturable, eco friendly and innovative. After the wind turbine blade selection, flow
simulations were done by Solidworks.

Keywords: Wind Turbine, Innovative, Renewable Energy, CAD Design, Motor
Selection, Manufacturability, 3D Printing



OZET

DIKEY EKSENLI “TRIBINE” RUZGAR TURBINI MEKANIK TASARIMI VE AKISKAN
ANALIZI

Alp igertokoglu, Biisra Kog, Cankat Enver Siiren

Miihendislik Fakiiltesi
Makine Miihendisligi Bolimii

Tez Danigmanlari: Prof. Dr. Dante Dorantes & Assist. Prof. Ehsan Layegh Khavidaki

HAZIRAN, 2018, 65 SAYFA

Bu projenin amaci, yenilik¢i, diisiik maliyetli ve diisey eksenli riizgar tiirbini
gelistirmek, analizlerini yapmak ve iiretmektir. Piyasada bir¢ok riizgar tlirbini bulunmaktadir.
Projede 6n plana ¢ikan kriterler; doga dostu, yenilikei, iiretilebilir ve sehir i¢cinde kullanilabilir
bir rlizgar tiirbini olmasidir. “Tribine” adini tasiyan tasarimimiz, diisey eksenli olmakta ve bu
sayede hem diisiik riizgar hizlarinda ¢alisabilmekte hem sehir i¢inde kullanilabilmekte hem de
diisiik giiriiltli seviyesinde ¢alismaktadir. Akiskan analizi Solidworks ile yapilmistir.

Anahtar Kelimeler: Riizgar Tiirbini, Yenilik¢i, Yenilenebilir Enerji, Bilgisayar
Destekli Tasarim, Motor Segimi, Uretilebilirlik, U¢ Boyutlu Baski
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1. INTRODUCTION

The purpose of this Senior Design Project is to choose the exact blade type for vertical axis
wind turbines, compare with the other blades, make the flow simulation of proper blade type
with fully defined design on Solidworks, finding proper overlap ratio, manufacturing samples
and test them.

1.1. Motivation

The motivation is to design a sustainable wind turbine which can generate electricity.
Unfortunately, there is no comparison table or report that published. We are aiming to make the
comparison of standard blade type for vertical axis. We realized that there is no such a
comparison for vertical axis turbines.

1.2. Broad Impact

There are lots of greenhouse gases effects and carbon emission due to consuming petroleum or
natural gases. These effects cause harmful damages for environment. On the other hand,
petroleum and natural gas reserves decrease faster. For those reasons, alternative energy usage
must be grow up. For the next years, solar and wind energy will be pioneer energy sources.
(Reuters, 2016) The wind energy or solar energy may be expensive source but in long term,
benefits will be understood.

If the natural energy sources which are thermal and photovoltaic solar energy, wind power,
surface and deep geothermal heat, hydroelectricity obtained through dams and small rivers and
biomass do not combined intelligently, the consuming of natural gas or fossil fuel cannot be
determined. The figure (Piccard, 2017) below shows us that the expanding alternative energy
sources creates new employment areas.

Renewables shine bright

The number of people employed in renewable energy worldwide rose 18 percent last year to 7.7 million,
offsetting some of the over 200,000 layoffs seen in fossil fuels over the past year.
JOBS IN RENEWABLES WHERE THE JOBS WERE — IN 2014, IN MILLIONS
Worldwide, estimated direct Rest of
and indirect jobs, millions® China India EU Brazil U.S. the world
3.390 0.437 1.200 0934 0.724 0.642"*
7.674 I NN B N e e —

6.492
5729

11

A

‘ - L Solar Liquid biofuels Wind power Other
2012 2013 2014 3.281 1.788 1.027 1.578

) reuTERs

Figure 1. Renewable Energy

On the other hand, the renewable energy methods are criticized with their unreality and
unreliability. But nowadays, storage the energy and using it is possible. In 2013, Better Place,
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an Israeli start-up had managed to raise $1 billion and was supposedly going to change the
world. It is an example for it. The other example can be Tesla. “In 2015, they launched
Powerwall, a home battery with a 7-kWh energy storage capacity, sufficient to power most
homes during the evening using electricity generated by solar panels or the utility grid during
the day. Not to mention their famous electric cars, with a range of 400 km, where a recharge of
only 20 minutes already allows the car to drive 200 km or so.” (Piccard, 2017).

Davos World Economic Forum 2017 session opened with a restating of the 2015 Paris
Agreement created to mitigate climate change by reducing greenhouse gas (GHG) emissions.
Energy production and consumption comprise two-thirds of the world’s GHG emissions, and
the panelists discussed several steps to meet the goals outlined in the agreement (Lau, 2017).

Enacting carbon pricing, which was notably missing from the agreement
Constructing infrastructure to support existing renewables

Developing better means of energy storage

Continuing technological exploration and research on renewables

Al Gore ‘Former Vice President of the United States’ gave a speech about renewable energies
and he defends his ideas in politic areas he said; ‘“We have such fuels. Scientists have confirmed
that enough solar energy falls on the surface of the earth every 40 minutes to meet 100 percent
of the entire world's energy needs for a full year. Tapping just a small portion of this solar
energy could provide all of the electricity America uses and enough wind power blows through
the Midwest corridor every day to also meet 100 percent of US electricity demand. Geothermal
energy, similarly, is capable of providing enormous supplies of electricity for America.’
According to his speech in future we better use solar and wind energy instead of such fuel
sources (Al Gore, 2008).

1.2.1. Global and Environmental Impact

Renewable technologies are considered as clean sources of energy and optimal use of these
resources minimize environmental impacts, produce minimum secondary wastes and are
sustainable based on current and future economic and social societal needs. The broad education
is necessary to understand the impact of engineering solutions in a global, economic,
environmental, and societal context. (Marjolein, 2015) For making the world better place
people must decrease consumption of natural sources and start to find how to figure out to
produce energies with renewable energy sources. The wind energy or solar energy may be
expensive source today, but in long term, benefits will be understood, and they will become
prevalent. Also, generally these sources don’t harm other living creatures and the world can
live longer for creatures.

1.2.2. Legal Impact

After economic and environmental issues are defined, the design of a system should be decided.
It should be an innovative design, components should be efficient and strong enough to afford
predicted failure rate, to make this happen clean room technology systems will be used during
this process. The design should have realistic constraints such as economic, environmental,
social, political, health and safety, manufacturability, and sustainability
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Environmental friendly, the design is made for fighting environmental problems such as energy
consumption. The design should not harm environment and people during working. The design
must consider environmental problems. When the design causes problems, those problems will
create health and social issues. Turbines must be designed to eliminate social and environmental
issues such as noise pollution, destroying habitats of fauna and flora etc., not for designed to
create new problems. Economically, it should not be produced with high cost. Material selection
and design requirements should be optimum, for example with three blades, design can be more
efficient, but it charges more cost, so choosing two blade, etc. AeroLeaf wind turbine is
bankrupted (Whitwham, 2015) because the design was costly and didn't produce enough energy
compared to its cost. Our design should be sustainable, for example, there can be a projector
that does advertisements and with it, it can improve its sustainability.
As to the understanding of professional and ethical responsibility, ethical rules and professional
responsibilities such as environmental ethics, avoiding of plagiarism, minding the references,
being loyal in team and trusting the teammates are accomplished.

Work division is one of the most important thing in teamwork everybody must do their
job on time and efficiently on a disciplinary team. Everybody who in this team must respect
other people and their ideas.

After whole researching and preparing thesis process ends, project is going to be presented

verbally to a range of audiences. During the presentation, written documents must be organized
well and ready to be present, also communication with the audiences must be efficient.
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2. PROJECT DESCRIPTION AND PLANNING

2.1. Project Description

The project consists of five parts:
1. Investigation of the state-of-the-art of wind turbines.
2. Mechanical virtual design of a preliminary vertical wind turbine.
3. Computational analysis on Solidworks.

The detailed project planning is described in the following section.

2.2. Project Planning

Project has separated to two halves for each semester. On the first semester, selection and
mechanical design of the vertical-axis wind turbine prototype was done. Also, preliminary
prototypes were printed by 3D printer.

On the second semester, the actual blade type was chosen and the three blade VAWT
mechanical design has done. Also, TUBITAK project application is done by the members.
Finally, flow simulations were done with Solidworks and the results were discussed.

2.2.1 Aim of the Project

Aim of the final project is to design a wind turbine with an artistic view, choose proper wind
turbine axis and make comparison. The chosen wind turbine should be manufacturable,
ecofriendly and innovative. After the wind turbine blade selection, flow simulations were done
by Solidworks.

2.2.2 Project Coverage

As project coverage, a general research about renewable such as wind energy were searched.
Also, blade type standards were searched, and proper blade type was selected. Control aided
design was designed with SolidWorks. The aerodynamic and efficiency calculations were done.
In addition, preliminary prototypes may be printed by 3D printing.
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Gantt Chart Planner R

Project has startad on September, 2017 and finishad on June, 2018. It is a chart for © months. Period: 1 % Plan Time % Actual (beyond incp)
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Figure 2. Gantt Chart of the Project
2.2.3 Success Criteria

The success criteria for this semester are to

e take aerodynamics into account through the blade parameter table of comparison of
Savonius wind turbine,
apply mastered and applied 3D CFD,
design two final alternatives (GOE 448 and CH 10),
conduct dynamics simulation to compare the efficiency and select the best one and
prepare and submit a TUBITAK proposal to continue configuring the alternatives and
manufacture the selected one.

