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Abstract

Most of the energy in our country is dependent on fossil fuels. Since fossil fuels are non-renewable, they will be totally consumed in the near future.
Wind energy is among the most important renewable energy sources to prevent environmental pollution and global warming. This is a study based on
the energy collection from the vibrations caused by the vortex shedding generated by the wind speed. In this study, two different materials have been
selected for the bladeless wind turbine and how the system affected the natural frequency and oscillation motion. Using the Solid works package
program, which is a finite element theorem, the system's blade structure has been designed and the static and frequency analysis results have been
obtained. As a result, it has been determined that the oscillation motion of the designed turbine differs according to the selected material. When the

natural rubber material is used in the system, the frequency value is closer to the desired result compared to other used materials.

Keywords: Vortex Shedding, Vortex Bladeless, Wind Energy

Kanatsiz Riizgar Tiirbini: Kule icin Hangi Materyali Kullanalim?
Oz

Ulkemizdeki enerjinin ¢ogu fosil yakitlara baglidir. Fosil yakitlar yenilenemez oldugu igin yakin gelecekte tamamen tiiketilecektir. Riizgar enerjisi,
¢evre kirliligini ve kiiresel 1sinmay1 dnlemek i¢in en 6nemli yenilenebilir enerji kaynaklar1 arasindadir. Bu, riizgar hizi tarafindan olusturulan girdap
etkisinin neden oldugu titresimlerden kaynaklanan enerji toplanmasma dayanan bir ¢aligmadir. Bu ¢aligmada, kanatsiz riizgar tiirbini ve sistemin
dogal frekans ve salinim hareketini nasil etkiledigini incelemek igin iki farkli malzeme secilmistir. Sonlu elemanlar teoremi olan Solid Works Paket
Programu kullanilarak, sistemin kanat yapis1 dizayn edilmis ve statik ve frekans analizi sonuglar1 elde edilmistir. Sonug olarak, tasarlanan tiirbinin
salimim hareketinin segilen malzemeye gore degistigi tespit edilmistir. Sistemde dogal kauguk malzeme kullanildiginda, frekans degeri diger
kullanilmis malzemelere kiyasla istenen sonuca daha yakindir.
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1. Introduction

Electric energy has undoubtedly a very important place in our lives. In spite of this, today energy resources are
decreasing. For this reason, the desire to obtain energy from renewable energy sources is increasing day by day. In
addition to obtaining energy, it has also become so important to use energy efficiently, to solve the problems of energy
resources used, to spread it without harming the environment and to be integrated with the existing system. Particularly,
wind energy, which is one of the renewable energy sources, is a widely used environmentally friendly energy.

Today, the tendency towards renewable energy sources is progressively increasing due to the increase in the
cost and dependence of energy. For this reason, various researches have been carried out on utilization of wind energy
and it is still continuing increasingly. The potential of wind energy has statistically been analyzed by Bilgili SAHIN et
al. in various cities of Turkey (Belen, Datca, Foca etc.) where can be considered to provide efficient wind energy.
According to the results obtained, it has been determined that wind turbines can be installed in these regions, and the
cities with high wind potential have also been determined [1].

Another study aimed to meet the energy needs of a poultry farm by determining the wind speed and solar
radiation data of Balikesir province and using this data in order to evaluate the economical feasibility and environmental
performance of a hybrid system for this province by Akyuz BAYRAKTAR et al [2]. These methods are also an
indication that it is necessary in every aspect for us to obtain cheap and continuous energy.

Wind energy not only on land but also in the sea shows great richness. Because the wind power has more
potential in the wind turbines installed in seas than the one installed on land. In addition, due to the fact that it is built
into the sea, the speed of the wind is higher and its efficiency is higher. [3].

It is very important that the turbines work as well as the place where the wind turbines will be installed, and
how smoothly they can work without damaging the environment. For this reason, it is the forerunner of establishing the
plants where the plants are not located in rural areas. In addition, thanks to new technologies, turbine noise emission has
started to be reduced to a great extent. Since it is not known when the winds blow out faster and when they run slower,
there is a disconnected pattern in the production of electricity. In other words, there is no energy production during
periods when the wind does not blow at sufficient speed [4-8].

The wind turbine sector has become a new market because of its growing size, such as the production of
turbine components, the installation and transport of turbines, can provide great employment opportunities [9].

Apart from all these studies, Vortex Bladeless is a Spanish company and develops a new concept of wind
turbine. Using blades called vortex or vorticity wind turbine, the Vortex design represents the majority of existing
problems in conventional generators and a new paradigm of wind energy. It is morphologically simple and consists of a
single structural component [10].

