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RUZGARURBI Ni KANATLARI NDAKIi BUZLANMANI
YUKLERI NE ETKI SININ I NCELENMESI

OZET

Dogadaki enerjiyi ise yarar hale getirip kullanmak insanlik tarihi boyunca hep
ilerlemenin en 6nemli unsuru olmustur. Ozellikle sanayi devrimi sonras1 bu enerji
farkli alanlarda kullanilarak medeniyetin hizla ilerlemesini saglamistir. Enerji talebi
artarken tretilen enerjinin kaynagi da onem kazanmistir. Giiniimiizde dogaya zarar
vermeden siirdiiriilebilir enerji tiretiminin yollar1 aranmaktadir. Yenilenebilir enerji
kaynaklar1 yarmin enerji talebini karsilayacak sekilde kullanilmak istenmektedir.
Riizgar enerjisi de bu konuda oncii alanlardan biridir.

Riizgér enerjisinin yiiksek potansiyeli, ¢gevreye minimum etkisi, ekonomik avantajlar
ve genis bir uygulama bolgesi olmasi nedeniyle son zamanlarda sikca ¢alisilmaktadir.
Riizgér tiirbinlerinin zorlu iklim kosullarinda da sorunsuz calismasi, enerji arzinin
stirekliligi i¢in yliksek ehemmiyet tasimaktadir. Riizgar enerjisi iiretiminde Oncii
ilkelerin genelde soguk iklim kusaginda bulunmasi ve enerji talebinin bu tilkelerde kis
aylarindaki artis1 da goz 6niine alindiginda riizgar tiirbinlerinin sifir santigrat derecenin
altinda uzun siire ¢alismasi gerekmektedir.

Diisiik sicakliklarda kanatlarda birikebilecek buz parcalarinin, hava sicakliginin uzun
stire diisiik kalmasiyla kanatlarda ciddi buzlanmalara neden olmasi olagandir.
Buzlanma kanat profilini ve kiitlesini degistirmekte ve tiirbindeki bazi yiikleri

arttirmaktadir. Tiirbinlerin tasarimi ve sertifikasyonu sirasinda buzlanma yiikleri de
dahil edilmelidir.

Tezin igerigi buzlanma yiiklerinin artisinin nicel incelemesine odaklanmigtir. Bu
inceleme yapilirken diinya capinda kabul edilen IEC standartlar1 temel alinmustir.
Buzlanma durumunun olusturdugu ekstrem yiikler ve tlirbin 6mriinii dogrudan
etkileyen yorulma yiikleri hem buzlanma olan hem de buzlanma olmayan durumda
incelenmis, yiik degisimi temel nedenleriyle birlikte ortaya konulmustur.

Calismada NREL’in SMW’lik kara iizerinde kurulu acik model riizgar tiirbini
kullanmilmisti. NREL’in agik kaynak aero-servo-elastik yazilimi olan OpenFAST
programi kullanilmistir. Simiilasyonlar IEC’nin tasarim yiik senaryolarini kapsayacak
sekilde kosulmustur. Standartlarda belirtilen riizgar sartlari (II-B) alinmis ve buzlanma
modellemesi yine IEC standartlarinda belirtilen sekilde yapilmistir. Ekstrem yiikler
tasarim ylikii formatina, yorulma yiikleri esdeger yiikk formatina doniistiiriiliip
incelenmistir.

Sonug olarak buzlanma sebepli rotor dengesizligi ve aerodinamik kanat profillerinin
degisiminin; o6zellikle tiirbin kanat kenar1 (edge) yoniindeki momentlerin ve tilirbin
kulelerindeki sag-sol (side-to-side) yoniindeki momentlerin artisina sebep oldugu
gozlenmistir. Bu artis hem ekstrem yiiklerde hem de yorulma yiiklerinde oldukg¢a
belirgindir. Soguk iklim kusaginda bulunan tiirbinlerin bu yiikler hesaba katilarak
tasarlanmasi gerekliligi nicel olarak ortaya konmustur.
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WIND TURBINE LOAD ANALYSIS OF BLADE ICING CONDITION

SUMMARY

Making use of the energy in nature has always been the most important element of
progress throughout human history. Especially after the industrial revolution, this
energy was used in different areas, enabling the rapid progress of civilization. As
energy demand increases, the source of the produced energy has also gained
importance. Nowadays, ways to produce sustainable energy without harming nature
are sought. Renewable energy resources are intended to be used to meet tomorrow's
energy demand. Wind energy is one of the leading fields in this regard.

Wind energy has been studied frequently recently due to its high potential, minimal
impact on the environment, economic advantages and a wide application area. The
smooth operation of wind turbines even in harsh climatic conditions has great
importance for the continuity of energy supply. Considering that the leading countries
in wind energy production are generally located in cold climate zones and the increase
in energy demand in these countries during the winter months, wind turbines must
operate below zero degrees Celsius for a long time.

It is normal for ice particles to accumulate on the wings at low temperatures, causing
serious icing on the wings when the air temperature remains low for a long time. Icing
changes the aerofoil profile and mass and increases some loads on the turbine. Icing
loads should also be included during the design and certification of turbines.

The content of the thesis focuses on the quantitative examination of the increase in
icing loads. The study employs the OpenFAST software to develop an aero-servo-
elastic model capable of simulating the dynamic responses of wind turbines under
different operational scenarios, including those with icing conditions. All conditions
were based on IEC standards accepted worldwide. Extreme loads caused by icing and
fatigue loads that directly affect turbine life have been examined in both icing and non-
icing conditions, and the load change has been revealed together with its main reasons.
Through this investigation, the study seeks to provide insights that could enhance the
design and operational strategies of wind turbines, especially in cold climates where
icing is a common and persistent issue.

The literature review section provides an extensive overview of wind energy and wind
turbines, detailing their historical evolution, various types, and key components. The
phenomenon of icing is examined in depth, discussing its formation, types, and its
impact on the aerodynamic performance of turbine blades. Historical data and case
studies of turbine failures due to icing are also reviewed to provide a contextual
background and underscore the importance of addressing this issue.
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The methodology sections detail the development of the aero-servo-elastic model
using OpenFAST, which is an advanced simulation tool designed to analyse the
coupled aerodynamic, structural, and control dynamics of wind turbines. The model
development process involves generating wind files that represent different
atmospheric conditions, modelling the aerodynamic and elastic properties of the
turbine, and integrating the control system.

NREL's 5SMW land-based open model wind turbine was used in the study. OpenFAST
program, NREL's open source aero-servo-elastic software, was used. Simulations were
run to cover IEC design load scenarios. Wind conditions (11-B) specified in the
standards were taken and icing modelling was done as specified in IEC standards.
Extreme loads were converted to design load format and fatigue loads were converted
to equivalent load format and examined.

In generating wind files, turbulent conditions are created to simulate realistic operating
environments. Turbulent winds are generated using standard models such as the
Normal Turbulence Model (NTM) and the Extreme Wind Model (EWM). The
aerodynamic characteristics of the turbine blades are modelled to assess how icing
affects lift, drag, and overall aerodynamic efficiency.

The structural properties of the turbine, including the blades, rotor shaft, and tower,
are modelled to understand how they respond to dynamic loads under icing conditions.
The structural integrity and deformation of these components are analysed under
different loading scenarios. The turbine’s control system, which adjusts the blade pitch
and rotational speed to optimize performance and protect the turbine from excessive
loads, is incorporated into the model. This integration is crucial for simulating realistic
operational responses to icing.

Simulations are conducted across various design load cases (DLCs) to evaluate the
performance of the turbine under both normal and icing conditions. These DLCs cover
a range of scenarios, including normal operation, idling, extreme wind speeds, and
system faults. The loads on different turbine components, such as the rotor shaft,
tower, and blades, are compared between scenarios with and without icing. The
analysis focuses on extreme loads, fatigue loads, and the overall impact on turbine
performance and reliability.

The study’s detailed simulations using the OpenFAST software provide a clear picture
of how icing influences the loads experienced by various turbine components. For
instance, during normal operation without icing, the aerodynamic forces on the blades
are balanced to optimize energy capture. However, the presence of ice disrupts this
balance, leading to uneven loading and increased mechanical stress.

The simulation results reveal that icing significantly increases the loads on wind
turbine components. Key findings from the study include increased aerodynamic drag
forces on the blades, resulting in higher blade edge bending moments and stresses.
This can accelerate fatigue damage and reduce the lifespan of the blades. The rotor
shaft experiences slight changes at torsional and bending loads under icing conditions.
Because of rotor imbalance, the dynamic response of the tower is also affected.
Increased displacement at tower top and higher side-to side bending moments
observed during simulations with icing.
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The study also examines the economic implications of icing on wind turbines.
Increased loads due to icing not only pose a risk of mechanical failure but also lead to
higher maintenance costs and reduced energy production efficiency. By implementing
effective mitigation strategies, the long-term operational costs of wind turbines can be
reduced, enhancing their economic viability.

Furthermore, the research highlights the importance of site-specific analysis when
designing and operating wind turbines in cold climates. Different regions experience
varying levels of icing severity, and thus, tailored solutions are necessary to address
the unique challenges presented by each location. This site-specific approach ensures
that wind turbines are optimally designed and operated to withstand local
environmental conditions.

Addressing these challenges requires a multi-faceted approach. One of the primary
strategies discussed in the study is the integration of blade heating systems. These
systems can be designed to activate when icing conditions are detected, preventing the
accumulation of ice by maintaining the blade surface temperature above freezing.
While this solution can be effective, it also introduces additional power consumption,
which must be balanced against the overall energy output of the turbine.

Another approach involves operational adjustments. For example, reducing the
rotational speed of the turbine during icing conditions can decrease the aerodynamic
loads on the blades, mitigating the impact of ice accumulation. Similarly, altering the
blade pitch to reduce the angle of attack can help to maintain more stable aerodynamic
performance, even with ice on the blades.

The use of advanced materials and coatings is also explored as a means of reducing
ice formation. Anti-icing coatings can be applied to the blade surfaces to prevent ice
from adhering. These coatings typically work by creating a low-friction surface that
ice cannot easily bond to.

The economic implications of these mitigation strategies are significant. While the
initial investment in blade heating systems, advanced coatings, and other technologies
may be substantial, the long-term benefits in terms of reduced maintenance costs and
enhanced turbine reliability can justify these expenditures.

In addition to technical and economic considerations, the study highlights the
importance of regulatory and policy support for the adoption of anti-icing
technologies. Governments and regulatory bodies can play a crucial role by providing
incentives for the integration of these technologies, thereby accelerating their adoption
and ensuring that wind energy remains a competitive and reliable source of renewable
energy.