2.2.4. Project Time and Resource Estimation

The project has started on October 2017 and will be continue until the June 2018.
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The source estimations for this project are;
e Financial resources: No special budget is supporting the project
e Physical resources:
o MEF University, Mechanical Engineering Laboratory and all the equipment and
devices in it
o MEF University, Computer Laboratory
e Information resources and IT tools:
o MEF University, Library
o Software programs, such as Solidworks, Google Drive, Citation Machine,
Multisim
o Internet
e Human resources: Advisors: Prof. Dante J. Dorantes, Dr. Ehsan Layegh; Instructor:
Prof. Dr. Canfuad Delale Prof. Dr. Mehmet Fevzi Unal; Students: Alp Igertokoglu,
Biisra Kog, Cankat Enver Siiren

2.2.5. Solution Strategies and Applicable Methods

Purpose of the chapter is to choose proper wind turbine axis and compare them properly.
Several types of wind turbines exist in the industry, for choosing proper type of wind turbine
should be; Manufacturable, ecofriendly and innovative. There are some standard Savonius wind
turbine blades and two different ways to design it (with and without overlap ratio). Those are
compared and the most efficient one is selected.

2.2.6. Risk Analysis

For the risk analysis fatigue and stress test must be done for blades and motor. Those tests will
be considered on the spring semester of 2017-2018 academic year. This project inspired from
the original design of Aeroleaf® and that company Newwind© has bad.nkrupte Initially they
did not think their products were quite expensive for commercial and they produced several
trees, but they could not be able to sell whole products. As a result, the company could not
afford their product’s costs and they bankrupted. From this issue we have decided to make this
wind turbine as sustain as possible. In the case of manufacturing, the resolution of 3D printer is
one of the important parameters for accuracy.

2.2.7. Tools Need

To develop the project, several tools are needed to use. Blades can be manufactured by 3D
Printer, Ultimaker 2+, from MEF University Mechanical Engineering Department. Because of
the specific usage of printing filament (PLA), blades may not need to be coated, also a CAD
Program, Solidworks is used for the design process. Equipment for base is made by cardboard
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and bearing of fidget spinner. DC motor (BLCD is recommended to the next generations),
bearing (SKF 61804), accumulator (24V, 2.6A) and charge controller (12V-24V 600W) are
necessary.

3. PROBLEM DEFINITION AND SYNTHESIS

Vertical axis wind turbine concept is dedicated to design an ecofriendly wind turbine and make
it ready to manufacture for thesis of 2017-2018 years MEF University Mechanical Engineering
Department.

Purpose of the chapter is to choose proper wind turbine axis, blade type and comparison of
them. Several types of wind turbines exist in the industry, for choosing proper type of wind
turbine should be; manufacturable, ecofriendly and innovative. To choose proper type, all other
type of wind turbines must have compared. After this procedure, blade and material selection
process begins. Blades can be manufactured by 3D printers from MEF University’s Mechanical
Engineering laboratory, and because of specific usage of printing filament, blades may not need
to be coated. Also, there are lots of restrictions and standards for wind turbines that are
mentioned in following pages; to manufacture it these procedures should be followed.

3.1. Problem Definition

This project dedicated to comparison of vertical axis wind turbines since they are preferable
due to; safety, manufacturability, cost, environmentally friendly and land reasons. Otherwise
as a cost vertical axis wind turbine produces less electricity (due to small blades and less
rotations) and requires an initial push for start. Overcome problem will be, turbines may cannot
produce enough electricity due to small blades and deployed turbine on ground areas, so
turbines do not have enough turbulent wind power on ground and it affects power production.
The other problem is comparison between standards and simulation results. On the other hand,
the restrictions may cause some problems.

The problems are:

How to maximize capable of capture of wind force and efficiency?

Is it possible to make our system silent, clean and with minimum friction bearing
system?

How can be used water and dust proof materials?

Is turbine design durable and reliable to withstand high wind velocity, and different
weather conditions?

How to reduce cost for minimum maintenance requirement?

Is it possible to make the turbine energy sustainable, as well as environmentally and

18



animal friendly?

e The other problem was horizontal type wind turbines produce more electricity but as a
cost they are noisy, and their maintenance costs are much so, the vertical type of wind
turbine is selected.

It is not preferable to build a wind turbine less than two meters from the ground.

It can build a wind turbine without taking license that produces less than 500 MW.
There are calculated blade values, like efficiency, Ci etc. for HAWT but there is no
information about VAWT. So, the comparison between standards and simulated values
is a problem.

3.2. Synthesis

3.2.1. Betz Law

Betz law, named after German physicist Albert Betz, states the maximum theoretical efficiency
that any wind turbine can attain. It states that there is a maximum power that can be extracted
from a flow of air. Because of conservation of momentum and of mass, energy can never be
fully extracted from wind. Betz proved that the maximum kinetic energy that can be extracted
from the wind cannot exceed 16/27 (59.3%). Thus, according to this law, no turbine can extract
all the speed out of the flowing wind, and the wind will always have a flow after passing through
the turbine.

The derivation of the Betz limit is based on a horizontal axis wind turbine, and does not

apply directly to vertical turbines (Pope,2010). The same source argues even that this theoretical
limit can be exceeded using an ideal VAWT system. However, it is reported that VAWTs are
less efficient than HAWTs and are less likely -in their current state- to exceed the limit for
horizontal axis turbine (ThonniBen,2016). (Aymane, 2017)

3.2.2. Power Curve

The power curve is a plot that describes the performance of a wind turbine at different wind
speeds. It shows the electrical energy power output vs. the wind speed and gives an idea about
the minimum and maximum wind speeds for a wind turbine.

Power (kilowatts)
A Rated output speed Cut-out speed

Rated output power * Y

il Power curve

Cut-in speed

35 14 25
Steady wind speed (metres/second)

Typical wind turbine power output with steady wind speed.

Figure 3. Power Curve Graph
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3.2.3. Forces Involved

There are two main types force that affects the turbine. These are drag and lift forces. The drag
force has the same direction with flow (wind) and the lift force is perpendicular to the flow. Lift
and drag, both can create motion for turbine with respect to blade and turbine type. Lift force
is the main motion source for horizontal axis wind turbines and the drag force is for vertical
axis wind turbines.

3.2.4. Types of Wind Turbines HAWT & VAWT)

This section is about the comparison of different types of wind turbines, HAWT & VAWT due
to their efficiencies, rpms, noises and such parameters that are listed on the table below. In the
table.1. below, comparison of two different wind turbine types can be seen.

Table 1. Comparison of HAWT & VAWT

Factors HAWT VAWT
Power generation efficiency Average 35% Average 40%
Steering mechanism of wind Y N
Blade rotation speed Quite large Quite small
Wind-resistance capability Weak Strong
Noise 5-60 dB (Atta, 2013) | 0-10 dB (Atta, 2013)
Starting wind speed High Low
Failure rate High Low
Maintenance Complicated Convenient
Rotating speed High Low
Effect on birds Great Small
Cable stranding problem Y N
Initial Push Need Yes Yes

From the table, it can be concluded that the vertical axis wind turbines are more suitable for the
final project.
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Figure 6: Several typical types of vertical-axis wind turbines: (a) Darrius;
(b) Savonius; (c) Solarwind™ [36]; (d) Helical [37]; (e) Noguchi [38];
(f) Maglev [39]; (g) Cochrane [40].

A\

N

e) (f) (2)

Figure 4. Types of VAWT
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Table 2. Comparison of different types of wind turbines

Factors Darrieus | Savonius Helical Solarwind Giromill Maglev
(Ragreb, (BSW, 2016) (Ragreb, (Basantani,
2015) 2015) 2007)
Power 2,3 kW 3kW 1500 kWh 10kW 2.5kW SkW
generation %40 %35 per year (%50) (%40) %32
(efficiency) %35
(Reza, 2015)
Initial power 4 mph 2 m/s 4-4.50 mph up to 4 mph | up to 3.7 m/s 1.5 m/s
needed (Torque) 4 N4 4 4 4 N4
Alternative + Solar +Magnetism
energy sources
Blade type Eggbeate S-type Double- Double-Helix H-Type Vertical blades
r Helix Type Type
(D-Type)
Tree-shaped 4 4
turbine use
Artistic design | preferred | preferred | preferred by | preferred by | special shape | Special design
by by architecture architecture
sculptors | architecture
Blade materials Core: Core: Core: Core: Solar Core: Ayos Turbine:
(core, coating) | Aluminu | Aluminum | aluminum or cells wood Aluminum
m Alloy | Alloy 3105 | galvanized Coating: (EISamanou Magnet:
(Alibaba, | (Balabas, steel fluoropolymer dy, M; NXE8CC-N42
2017) 2015) Ghorab, A; magnets from
Youssef, Z; K&J
2010) Magnetics
Coating: NA | (Bittumon,2014)
Wind-resistance | up to 50 15 m/s Up to 60 4-90 mph Up to 60 Up to 90 mph
capability mph mph mph
(135 mph)
Failure rate 20 years 7 years 20 years 20-40 years 15 years 20 years
(Gipe (Balabas,
2013) 2017)
Maintenance Convenie | Convenient | Convenient Convenient Convenient Convenient
nt
Noise 0-8 dB 0-10 dB 0-50 dB ~0 dB up to 50 dB 0-40 dB (9)
Effect on Small Small Small Small Small Small
animals and
plants
v v v v v v
Cost (Difficult | (Overall) | (Difficult to (Overall) (Expensive | (Because of the
to mount) design) to assemble) magnets)
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From the above information provided, the following conclusions can be made:

Savonius turbine doesn't require initial impulse, it is easier to produce and is more
efficient.

Engineers tried to combine Darrieus and Savonius as one rotor and they see Darrieus
rotor plays greater role for efficiency. When blade amount increases in Darrieus type
turbines, their power efficiency increases. Variants of the Darrieus wind turbine are the
giromill and cycloturbine. (Liang, Xiaoting 2017)

Basically, Darrieus rotors cannot start by themselves so purpose is combined Darrieus
rotor with Savonius to give it self-start (Liang, Xiaoting 2017).