Many studies have been done to improve Vortex bladeless. Alya code simulation has been developed and the
results obtained comply with the experimental data satisfactorily [11].

The use of renewable wind energy systems is crucial for the prevention of changing climatic conditions and
therefore ongoing global warming, and for obtaining clean, cheap and uninterrupted energy. As a result, the trend
towards wind energy is further increased.

Today, there are wind turbines with different blade structures. These are single-blade, double-blade, three-
blade and multi-blade wind turbines and they have advantages and disadvantages within themselves.

In this study, it has been aimed to absorb the most energy by making more vibrational movements with the
wind blowing speed and use the most suitable material that has high frequency and is lighter and more useful in order to
make the bladeless wind turbine perform the oscillating motion in the most efficient way. Therefore, both the blade
structure to be designed and the material to be used in the system are even more important for increasing the oscillation
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of the turbine. For this reason, the emphasis on the importance of the material to be used in the turbine will be

examined.

2. Materials and Method
Simulated system is as shown in Figure-1. The system is designed as a cylindrical cone that tapers down from
the top. The reason is to create a funnel effect by advantageously directing the wind downward. The downward
wind keeps a linear component that rotates on the inside. The system on the inner surface is arranged spirally.
This helps to create vortex. The Archimedean screw has been installed along an important part of the system so

that the vortex could be continuously downward from the top. The system has various modes of oscillation,

including all solid elements and structure.

)

Figure 1. Bladeless wind turbine design
The equivalent circuit shown in Figure 2 is used to model the tower used in the proposed bladeless wind

turbine. This model consists of the following: Fy is the rebound force (N), m is the mass of the pendulum (kg) and s is

the displacement (rad/sec).
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Figure 2. Bladeless wind turbine equivalent circuit

The bladeless wind turbine model made in the Solidworks environment is based on Figure 2, and the formulas

used herein are as shown in (1) and (2):

_Fg
wl = o (D
F
where Wy is natural frequency (rad/s), 9 is repulsion force(N), S is replacement (m), and & is angle (rad/sn).

The oscillation frequency of the wind turbine given in equation 1 depends on the speed of the wind coming
into the system and the fiberglass material used to make the tower. Using Figure 2 and Equation 1 as the reference

starting base model, the changing wind speed and the effect of it on the tower are demonstrated by simulation in

Solidworks.

Tc = mgl sin x= la- (2)

1s20(s) — sa(0) — a(0) + mglf(s) =0 3)

a(s) =0 €))
sa(0)

H(S) = 152+r(;gl (5)

a(s) = a(0) cos(\/%t) = 0.5 cos(,/%t) = (6)

where g=gravity, I=length of the tower (m), a=angle (rad/sec), and a(0) Initial angular velocity (w=angle/sec).
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By working on different materials for optimum blade structure to be used in the system, it is aimed to be able
to select the material that can is the most suitable and lightest for the system and that can create more vortex flow. For
this reason, the first material used is natural rubber, the second material is carbon steel. The two different materials used

and their results have been compared.

The first material of the experiment is a natural rubber fiberglass material. It is highly durable, has low
deformation, has good dynamic properties, is resistant to abrasion, can easily be processed, has very high elasticity and
is highly usable due to these reasons. In this experiment, the material has been considered as rigid body, the frequency
value of the material in seconds in the specific weight, mass and volume has also been measured and the elasticity test

has been performed.

The second material used is carbon steel material. This material is light weight, long lasting and durable.

3. Simulation Studies

The bladeless wind turbine system has been drawn in the Solidworks package program and the natural
frequency calculations have been made by finite element analysis.

During the design process, blade structures designed by using two different materials have been examined.
Natural rubber material has been used in the first blade design and the frequency values are shown in Table 1.

The carbon steel material is used in the second blade design and the frequency values are shown in Table 2.
When we look at the results, it is seen that the frequency values determined in 5 different modes are 2.5 times more than
the network frequency value required for oscillation. Also, when we look at the property of the material, the modulus of
elasticity is lower and elastic than natural rubber, and since the frequency value does not appear as desired, it will
prevent the desired value from being obtained.
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4. Outcomes and Suggestions
Natural Rubber Material Results

Model Information

The right plane

Model name: upper part

Current Configuration: Default

Rigid Bodies

Document Name and

Part Properties Volumetric Properties
Reference P P

Cut-Extrudel Mass: 0.455037 kg

Volume: 0.000473996 m"3
Rigid Body Density: 960 kg/m”3

Weight: 4.45936 N
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Model Reference Properties Components
Name: Natural Rubber SolidBody 1(Cut-
Extrudel)(upper part)
Model type: Isotropic  Linear
Elastic Analysis
Default error  Unknown
criterion:
Tensile strength:  2e+007 N/m”2
M Mass density: 960 kg/m”3
Elastic module: 10000 N/m”~2
Poisson's ratio:  0.45
Curve Data: N/A
Mod List
Table 1 Natural Rubber Material Frequency Values
Frequency Number Rad/sec Hertz Second