In conclusion, this research underscores the significant impact of icing on wind turbine
performance and structural loads. The study contributes valuable insights into the
effects of icing on wind turbine loads and offers a range of mitigation strategies to
enhance the performance and reliability of wind turbines in cold climates. These
findings are crucial for engineers, designers, and operators in the wind energy sector,
providing them with the knowledge and tools needed to tackle the challenges posed by
icing and to optimize the performance of wind turbines in diverse environmental
conditions. The research emphasizes the importance of continuous innovation and
adaptation in the wind energy industry to address emerging challenges and to ensure
the efficient and sustainable generation of clean energy.
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1. Gi Ri S

Medeniyet tarihi boyunca insanlik dogadaki enerjiyi kendi ihtiyaclart dogrultusunda
kullanabilmek ve sadece insan kas giiciiyle yapilabilecek islerin Gtesinde isler
basarabilmek i¢in gesitli yollar denemistir. Ozellikle sanayi devrimi ile bu enerji; seri
iretimin, yasam konforunun ve teknolojinin ilerleme hizinin artmasimi saglamistir.
Ancak enerji ihtiyacinin agirlikli olarak fosil yakitlar ile karsilanmasi dogada ve
insanlarin yasam cevresinde ciddi sorunlar yaratmistir. Hava kirliligi, kiiresel 1sinma
ve canlilarin dogal habitatlarinin giderek kiiciilmesi bu sorunlarin basinda yer
almaktadir. Ayrica fosil yakitlarin sadece belirli bolgelerde bulunmast tilkeler arasinda
catismalara ve enerji fiyatlarinda biiyiik dalgalanmalara neden olmustur. Artan
niifusun da etkisiyle enerji talebi artmis, ama enerji ihtiyacinin biiylik oranda
(yenilenemez) fosil yakitlardan elde edilmesi enerji arzinin giivenilirligini
sorgulatmigtir. Bu sebeplerle insanlik siirdiiriilebilir, daha temiz ve bagimsiz enerji
kaynag alternatifleri aramaya baglamistir. Yenilenebilir enerji kaynaklarinin {izerine
calisilmaya baslanmasi ve enerji stratejilerinin bu yone ilerlemesi kaginilmaz hale
gelmistir. Glines enerjisi, riizgar enerjisi, biyokiitle enerjisi, jeotermal enerji,

hidroelektrik enerji, dalga enerjisi en yaygin yenilenebilir enerji kaynaklaridir.

Enerji kapasitesi ve gorece ekonomik olusu nedeniyle riizgar enerjisi odak
noktalarindan biri haline donlismiistiir. Tarihin basindan beri gerek gemilerin
yelkenlerinde gerek yel degirmenlerinde kullandigimiz riizgar giicii tekrardan
arastirilmaya baslanmis; ucuz ve stirdiirtilebilir bir enerji kaynagi hedeflenmistir. Hem
karada hem deniz tlizerinde olusturulan riizgar tarlalarina kurulan riizgér tiirbinleri,
riizgarin kinetik enerjisini elektrik enerjisine doniistiirerek kullanima hazir hale

getirmektedir.

1.1Tezi n Amac.]

Riizgar tiirbinleri kurulduklar1 bélgede uzun siireler boyunca (20-30 y1l) calismak i¢in
tasarlanir. Caligsma siiresi boyunca tiirbinler; en durgun durumdan, firtinalara ve hatta

bolgede olugsma ihtimali olan ekstrem hava olaylarina kars1 dayanikli olmalidir. Ortam
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kosullarindaki degisikliklerin de yan1 sira operasyonel olaylar ve ¢alisma sirasindaki
potansiyel hatalar da goz Oniine alinmalidir. Tiim bu durumlar tlirbini ekstrem
yuklemelere maruz birakir. Ayrica ¢alisma siliresi boyunca olusan yiikler yiiksek
miktarda degiskenlik gdsterir. Uzun siire boyunca yiiksek cesitlilikteki yliklemelere
maruz kalan bu tiirbinler i¢in yorulma analizi de olduk¢a 6nemli hale gelmektedir.
Yorulma yiiklerinin hesaplanmas; tiirbin dmriinii, dogal olarak tiirbinin dmrii boyunca
iretecegi toplam enerjiyi ve buna bagli olarak birim enerji maliyetinin hesabini
miimkiin kilar. Ayrica tlirbinin servis ihtiyacini, hangi siklikla hangi parcgalarin
bakimlarinin yapilmasi gerektigini de tahmin etmek olas1 hasarlarin engellenmesini ve

enerji iiretimini durduracak durumlarin azaltilmasi saglar.

Tiirbinlerin calisma kosullarinin ¢esitliligi ve yiliksek Omiir beklentisi, yiik
analizlerinin ¢esitli durumlar i¢in ayrintili olarak ayr1 ayri degerlendirilmesi
gerekliligini dogurmustur. Hem farkli riizgar kosullarini, hem hatalari, hem servis
stireglerini kapsayan tasarim yiik senaryolar1 farkli kuruluslar tarafindan olusturulan
standartlarla belirlenmis ve sertifika siiregleri olusturulmustur. Kurulmas: planlanan
her tiirbin {ilkenin zorunlu tuttugu ve yatirimer firmanin talep ettigi sertifikasyon
stireglerini  belirli standartlara uyarak tamamlamalidir. Sertifikasyon; belirlenen
tiirbinin, bolgenin hava kosullarinda, istenilen siire boyunca maruz kalacag: yiiklerin
simiile edilmesi ve tiirbin parcalarinin bu yliklere dayaniminin onaylanmasi sonucu

saglanir.

Hava kosullar1 yiikleri etkiledigi kadar yillik enerji iiretim miktarini da etkiler. Hava
kosullar1 sadece riizgarin ortalama hizi ile sinirl degildir. Ayni1 zamanda riizgar hizinin
istatistiksel dagilimy, riizgarin tiirbiilans yogunlugu, yillik riizgar yonii dagilimi, hava
yogunlugu, olasiliksal en yiiksek firtina hizi, tiirbin kanatlarinda buzlanma olugmasi

ve buzlanmanin ne kadar siirecegi gibi faktorler de hesaplanmalidir.

Tiirbin kanatlarinda olusabilecek bir buzlanma hem dinamik hem de aerodinamik
etkilere neden olmaktadir. Kanatlarin buzlanmasi kiitlelerinin artmasina neden olacagi
gibi tiim kanatlarda buzlanmanin esit olmamasi nedeniyle rotor dengesizliklerine de
yol acar. Ayn1 zamanda buzlanma, kanatlarin aerodinamik profilini de etkilemekte;
buna bagl olarak kaldirma ve siiriiklenme katsayilarii degistirmektedir. Aerofoil

degisimi enerji iiretimini degistirirken yiiklerde de degisiklere sebebiyet verir.
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Standartlarda kanatlarda olusabilecek buzlanmalar i¢in yapilacak kabuller ve ¢esitli
tasarim senaryolar1 belirlenmistir. Bu tezin temel amaci bu kabuller sonucu kanat
buzlanmasi durumunda yiiklerin nasil degistigini gozlemlemek ve olasi ¢Oziimler

lizerine tartisma saglamaktir.

12Li1 t erAataigrt 1 r mas |

Buzlanma ve buzlanmaya bagli olusabilecek bazi olumsuz etkiler asagida

listelenmistir;

1. Olgiim Hatalari: Buzlanma, riizgar hizim etkileyerek anemometrelerin %60'a

kadar hata yapabilecegini belirtmektedir (Fortin ve dig., 2005).

2. Gi¢ Kayplart: Buz birikimi, kanat aerofoilinin seklini degistirerek
aerodinamik ozellikleri etkiler ve bu durum gii¢ kayiplarina yol acar. Gii¢ kayiplari,

yillik tiretimin %5'ini gegebilir (Hochart ve dig., 2008; Ronsten ve dig., 2012).

3. Asirt Uretim: Diisiik sicakliklar ve aerofoil modifikasyonlari, kanat agisinin
kontrolciiyle ayarlanmadig: tiirbinlerde riizgar tlirbininin asir1 gii¢ liretilmesine neden
olabilir. Bu durumda %16'ya kadar asir1 iiretim kaydedilmistir (Jasinski ve dig., 1997).

Bu durum elektrik komponentlerinde hasara sebep olabilir.

4. Mekanik Arnzalar: Buz birikimi, kanatlar ve kule tizerindeki yiikli artirarak
mekanik arizalara neden olabilir. Ozellikle disli kutular1, diisiik sicakliklar ve viskozite

degisiklikleri nedeniyle 6mriinii 6nemli 6lglide kisaltabilir (Peltola ve dig., 2003).

5. Elektrik Arizasi: Kar girisi ve asir1 sicaklik, nasel ig¢inde elektrik arizasina

neden olabilir (Laakso ve dig., 2010).

6. Giivenlik Tehlikesi: Birikmis biiyiik buz kiitleleri, tlirbinin kanatlarindan 1,5
kat uzakliga kadar firlatilabilir (Seifert ve dig., 2003).

7. Yiik Artislart Nedenli Arizalar: Buzlanma nedeniyle rotor dengesizligi sonucu
bazi yorulma yiklerinin artig gosterdigi goriilmiistiir (Lehtomidki ve dig., 2016).
Ayrica bazi ekstrem yiikler de artis géstermektedir (Etemaddar ve dig., 2012)
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2. RUZGARRNERJI Si

Riizgar enerjisi, giliniimiizde siirdiiriilebilir enerji {iretimi i¢in 6nemli bir rol
oynamaktadir. Diinya genelinde, riizgar enerjisi, hem karasal hem de denizdeki
tiirbinler araciligryla kullanilan olgunlagmis bir teknoloji olarak 6ne ¢ikmaktadir. Son
yillarda karasal riizgar teknolojisi, diisiik riizgar hizlarina sahip bolgeleri kapsayacak
sekilde evrim gecirerek kiiresel tedarik zinciri ile birlikte gelismistir. Acik deniz riizgar
enerjisi ise daha gii¢lii riizgarlardan faydalanmak adina hizla biliylime gdstermektedir.
Uluslararast Enerji Ajansinin Net Sifir Emisyonlar Senaryosu'na gore, riizgar ve giines
enerjisi, temiz enerji gegisinin temel bilesenleridir. Net Sifir Senaryosu'nun 6ngordigii
2030 yilindaki yaklasik 7.400 TWh'lik riizgar enerjisi liretim seviyesine uyum, 2023-
2030 doneminde yilda yaklasik %17'lik ortalama bir genislemeyi gerektirmektedir.
Diinya genelinde, Net Sifir Senaryosu'nda ongoriilen yillik riizgar elektrik tiretim
seviyelerine ulagmak icin karasal ve denizdeki enerji iiretim ¢iftliklerine artan destek
saglanmalidir. Bu c¢abalar, izin siireglerini kolaylastirmaya, halkin destegini
kazanmaya, uygun alanlarin belirlenmesine ve maliyetleri diisiirmeye yonelik
odaklanmalidir (Net Zero Roadmap: A Global Pathway to Keep the 1.5 °C Goal in
Reach - 2023 Update, 2023). Bu béliimde, diinya genelinde ve Tiirkiye'de enerji

thtiyaci, riizgr enerjisinin tarihgesi ve riizgar tiirbinleri tizerinde durulacaktir.

21D U ny a d ai veRri e rggaerjisi

Diinya genelindeki enerji talebi, siirekli bir artis trendi gdstermekte ve bu durum,
stirdiirtilebilir enerji kaynaklarina olan talebi artirmaktadir. Bu baglamda, Uluslararasi
Enerji Ajanst (IEA), enerji tiikketimi konusunda sagladigi detayli verilerle kiiresel
enerji sektorii icin kilit bir referans noktasidir. Ancak, 2022 Enerji Raporu'na gore,
kiiresel enerji talebinin 6nemli bir boliimii hala fosil yakitlardan karsilanmaktadir. Bu
durum, g¢evresel etkileri ve enerji giivenligi endiselerini daha da artirmaktadir. Buna
karsin, Net Sifir Emisyon Senaryosu, 2050'ye kadar, kiiresel ortalama sicakligi 1.5 °C

seviyesinde sabitlemenin ve temel enerji ile ilgili Birlesmis Milletler Siirdiirtilebilir
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Kalkinma Hedeflerini karsilamanin bir yol haritasin1 ¢izmektedir(World Energy
Outlook 2022, 2022).