The main purpose of combining Darrieus and Savonius rotors is because the turbine can
start working at lower operating wind speeds and it produces more energy (higher
efficiency). They also rotate at the same time because they are fixed on the same shatft.
Regarding the Solarwind turbine, uniform energy can be generated throughout the year,
since during winter time there is more wind, but during summer, there is more sun
(BSW, 2016)

It is easy to mount Solarwind turbine because there is a special space in the frame of the
turbine that allows the solar cell to be mounted easily.

Solarwind wind turbines can be also combined in new designs because with solar cells
the efficiency increases nearly 50%.

Tree-shaped wind turbines are designed and constructed to be durable, reliable and
lasting in a variety of outdoor conditions. E.g. 26x36-feet tree features 72 leaves. It can
work 280 days per year. A common tree-shaped wind turbine produces only 3.1 kW
power. Maintenance of about $36.500 for a unit (Pantsios, 2015).

Giromill wind turbine is very noisy, and blades' materials can be of different types.
However, in one case wood is used as blade and it is not environment friendly. It is very
difficult and expensive to assemble.

Maglev stands for ‘Magnetic Levitation’ and they are one of type of vertical axis wind
turbines. Their main difference in comparison with the other types of turbines is that
instead of using ball bearing they use magnets for spinning. The turbine uses “full-
permanent” magnets, not electromagnets, therefore, it does not require electricity to run.
(Basantani, 2007)

The type of magnets used in maglev wind turbine’s is neodymium magnets. It reduces
friction loss and maintenance cost. (Basantani, 2007)

A vertical-axis wind turbine comprises a shaft rotatable about a longitudinal axis and a
plurality of blades 10 coupled to the shaft, at least one of the blades having an array of
light emitting diodes controlled to generate a viewable image when the turbine rotates
about the axis. Preferably means for controlling the LEDs includes variable speed
control means to generate a coherent image when the turbine rotates at variable
rotational speeds and is part of the turbine. Preferably the turbine generates electricity
to power the light emitting diodes. Preferably the LED arrays can be arranged along a
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leading 17 or trailing 18 edges of a blade 10, or an upper aero foil surface 19 of a blade
10. (Cochrane, 2006)

Maglev wind turbines use neodymium magnets instead of ball bearings, so those
turbines will be more efficient than the other VAWTs, it reduces friction to fair values
but also using these magnets lower the maintenance cost instead it requires more budget
to produce.

Combined Darrieus & Savonius type of wind turbines are more efficient than each type
of turbines individually, with using Savonius rotor on Darrieus rotor it reduces initial
start for Darrieus rotor and it have more efficiency for Savonius rotor.

Inspiration from Giromill does not makes sense because it is expensive to produce it
and also it is not efficient. Besides, it is noisy.

Ducted type wind turbines work with pressure difference, so if pressure difference is
feasible for our design, DAWT can be inspired. with DAWT, there are not any rotor
needed.

The types of plastic filaments for 3D Printing fabrication of blades: There are three main
filament types. PLA is a bioplastic filament. It has no bad effect for human health, and
even can be used as fertilizer for recycling. The ideal printing temperature of PLA is
about 180 and 220 degrees centigrade. The other type is ABS (acrylonitrile butadiene
styrene) which is a petroleum-based plastic and has a matt appearance. ABS is very
durable and needs a heated bed for printing. The ideal printing temperature of ABS is
about 250-260 degrees centigrade. The last type is PVA. For objects that cannot be
stayed at air, structures called reinforcements are created during printing. PVA
(Polyvinyl Alcohol) is one of the best supporting materials available today with its
liquid dissolution property. It dissolves when it is thrown into hot or cold water, helping
to free your object from supports. (Kuyucu, 2016)
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3.2.4.1. Characterization of Savonius Wind Turbines

The Savonius wind turbine is a simple vertical axis
device having a shape of half-cylindrical parts attached
to the opposite sides of a vertical shaft (for two-bladed
arrangement) and operate on the drag force, so it can’t
rotate faster than the wind speed. This means that the tip
speed ratio is equal to 1 or smaller [4]. As the wind
blows into the structure and meets the opposite faced
surfaces (one convex and other concave), two different

forces (drag and lift) are exerted on those two surfaces. The basic principle is based on the
difference of the drag force between the convex and the concave parts of the rotor blades when
they rotate around a vertical shaft. Thus, drag force is the main driving force of the Savonius
rotor [5]. Fig.5. (a) shows characteristic parameters of a Savonius wind turbine with two

semicircular profile blades.
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4. Turkish Design and Installation Standards/Restrictions of VAWT

4.1. Design Standards and Restrictions

To build a wind turbine, does not matter the type of axis, there are some design restrictions that
should be obeyed. In Turkey, European Norm (EN) Standards are being used. According to TS
EN 61400-1, IEC 61400-2 standards, wind turbine structural design shall be based on
verification of the structural integrity of the components in the critical load paths from the rotor
blades to the foundation. The ultimate and fatigue strength of structural members shall be
verified by calculations and/or tests to determine the structural integrity of a small wind turbine
with the appropriate safety level.

The structural analysis shall be based on ISO 2394 or equivalent, where applicable.

SWT with
voltage
<1000V a.c.or
1500Vde

Shall use IEC 81400-1

Support system
need not be
included

Design data testing (9.2) <

A 4

Design loads determined by
simple equations (7.4) OR
loads measurements with (7.5) OR
extrapolations (7.6)

A 4

Static blade test-required
(9.5.2)
Other component test OR
analysis (9.5)

v
Electrical system design (10) |

Environmental
testing

Duration test (9.4)
System safety and function 1+
test (8.8)

IEC 437/0¢

Figure 6. Design Method for Turbines
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The design method for turbines covered under this part of IEC 61400 is depicted in scheme
labove. A simplified approach is permitted for a variety of turbine configurations. For turbines
with a swept rotor area of less than 2 m2, the tower is not considered part of the design.

It should be verified that the limit states are not exceeded for the wind turbine design.
There are three ways given to determine the design loads for the turbine:

— simplified load equations;

For certain turbine configurations, the loads can be derived using simple, conservative
equations for a limited set of load cases. If the turbine configuration does not meet those
configuration requirements, the simple equations cannot be used, instead the alternative
aeroelastic modelling or load measurements shall be used. The turbine configurations that can
use the simple equations should meet all the following requirements:

horizontal axis;

2 or more bladed propeller-type rotor;
cantilever blades; and

rigid hub (not teetering or hinged hub).

The turbine configuration may use an upwind or downwind rotor; it may operate at either
variable or constant speed; it may have an active or passive pitch mechanism, as well as fixed
pitch; and it may furl about vertical, horizontal, or intermediate axes, as well as not furling.

— Aeroelastic Modelling

In case the design loads are determined by aeroelastic modelling. In load cases evaluated where
a wind speed range is given, the load case shall be evaluated over the entire wind speed range
to ensure the worst load is identified.

— Mechanical Loads Testing

If the design loads are derived from load measurements, these load measurements should be
taken under conditions as close as possible to the design load cases described under aeroelastic
modelling. Extrapolation of measured loads should occur in compliance with IEC 61400-13.
For any of the design load cases in simplified load equations or aeroelastic modelling, load
measurements can be used instead of calculations if the measurements were taken under similar
conditions as the design load case specifies.

4.2. Installation Standards and Restrictions
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Figure 7. Building Procedure

According to Republic of Turkey Ministry of Energy and Natural Sources, anyone can generate
energy without taking any license up to 1 megawatt. Scheme 2 above explains the steps of
building a wind turbine without taking any license. Republic of Turkey Ministry of Energy and
Natural Sources declares that 6.5 m/s of wind is medium, 7.5 m/s is good, and 8.5 m/s is very
good velocities due to wind turbines efficiency.

In any case, the ones who want to generate energy less than 1 MW, need to apply distributor
company, for MEF University it is Bogazi¢i Elektrik Dagitim A.S (BEDAS), and ask for the
evaluation. After the permission is taken, there will be a letter received that proves the
confirmation. After that, ones need to show the confirmation letter to BEDAS in 180 days and
sign a contract. After all these procedures, power plant building can be started.

The process of the project of wind turbine construction without any license has some
procedures, that are; location decision, wind measurements, feasibility report, some
confirmation and permissions, transition of the project to the construction phase.

These procedures should be done before building process. To build a power plant that generates
less than 1 MW energy, ones (one person or company) must have electricity subscription. Power
plant should relate to the grid and more energy can be sold to the government. In the application
process, electricity bill, original deed of lease of the place that the wind turbine is built, a
document that proves application fee should be paid, averagely 250 liras, a document that shows
the single line scheme of the facility.

After the permission is taken, all procedures should be done in 180 days. There are some
valuable advices, that are; the land should be as smooth as possible due to its efficiency, the
velocity of wind should be averagely 7 m/s, the distance to the transformer should be as short
as possible, feasibility report should be taken.

4.3. Dynamic Requirements

Small Wind Turbines support structure resonances can be a critical design issue and as such
consideration should be taken to avoid continuous operation at turbine system resonance
frequencies leading to excessive vibrations. This is particularly important if the support
structure is an occupied building.
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4.4. Mechanical Component Testing

For all other load carrying components, in the case where no calculations of a component have
been performed, that component shall be subjected to a component test. In general, the worst
combination of design loads including safety factors shall be applied to the component. No
damage that may interfere with the safe operation of the turbine may occur (for example
significant loss of stiffness, plastic deformation, buckling or cracking). In case of purchased
components, it shall be sufficient to show that the design loads are within the specifications of
the component.