1 499.96 79.572 0.012567
2 602.72 95.926 0.010425
3 603.91 96.116 0.010404
4 604.43 96.198 0.010395
5 605.73 96.405 0.010373
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Carbon Steel Material Results

Model Information

The right plane

Model name: upper part

Current Configuration: Default

Rigid Bodies

Document Name and Reference

Behave Like This

Volumetric Properties

Cut-Extrudel

Rigid Body

Mass: 3.72466 kg

Volume: 0.000473996
m”3

Density: 7858 kg/m"3

Weight: 36.5017 N
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Material Properties

Model Reference Properties Components
Name: 1023 Carbon SolidBody 1(Cut-
Steel Sheet (SS) Extrudel)(upper
part)
Model type: Isotropic Linear
Elastic Analysis
Default error Unknown
criterion:
Yield strength: 2.82685e+008
N/m”~2
Tensile strength: 4.25e+008
N/m”~2
A Mass density: 7858 kg/m~3
Elastic module: 2.05e+011
N/m”2
Poisson's ratio: 0.29
Thermal 1.2e-005 /Kelvin
expansion
coefficient:
Curve Data: N/A
Mod List
Table 2. Carbon Steel Material Frequency Values
Frequency Number Rad/sec Hertz Second
1 8.038e+005 1.2793e+005 7.8169e-006
2 9.5821e+005 1.525e+005 6.5572e-006
3 9.6474e+005 1.5354e+005 6.5128e-006
4 9.6586e+005 1.5372e+005 6.5053e-006
5 9.6725e+005 1.5394e+005 6.4959-006
MATERIAL FREQUENCY VALUE [HERTZ] MASS [KG] WEIGHT [N]
NATURAL RUBBER 499,96 0.455 4.45
CARBON STEEL 8,038e+005 3.72 36.5
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As you can see from the table above, the natural rubber material has a frequency value close to 500, while

other used materials have smaller frequency values in seconds. This shows us that the efficiency of the energy to be

obtained from the system is 1.5 times higher than the other materials used, because the swirl generated by the natural

rubber material is faster than the swirl generated by the oscillating motion.

The results show that the frequency values determined in 5 different modes are closer to the mains frequency

and the natural rubber material is easier to oscillate due to its light weight. The bladeless wind turbine, designed with

natural rubber, proved to be the most suitable material in terms of both being able to oscillate more and to be installed in

the system, compared to the others.
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Genigsletilmis Ozet

Girig

Ulkemizdeki enerjinin ¢ogu fosil yakitlara baghdir. Fosil yakitlar yenilenemez oldugu icin yakin gelecekte tamamen
tiiketilecektir. Riizgar enerjisi, ¢evre kirliligini ve kiiresel 1sinmay1 onlemek igin en O6nemli yenilenebilir enerji
kaynaklar1 arasindadir. Bu, riizgar hizi tarafindan olusturulan girdap dokiilmesinin neden oldugu titresimlerden
kaynaklanan enerji toplanmasina dayanan bir ¢aligmadir. Bu ¢alismada, kanatsiz riizgar tiirbini ve sistemin dogal
frekans ve salinim hareketini nasil etkiledigi i¢in iki farkli malzeme se¢ilmistir. Sonlu elemanlar teoremi olan Solid
Works Paket Programi kullanilarak, sistemin bigak yapisi dizayn edilmis ve statik ve frekans analizi sonuglari elde
edilmistir. Sonug olarak, tasarlanan tiirbinin salinim hareketinin segilen malzemeye gore degistigi tespit edilmistir.
Sistemde dogal kaucuk malzeme kullanildiginda, frekans degeri diger kullanilmis malzemelere kiyasla istenen sonuca
daha yakindir.