Riizgar enerjisi, bu baglamda siirdiiriilebilir bir enerji kaynagi olarak 6ne ¢ikmakta ve
diinya genelindeki enerji portfoyiinde 6nemli bir paya sahip olmaktadir. Fosil
yakitlarin hala enerji portfoyiinde biiyiik bir paya sahiptir. Bu durum riizgar enerjisinin

Onemi ve potansiyelini daha da vurgulamaktadir.

S e Kil 1Yillara gore segili tilkeler i¢in kurulu riizgar enerjisi kapasitesi (Net Zero
Roadmap: A Global Pathway to Keep the 1.5 °C Goal in Reach -2023 Update, 2023).

Uluslararas1 Yenilenebilir Enerji Ajansinin (International Renewable Energy Agency)
Sekil 2.1°deki grafigi, gegmis yillarda riizgar enerjisi kapasitesinin nasil evrimlestigini
gorsel bir sekilde ortaya koymaktadir. Bu grafik, sektoriin biiyiime hizini, teknolojik
gelisimleri ve gelecek potansiyelini degerlendirmek adina 6nemli bir gorsel kaynak
sunmaktadir. Bu baglamda, riizgar enerjisi sektoriiniin diinya enerji manzarasindaki
yiikselen rolii, stirdiiriilebilirlik hedeflerine ulasma ¢abalarinda kilit bir unsur olarak
one c¢ikmaktadir. Enerji tiiketimindeki bu doniisiim, fosil yakitlardan temiz enerji

kaynaklarina gecisi hizlandirmak i¢in daha fazla ¢aba sarf edilmesini gerektirmektedir.

22T U r KdeErerji veR U z geaarijisi

Tiirkiye, enerji ihtiyacim1 karsilamak iizere gesitli enerji kaynaklarina bagimli bir

iilkedir. Enerji ve Tabii Kaynaklar Bakanlhigi'min Tiirkiye Enerji Istatistikleri
Raporu’na gore, Tiirkiye'nin toplam enerji talebi siirekli bir artis gdstermektedir ve bu

artisin 6onemli bir kismi hala fosil yakitlardan karsilanmaktadir. Ancak, son yillarda

rlizgar enerjisi projelerine yapilan yatirimlardaki artis, yenilenebilir enerji
kaynaklarinin Tirkiye enerji portfoyiindeki payimi artirmaktadir (T ¢ r kR ¢yzeg ©r
Ener j i BkiRapra-tOactaiks 202 3Rz H@re kji iyeiT| BREBI i J i
2023).
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Tiirkiye'de Riizgar Enerjisi Santrallerinin Elektrik Uretimindeki Payi

Proportion of Wind Power Plants in Electricity Production in Turkey
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Tiirkiye'deki riizgar enerjisi projelerinin zaman igindeki gelisimi Sekil 2.3teki gibidir.

Bu tablo, sektdrdeki yatirimlarin biiytikligiinii ve kapasite artiglarini icermektedir.

Bu baglamda, Tirkiye'nin enerji portfoyiindeki degisim, siirdiiriilebilir enerji
hedeflerine ulasma c¢abalarin1 yansitmakta ve riizgar enerjisi gibi yenilenebilir
kaynaklara yapilan yatirimlarin artmasi, iilkenin enerji sektoriinde olumlu bir

doniistimii isaret etmektedir.

23RuUz geénrer j i si  TRa e glalgrebsiin [ veer i

231RUz gearer ji sinin tarihcesi

Riizgar tlirbini kavrami heniiz ortaya ¢ikmadan 6nce de insanlar riizgar enerjisinden
faydalanmanin yollarin1 aramistir. Yelkenli teknelerle ile baglayan bu siire¢ daha sonra
sabit yapilarda da riizgar enerjisini kullanma fikrini dogurmustur. Beurskens bu siireci
4 ana kategoriye ayirmustir: Klasik donem (600-1890), elektrik iireten riizgar
tirbinlerinin gelisimi (1890-1930), ilk inovasyon dénemi (1930-1960) ve ikinci
inovasyon donemi ve kitlesel tiretim (1960-...) (Beurskens, 2014). Klasik dénemde
riizgar degirmenleri genelde tahillarun 6giitiilmesi i¢in kullanilmistir. Bu donem,
buhar makinesinin kesfi ve odun ile komiiriin kolay bulunabilirligi nedeniyle sona
ermistir. Elektrigin yaygilagsmasindan sonra elektrik iiretiminin riizgardan elektrik
iretme olasiligit da distiniilmiistiir. Baz1 aerodinamik gelismeler katedilmesine
ragmen, elektrik sebekesinin tam gelismemesi ve ucuz fosil yakitlarin varlig
nedeniyle bu donem sona ermistir. Daha sonra kirsal alanlara da elektrigin ulasmast,
fosil yakitlarin politik bir giic haline gelmesi nedeniyle ilk inovasyon dénemi
baslamistir. Bu siirecte farkli yapisal tasarimlar denenmis ve gelistirilmistir.
Giintimiizde kullandigimiz tasarimin temelleri atilmistir. Ancak fosil yakitlarin tekrar
ucuzlamasi ve niikleer enerji gibi daha ucuz enerji kaynaklarinin bulunmasi ilerlemeyi
durdurmustur. Ikinci inovasyon dénemi gevresel sorunlarin giindeme gelmesi ve petrol
fiyatlariin dalgalanmasi sonucu baglamistir ve giiniimiizde de hizlanarak devam

etmektedir.

232Ruzgédirr bini tarl eri

Riizgar tiirbini tasarimlar1 da tarih boyunca degismis, farkli tasarimlar denenmis,
basarili tasarimlar daha iyi olacak sekilde gelistirilmistir. Giliniimiizde kullanilan

rlizgar tiirbini tasarimlari, genellikle yatay eksenli riizgér tiirbinleri (HAWT) ve dikey
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eksenli riizgar tirbinleri (VAWT) olarak kategorize edilmektedir. Dikey eksenli
tiirbinlerin birim enerji bagina maliyetleri daha fazla oldugu i¢in giinliiimiizde yaygin
olarak kullanilan tiirbin tiirli yatay eksenli olanlaridir (Manwell ve dig., 2010). Sekil

2.4°de dikey eksenli bir riizgar tiirbini goriilmektedir.

S e Kid 1Yatay eksenli riizgar tiirbini (VAWT) (Manwell ve dig., 2010).
233RuUz gairr bi ni bil esenl eri

Bir tiirbin en temel olarak rotor, nasel ve kuleden olugsmaktadir. Sekil 2.5’de yatay

eksenli bir riizgar tiirbinin bilesenleri goriilmektedir.

canat

yunuslama sistemi (pitch)
gihek (hab)

ana mil & yatads

S e K5 1 Riizgar tiirbini bilesenleri (HAWT) (Giines, 2020) .
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2.3.4Rotor

Riizgardan gelen kinetik enerjinin toplanarak safta iletildigi kisim rotordur. Igerisinde
kanatlari, kanatlarin birlesme noktasinda hubi (gobek), kanat yataklarini ve kanat
acisini diizenleyen eyleyicileri barindirir. Enerji akisinda oldugu gibi yiikiin akisinda
da baslangic noktasidir. Rotor capinin artmasiyla hem enerji iiretiminin hem de
yiiklerin artmasi sebebiyle kanatlarin tasariminda yapisal ve aerodinamik olarak biiyiik
Oonem tasir. Buginiin tiirbinlerinde kanatlarda malzeme olarak fiber-glass tercih
edilmektedir ve rotor ¢ap1 150 metrenin iizerine ¢ikmistir. Rotorun doniis hizi da ¢apin
artmastyla azalmaktadir. Bunun sebebi kanat ucundaki hizin aginma ve giiriiltii

nedeniyle kisitli olmasidir.

2.3.5Nasel

Nasel rotordaki kinetik enerjinin elektrik enerjisine doniistiigii yerdir. Icerisinde giic
iletimi elamanlarmni, rotor frenlerini, rotor yataklarini, jeneratorii, iklimlendirme ve
yaglama sistemlerini barindirir. Ayrica konvertdr, kontrolcii devreleri ve veri toplayan
elektriksel pargalar da burada bulunur. Sapma yoniinde donme yapabilmesini saglayan

eyleyiciler sayesinde rotorun hep riizgar yoniine donmesini saglar.

2.3.6Kule

Tiirbinin yapisal elemani olarak rotor ve naseli tasir. Celik, betonarme veya hibrit
yapida olabilir. Kule yiikseklikleri giiniimiizde 80 metre ve {lizerindedir. Celik olan
kulelerde parcalar kaynak baglantilariyla ya da flanglarla saglanir. Bu noktalardaki ytik
dayanimi ve yapinin dogal frekansina etkisi en 6nemli parametrelerdir ve tasarimda

buna uygun hesaplamalar yapilmalidir (Glines, 2020).
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3. RUZGAIRURBI Ni N-SEEVOELASTIi K MODELLEMESI

Riizgar tiirbini yliklerinin incelenmesi i¢in bir¢ok farkli durum ele alinmalidir. Bu
durumlar dinamik olarak incelenmedir. Kuvvetler, tiirbiilansh riizgarin degisimiyle
birlikte simiilasyon siiresince degismeli, tlirbinin dinamik davranis1 ve tiirbin
kontrolciisiiniin etkileri hesaba katilmalidir. Ozet olarak, riizgar tiirbini yiik analizinde

karsimiza ¢ikan zorluklar asagidaki gibidir:
A Cok sayida simiilasyon (1000+)
Uzun simiilasyon siireleri (simiilasyon basina 1-10 dakika arast1)
Kiigiik zaman adimi (<0,1 saniye)
Riizgar sonucu olusan yiiklerin anlik degisimi (Aerodinamik-Dinamik)

Sekil degistirmelerin aerodinamik kuvvetlere etkisi (Aerodinamik-Elastik)

o o Do Do Do

Tiirbin  davraniginin ~ kontrolcliyle degismesi (Kanat acilari, jenerator

momenti,...)

A Cok miktarda veri ¢ikist ve islenmesi gerekliligi (Farkli noktalardan anlik

alinan verilerin bulundugu binlerce simiilasyon)

Yukarida verilen bilgiler dogrultusunda, riizgar tiirbinin biitlinciil bir sistem olarak yiik
analizinde CFD veya FEM kullanimi, giiniimiizdeki hesaplama teknolojisiyle
imkansiz hale gelmektedir. CFD, tiim sistem dahil edilmeden, sadece kanatlardaki
aerodinamik davranis1 incelemek ve hiicum agisina bagli aerodinamik katsayilari
cikarmak icin kullanilir. Sonrasinda aero-servo-elastik analiz ile yiikler hesaplanir.
Parga bazinda dayaniklilik ise sistem diizeyinde yapilan aero-servo-elastik analiz

sonucu elde edilen yiikler kullanilarak FEM ile incelenebilir.