-Blade test

The applied load for the static blade test shall be the worst combination of the flap wise bending
moment and the centrifugal force. The blade shall be tested including the blade hub connection.
No damage may occur at a test load up to the maximum operating load as predicted by
modelling or measurements, including safety factors. It is recommended that the blade be tested
to failure to determine the strength margin between the design load and actual blade failure
load. If a blade fatigue test is performed, the test shall meet the requirements of IEC 61400-23.

-Hub test

If a hub test is performed, the hub shall be tested statically by simulating centrifugal force and
flap wise bending on all connection points of the blades. The hub shall be tested including the
hub shaft connection. No damage may occur at the design test load (including factors of safety)
based on the maximum calculated load.

-Nacelle frame test

If a nacelle frame test is performed, the nacelle frame shall be statically tested by subjecting it
to a shaft tilt bending moment, axial rotor force and its own weight. No damage may occur at
the design test load (including factors of safety) based on the maximum calculated load.

-Yaw mechanism test

If a yaw mechanism test is performed, the yaw mechanism shall be tested by applying the loads
as described under the nacelle frame test. It shall be shown that the yaw mechanism still works

properly.
-Gearbox test

A gearbox test is not required but testing according to the AGMA/AWEA 921-A97 standard is
recommended.

-Environmental testing

If the turbine is designed for external conditions outside the normal external conditions, the
turbine shall be subjected to tests simulating those conditions. These tests are preferably
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performed on the whole turbine. If this is not feasible, these tests shall be conducted on all
portions of the system that are affected by this external condition.

4.5. Conclusion of Standards

As conclusion, every major component or subsystem in the wind turbine should be evaluated
by the certification body as per TS EN 61400-1 and IEC 61400-2. If small power(<IMW) is
generated by wind turbine, IEC 61400-2 standard should be obeyed and no need to take license.
According to IEC 61400-2;

e Voltage should be smaller than 1000V (ac) or 1500V (dc)

e Area of swept rotor should be less than 200m2

e Design loads should be determined with simplified load equations, aeroelastic
modelling or mechanical loads testing.

e Design data, mechanical component, blade, hub, nacelle, yaw testing should be done;
also, gearbox testing can be performed but it is not required, and if the turbine is
designed for external conditions, environmental testing should be done.

Ones who decide to build a wind turbine should apply to Republic of Turkey Ministry of Energy
and Natural Sources to start the building process and need to prove if project is feasible (see
scheme 2). After the permission is taken, all procedures should be done in 180 days.

4.6. Airfoil Standards

Airfoils in definition; shape of wing, blade or sail. Airfoils has some specifications like;
chamber line, chord line and trailing edge. We considered those specifications during blade
selection. There are two types of forces acts on a blade, drag and lift forces. For a regular
Savonius types wind turbine blades face with only drag force but if blade has some proper
angular positions, also lift forces may occur.

angle of attack
chord line
o ‘,]\ 73— camber line
relative wind 'k_:\:‘\\_k
N a8 — ,'\\ ~
S ) ~

Sl > - ~—

\ —_—— ~ ~

/ = SN

max. thickness / \ e
max. camber \\\\

Figure 8. Airfoil Specifications
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There are several standards exist for airfoils such as; NACA, NASA, Onera etc. We picked
Goettingen standard for our vertical axis wind turbine, it called Goettingen 448 airfoil.
Goettingen 448 airfoil has unique shape and its curve due to its chord line is applicable for our
wind turbine. We expected that we can catch wind easily with this curved geometry. After doing
some computational fluid dynamics tests, results can be compared with original Goettingen 448
airfoil database. Table 3 below, shows the comparison of airfoils.

Table 3. Airfoil Comparison

GOE GOE | E423 CH10 EPPLER | GOE

462 448 (smoothed) 420 525
Thickness 10.8% 12.9% [ 12.5% 12.8% 14.3% 16.4%
Camber 13.3% | 10.5% |10.0% 10.2% 10.7% 9.7%
Trailing edge angle 4.7° 22.5° | 14.1° 13.2° 14.0° 8.6°
Lower flatness 2.8% 6.5% | 6.7% 6.4% 6.6% 6.6%
Leading edge radius 3.7% 3.7% | 3.2% 2.6% 3.7% 4.8%
Efficiency 50.3 49.9% | 48.7 48.4 45.3 52.2
Max C. 2.381 2.357 | 2.357 2.27 2.477 2.712
Max C.angle 15.0 13.5 14.5 11.5 15.0 15.0
Max L/D 596.019 | 55.149 | 67.65 69.198 82.799 83.087
Max L/D angle 0.0 3.0 -1.0 -0.5 -0.5 -0.5
Max L/D C. 1.264 1.464 | 1.212 1.354 1.337 1.467
Stall angle 0.0 -0.5 14.5 -0.5 -0.375 -4.0
Zero lift angle -10.5 -10.5 | -10.5 -11.5 -11.0 -12.0

4.7. Overlap Study

The ordinary Savonius rotor has pairs of cylindrical blades and they are not connected to the

middle or with gaps (overlapping) on both ends.
Various overlap ratios from 0 to 0.35 are studied experimentally at constant values of the other
studied parameters. Figure illustrates the relation between mechanical power and wind speed
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for the tested overlap ratios. It can be noticed here that the rotor with overlap gives higher
mechanical power than rotors without overlap.
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Figure 9. Effects of Different Overlap Ratios & Ratio Formula Representation

With different overlap ratios from 0 to 0.35 are investigated experimentally to determine the
optimum geometries of Savonius turbine. The rotors without overlap ratios are better in
operation than those with overlap. (Mahmoud, 2010) (Lednicer,2010) (Yaakob, 2009) (GOE
462, 2018)
Concludes; The best results for overlap ratio is around 3 = 0.21 for Savonius turbines 3 can be
represented as; f = e/d. They also mentioned best power coefficient values observed in between
0.20 -0.25. We can justify those values from figure that represents their experiment. (Zhu, 2014)
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For this article they mentioned, overlap ratio is an advantage and they observed best overlap
ratio is 0.5 and corresponding to the max. power coefficient is 0.261. (Akwa,2012)

The buckets overlap of the rotor indicates that the maximum device performance occurs for
buckets overlap ratios with values close to 0.15. Overlap ratio for Savonius wind turbines
information is obtained from CFD. Also, rotor operation is more efficiently at 1.25 tip speed
ratio. As a result, the best performance gives an averaged power coefficient is 0.3161.

The comparison of overlap ratios with respect to Literatures

Name of article

Which ratio is better

Mahmoud, 2010

Overlap ratio has bad effect

Lednicer, 2010 0.15
Yaakob, 2009 0.21
Zhu, 2014 0.5
Akwa, 2011 0.15

S. MODELLING, ANALYSIS, TESTING AND OPTIMIZATION

5.1. Design Specifications

The tentative vertical wind turbine design should consider two or three blades for a
Savonius/Helical type; however, further optimization may decide the improved number of
blades. It should produce between 0,5 and 2 kW energy, to be able to charge three to four mobile
phones simultaneously. Tentatively, solar panels should be mounted on the shell of the blades
and/or assembled to an efficient position and location. As a core material, PLA filament is
recommended to be used, and the blades may be fabricated by 3D printing. By using PLA
filament there will no need to apply coating material on the turbines, however, some waterproof
coating might be applied. Clean-room technology will be used during the design process to
cover the bearings and rotating parts. The blade size will be decided after CAD and
computational fluid designs tests. Generators shafts can be used instead of ball bearings to
eliminate turbine noise and increase its efficiency. The “Tribine” is going to be manufactured
in an artistic fashion, considering environment friendliness and sustainability. More details are
given in the table 3 below in optimization section. The other trouble is blade type. To
manufacture blade, the trailing edge angle should be large as possible. Also, the efficiency of
turbine is another parameter. The efficiency should be as high as possible.

5.2. Motor Selection

Major types of rotational electrical machines commonly used in a wind power generating
systems are:
1.The direct current (DC) machine, also known as a Dynamo
2. The alternating current (AC) synchronous machine, also known as an AC
Generator
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3. The alternating current (AC) induction machine, also known as an Alternator.
All these electrical machines are electromechanical devices that work on Faraday’s law of
electromagnetic induction. That is, they operate through the interaction of a magnetic flux and
an electric current, or flow of charge. As this process is reversible, the same machine can be
used as a conventional electrical motor for converting the electrical power into mechanical
power, or as a generator converting the mechanical power back into the electrical power.

Figure 11. Wind Turbine Induction Generator

The electrical machine most commonly used for wind turbines applications are those acting as
generators, with synchronous generators and induction generators (as shown) being commonly
used in larger wind turbine generators, while smaller and homemade wind turbines tend to use
a low speed DC generator or Dynamo as they are small, cheap and a lot easier to connect up.

So, it makes a difference what type of electrical generator we can use to produce wind power.
The simple answer is both Yes and No, as it all depends upon the type of system and application
you want. The low voltage DC output from a generator or older style dynamo can be used to
charge batteries while the higher AC sinusoidal output from an alternator can be connected
directly to the local grid.

Also, the output voltage and power demand depend entirely upon the appliances you have and
how you wish to use them. In addition, the location of the wind turbine generator, would the
wind resource keep it constantly rotating for long periods of time or would the generator speed
and therefore its output vary up and down with variations in the available wind.