Elektrik enerjisi hi¢ sliphesiz hayatimizda ¢ok Onemli bir yere sahiptir. Buna ragmen, bugiin enerji kaynaklari
azalmaktadir. Bu nedenle yenilenebilir enerji kaynaklarindan enerji alma arzusu giin gegtikge artmaktadir. Enerji elde
etmenin yani sira, enerjiyi verimli kullanmak, kullanilan enerji kaynaklarinin sorunlarni ¢dzmek, cevreye zarar
vermeden yaymak ve mevcut sisteme entegre olmak da ok énemli hale geldi. Ozellikle, yenilenebilir enerji
kaynaklarindan biri olan riizgar enerjisi, yaygin olarak kullanilan ¢evre dostu bir enerjidir. GUniimuzde, yenilenebilir
enerji kaynaklarma ydnelik egilim, enerjideki maliyet ve bagimliliktaki artis nedeniyle giderek artmaktadir. Bu nedenle
rlizgar enerjisinin kullanimi konusunda ¢esitli aragtirmalar yapilmis ve halen artmaya devam etmektedir. Riizgar enerjisi
potansiyeli, Tirkiye'nin ¢esitli sehirlerinde (Belen, Datca, Foga vb.) verimli riizgar enerjisi saglayabilecegi
diistiniilebilir. Elde edilen sonuglara gore, bu bolgelerde riizgar tiirbinlerinin kurulabilecegi ve yiiksek riizgar potansiyeli
olan kentlerin de tespit edildigi belirlenmistir.

Yontem

Sistem (stten asagi dogru sivrilen silindirik bir koni olarak tasarlanmistir. Bunun nedeni, avantajli olarak riizgart
asagiya dogru yonlendirerek bir huni etkisi yaratmaktir. Asag1 dogru riizgar, iceride donen dogrusal bir bileseni tutar. I¢
yuzeydeki sistem spiral olarak diizenlenmistir. Bu girdap olusturmaya yardimci olur. Arsimet vidasi sistemin énemli bir
kism1 boyunca yerlestirildi, boylece girdap iist kisimdan siirekli asagiya inebildi. Sistem, tiim kati elemanlar ve yap1
dahil olmak iizere ¢esitli salinim modlarina sahiptir. Sistemde kullanilacak optimum bigak yapist i¢in farkli malzemeler
tizerinde ¢alisilarak, sistem igin en uygun ve en hafif malzeme ve daha fazla girdap akisi yaratabilen malzemenin
secilmesi hedeflenmektedir. Bu sebeple kullanilan ilk malzeme dogal kauguk, ikinci malzeme karbon g¢eliktir.
Kullanilan iki farkli malzeme ve sonuglari karsilastirilmistir. Deneyin ilk maddesi dogal bir lastik cam elyafi
malzemesidir. Son derece dayanikli, diisiik deformasyona sahip, iyi dinamik 6zelliklere sahip, asinmaya dayanikli,
kolay islenebilir, ¢ok yiiksek elastikiyete sahip ve bu nedenlerden dolayr oldukca kullanishdir. Bu deneyde, malzeme
rijit cisim olarak kabul edildi, malzemenin belirli agirliktaki saniyelerdeki frekans degeri, kiitle ve hacim de 6l¢iildii ve
esneklik testi yapildi. Kullanilan ikinci malzeme karbon celik malzemedir. Bu malzeme hafif, uzun dmurli ve
dayaniklidir. Solidworks paket programinda kanatsiz riizgar tiirbini sistemi hazirlanmis ve sonlu elemanlar analizi ile
dogal frekans hesaplamalar1 yapilmistir. Tasarim siirecinde iki farkli malzeme kullanilarak tasarlanan bigak yapilari
incelenmistir. Ilk bicak tasariminda dogal kauguk malzeme kullanilmustir. Ikinci bigak tasariminda karbon celik
malzeme kullanilmigtir. Sonuglara baktigimizda, 5 farkli modda belirlenen frekans degerlerinin gerekli ag frekans
degerinden 2,5 kat daha fazla oldugu goriilmektedir. (salimim igin). Ayrica, malzemenin ozelligine baktigimizda,
elastikiyet modiilii dogal kauguktan daha diisiik ve elastiktir ve frekans degeri istendigi gibi goriinmediginden, istenen
degerin elde edilmesini dnleyecektir.

Sonuclar ve Tartisma

Dogal kauguk malzeme 500'e yakin bir frekans degerine sahipken, diger kullanilmis malzemeler saniyeler i¢inde daha
kiiciik frekans degerlerine sahiptir. Bu bize, sistemden elde edilecek enerjinin verimliliginin kullanilan diger
malzemelerden 1.5 kat daha yiiksek oldugunu, ¢iinkii dogal kaucuk malzemenin irettigi girdap, salinim hareketi
tarafindan Ttretilen girdaptan daha hizli oldugunu gostermektedir. Sonuglar, 5 farkli modda belirlenen frekans
degerlerinin ana frekansa daha yakin oldugunu ve hafif oldugu i¢in dogal kauguk malzemenin salinmasinin daha kolay
oldugunu gostermektedir. Dogal kaucuk ile tasarlanan kanatsiz riizgar tiirbininin, digerlerine gére hem daha fazla
salinim yapabilmesi hem de sisteme kurulabilmesi a¢isindan en uygun malzeme oldugu kanitlanmustir.
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