3.1 Aero-servo-elastisite veOpenFASTY a z 1 | 1 mi

Riizgér tlirbini yliklerini hesaplamak i¢in kullanilan aero-servo-elastik simiilasyonlar,
isminden de anlasilacagi lizere; aerodinamik kuvvetleri (kaldirma ve siiriikklenme

kuvvetleri), kontrolcii davranisi (sensor-eyleyici etkilesimi) ve elastik davranisi (sekil
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degistirme, gerilme) dinamik bir ortamda (agirlik etkisi, parcalarin bagil hareketi,

sistemin frekans cevabi) birlestiren simiilasyonlardir. Cok sayida etkilesimin

incelenmesi nedeniyle elemanlar tek boyutludur ve tiirbin miimkiin oldugunca az

elemanla temsil edilmelidir (~100 eleman). Simiilasyonun ilerleme sekli asagidaki

gibidir;

A
A

Akisin (rlizgarin) anlik gelis yonii ve hizi1 girdi olarak verilir

Kanatlarin her diigiim noktasinda (node): Kanadin hizi, konumu, sekil

degistirmesi ve anlik riizgara bagli olarak; bagil hiz ve hiicum agis1 belirlenir.

Bagil hiz ve hiicum agis1 ve her diigiim noktasi i¢in model girdisinde verilen

aerodinamik katsayilar kullanilarak aerodinamik kuvvetler hesaplanir.

Kuvvetler ve tiirbinin bir dnceki zaman adimindaki dinamik parametreler
kullanilarak mevcut zaman adimindaki sekil degistirme, hiz, ivme, vb

parametreler hesaplanir.

Yeni parametreler sonucu olusan aerodinamik kuvvetler tekrar hesaplanir ve
yakinsama olana kadar iterasyon devam eder. Istenen yakisama saglaninca bir

sonraki zaman adimina gegilir.

Bu siirecten ayrik bir sekilde kontrolcii belirlenen parametreleri (jenerator hizi,
rliizgar hizi,...) her adimda inceler ve gerektigi durumlarda simiilasyondaki
parametrelerin (kanat agisi, jenerator momenti) yeniden diizenlenmesini
saglayarak sahadaki tiirbin davranisinin simiile edilmesini saglar. Bu
degisimler sonraki zaman adimlarinda uygulanir. Ayrica istenirse girdi olarak
belirli zamanlarda tiirbinin belirli davraniglar1 (gili¢ iiretiminin baslamasi/
sonlandirilmasi, hata ve acil durumlarin olusturulmasi) gergeklestirmesi

istenebilir.

Her zaman adiminda, belirlenen noktadan, belirlenen eksene gore; kuvvet,

moment, yer degistirme, hiz, ivme gibi veriler alinabilir.

Yukarida belirtilen adimlar karadaki riizgar tiirbinleri i¢in gecerlidir. Tiirbinin deniz

istli olmas1 durumunda dalga dinamiklerinin de bu adimlara eklenerek hesaplanmasi

gerekmektedir. Bu durumda analiz, aero-hidro-servo-elastik olarak nitelendirilir. Bu

tez kapsaminda sadece karadaki riizgar tiirbinlerinin yiik analizi incelenecegi igin

hidrodinamik yiiklenmeler dahil edilmeyecektir.
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Tez kapsaminda kullanilan aero-servo-elastik simiilasyon yazilimi olarak NREL’in
gelistirdigi (National Renewable Energy Laboratory) OpenFAST programi se¢ilmistir.

Bu se¢imin nedenleri asagidaki gibidir;

A Acik kaynak kodlara sahip olmasi (Lisans iicreti yok, kodda istenen
degisiklikler yapilabilir.)

A Giiniimiiz riizgar tiirbinleri ile benzer gii¢ iiretimine ve tasarima sahip tiirbin

modellerini barindirmasi

A Kanatlarin aerodinamik katsayilarmi ve kiitlelerini buzlanma durumu igin

degistirmenin miimkiin olmasi

A Hem fiziksel tasarim hem de kontrolcii tasarimimnin hazir olmasi (6zellikleri

belgelenmis, tizerine akademik ¢aligmalar mevcut)
A Dinamik olarak test edilmis, dogal frekans ve modlari belirlenmis olmasi

OpenFAST igerisinde Sekil 3.1’de de goriilen alt modiillerden olusmaktadir ve
modillerin kapsamlar1 ve modiiller arasindaki etkilesim goriilebilir. HydroDyn ve
SubDyn bu tezin kapsami disindaki deniz iistii tiirbinlerin modellemesi i¢in
kullanilmaktadir ve bu tezdeki simiilasyonlarda kullanilmamistir. Alt modiiller “.dat”

uzantisina sahip metin dosyalar1 seklindedir.

Dis I Uygulanan I Ruzgar Tiirbini
Kosullar ' Yukler '

Kontrol Sistemi ve Eyleyici
InflowWind I AeroDyn
= Rotor Gu; ilenml
Rizgar
- Dinamikderi .ﬂ
l Nasel
l Dinamikleri "
ServoDyn
l Kule
= Dinamikieri
HydroDyn
Dalgalar ve g B Tagmpa
Alantiar inami >| Dinamikleri SubDyn

Aero
I Dinamikier

> %

ElastoDyn

S e ki |OpeBFAST alt modiilleri, NREL.
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Tiim modiillerin ayr1 ayr1 girdi (input) dosyalar1 bulunmaktadir, bu dosyalar ana girdi
dosyasi olan “.fst” dosyasinda yer almaktadir. Sekil 3.2°de goriildiigii gibi “.fst”
dosyasi1 genel simiilasyon parametrelerini ve tercihlerini de barindirir. “.fst” dosyasi,
“openfast.exe” ile birlikte Windows komut satir1 ile c¢alisir. Fortran derleyicisine

ihtiyag vardir. Ciktilar istege bagli olarak metin dosyasi ya da binary olarak alinabilir.

Sekil 3.2°de bu dosyalar renklendirilerek gdsterilmistir.

------ OpenFAST EXAMPLE INPUT FILE
FAST Certification Test #18: NREL 5.0 MW Baseline Wind Turbine {Onshore)
---------------- - SIMULATION CONTROL
True Echo - Echo input data to <RootName> ech (flag)
"FATAL"  AbortLevel - Error level when simulation should abort (string) {"WARNING", "SEVERE", "FATAL"}
60 TMax - Total run time ()
0.00625 DT - Recommended module time step (s)
2 InterpOrder - Interpolation order for input/output time history (-) {1=linear, 2=quadratic}
0 NumCretn - Number of correction iterations (-) {0=explicit calculation. i.e.. no corrections}
90090 DT Ulac - Time bhetween calls to get Jacobians (s)
1E+06 UlJacSclFact - Scaling factor used in Jacobians (-)
———————————————— — FEATURE SWITCHES AND FLAGS -———————————
CompElast - Compute structural dynamics (switch) {1=ElastoDyn; 2=Elastolvn + BeamDyn for blades}
Complnflow - Compute inflow wind velocities (switch) {0=still air; 1=InflowWind; 2=external from OpenFOAN}
CompAero - Compute aerodynamic loads (switch) {0=None: 1=AeroDvyn v14; 2=AeroDyn v15}
CompServo - Compute control and electrical-drive dynamics (switch) {0=INone; 1=ServoDyn}
CompHydro - Compute hydrodynamic loads (switch) {0=None; 1=HydroDvyn}
CompSub - Compute sub-structural dynamics (switch) {0=None; 1=SubDvn; 2=External Platform MCKF}
CompMooring - Compute mooring system (switch) {0=None; 1=MAP++; 2=FEAMooring; 3=MoorDvyn; 4=0OrcaFlex}
Complce - Compute ice loads (switch) {0=None; 1=IceFloe; 2=[ceDyn}
MHE - MHK turbine type (switch) {(=Not an MHK turbine; 1=Fixed MHK turbine; 2=Floating MHK turbine}
---------------- - ENVIRONMENTAL CONDITIONS - meememem e m
980665 Gravity - Gravitational acceleration (m/s"2)
1.225 AirDens - Air density (kg/m"3)
0 WirDens - Water density (ke/'m”3)

[ = RN

1464E-05 KinVisc - Kinematic viscosity of working fluid (m"2/s)
335 SpdSound - Speed of sound in working fluid (m/s)
103500 Patm - Atmospheric pressure (Pa) [used only for an MHEK turbine cavitation check]
1700 Pvap - Vapour pressure of working fluid (Pa) [used enly for an MHK turbine cavitation check]

0 WitrDpth - Water depth (m)

0 MSL2SWL - Offset between still-water level and mean sea level (m) [positive upward)]
———————————————— — INPUT FILES
"NRELOffshrBsline5MW_Onshore ElastoDyndat" EDFile - Name of file containing FlastoDyn input parameters (quoted string)

./5MW_Baseline NRELOffshrBslineSMW _BeamDvn dat” BDBIdFile(1) - Name of file containing BeamDvn input parameters for blade 1 (quoted string)
_/SMW_Baseline NRELOffshrBsline MW _BeamDyn dat” BDBIdFile(2) - Name of file containing BeamDyn input parameters for blade 2 (quoted string)
./SMW_Baseline NRELOffshrBsline3MW _BeamDyn.dat” BDBIdFile(3) - Name of file contamning BeamDvn input parameters for blade 3 (quoted string)
"_/SMW_Baseline NRELOffshrBslineSMW_InflowWind 12mps.dat” InflowFile - Name of file containing inflow wind input parameters (quoted string)
"NRELOffshrBsline3MW _Onshore AeroDynl5.dat” AeroFile - Name of file contamning aerodynamic input parameters (quoted string)
"NRELOffshrBsline5MW _Onshore_ServoDyn.dat” ServeFile - Name of file containing control and electrical-drive input parameters {quoted string)
"umused”  HydroFile - Name of file containing hydrodynamic input parameters (quoted string)

"urused”  SubFile - Name of file containing sub-structural input parameters (quoted string)
"umused”  MooringFile - Name of file containing mooring system input parameters (quoted string)

"umused”  IceFile - Name of file containing ice input parameters (quoted string)
OUTPUT
True SumPrint - Print summary data to "<RootName>.sum" (flag)
5 SttsTime - Amount of time between screen status messages (s)
90090 ChkptTime - Amount of time between creating checkpoint files for potential restart (3)
"default” DT Out - Time step for tabular cutput (5) (or "default")
0 TStart - Time to begin tabular output (s)