There are two ways to produce direct current. Either AC or DC motors can be used. Motor
should be without redactor to eliminate noise. (alternative-energy-tutorials.com, 2017)

Table 4. Comparison of AC Induction & BLDC Motors (Reddy, 2016; Spotlight, 2012)
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Qualifications

AC Induction

Brushless DC
(BLDC)

Traditional DC

Nonlinear. It enables

Flat in nature. It

Flat in nature. It

The speed/torque lower torque at lower | enables operations at | enables operations at
characteristics speeds. all speeds with rated | all speeds with rated
Poor torque control. load. load.
Controllable torque. | Controllable torque.
Output power/frame | Output power/frame | Output power/frame
size is moderate. size is high. Because | size is high. Because
Because both stator it has permanent it has permanent
Output power and rotor have magnets on the rotor, | magnets on the rotor,

windings, output
power to size is

the smaller size can
be achieved for a

the smaller size can
be achieved for a

lower than BLDC. given output power. | given output power.
Size/Weight ratio 100% 70% of AC @ 1HP Lighter than AC
55% of AC @ 2HP motor. (i-glamour,

2014)

Efficiency 40-45% 70-75% The efficiency of DC
motors is about 10 to
20% larger than AC
motors

Reliability High (no brushes) High (no brushes) Low (because of

carbon-brush wear)

The rotor inertia

High. This enables
poorer dynamic
characteristics.

Low. This enables
better dynamic
characteristics.

Medium

The starting current

Approximately up to
7 times of rated.
Stator circuit rating
should be carefully
selected. It normally
uses a star delta
starter.

Rated. No special
starter circuits are
required.

No special
requirements

Controller /Driver
Requirement

Difficult & nonlinear
speed control.
Required for fixed
speed. A controller is
required only if
variable speed is
desired.

Easy & linear speed
variable control.
Always required to
keep the motor
running.

Easy & linear speed
variable control if
required.

Rotor Frequency

The rotor runs at a
lower frequency than
the stator by slip
frequency and slip

No slip experienced
between stator and
rotor frequencies.

Not applicable
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increases with load
on the motor.

Accuracy of speed 3-5% 0.5% 0.5%

Cheaper for middle Cheaper for smaller | Cheaper for smaller
Cost sizes. sizes. sizes.
Raw material cost AC <= BLDC driven by size/weight Lower than BLDC

and AC for our case.

5.2.1. Differences between traditional DC vs AC motors

e AC motors are used for small scale applications where the output is between 1 to 100
Watts. DC motors are used for bigger applications and to get a greater power output.

e The structure of an AC motor is simple, but the structure of a DC motor is more

complicated.

e AC motors do not have to be checked for maintenance regularly and have greater
stability, but DC motors must be maintained properly because of the presence of a
commutator and are less stable.

e AC motors have a more complicated control structure while DC motors can be

monitored easily.

e AC motors are more expensive but have a structure which is lighter, better and efficient.

DC motors are cheaper but are heavier in comparison and are larger in size.
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5.2.2. AC, DC & BLDC Motor Characteristics

.Tgpical speed-torque performance of various dc-motor types
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As conclusion of t is better to use DC motors because no converter is needed, and its cost is
much less (about 25 times).
e As less as possible rpm is needed.

o Rpm value can be calculated with; rs—m Vp

n

o  Where V, is voltage of motor and Vy, is battery’s voltage.
e Most possible efficiency should be produced with low rpm formula;
O Poutput/ Pinpurx 100%
The example below describes the efficiency when Zener Motor is chosen.
o (4000/220) x 24 =436 rpm effective (436/4000) x 100 = %10,9 efficient
e As compact as possible.
e Brushless motors require driver and it affects cost.

5.3. Computer-aided Design Modelling

In this section, you can see CAD models of first samples. For 3D printing this design process
must be done flawlessly. First, we created for two blade drawings then started to make a 3-
blade design of blades. Pictures can be found below.

Figure 14. First CAD model for 2 & 3 Blades

38



17

Figure 15. GOE 448 Three Blade New CAD Models

Figure 16. Two Different options for open shaft GOE 462 Airfoil

In this figure, you can see the two different options for direction of blade. The first one is
increased moment of inertia so; second model is preferred but it is not feasible for
manufacturing it with 3D printer, so we decided to stick with GOE 448 three bladed models.
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5.4. Simulation

For the flow simulation part, Solidworks flow simulation add in preferred to use, initially we
wanted to check feasibility of the flow simulation on Solidworks, due to that reason we test
flow simulation on one fixed blade, can be seen on Figure 17. The results were satisfying, we
can able to see/obtain pressure distributions, flow trajectories, force, shear stress, velocity at
any direction etc. Also, for finding responses, frequencies and mode shapes we used Solidworks
regular simulation feature. We applied different flow simulations to find what is the maximum
force with changing angle of attack on blades. All results and figures can be found below.

5.4.1. Fixed Blade Feasibility Test

First, we wanted to try SolidWorks flow simulation feature before we start simulations on real
three bladed prototype we wanted to test flow simulation feature with one fixed GOE 448 blade.
Results were satisfactory, and we can able to see flow trajectories, pressure distributions and
any surface goal that we inserted at the beginning of the flow simulation.

103708.52
103401.94
103095.37
102788.79
10248222
102175.64
101869.07
101562.49
101255.92
100949.34
Pressure [Pa]

Cut Plot 1: contours Iteration=178
Surface Plot 1: contours

Flow Trajectories 1

Figure 17. One Blade Feasibility Test
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5.4.2. Tests on Three Bladed Turbine

After the feasibility test of Solidworks Flow Simulation feature is tested on a single GOE 448
blade, we decided to advance on three blade models. In this case angle of attack is changing
every 30 degrees and we applied several surface goals to compute required values for the
calculations. Wind direction as taken as X direction and 15m/s.
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Figure 19. Flow Simulation on Three Blade Model
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Table 5. Results of The GOE 448 No Overlap Ratio with Different Angles

Degrees Force (N)
0 25,09233
30 29,1804
60 34,53439
90 29,32436
120 23,00567
150 28,92584
180 34,04746
210 29,19794
240 25,05637
270 28,86001
300 34,10667
330 29,02413
360 25,09233

GOE 448 No-Overlap Ratio - Angle vs Force (x)
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Figure 20. GOE 448 No-Overlap Ratio Angles vs Forces
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Table 6. Results of The GOE 448 With Overlap Ratio with Different Angles

Degrees Force (N)
0 24.50689
30 29.32720
60 33.85062
90 29.32436
120 25.09233
150 28.56480
180 34.37590
210 29.02266
240 24.90568
270 28.90568
300 33.56672
330 29.12356
360 24.50689

GOE 448 With Overlap Ratio - Force (X) vs Angle

25

Force X (N)
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Degrees
Figure 21. GOE 448 With Overlap Ratio Angles vs Forces

When we wanted to compare overlap, ratio is logical to use parameter or not, we created also a
model with overlap ratio and simulated it, but results were very close to each other. If you check
the figure above the pattern can be seen on the figure, every 120 degrees it must give same force
values due to three blade geometries and they are nearly the same. As a result, this analysis data
shows that we cannot conclude which one is better than the other because of the simulation

type.
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5.4.3. Frequency Simulations

Every structures or machine elements have natural frequency, when we are applying dynamic
analysis to find natural frequency we are also finding that component’s different mode shapes.
Every mode vibration characterized by a frequency and mode shape. Mod shapes are basically,
system’s response due to applied conditions. For example, in mod shape 2 we obtained torsion
at this mod shape but when we check mod shape 2, we can see there is bending and also torsion
little bit. It is very dangerous to reach any structure or component’s natural frequency, it will
take serious and permanent damages or even can be destroyed by vibrations. The Mode shape
and natural frequency responses can be seen below.

Model name:goed4s-3d-triple (2 S B L08 - - - = .
stunyname:Fgrequancy1[.vzrsa[y3|an.] PEEBPEK @ @@ % & =
Plot type: Frequency Amplitude1

Mode Shape : 1 Value = 8.5451-005 Hz

Deformation scale: 0.127622

AMPRES
4.780e-001
4.383e-001
. 3.986e-001
. 3.589e-001
- 3.192e-001
. 2.795e-001

2,398e-001

I 2.001e-001

. 1.604e-001

. 1.207e-001

8.097e-002
4.127-002
1.571e-003

G Mode shape: 1E3)

Foerdinate System]

Figure 20. Natural Frequency Response Results
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Figure 21. Frequency Simulation Results for Different Mode Shapes

In frequency table we can see how frequency changes with different mode shapes, all those
different mode shapes represent different deformations. First mode shape is representing natural
frequency.

Table 7. Frequency Responses

Mode Shape 1 8,5451e-005 Hz (Wn)
Mode Shape 2 95,655 Hz
Mode Shape 3 104,39 Hz
Mode Shape 4 104,64 Hz

5.4.4. Conclusion of Simulations

So far usage of flow simulation & simulation features in Solidworks were new for us and this
was great opportunity to learning and discovering it. After all we have to test this simulation
feature and as a group decided to apply a simulation on one sample blade. The results were
meaningful, and we can see pressure distributions, flow trajectories and our assigned surface
goals on the blade. Then created three bladed GOE 448 turbine and started to apply same
procedure on this model. Investigated three bladed GOE 448 no-overlap model had a good
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pattern as a result with changing angles. For the comparison also, we created a model with 0.25
overlap ratio. 0.25 selected due to several sources and feasibility of our design parameters. As
a result of this model’s simulation was not good and plot was distorted. After those results we
decided to move on with no overlap model. Lastly frequency simulation has done on this model
for obtaining mode shapes and its natural frequency.

5.5. Cost Analysis

For the cost analysis we mainly we must consider; Electrical components such as motors,
redactors, batteries etc., printing material and mechanical components such as; bearings, shaft
& base etc. From now on we only dealt with design part and benchmarking of motors &
batteries, we did not buy any components for this semester. For printing material and printer,
we used our sources from MEF University mechanical engineering laboratory. You can see
benchmarking search for batteries and motors below.