0 QutFileFmt - Format for tabular (time-marching) output file (switch) {0: uncompressed binary [<RootName> outb], 1: text file [<RootName= out]. .
True TabDelim - Use tab delimiters in text tabular output file? (flag) {uses spaces if false}
"ES103E2" OutFmt - Format used for text tabular output, excluding the time channel. Resulting field should be 10 characters. (quoted string)
———————————————— — LINEARIZATION
False Linearize - Linearization analysis (flag)
False CaleSteady - Caleulate a steady-state periodic operating point before linearization? [unused if Linearize=False] (flag)
3 TrimCase - Controller parameter to be trimmed {1:-yaw; 2-torque; 3:pitch} [used only if CalcSteady=True] (-)
0.001 TrimTol - Tolerance for the rotational speed convergence [used only if CalcSteady=True] (-)
0.01 TrimGain - Proportional gain for the rotational speed error (=0) [used only if CalcSteady=True] (rad/{(rad’s) for yaw or pitch; Nm/(rad's) for torqu
0 Twr_Kdmp - Damping factor for the tower [used only if CaleSteady=True] (N/(m's))
0 Bld_Kdmp - Damping factor for the blades [used only if CalcSteady=True] (N/{m/s))
2 NLinTimes - Number of times to linearize (-) [»=1] [unused if Linearize=False]
30, 60 LinTimes - List of times at which to linearize (3) [1 to NLinTimes] [used only when Linearize=True and CalcSteady=False]
1 Linlnputs - Inputs included in linearization (switch) {0=none; 1=standard; 2=all module inputs (debug)} [unused if Linearize=Falze]
1 LinOutputs - Outputs included in linearization (switch) {O=none; 1=from OutList(s); 2=all module cutputs (debug)} [unused if Linearize=False]
False LinOutfac - Include full JTacobians in linearization output (for debug) (flag) [unused if Linearize=False; used only if LinInputs=LinOutputs=2]
False LinCutMod - Write module-level linearization output files in addition to output for full system? (flag) [unused if Linearize=False]
————————————————— VISUALIZATION
0 WIVIK - VTK visualization data output: (switch) {0=none; 1=initialization data only; 2=animation; 3=mode shapes}
1 VTE type - Type of VTK visvalization data: (switch) {1=surfaces; 2=basic meshes (lines/points); 3=all meshes (debug)} [unused if WrVTE=0]
true VTE _fields - Write mesh fields to VTK data files? (flag) {true/false} [unused if WrVTE=0]
15 VTK fps - Frame rate for VTK output (frames per second){will use closest integer multiple of DT} [used only if Wr'VTE=2 or WrVTK=3]

S e ki [|.fst 3osyad1 drnegi.
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311RuUzgdéorsyal arit nin olusturul mas:|

InflowWind dosyas1 simiilasyon i¢in gereken riizgar parametrelerini olusturmak ya da
istege gore baska bir dosyadan veri ¢ekmek i¢in kullanilir. Sekil 3.3’te goriilen
ornekteki gibi; riizgar tiiri se¢imi, olusturulan riizgarin boyutu gibi parametreler bu
dosyadan ayarlanir. Istenirse cikt1 olarak belirlenen bir noktadaki anlik hizlar
koordinat sistemindeki eksenlere gore yazdirilabilir. Riizgar parametreleri sonraki
boliimde agiklanacaktir. Riizgar tipine yonelik secimler renklendirilmis olarak Sekil

3.3’te goriilmektedir.

-—-— InflowWind INPUT FILE
Smy's turbulent winds on 31x31 FF grid and tower for FAST CertTests #18, #19, #21, #22, #23, and #24

False Echo - Echo input data to <RootName= ech (flag)

3 WindType - switch for wind file type (1=steady; J=uniform; 3=binary TurbSim FF; 4=binary Bladed-style FF; 5=HAWC format; 6=User defined; 7=native Bladed FF)

0 PropagationDir - Direction of wind propagation (meteorological rotation from aligned with X (positive rotates towards -Y) - degrees) (not used for native Bladed format WindType=T7)

0 VFlowAng - Upflow angle (degrees) (not used for native Bladed format WindType=T7)

False VellnterpCubic - Use cubic interpolation for velocity in time (false=linear, true=cubic) [Used with WindType=2.3.4.5,7]

1 NWindVel - Number of points to output the wind velocity (0 to 9)

0 WindVxilist - List of cocrdinates in the inertial X direction (m)

0 WindVyiList - List of coordinates in the inertial Y direction (m)

90 WindVziList - List of coordinates in the inertial Z direction (m)
====—————==—=——=——Parameters for Steady Wind Conditions [used only for WindType = 1]

0 HWindSpeed - Horizontal wind speed (m's)

90 RefHt - Reference height for horizontal wind speed  (m)
0.2 PLExp - Power law expenent -

Parameters for Uniform wind file [used only for WindType = 2]

"unused”  Filename Uni - Filename of time series data for uniform wind field. ()

90 RefHt Uni - Reference height for horizontal wind speed {m)

12588 Reflength - Reference length for linear horizontal and vertical sheer (-}

=======—=====—=== Parameters for Binary TurbSim Full-Field filez [used only for WindType = 3] ==—————=—=—=
esktopMScThesis\OpenFast Winds NTMINTM_5mps_seed5 TwbSimbts” Filename BTS - Name of the Full field wind file to use (bts)
===—————==———————"Parameters for Binary Bladed-style Full-Field files [used only for WindType = 4 or WindType = 7] —————
"unused”  FileNameRoot - WindTipe=4: Rootname of the fuli-field wind file to use (wnd. sum); WindType=7: name of the intermediate file with wind scaling values
False TowerFile - Have tower file ( twr) (flag) ignored when WindType = 7
===——=———===——=—= Parameters for HAWC-format binary files [Only vsed with WindType = 5]
"wasp'Qutputbasic_5ubmn"” FileName v - name of the file contamning the u-component fluctuating wind (_bin)
"wasp'Qutputbasic_5vbin" FileName_v - name of the file containing the v-component fluctuating wind (_bin)
"wasp'Outputibasic_5w.bin" FileName_w - name of the file containing the w-component fluctuating wind (_bin)

Users\cem s

64 nx - number of grids in the x direction (in the 3 files above) (-)
32 ny - number of grids in the v direction (in the 3 files above) (-)
32 nz - number of grids in the z direction (in the 3 files above) (-)
16 dx - distance (in meters) between points in the x direction  {m)
3 dy - distance (in meters) between points in the y direction  (m)
3 dz - distance (in meters) between points in the z direction  (m)
90 RefHt Hawc - reference height; the height (in meters) of the vertical center of the grid (m)
——————-— Scaling parameters for turbulence
2 ScaleMethod - Turbulence scaling method [0 = none, 1 = direct scaling, 2 = calculate scaling factor based on a desired standard deviation]
1 SFx - Turbulence scaling factor for the x direction (-} [ScaleMethod=1]
1 SFy - Turbulence scaling factor for the y direction (-) [ScaleMethod=1]
1 SFz - Turbulence scaling factor for the z direction (-) [ScaleMethod=1]

1.0 SigmaFx - Turbulence standard deviation to calculate scaling from in X direction (m/s) [ScaleMethod=2]
0.8 SigmaFy - Turbulence standard deviation to calculate scaling from in y direction (m's) [ScaleMethod=2]
0.5 SigmaFz - Turbulence standard deviation to calculate scaling from in z direction (m/s) [ScaleMethod=2]
-—-———-— Mean wind profile parameters (added to HAWC-format files) —
114 URef - Mean u-component wind speed at the reference height (m/s)
2 WmndProfile - Wind profile type (O=constant;1=logarithmic,2=power law)
0.2 PLExp Hawc - Power law exponent (-) (used for PL wind profile type only)

0.03 Z0 - Surface roughness length (m) (used for LG wind profile type only)
0 XOffset - Initial offset in +x direction (shift of wind box)
LIDAR P:
0 SensorType - Switch for lidar configuration (0 = None, 1 = Single Point Beam(s), 2 = Continuous, 3 = Pulsed)

0 NumPulseGate - Number of lidar measurement gates (used when SensorType = 3)
30 PulseSpacing - Distance between range gates (m) (used when SensorType = 3)
0 NumBeam - Number of lidar measurement beams (0-3)(used when SensorType = 1)
-200 FocalDistanceX - Focal distance co-ordinates of the lidar beam in the x direction (relative to hub height) (only first coordinate used for SensorType 2 and 3) (m)
0 FocalDistanceY - Focal distance co-ordinates of the lidar beam in the v direction (relative to hub height) (only first coordinate used for SensorType 2 and 3) (m)
0 FocalDistanceZ - Focal distance co-ordinates of the lidar beam in the z direction (relative to hub height) (only first coordinate used for SensorType 2 and 3) {m)
0.00.00.0 RotorApexOffsetPos - Offset of the lidar from hub height (m)
17 URefLid - Reference average wind speed for the lidar[m/s]
025 MeasurementInterval - Time between each measurement [5]
False LidRadialVel - TRUE == return radial component, FALSE => return X direction estimate
1 ConsiderHubMotion - Flag whether to consider the hub motion s impact on Lidar measurements
OUTPUT
False SumPrint - Print summary data to <RootName> Ifi sum (flag)
QutList - The next line(s) contains a list of output parameters. See OutListParameters xlsx for a listing of available output channels, (-}

"WindlVelX" X-direction wind velocity at point WindList(1)
"Wind1VelY" Y-direction wind velocity at point WindList(1)
"Wind1VelZ" Z-direction wind velocity at point WindList(1)

END of input file (the word "END" must appear in the first 3 columns of this last QutList line)

S e ki |InfldawWad dosyas1 6rnegi.
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312Tar bulrdamedtain ol ustur ul mas:|

Tasarim yiikleri hesaplanirken diizenli bir profile sahip hava akiginin yan1 sira, ¢cok
sayida tilirblilansh akis simiilasyonu da kosturulur. Bu da belirli 6zelliklere sahip,
rastgele olusturulmus tiirbiilansh riizgar dosyalarina ihtiyag dogmasi anlamina gelir.
OpenFAST bu dosyalart kendi olusturmaz, farkli yazilimlar gerekmektedir. Tezde
tirbiilansh riizgdr olusturmak icin OpenFAST uyumlu yazilimlardan biri olan
TurbSim kullanilmistir(B. J. Jonkman, 2014). TurbSim girdi dosyasi (“.inp” uzantili),
TurbSim uygulama dosyasiyla (“.exe” uzantili) birlikte Windows komut satirindan
calistirilir. Cikti olarak “.bts” uzantili riizgar dosyast olusur. Girdi dosyasinda;
rlizgarin siiresi, zaman adimi, olustururken kullanilan yontem ve standart, riizgarin

ortalama 6zellikleri gibi parametreler verilir.

-------- TurbSim v2.00.* Input File-—---——mme e ev
Example input file for TurbSim.