Table 8. Comparison of Motors

Motor Type Power Speed Voltage (V) Price (TL)
(W) (rpm)
Wellington ~ 100 1500 220 150 (Without
Motor Driver)
(BLDC)
Excem Motor ~ 100 3000 24 1000 (including
(BLDC) driver)
Mogus ~ 100 2800 24 190
Electronics(DC)
Zenger ~ 100 4000 230 40
Electronics(DC)
Keskinler ~ 100 2500 230 75
Motorl (DC)
Keskinler ~ 100 10000 220 35
Motor2
(DC)
Mitsumi ~ 100 4000 21 40
(DC)
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Table 9. Comparison of Batteries

Battery Selection Voltage (V) Ampere (A) Price (TL)
Zenger Electronics 1 6 1,3 14
Zenger Electronics 2 6 4 20
Zenger Electronics 3 12 1,3 22
Zenger Electronics 4 12 2,6 25

Car Battery 12 60-72 250-600

Table 10. Economic Comparison of DC Motors

Motor types and economic quantities BLDC motor | DC motor
Price per motor (TL) 300 60
Lifetime for a motor (year) 10 1
For ten years needed number of motor 1 10
Total cost for ten years(TL) 300 600

Table 8 shows us; the BLDC motor has lower cost than DC motor two times. Table 9 below,
shows the cost calculations in detailed.

Table 11. Detailed Cost Calculation

Product Price (TL)

PLA filament (10 kg) 1200

12V 2.6A DC Motor (2) 300

Batteries (4) 100

Others 400

Charge Controller 300 (gittigidiyor,2018)
Total: 2300 TL
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The average cost of the project is around 2000 Turkish Liras. PLA filament has already decided
to use. Since four different prototypes are going to be manufactured, averagely 10 kg of filament
will be needed. Two prototypes are going to be tested in the same time, for this reason, two DC
motors are needed. Price is taken according to the market research that is done in the previous
semester. 24 V of battery is needed, so two 12V batteries need to be connected, so in total four-
12V batteries are needed.

Others stand for the other components for the design, such as shaft, bearings, electrical layout
components etc.

5.6. Testing

In this section you can found different experiments that we made during project. In first
experiment a hair dryer to simulate/produce wind power, also tachometer to measure how much
time rpm can we catch for each paper prototype. You can see results and photos below.

o’o"

Figure 22. Test Setup & Tachometer
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Table 12. Experiment conducted to test the efficiency of the number of blades

Blade Type RPM Power-to-Weight
Ratio(rpm/kg)

3 Blade 770 +=20% 128

2 Blade 630 + 22% 105

DNA 718 £ 17% 103

Power= 1800W
Voltage= 220V
Frequency=50-60 Hz

Distance between blower and wind turbine 450mm

As a conclusion, the experiment is made with using three different paper wind turbines, such
as 3 blades, 2 blades and DNA type, measured with the tachometer to define rpm values.
Experiment is done with several times to find average rpm values for each wind turbine. When
power-to-weight ratio was calculated, torque of the wind blower is not considered because it’s
eliminated in the end of the process. The experiment proves that using 3-blade wind turbine is
the most efficient and reasonable option for turbine selection.

5.6.1. Test on Printed Three Bladed Models

In this section you can found two different tests. One of them is for model which has overlap
ratio and other one has no-overlap ratio. In this experiment we used air blower for generating
wind which is 1400 W & 30000 rpm, a non-contact tachometer for measuring rpm of the blades

and two different blade models for comparison. The results can be seen below.
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Table 13. Test on Printed Three Bladed Test Results

No-overlap ratio angular With overlap ratio angular
Trials velocity (rpm) velocity (rpm)

1 761 878.4

2 805.7 870

3 778.8 885

4 743.2 862

5 706.3 897.9

6 748.5 851.4

7 737.6 852.5

8 775.5 851

9 799.9 864.8

10 812.9 876

11 795.8 880.6

12 785.6 867.1
Average 770.9 869.7

Figure 23. Blade, Base & Tachometer Setup
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Figure 22. Air Blower Location & Setup

As a conclusion, initially with flow simulation we could not decide which model is efficient,
model with overlap ratio or no-overlap ratio. Flow simulations were not dynamic simulation
and it was hard to compare results. After that we decided to prepare second experiment to decide
which model is better. According to the results and after several trials we took average values
of the results and we decided to continue model with overlap ratio.

5.6.2. Tips for 3D Printing & Analysis

e Product of inertia must be considered, and computational fluid analysis must be done
before printing.

e To avoid thermal stress of the printing material, drawn parts must be applicable for
scaling, for this case in figure 10 we did not consider scaling for shaft, it was too small,
and it did not print well due to thermal stress, inner shaft was distorted.

e Shaft diameter of the blade will change with the proper material selection, these criteria
will be discussed later.

e According to the test of paper models, the best selection will be 3 blades or DNA type
but DNA type of blades hard to draw on CAD programs.
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5.7. Optimization

B T —

. T T o b O W, R s S e el e

Figure 24. First Printed Prototype

Table 14. Design Requirements and Tasks

DESIGN
DESI REQUIREMENTS AND TASKS
CRITERIA SIGN REQU NTS
Power . .
] In the range of 1 kW to 3.5 kW (charging smartphones, and electronic
generation B )
(efficiency)

Initial power
needed (Torque)

Combination of Savonius + Helical + solar panel blades + ducted type
(tentatively). The number and shape of the blades should be optimized
to produce more energy

Alternative
energy sources

From solar panels

Blade type

S-Type + Helical

Tree-shaped
turbine use

Solar panels should cover most-exposed-to-sun blade sides, and other
tree parts. The three should withstand significant wind turbulences.

52




Artistic design

Attractive helical shape and coating.
The tree for the wind turbines will include birdhouses.

Blade materials
(core,
coating)

Core: PLA to ease 3D printing manufacturing, Coating: finishing of
the materials with wax cover or other waterproof coating.

Wind-resistance

Depends on the material, shape, construction design, bearing

capability connections

Failure rate Approximately 10 years (more than the return of investment)

Wind turbine blades should be manufactured by 3D printing, and their
size and assembly should be restricted by the maximum 3D printing
working dimension. "Design for Maintenance" will be critical to avoid

Manufacturabili | . i .
AnurACturabit | gire accumulation, bearing should be encapsulated (clean room
ty and .
) technology) The generator should be compact ring type or maybe
Maintenance . . . .
eliminating the use of a bearing by using directly the generator rotor
as bearing
Noise 0-50 dB (if there is no bearing, so we expect less noise)
Effect ) ) ) : :
) ecton Using bird houses for attracting birds, birds sounds and maybe
animals and . . . .
relaxing musing, benches around, light effects at night
plants
Sponsors and potential manufacturers will be invited.
Cost & A projector can be installed inside a birdhouse to project commercials
Sustainability in neighboring trees but also for projecting art videos (the pocket

projector energy may be produced by the wind turbine)

6. DESIGN, IMPLEMENTATION AND RESULTS

The tentative vertical wind turbine design should consider two or three blades for a
Savonius/Helical type; however, further optimization may decide the improved number of
blades. It should produce between 1 and 3.5 kW energy, to be able to charge three to four mobile
phones simultaneously. Tentatively, solar panels should be mounted on the shell of the blades
and/or assembled to an efficient position and location. As a core material, PLA filament is
recommended to be used, and the blades may be fabricated by 3D printing. By using PLA
filament there will no need to apply coating material on the turbines, however, some waterproof
coating might be applied. Clean-room technology will be used during the design process to
cover the bearings and rotating parts. The blade size will be decided after CAD and
computational fluid designs tests. Generators shafts can be used instead of ball bearings to
eliminate turbine noise and increase its efficiency. The tree-shaped wind turbine is going to be
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manufactured in an artistic fashion, considering environment friendliness and sustainability.
The tree will include some birdhouses, and a projector will be placed in one of the birdhouses
for artistic and advertisement purposes.

6.1. Design

First, we started with paper and dough models, after that computer aided design process has
begun. You can see models below.

Figure 26. Two Blade Paper Model

Figure 27. DNA type and 3 bladed models
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6.2. Implementation

After paper model testing we decided to make our blade as three bladed, second best option
was DNA model, but it is hard to manufacture with 3D printers this geometry.

Figure 28. Three Blade of 3D Printed Model

Figure 29. Two Blade of 3D Printed Model

Figure 30. Top View of Two Blade 3D Printed Model
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6.3. Electrical Layout

The electrical installment that will be used consists of the T

following items: ay \
-Motor DC 12V S
-Diode 2.6A N P
-Terminals + and — \ ’
-Wires 1,5mm, red and white Diode BA i!
-Charge controller ‘
-Terminal

I‘ Motor OC 12V “

Tmm .
+

Terminals

Terminals will relate to the charge controller.

7. CONCLUSION

As a conclusion, in this project, the importance of lifelong was clearly understood and learnt.
The first thing was deciding a type of wind turbine. The turbine should accomplish certain
specifications like being eco-friendly, having high efficiency, low maintenance cost, and low
noise. For these purposes, the Savonius type wind turbine (VAWT) was selected. To make
comparison between design specifications, the standard blade types were chosen. Because of
manufacturability, and 3D printer resolution, GOE 448 type blade was selected. To understand
effect of overlap ratio, flow simulations were done. But the results were very close and not
accurate. So, the overlap ratio experiment was done. With respect to experimental results, it is
concluded that the overlap ratio has positive effect on efficiency. The angular velocity of with
overlap ratio turbine is more than 11.36% than without overlap ratio model.

7.1. Lifelong Learning

During the project, some new knowledge, skills and attitudes related to the identification,
formulation, and solution of engineering problems, as well as to the use of modern engineering
tools for engineering practice have been developed:

e Project management: schedule setting, goals setting, tasks scheduling, task delegating,
tasks monitoring, etc.
Time management
Writing of the state-of-the-art, impact research, books/papers/patents search; setting
design criteria, alternative comparison, ability to communicate effectively with well-
organized written documents

56



e Effective use of electronic information sources: Web of Science, Google Patents,
Google Drive, Citation Machine

Knowledge of plastic materials, PLA, ABS, etc.

Use of engineering software: Solidworks & AutoCAD

Skills learned: How to be an efficient member in a project group, also high research
skills gained, how to use commercial websites such as Alibaba, time Management,
academic paper writing

Attitudes learned: Ethics (copyright), Occam’s Razor principle, punctuality

Function effectively on a disciplinary team

Verbal communication with a range of audiences

Working under pressure

Meet deadlines

Accomplish goals in due time professionally with commitment.

To be prepared against contingence of real life.

Making flow simulation on SolidWorks

Researching thesis to find any comparable results with our design

Adapting investigations from other articles with our project case

Comparison between different thesis which have same topics

Writing and submitting a research application for TUBITAK

Studying systematically

Budget preparation

Making market research to manufacture Tribine (with 3D printing companies)
Understood that importance of blade parameters

Critical thinking

Work division is one of the most important thing, in teamwork everybody must do their job on
time and efficiently on a disciplinary team. Everybody that who in this team must respect other
people and their ideas.

After whole researching and preparing thesis process ends, project is going to be presented
verbally to a range of audiences. During the presentation, written documents must be organized
well and ready to be present, also communication with the audiences must be efficient.

7.2. Professional and Ethical Responsibilities of Engineers

As to the understanding of professional and ethical responsibility, ethical rules and professional
responsibilities such as;
e About the use of the name Tribune
Environmental ethics
Avoiding of plagiarism
Minding the references
Being loyal in team
e Mutual trust between the teammates
should be accomplished.
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7.3. Contemporary Issues

In this project we are planning to choose DC motors to produce electricity from our blades,
neither we use brushless or traditional DC motor, they require maintenance after some period.
If brushless DC motor used in this project, it is electrical components such as; Drivers or
Rectifier/Regulator must be checked periodically. On the other hand, if traditional DC motor
used in this turbine, when their carbons inside is consumed, it must be changed. In conclusion
for motor type no matter which type is used, it must be under maintenance periodically, but
BLDC requires less maintenance cost in long term.

7.4. Teamwork

The project is dedicated to a group as a senior design project. It is one of the biggest challenge
that is faced during the process. Senior design project requires an efficient teamwork, mutual
respect and trust. Members should trust each other, care other selves’ ideas and should not be
selfish. Ones that are involved to a project should know that a project successfully ends if there
is a strong bond between the team members.

As the group, we believe that, our behaviors during the process are more important than what
we have been doing. If we get on well with each other, project is already successful. We also
believe that, process is more important than the result; because we learn during the process how
to be a good team member, respect and trust.
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APPENDIX

Figure Al. First Dough Models

Figure A2. Combination of Savonius & Darrieus Wind Turbines
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A

?igure A3. Ducted Type Wind Turbine
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The Code of Computational Calculations on MATLAB

function abc = VAWT(armOfBlade, diameterOfTurbine, heightOfBlade,
numberOfBlade, bladeChord, velocityOfWind, velocityOfRotor, force,
maxStaticTorque, densityOfAir )

angularVelocity = velocityOfRotor/ (diameterOfTurbine * 0.5)
torque = armOfBlade * force

sweptArea = diameterOfTurbine * heightOfBlade

power = 0.5 * densityOfAir * sweptArea *
velocityOfWwind"3

powerCoefficient = torque * angularVelocity / (0.5 * densityOfAir

* heightOfBlade * armOfBlade * velocityOfWind”"3 )
tipSpeedRatio = velocityOfRotor / velocityOfWind

torqueCoefficient = torque / (0.25 * densityOfAir * densityOfAir *
velocityOfWwind"2)

staticTorqueCoefficient = maxStaticTorque / (0.25 * densityOfAir *
densityOfAir * velocityOfWind"2)

solidity = numberOfBlade * bladeChord / (armOfBlade / 2)
efficiency = (power / inputPower) * 100 ;

end

TUBITAK Application

1. Ozet

(Cagimizin modern sorunlarindan olan karbon emisyonunu 6nlemek i¢in baslica ¢éziimlerden
biri yenilenebilir enerjinin daha yaygin ve verimli kullanimidir. Enerji verimini ve
kullanimini arttirmak i¢in bu proje secilmistir.

Dikey eksenli riizgar tiirbini se¢ilme nedeni, yapilan aragtirmalar paralelinde kiiciik dl¢ekte
dikey eksenin daha verimli oldugu ve diisiik riizgar hizlarinda enerji iiretmeye baslamasidir.
[1] Bu baglamda, farkli ¢esitleri (bitisik/ayrik saft, iki/li¢ bicak) olan Savonius tipi riizgar
tiirbininin tasarimlari yapilacak, ii¢ boyutlu yazici ile ¢iktis1 alinacak ve enerji verimliligi
kiyaslamalar1 yapilacaktir. Ug boyutlu tasarim asamasinda SolidWorks ve gerekirse
AutoCAD kullanilacak ve sonlu elemanlar metoduyla aerodinamik analizi yapilacaktir.
Simiilasyon asamasi yine Solidworks ve Abaqus yardimiyla yapilacaktir. (MEF Universitesi
Abaqus, Solidworks ve AutoCAD programlari kullanimini sagliyor.)
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Simdiye kadar yapilan ¢aligmalarda, SolidWorks kullanilarak dort farkl riizgar tiirbini tipi
tasarlandi, kiyaslamalar1 yapildi. Yapilacak olan daha detayli simiilasyonlarla farkl: riizgar
tiirbini tipi kiyaslamalar1 netlestirilecek, sonraki asamada ise {i¢ boyutlu yazici ile prototip
basilacak, somut deneylerle verimlilik kiyas1 yapilacaktir.

Malzeme se¢imi olarak hafifligi, gili¢lii yapist ve geri doniistiiriilebilir olmasi sebebiyle
stirdiiriilebilir bir li¢ boyutlu yazicit materyali olan Polyactic Acid (PLA) kullanilmasinda
karar kilind1.[2] Ayn1 zamanda giicii arttirict bir yap1 olan “ar1 kovani” yapist ile bu riizgar
tiirbini basilacak, boylece hem daha gii¢lii hem de daha hafif bir riizgar tiirbini tasarlanacaktir.
Projenin her asamasi grup iiyeleri tarafindan, MEF Universitesi 6gretim gorevlilerinden Prof.
Dr. Dante Jorge Dorantes Gonzalez ve Sayed Ehsan Layegh Khavidaki danigmanliginda
yiiriitiilecektir. Ayrica projenin aerodinamik kismu i¢in Prof. Dr. Mehmet Fevzi Unal’dan
yardim alinacaktir.

2. Problem Tanimi, Calismanin Amaci, Arastirma Sorusu ve/veya Hipotez ?

Gilinlimiizlin gelisen teknolojisi ile birlikte artan enerji ve kaynak tiiketimi sonucunda Diinya
gelecek nesillere sagliksiz bir ortam olarak birakilacak. Bizler bu kotii durum karsisinda
kararl bir tutum sergilemeliyiz ve su soruyu sormaliy1z. Hava ve ¢evreyi kirletmeden nasil
temiz enerji Uiretebiliriz? Sonug olarak ¢evreyi en az kirleten ve diinyanin yenilenemez enerji
kaynaklarini kullanmadan enerji iiretebilmenin yollar1 var ve riizgar enerjisi bu konuda bize
yardimci olabilir. [3] Uretmeyi planladigimiz, “Tribine” adin1 verdigimiz dikey eksenli riizgar
tiirbini, dikey eksenli olmasinin verdigi en biiyiik avantaj olan, diisiik riizgar hizlarinda
caligsabilme ve sehir i¢i kullanim uygunlugu sayesinde kendini piyasadaki bir¢ok endiistriyel
rlizgar tlirbinlerinden ayirmakta. Bu sayede bu riizgar tiirbinlerinin hem sehir i¢i, hem de
artistik amaglarla binalarda ve parklarda kullanimina uygun yapilmasi planlanmaktadir.

Bu proje gelistirme asamasinda karsilasilan problemler;

e Acik - Kapali saft durumunun performans agisindan iyi veya kotii etkiledigini
kanitlayan birka¢ makale bulundu, fakat bu makaleler arasinda uyumsuzluklar
oldugundan hangi durumun en optimum olduguna karar vermek, literatiirde yeni bir
arastirma konusu olabilir ve bu durum literatiirde ikilemlere yol agmaktadir. [4],[10]

e GOE veya NACA kanat profillerinin daha 6nce Savonius riizgar tiirbinlerine
uygulanmis olmamasi veya uygulanilsa bile yeterli aragtirma bilgisine sahip
olunmamasi.Uygulanan birkag profilin de [9] iki bigakli prototipler iizerinde
uygulanmasi ve bizim modelimizin ii¢ bigakli olmas1 deneysel degerlerin
karsilagtirilmasini zorlastirmakta.

e Savonius riizgar tilirbini ile ilgili gerekli tasarim detaylarinin Tiirkge kaynaklari
bulunmamasi ve diger kaynaklarda da bigak sayistyla ilgili cesitli fikirlerin
olmasindan o6tiirli ortaya ¢ikan tutarsizliklar tasarim asamasinda verilen kararlar
zorlagtirmaktadir.

Bu projenin secilme amaci, hem yenilenebilir enerji kullaniminin arttirilmasina destek olmak;
hem riizgar tiirbini inga etmek isteyen kisi ve kisilere bilgi verici bir verim analizi, fizibilite
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raporu hazirlamak; hem de lisans egitimi goren dgrencilerin tasarladigi, simiile ettigi ve uzun
vadede hayata gecirdigi bir riizgar tilirbini tasarlamaktir.