True Echo - Echo input data to <RootName>ech (flag)

104 RandSeedl - Firstrandom seed (-2147483648 to 2147483647)

-104 RandSeed2? - Second random seed (-2147483648 to 2147483647) for intrinsic pRNG, or an altemative pRNG: "RanLux" or "RNSNLW"
False WiBHHTP - Output hub-height turbulence parameters in binary form? (Generates RootName bin)

False WiFHHTP - Output hub-height turbulence parameters in formatted form? (Generates RootName dat)

False WrADHH - Output hub-height time-series data in AercDyn form? (Generates RootName hh)

True WrADFF - Output full-field time-series data in TurbSim/AeroDyn form? (Generates RootName bts)

False WiBLEFF - Qutput full-field time-series data in BLADED/AeroDyn form? (Generates RootName wnd)

True WrADTWR - Output tower time-series data? (Generates RootName twr)

False WiFMTFF - Quitput full-field time-series data in formatted (readable) form? (Generates RootfName.u, RootName.v, RootName. w)
False WrACT - Output coherent turbulence time steps in AeroDyn form? (Generates RootName cts)

True Clockwise - Clockwise rotation looking downwind? (used only for full-field binary files - not necessary for AeroDym)

0 Scalel[EC - Scale [EC turbulence models to exact target standard deviation? [0=no additional scaling; 1=use hub scale uvniformly; 2=use individual scales]

31 NumGrid Z - Vertical grid-point matrix dimension

31 NumGrid Y - Horizontal grid-point matrix dimension

0.1 TimeStep - Time step [seconds]

666  AnalysisTime - Length of analysis time series [seconds] (program will add time if necessary: AnalysisTime = MAX(AnalysisTime, UsableTime+GridWidth MeanHHWS) )
"ALL" UsableTime - Usable length of output time series [seconds] (program will add GridWidth MeanHHWS seconds unless UsableTime is "ALL")

00  HubHt - Hub height [m] (should be > 0.5*GridHeight)

135.00  GridHeight - Grid height [m]

135.00  GridWidth - Grid width [m] (should be >= 2*(RotorRadivs+ShaftLength))

8 VFlowAng - Vertical mean flow (uptilt) angle [degrees]

0 HFlowAng - Horizontal mean flow (skew) angle [degrees]

------- Meteorclogical Boundary Conditions-
"[ECKAI" TurbModel - Turbulence model ("TECKAI" "IECVEM","GP_LLJ","NWTCUP","SMOOTH","WF_UPW" "WF_07D""WF_14D","TIDAL" "API","USRINP","TIMESR". or "NONE")
"umused” UserFile - Name of the file that contains inputs for user-defined spectra or time series inputs (used only for "USRINP" and "TIMESR" models)

"1-Ed3" [ECstandard - Number of [EC 61400-x standard (x=1.2, or 3 with optional 61400-1 edition number (i.e. "1-Ed2"))

"B" IECturbc - IEC turbulence characteristic ("A", "B", "C" or the turbulence intensity in percent) ("KHTEST" option with NWTCUP model, not used for other models)

"NTM" IEC WindType - IEC turbulence type ("NTM"=normal, "xETM =extreme turbulence, "XEWMI"=extreme 1-year wind, "XEWMS30"=extreme 50-year wind, where x=wind turbine class 1. 2, or 3)
default ETMe - IEC Extreme Turbulence Model "c" parameter [m/s]

"PL"  WindProfileType - Velocity profile type ("LOG";"PL"=power law;"TET";"H2L"=Log law for TIDAL model;"API":"USR";"TS";"IEC"=PL on rotor disk, LOG elsewhere; or "default")

"vnused” ProfileFile - Name of the file that contains input profiles for WindProfileType="USR" and/or TurbModel="USRVEM" [-]

90 RefHt - Height of the reference velocity (URef) [m]

17 URef - Mean (total) velocity at the reference height [m/s] (or "default” for JET velocity profile) [must be 1-hr mean for API model; otherwise is the mean over AnalysisTime seconds)

default ZJetMax - Jet height [m] (used only for JET velocity profile. valid 70-490 m)

02  PLExp - Power law exponent [-] (or "default")

default Z0 - Surface roughness length [m] (or "default")

------- Non-IEC Metecrological Boundary Conditions—--------

default Latiude - Site latitude [degrees] (or "default”)

0.05 RICH NO - Gradient Richardson number [-]

default UStar - Friction or shear velocity [m/s] (or "default")

default ZI - Mixing layer depth [m] (or "default")

default PC_UW - Hub mean uw Reynolds stress [m”: ] (or "default” or "none™)

default PC_UV - Hub mean uv Reynolds stress [m"2/ (or "default" or "none”)

default PC_VW - Hub mean viv Reynolds stress [m” ] (or "default” or "none”)

——————— Spatial Coherence Parameters-—-————-—————

default  SCMod1 - u-component coherence model ("GENERAL", "IEC", "API", "NONE", or "default")

default  SCMod2 - v-component coherence model ("GENERAL", "TEC", "NONE". or "default")

default SCMod3 - w-component coherence model ("GENERAL", "TEC", "NONE". or "default”)

default InCDecl - u-component coherence parameters for general or [EC models [- m™-1] (e.g. "10.0 0.3e-3" in quotes) {or "default”)
default InCDec2 - v-component coherence parameters for general or [EC models [-, m™-1] (3 10.0 03e-3" in quotes) (or "default")
default InCDec3 - w-component coherence parameters for general or IEC models [-, m™-1] (e.g. "10.0 0.3e-3" in quotes) (or "default”)
default CohExp - Coherence exponent for general model [-] (or "default”)

C:

Coherent Turbulence Scaling Parameters—--——---—-—--
work_NREL/OffshoreWind Turbsim/Test' EventData CTEventPath - Name of the path where event data files are located

"Random" CTEventFile - Type of event files ("LES", "DNS", or "RANDOM")

true  Randomize - Randomize the disturbance scale and locations? (true/false)

10  DistScl - Disturbance scale [-] (ratio of event dataset height to rotor disk). (Ignored when Randomize = true )

05  CTLy - Fractional location of tower centerline from right [-] (looking downwind) to left side of the dataset. (Ignored when Randomize = true )
0.5 CTLz - Fractional location of hub height from the bottom of the dataset. [-] (Ignored when Randomize = true.)

300 CTStartTime - Minimum start time for coherent structures in RoofName cts [seconds]

1'NOTE: Do not add or remove any lines in this file!

S e ki | TurBSim4yirdi dosyasi 6rnegi.

44



3.1.3Deterministik r G zlgra n ol ust ur ul mas:|

Tiirbiilanshi riizgarlar gibi deterministik riizgarlar da tasarim yiiklerinin hesaplanmasi
i¢cin gereklidir. Bu riizgarlarin tiirleri ve ozellikleri tezin ilerleyen kisimlarinda daha
ayrintili agiklanacaktir. Deterministik riizgarlar1 olusturmak i¢in OpenFAST ile
uyumlu olan “IECwind.exe” kullanilmistir. Olusturulmak istenen deterministik
riizgarin kisaltmasi ve hizi, tiirbin 6zellikleri ve istenilen standart ile birlikte girdi

dosyasinda verilir. Ornegi Sekil 3.5’teki gibidir.

'HEADER: Sample input file for IECWind version 5.01.01
!Output file parameters

True SI UNITS (True=SI or False=ENGLISH)
70 Time for start of IEC transient condition, sec
'Wind Site parameters

2 IEC WIND TURBINE CLASS (1, 2 or 3)

B ‘WIND TURBULENCE CATEGORY (A, B or C)
0 Slope of the wind inflow (IEC specifies between -8 and +8). deg
3 IEC standard used for wind shear exponent
!Turbine parameters

90.0 ‘Wind turbine hub-height, m or ft

126.0  Wind turbine rotor diameter. m or ft

3.0 Cut-in wind speed, m/s or ft/s

114 Rated wind speed. m/s or fi/s

25.0 Cut-out wind speed, m/s or ft/s

!List of Conditions to generate (one per line)
ECD+r-2.0

ECD-r-2.0

EWSV+25.0

EWSV-25.0

EWSH+3.0

EWSH-3.0

EOGi

EOGr+2.0

EOGr-2.0

EOGo

EDC+i

EDC-o

EDC-r+2.0

NWP3.0

NWP9.4

NWPI11.0

NWP13.4

EWMS50

EWMO1

S e ki | TurBSimgirdt dosyasi drnegi.
314Aer odi nami k 6zelli klerin modell enmesi

AeroDyn, riizgar ile dinamik yap1 arasindaki etkilegsimin aerodinamik 6zelliklerinin
hesaplandigi kisimdir(J. M. Jonkman ve dig., t.y.). Verilen girdi dosyasinda hangi
aerodinamik yaklasimlarin kullanilacagi ve nasil kullanilacagi belirtilir. BEMT
(Blade-Element Momentum Theory) ayarlari, kararsiz (unsteady) aerodinamik
davraniglarin hesaplanma yontemi, diizeltme yontemlerinin (kanat ucu kaybi, kanat
kokii kayby, ...) kabulii bu girdide belirtilir. Ayn1 zamanda kanat profillerinin tanimi
burada yapilir ve katsayilar1 igeren aerodinamik profil dosyalarmin ve kanat
aerodinamik dosyalarmm konumlar1 belirtilir. Istenirse kanatlarm belirli
noktalarindaki aerodinamik degerler (Re, CL, CD, AoA, ...) ¢ikt1 olarak yazdirilmak
icin listelenebilir. Girdi dosyas1 6rnegi Sekil 3.6 ve Sekil 3.7’de goriilebilir.
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--———AERODYN v15 for OpenFAST INPUT FILE
NREL 5.0 MW offshore baseline aerodynamic input properties.
————— General Options

False Echo - Echo the input to "<rootname>AD.ech"? (flag)

"default" DTAero - Time interval for aerodynamic calculations {or "default"} (s)
1 WakeMod - Type of wake/induction model (switch) {O=none, 1=BEMT. 2=DBEMT, 3=0LAF} [WakeMod cannot be 2 or 3 when linearizing]
2 AFAeroMod - Type of blade airfoil aerodynamics model (switch) {1=steady model. 2=Beddoes-Leishman unsteady model} [AFAeroMod must be 1 when linearizing]
1 TwrPotent - Type tower influence on wind based on potential flow around the tower (switch) {0=none, 1=baseline potential flow. 2=potential flow with Bak correction}
0 TwrShadow - Calculate tower influence on wind based on downstream tower shadow (switch) {0=none. 1=Powles model. 2=Eames model}

True TwrAero - Calculate tower aerodynamic loads? (flag)

False FrozenWake - Assume frozen wake during linearization? (flag) [used only when WakeMod=1 and when linearizing]

False CavitCheck - Perform cavitation check? (flag) [AFAeroMod must be 1 when CavitCheck=true]

False Buoyancy - Include buoyancy effects? (flag)

False CompAA - Flag to compute AeroAcoustics calculation [used only when WakeMod = 1 or 2]

"unused”  AA_ InputFile - AceroAcoustics input file [used only when CompAA=true]
Environmental Conditi

"default” AirDens - Air density (kg/m”™3)
"default" KinVisc - Kinematic viscosity of working fluid (m"2/s)
"default” SpdSound - Speed of sound in working fluid (m/s)
"default" Patm - Atmospheric pressure (Pa) [used only when CavitCheck=True]
"default" Pvap - Vapour pressure of working fluid (Pa) [used only when CavitCheck=True]
Blade-El 1t/M Theory Options [unused when WakeMod=0 or 3]
2 SkewMod - Type of skewed-wake correction model (switch) {1=uncoupled, 2=Pitt/Peters, 3=coupled} [unused when WakeMod=0 or 3]
"default" SkewModFactor - Constant used in Pitt/Peters skewed wake model {or "default” is 15/32%pi} (-) [used only when SkewMod=2; unused when WakeMod=0 or 3]
True TipLoss - Use the Prandtl tip-loss model? (flag) [unused when WakeMod=0 or 3]
True HubLoss - Use the Prandt] hub-loss model? (flag) [unused when WakeMod=0 or 3]
True TanInd - Include tangential induction in BEMT calculations? (flag) [unused when WakeMod=0 or 3]
False AlDrag - Include the drag term in the axial-induction calculation? (flag) [unused when WakeMod=0 or 3]
False TIDrag - Include the drag term in the tangential-induction calculation? (flag) [unused when WakeMod=0.3 or TanInd=FALSE]
"Default” IndToler - Convergence tolerance for BEMT nonlinear solve residual equation {or "default"} (-) [unused when WakeMod=0 or 3]
100 MaxIter - Maximum number of iteration steps (-) [unused when WakeMod=0]
Dynamic Blade-Element/Momentum Theory Options [used only when WakeMod=2]
2 DBEMT_Mod - Type of dynamic BEMT (DBEMT) model {1=constant taul, 2=time-dependent taul, 3 1t taul with continuous formulation} (-) [used only when Wa

4 taul_const - Time constant for DBEMT (s) [used only when WakeMod=2 and DBEMT_Mod=1 or 3]
OLAF -- cOnvecting LAgrangian Filaments (Free Vortex Wake) Theory Options ===—=——==—====
"umused”  OLAFInputFileName - Input file for OLAF [used only when WakeMod=3]

[used only when WakeMod=3]

Beddoes-Leishman Unsteady Airfoil A nics Options [used only when AFAeroMod=2]
3 UAMod - Unsteady Aero Model Switch (switch) {2=B-L Gonzalez, 3=B-L Minnema/Pierce, 4=B-L HGM 4-states, 5=B-L 5 states, 6=Ove, 7=Boeing-Vertol} [used only 1
True FLookup - Flag to indicate whether a lookup for £ will be calculated (TRUE) or whether best-fit exponential equations will be used (FALSE); if FALSE S1-S4 must be pr
Airfoil Information
1 AFTabMod - Interpolation method for multiple airfoil tables {1=1D interpolation on AoA (first table only); 2=2D interpolation on AcA and Re; 3=2D interpolation on AcA
1 InCol Alfa - The column in the airfoil tables that contains the angle of attack (-)
2 InCol C1 - The column in the airfoil tables that contains the lift coefficient (-)
3 InCol_Cd - The column in the airfoil tables that contains the drag coefficient (-)
4 InCol Cm - The column in the airfoil tables that contains the pitching-moment coefficient; use zero if there is no Cm column (-)
0 InCol_Cpmin - The column in the airfoil tables that contains the Cpmin coefficient; use zero if there 1s no Cpmin column (-)
8 NumAFfiles - Number of airfoil files used (-)
"_/SMW_Baseline/Airfoils/Cylinderl dat” AFNames - Airfoil file names (NumAFfiles lines) (quoted strings)

./3SMW_Baseline/Airfoils/Cylinder2. dat"
"./SMW_Baseline/Airfoils DU40_A17 dat”
"_/5MW_Baseline/Airfoils/DU35_A17 dat"
"_/5MW_Bascline/Airfoils DU30_A17 dat”
-/SMW_Baseline/Airfoils DU25_A17.dat"
"_/SMW_Baseline/Airfoils/DU21_A17 dat"
"_/5MW_Baseline/Airfoils NACA64_A17 dat"
Rotor/Blade Properties

S e ki | Aer8Dyrbdosyasi drnegi.

Rotor/Blade Properties
True UseBICm - Include aerodynamic pitching moment in calculations? (flag)

"../SMW_Baseline/NREL OffshrBslineSMW_AeroDyn_blade.dat” ADBIFile(1) - Name of file co ing distributed d ic properties for Blade #1 (-)

" /MW _Baseline/NRELOffshrBslineSMW_AeroDyn_blade.dat” ADBIFile(2) - Name of file containing distributed aerodynamic properties for Blade #2 (-} [unused if NumB1 < 2]
" _/SMW _Baseline/NRELOffshrBslineSMW_AeroDyn_blade.dat” ADBIFile(3) - Name of file containing distributed aerodynamic properties for Blade #3 (-} [unused if NumBI < 3]

Hub Properti [used only when Buoyancy=True]
0.0 VolHub - Hub volume (m"3)
0.0 HubCenBx - Hub center of buoyancy x direction offset (m)
Nacelle Properties [used only when Buoyancy=True]
0.0 VolNac - Nacelle volume (m*"3)
NacCenB - Position of nacelle center of buoyancy from yaw bearing in nacelle coordinates (m)
Tail fin Aerodynamics
False TFinAero - Calculate tail fin aerodynamics model (flag)
"unused"  TFinFile - Input file for tail fin aerodynamics [used only when TFinAero=True]
Tower Influence and Aerodynamics [used only when TwrPotent/=0. TwrShadow/=0, TwrAer
12 NumTwrNds - Number of tower nodes used in the analysis (-) [used only when TwrPotent/=0, TwrShadow/=0, TwrAero=True, or Buoyancy=True]
TwrElev TwrDiam TwrCd TwrTI TwrCh | TwrTI used only with TwrShadow=2, TwrCb used only with Buoyancy=True

(m) (m) Q] - -

0.0000000E+00 6.0000000E+00 1.0000000E+00 1.0000000E-01 0.0
8.5261000E+00 5.7870000E+00 1.0000000E+00 1.0000000E-01 0.0
1.7053000E+01 5.5740000E+00 1.0000000E+00 1.0000000E-01 0.0
2.5579000E+01 5.3610000E+00 1.0000000E+00 1.0000000E-01 0.0
3.4105000E+01 5.1480000E+00 1.0000000E+00 1.0000000E-01 0.0
4.2633000E+01 4.9350000E+00 1.0000000E+00 1.0000000E-01 0.0
5.1158000E+01 4.7220000E+00 1.0000000E+00 1.0000000E-01 0.0
5.9683000E+01 4.5090000E+00 1.0000000E+00 1.0000000E-01 0.0
6.8211000E+01 4.2960000E+00 1.0000000E+00 1.0000000E-01 0.0
7.6738000E+01 4.0830000E+00 1.0000000E+00 1.0000000E-01 0.0
8.5268000E+01 3.8700000E+00 1.0000000E+00 1.0000000E-01 0.0
8.7600000E+01 3.8700000E+00 1.0000000E+00 1.0000000E-01 0.0

Outputs
True SumPrint - Generate a summary file listing input options and interpolated properties to "<rootname™> AD.sum"? (flag)
0 NBIOuts - Number of blade node outputs [0 - 9] (-)
1, 9, 19 BIOutNd - Blade nodes whose values will be output (-)
0 NTwOuts - Number of tower node outputs [0 - 9] (-)
1, 2, 6 TwOuiNd - Tower nodes whose values will be output (-)
OutList - The next line(s) contains a list of output parameters. See OutListP; xlsx for a listing of available output channels. (-)

END of input file (the word "END" must appear in the first 3 columns of this last QutList line)

S e k i | Aer8Dyn/dosyasi 6rnegi (devami).
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AeroDyn girdi dosyasi i¢inde bulunan kanat profili 6zelliklerini (Airfoil Information)
iceren dosyalar ve aerodinamik 6zelliklerin kanat uzunlugu boyunca nasil degistigini
iceren (Rotor/Blade Properities) dosyalar da buradan goriinmektedir. Bu dosyalar

buzlanma durumunda olusan degisiklikler dogrultusunda degistirilebilir.

S 11| T (R W] g Pt 1
"DEFAULT"  InterpOrd 1 p order to use for q teady table lookup { I=linear; 3=cubic spline; "default"} [default=1]
| NonDimArea ! The non-dimensional area of the airfoil (area/chord*2) (set to 1.0 if unsure or unneedad)
@"Cylinder?_coords.txt" NumCoords ! The number of coordinates in the airfoil shape file. Set to zero if coordinates not included
I -y coordinates are next if NumCoords > 0 .............
"umused”  BL_file ! The file name including the boundary layer characteristics of the profile. Ignored if the aeroacoustic module is not called.
1 NumTabs ! Number of airfoil tables in this file.
0.75 Re ! Reynolds number in millions
0 UserProp ! User property (control) sefting
True InclUAdata ! Is unsteady aerodynamics data included in this table? If TRUE, then include 30 UA coefficients below this line
0 alpha0 ! 0-lift angle of attack, depends on airfoil.
0 alphal ! Angle of attack at f=0.7, (approximately the stall angle) for AOA>alpha0. (deg)
0 alpha2 ! Angle of attack at £=0.7, (approximately the stall angle) for AOA<alpha0. (deg)
0 etae ! Recovery factor in the range [0.85 - 0.95] used only for UAMOD=L. it is set to | in the code when flookup=True. (-)
0 C_nalpha ! Slepe of the 2D normal force coefficient curve. (1/rad)
3T f0 ! Initial value of the time constant associated with Df in the expression of Df and £ [default = 3]
6 T_VO ! Initial value of the time constant associated with the vortex lift decay process; it is used in the expression of Cvn. It depends on Re.M, and airfoil class. [default = 6]
L7 T_p ! Boundary-layer.leading edge pressure gradient time constant in the expression of Dp. It should be tuned based on airfoil experimental data. [default = 1.7]

! Initial value of the time constant associated with the vortex advection process; it represents the non-dimensional time in semi-chords, needed for a vortex to travel from LE to trailing edge (TE

11 T_VL
0.14 bl ! Constant in the expression of phi_alpha“c and phi_q’c. This value is relatively insensitive for thin airfoils, but may be different for turbine airfoils. [from experimental results, defaults to 0.14]
0.53 b2 ! Constant in the expression of phi_alpha“c and phi_q“c. This value is relatively insensitive for thin airfoils, but may be different for rurbine airfoils. [from experimental results, defaults to 0.53)
5 b5 ! Constant in the expression of K™_q,Cm_q"nc, and k_m.q. [from experimental results, defaults to 5]
03 Al ! Constant in the expression of phi_alpha“c and phi_q“c. This value is relatively inse for thin airfoils, but may be different for turbine airfoils, [from experimental results, defaults to 0.3]
07 A2 ! Constant in the expression of phi_alpha“c and phi_gc. This value is relatively insensitive for thin airfoils, but may be different for turbine airfoils. [from experimental results, defaults 1o 0.7]
1 AS ! Constant in the expression of K™_q.Cm_gq"nc, and k_m.q. [from experimental results, defaults to 1]
0 s1 ! Constant in the f curve best-fit for alpha0<=AOA<=alphal; by definition it depends on the airfoil. [ignored if UAMod=>1]
0 52 ! Constant in the  curve best-fit for AOA> alphal; by definition it depends on the airfoil. [ignored if UAMod=>1]
0 s3 ! Constant in the f curve best-fit for alpha2<=A0A<= alpha0; by definition it depends on the airfoil. [ignored if UAMod<=>1]
0 s4 ! Constant in the f curve best-fit for AOA= alpha2; by definition it depends on the airfoil. [ignored if UAMod=>1]
0 Cal ! Critical value of COn at leading edge separation. It should be extracted from airfoil data at a given Mach and Reynolds number. It can be calculated from the static value of Cn at either the break
airfoil at low Mach mumbers.
0 Cn2 ! As Cnl for negative AOAs
0.19 St_sh ! Strouhal's shedding frequency constant. [default=0.19]
0.35 Cdo ! 2D drag coefficient value at 0-lift.
0 Cmo ! 2D pitching moment coefficient about 1/4-chord location, at 0-Lift, positive if nose up. [If the aerodynamics coefficients table does not include a column for Cm, this needs to be st to 0.0]
0 ko ! Constant in the \hat(x)_cp curve best-fit; = (\hat(x)_AC-0.25). [ignored if UAMod<>1]
0 ki ! Constant in the ‘hat(x)_cp curve best-fit. [ignored if UAMod<1]
0 k2 1 Constant in the ‘hat(x)_cp curve best-fit. [ignored if UAMod<>1]
0 k3 1 Constant in the ‘hat(x)_cp curve best-fit. [ignored if UAMod<>1]
0 kl_hat ! Constant in the expression of Cc due to leading edge vortex effects. [ignored if UAMod<>1]
02 x_cp bar | Constant in the expression of ‘hat(x)_cp"v. [ignored if UAMod-<>1, default = 0.2]
"DEFAULT" UACutout ! Angle of attack above which unsteady aerodynamics are disabled (deg). [Specifying the string "Default” sets UACutout to 45 degrees]

"DEFAULT" filiCutOffi ! Reduced frequency cut-off for low-pass filtering the AoA input to UA, as well as the 1st and 2nd derivatives (-} [default = 0.5)
! Table of aerodynamics coefficients
3 NumAlf ! Number of data lines in the following table

! Alpha <1 <Cd Cm
tdeg) ) () ()

-180.00  0.000 03500 0.0

0.00  0.000 03500 0.0
180.00  0.000 0.3500 0.0

S e k i | Aer8DyrBairfoil dosyasi 6rnegi.