Bu projedeki hipotez, {i¢ bigakli ve agik safti olan Savonius tipi riizgar tiirbininin diger
Savonius tiplerine kiyasla daha verimli oldugudur. [4] Ayn1 zamanda riizgar tiirbini ne kadar
hafif olursa, agisal donme hiz1 artacak ve ayni riizgar hizinda daha fazla enerji tiretilecektir.
Yapilan tasarimlar ve ¢esitli metotlar ile bu kanitlanmistir, ancak mevcut {i¢ boyutlu yazicida,
daha hafif ve kuvvetli olan arikovani tasarimi ile PLA filamenti kullanilarak, somut bir
tasarim yapilamamustir. Bu projedeki dne ¢ikan katkilarimiz asagida listelenmistir:

e Su ana kadar yazilmis olan raporlarin hepsinde, hem c¢akigma (overlap) oran1 hem de
bigak sayisi verim kiyaslamalarinda ¢eliskiler mevcut. Biz verim kiyaslamalarini
analizler yaparak hangisinin daha iyi oldugunu kanitlamay1, bdylece diinya
kaynaklarina katkida bulunmay1 hedefliyoruz.

e Arastirmamizin sonuglarini kapsayan bir bilimsel rapor yazip, kaynak aragtirma
sitelerine ibraz etmek istiyoruz.

3. Projede Kullanilan Yontem ve Metotlar

Bu projede, dort farkli tip (bitisik saft ve bicak - ayrik saft ve bicak - iki bigak - ii¢ bigcak)
rlizgar tlirbininin kiyaslanmasi, elde edilen sonuglar dogrultusunda uygun olan tipin detayl
analizlerinin yapilmasi ve iiretilmesi amaglanmistir. ilgili makaleler incelendiginde,[5, 6, 7,
8], farkli kosullarda farkli bigak sayisi ve agiklik orani hakkinda veriler toplanmistir. Ancak
genel bir sonuca ulagilamamaistir. Bu konu hakkinda bir sonuca ulagabilmek i¢in, ilk olarak,
iki ve ii¢ bicakl1 kagit prototipler yapildi ve deneysel olarak verimlilikleri hesaplandi.
Sonucunda {i¢ bigakli tiirbinin daha yiiksek verimlilige sahip oldugu anlasildi. Sonrasinda iki
ve li¢ bigakli tiirbinlerin kat1 modelleri Solidworks ile olusturuldu ve sonlu elemanlar yontemi
kullanilarak tekrar verimlilik analizleri yapildi. Boylece deneyle elde edilen sonug
bilgisayimsal yontemle de tasdiklenmis oldu. Deney ve analiz sonucunda ii¢ bigakl: tiirbine
karar verildi. Sonraki siiregte bitisik ve ayrik saft durumunun verimlilige etkisini anlamak
icin aerodinamik ve mukavemetsel analizler yapilarak, hangi durumun daha verimli ve
dayanakli olduguna karar verilecektir.

Tasarimin ilerleyen siirecinde bigaklarin hafif olmasi ve verimliligin artmasi i¢in, bal petegi
seklinde bosluklardan olusan kesit alanina sahip, bicak modeli kullanilmasina karar verildi.
Boylece daha az malzeme kullanilarak daha verimli ¢alisan bir tasarim edilmesi planlaniyor.
Ayrica, analiz ve deney sonuglarina gore karar verilen model, ii¢ boyutlu yazict kullanilarak
PLA (Polilaktik Asit Termoplastik Polyester) filament ile basilacak. MEF Universitesi
Makine Miihendisligi Laboratuvari’nda, Ultimaker 2+ ii¢ boyutlu yazic1 bulunmakta ancak
boyutlar1 yetersiz oldugu i¢in bagka bir kurum veya okuldan daha biiyiik boyutta yazici
kiralanacak. PLA malzeme se¢ilmesinin nedeni, dogal bir plastik olmasi, baski sonrasinda
cekme yapmadig icin biiyiik geometriler i¢in uygun olmasi, detayli sonug vermesi, uygun
fiyath ve ulasilabilir olmasi ve ¢evreye minimum zarari vermesidir. [2]
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Farkh saft-bigak acgikligina sahip modellerin olusturulmasi
Farkh modeller tizerinde aerodinamik analizlerin yapilmasi
Analizler ile hipotezin karsilagtirmasi

Hipotezin dogrulugu durumunda kati modelin ii¢ boyutlu yazici ile liretilmesi

Sonuglarin raporlanmasi

Sekil 1. Proje asamalar1 diyagrami
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Tablo.1. Bigak tipi kiyaslamalar1 (http://www.airfoildb.com/airfoils/)

GOE GOE E CH10 EPPLER | GOE
462 448 423 | (smoothed) 420 525
Kalinlik (%)* 10.8 12.9 12.5 | 12.8 14.3 16.4
Kavis (%) 13.3 10.5 10.0 | 10.2 10.7 9.7
Arka kenar acisi 4.7° 22.5° 14.1° [ 13.2° 14.0° 8.6°
Alt diizliik (%) 2.8 6.5 6.7 6.4 6.6 6.6
Onde gelen 3.7 3.7 32 |26 3.7 4.8
yarigap(%)
Verim (%) 50.3 49.9 48.7 |48.4 453 52.2
Maksimum Cr, 2.381 2.357 2.357(2.27 2.477 2.712
Maksimum Cy, 15.0 13.5 145 | 11.5 15.0 15.0
acisi
Maksimum L/D 596.019 | 55.149 | 67.65]69.198 82.799 83.087
(Lift/drag)
Maksimum L/D 0.0 3.0 -1.0 |-0.5 -0.5 -0.5
acisi
Maksimum L/D Cy, | 1.264 1.464 1.212 | 1.354 1.337 1.467
Durak agis1 0.0 -0.5 14.5 |[-0.5 -0.375 -4.0
Sifir kaldirma acis1 | -10.5 -10.5 -10.5 | -11.5 -11.0 -12.0

*kalinlik %: bigak kesitinin maksimum kalinliginin uzunluguna orani

Tablo 1’de 6 adet bigak tipi ve 6zellikleri listelenmistir. Verim oranlari hemen hemen ayni
oldugu icin, daha iiretilebilir olan bigak tipini segme yoluna gidilmistir. Uretimi en ¢ok
sinirlayan sey cok keskin koseler ve geometri oldugu i¢in, maksimum arka kenar agisi
(Trailing edge angle) kistas olarak seg¢ilmistir. Buna gore de en ideal bigak tipinin “GOE 448”
olduguna karar verilmistir. Standart bir bigak tipinin se¢ilmesi, teorik ve deneysel olarak
verileri kiyaslama olanagi sunmaktadir.
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4. Proje Is-Zaman Plam

Asagidaki tablo.2., projenin plan asamalarin1 gostermektedir. Simdiye kadar yapilmis olanlar
ve yapilacaklar listesi detayli sekilde goriilmektedir.

Tablo.2. Proje plan agamalar1
Proje Planlayicisi

ETKINUK PLAN BASLANGICI PLAN SORES| FilLl BASLANGIC FllLl SORE T“":‘L"Z‘:::'"‘“ Avmkl . %//z//% " 53:”“ . %///6//% r ;"' e ":1
o : : L - .

i : i L -ﬂ////%

i : : - -‘%///%
= : : : : - -
e« s ..o -
s s : ° ° - )
=N : : : N %//%
birl‘e;tirilmesi 7 1 1] 1] 0% %

5. Sonu¢

Tiirbinin bigak sayisina karar vermek i¢in prototipler ile deney yapildi. Amag, sabit riizgar
hizinda tiirbinlerin dakikada kag tur dondiigiinii bulmak, bununla iligkili olarak agisal donme-
agirlik oranlarini hesaplamak ve verimliliklerine karar vermektir. Deneyde riizgar kaynagi
olarak 1800 vat giiclinde sa¢ kurutma makinesi kullanildi.
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Tablo.3. Deney sonuglari
Bicak Tipi | RPM Agisal donme-Agirhik Orani (rpm/kg)

3 Bicak 770 £20% | 128

2 Bigak 630+ 22% [ 105

Riizgar kaynag:

Giic: 1800W

Gerilim: 220V

Frekans: 50-60 Hz

Riizgar kaynag ve tiirbin arasi uzakhk: 450mm

Sonuglar 20 kez tekrarlanan deneyin ortalamasi alinarak bulunmustur. Dénme miktarini
bulmak i¢in takometre ile 6l¢iimler yapildi.

Deney sonugclarina bakacak olursak, 3 bigakl: tiirbinin hem devir sayisinin daha fazla hem de
acisal hiz-agirlik oraninin daha yiiksek oldugu (yaklasik %22 oraninda) goriilmektedir. Bu da
3 bigakl tiirbini daha verimli kilmaktadir. Projenin ilerleyen siirecinde, aerodinamik
analizleri ilgili programalar (SolidWorks, Abaqus, Ansys vb.) kullanilarak yapilacaktir.

Bitisik ve ayr1 iki farkli saft durumlar icinse literatiirde yer alan bazi kaynaklardan yola
cikilarak ve saftin agik olma durumu (overlap ratio) [10] gbz Oniine alinarak, bu oran ile ilgili
gerekli tasarimlar ve testlerin devam eden siirecte yapilmasi planlanmaktadir. Tez
aragtirmalaria gore yapilan farkli testlerde bu agikliklarda iiretilen enerjinin kapali saft olma
durumuna gore daha verimli oldugu belirtilmektedir ve her aciklik oranina gore bu
degismektedir. Ilgili arastirma makale ve tezleri su sekildedir; [11, 12].
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