- AFERODYN v15.00.* BLADE DEFINITION INPUT FILE
NREL 5.0 MW offshore baseline aerodynamic blade input properties; note that we need to add the aerodynamic center to this file

====== Blade Properties
19 NumBINds - Number of blade nodes used in the analysis (-)
BlSpn BICrvAC BISwpAC BlCrvAng BlTwist BlChord BIAFID BICb BlCenBn BlCenBt
(m) (m) (m) (deg) (deg) (m) () ) (m  (m)

—
(=1
(=3
o
o
o
=3

0.0000000E+00 0.0000000E+00 0.0000000E+00 0.0000000E+00 1.3308000E+01 3.5420000E+00
1.3667000E+00 -8.1531745E-04 -3.4468858E-03 0.0000000E+00 1.3308000E+01 3.5420000E+00
4.1000000E+00 -2.4839790E-02 -1.0501421E-01 0.0000000E+00 1.3308000E+01 3.8540000E+00
6.8333000E+00 -5.9469375E-02 -2.5141635E-01 0.0000000E+00 1.3308000E+01 4.1670000E+00
1.0250000E+01 -1.0909141E-01 -4.6120149E-01 0.0000000E+00 1.3308000E+01 4.5570000E+00
1.4350000E+01 -1.1573354E-01 -5.6986665E-01 0.0000000E+00 1.1480000E+01 4.6520000E+00
1.8450000E+01 -9.8316709E-02 -5.4850833E-01 0.0000000E+00 1.0162000E+01 4.4580000E+00
2.2550000E+01 -8.3186967E-02 -5.2457001E-01 0.0000000E+00 5.0110000E+00 4.2490000E+00
2.6650000E+01 -6.7933232E-02 -4.9624675E-01 0.0000000E+00 7.7950000E+00 4.0070000E+00
3.0750000E+01 -5.3393159E-02 -4.6544755E-01 0.0000000E+00 6.5440000E+00 3.7480000E+00
3.4850000E+01 -4.0899260E-02 -4.3583519E-01 0.0000000E+00 5.3610000E+00 3.5020000E+00
3.8950000E+01 -2.9722933E-02 -4.0591323E-01 0.0000000E+00 4.1880000E+00 3.2560000E+00
4.3050000E+01 -2.0511081E-02 -3.7569051E-01 0.0000000E+00 3.1250000E+00 3.0100000E+00
4.7150000E+01 -1.3980013E-02 -3.4521705E-01 0.0000000E+00 2.3190000E+00 2.7640000E+00
5.1250000E+01 -8.3819737E-03 -3.1463837E-01 0.0000000E+00 1.5260000E+00 2.5180000E+00
5.4666700E+01 -4.3546914E-03 -2.8909220E-01 0.0000000E+00 8.6300000E-01 2.3130000E+00
5.7400000E+01 -1.6838383E-03 -2.6074456E-01 0.0000000E+00 3.7000000E-01 2.0860000E+00
6.0133300E+01 -3.2815226E-04 -1.7737470E-01 0.0000000E+00 1.0600000E-01 1.4190000E+00
6.1499900E+01 -3.2815226E-04 -1.7737470E-01 0.0000000E+00 1.0600000E-01 1.4190000E+00

R I I = Y S o
=]
=)
o
=
=3
o

Ibjj: because of precision in the BD-AD coupling, 61.5m didn't work. so I changed it to 61.4999m
6.1500000E+01 -3.2815226E-04 -1.7737470E-01 0.0000000E+00 1.0600000E-01 1.4190000E+00 8 00 00 0.0

S e ki | Aer8DyrBkanat 6zellik dagilimi dosyasi 6rnegi.
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3.15Elastt k ve dinami k o6zelliklerin modell enmesi

ElastoDyn modiilii elastik ve dinamik hesaplamalarin yapildigi modiildiir. Hem
aerodinamik kisimla (AeroDyn), hem de kontrolcii kisimla (ServoDyn) ile etkilesim
halindedir. Kuvvet, hareket, sekil degistirme hesaplamalar1 yapilir. ElastoDyn girdisi,
tiirbinin yapisal 6zelliklerini ve baglangic kosullarini tanimlar. Pargalarin kiitleleri,
birbirine gore konumlari, serbestlik dereceleri, yapisal pargalarin girdi dosyalarinin
konumlari, baslangi¢ rotor hizi, baslangi¢c kanat agis1 gibi parametreleri tanimlar.
Yiikler, hizlar ve sekil degistirmeler istenilen sekilde ¢ikti olarak alinabilir (Sekil 3.8
ve 3.9).

—————— ELASTODYN for OpenFAST INPUT FILE
NEREL 5.0 MW Baseline Wind Turbine for Use in Offshore Analysis. Properties from Dutch Offshore Wind Energy Converter (DOWEC) 6MW Pre-Design (10046_009.pdf) and
———————————————— — SIMULATION CONTROL
False Echo - Echo input data to "<RootNName>ech" (flag)
3 Method - Integration method: {1: RK4. 2: AB4, or 3: ABM4} (-)
"DEFAULT" DT - Integration time step ()
———————————————— - DEGREES OF FREEDOM
True FlapDOF1 - First flapwise blade mode DOF (flag)
True FlapDOF2 - Second flapwise blade mode DOF (flag)
True EdgeDOF - First edgewise blade mode DOF (flag)
False TeetDOF - Rotor-teeter DOF (flag) [unused for 3 blades]
True DrTrDOF - Drivetrain rotational-flexibility DOF (flag)
True GenDOF - Generator DOF (flag)
True YawDOF - Yaw DOF (flag)
True TwFADOF1 - First fore-aft tower bending-mode DOF (flag)
True TwFADOF2 - Second fore-aft tower bending-mode DOF (flag)
True TwSSDOF1 - First side-to-side tower bending-mode DOF (flag)
True TwSSDOF2 - Second side-to-side tower bending-mode DOF (flag)
False PHmSgDOF - Platform horizontal surge translation DOF (flag)
False PHmSWDOF - Platform horizontal sway translation DOF (flag)
False PHmHVDOF - Platform vertical heave translation DOF (flag)
False PHmRDOF - Platform roll tilt rotation DOF (flag)
False PtinPDOF - Platform pitch tilt rotation DOF (flag)
False PHmYDOF - Platform yaw rotation DOF (flag)
---------------- - INITTAL CONDITIONS
OoPDefl - Initial out-of-plane blade-tip displacement (meters)
IPDefl - Initial in-plane blade-tip deflection (meters)
BIPitch(l) - Blade 1 initial pitch (degrees)
BlPitch(2) - Blade 2 initial pitch (degrees)
BlPitch(3) - Blade 3 initial pitch (degrees) [unused for 2 blades]
TeetDefl - Initial or fixed teeter angle (degrees) [unused for 3 blades]
Azimuth - Initial azimuth angle for blade 1 (degrees)
.1 RotSpeed - Initial or fixed rotor speed (rpm)
NacYaw - Initial or fixed nacelle-yaw angle (degrees)
TTDspFA - Initial fore-aft tower-top displacement (meters)
TTDspSS - Initial side-to-side tower-top displacement (meters)
PtfmSurge - Initial or fixed horizontal surge translational displacement of platform (meters)
PtfmSway - Initial or fixed horizontal sway translational displacement of platform (meters)
PtfmHeave - Initial or fixed vertical heave translational displacement of platform (meters)
PtfmRoll - Initial or fixed roll tilt rotational displacement of platform (degrees)
PtfmPitch - Initial or fixed pitch tilt rotational displacement of platform (degrees)
PtfmYaw - Initial or fixed yaw rotational displacement of platform (degrees)
———————————————— — TURBINE CONFIGURATION -
3 NumBIl - Number of blades (=)
63 TipRad - The distance from the rotor apex to the blade tip (meters)
1.5 HubRad - The distance from the rotor apex to the blade root (meters)
-2.5 PreCone(1) - Blade 1 cone angle (degrees)
-2.5 PreCone(2) - Blade 2 cone angle (degrees)
-2.5 PreCone(3) - Blade 3 cone angle (degrees) [unused for 2 blades]
0 HubCM - Distance from rotor apex to hub mass [positive downwind] (meters)
0 UndSling - Undersling length [distance from teeter pin to the rotor apex] (meters) [unused for 3 blades]
0 Delta3 - Delta-3 angle for teetering rotors {degrees) [unused for 3 blades]
0 AzimBIUp - Azimuth value to use for 'O when blade 1 points up (degrees)
-5.0191 OverHang - Distance from yaw axis to rotor apex [3 blades] or teeter pin [2 blades] (meters)
1912 ShftGagl. - Distance from rotor apex [3 blades] or teeter pin [2 blades] to shaft strain gages [positive for upwind rotors] (meters)
-5 ShftTilt - Rotor shaft tilt angle (degrees)
19 NacCMzn - Downwind distance from the tower-top to the nacelle CM (meters)
0 NacCMyn -Lateral distance from the tower-top to the nacelle CM {meters)
1.75 NacCMzn - Vertical distance from the tower-top to the nacelle CM (meters)
-3.00528 NeIMUsxn - Downwind distance from the tower-top to the nacelle IMU (meters)
0 NcIMUyn - Lateral distance from the tower-top to the nacelle IMU (meters)
223336 NcIMUzn - Vertical distance from the tower-top to the nacelle IMU (meters)
1.96256 Twr2Shft - Vertical distance from the tower-top to the rotor shaft (meters)
87.6 TowerHt - Height of tower relative to ground level [onshore]. MSL [offshore wind or floating MHK], or seabed [fixed MHEK] (meters)
TowerBsHt - Height of tower base relative to ground level [onshore], MSL [offshore wind or floating MHK], or seabed [fixed MHK] (meters)
0 PtfmCMxt - Downwind distance from the ground level [onshore]. MSL [offshore wind or floating MHEK]. or seabed [fixed MHEK] to the platform CM (meters)
0 PtimCMyt - Lateral distance from the ground level [onshore], MSL [offshore wind or floating MHK], or seabed [fixed MHK] to the platform CM (meters)
0
0

NMooooocoo

—_

coococooooo

o

PtfmCMzt - Vertical distance from the ground level [onshore], MSL [offshore wind or floating MHE], or seabed [fixed MHEK] to the platform CM (meters)
PtfmRefzt - Vertical distance from the ground level [onshore]. MSL [offshore wind or floating MHK]. or seabed [fixed MHEK] to the platform reference point {meters)

Se ki | El&toDyrDdosyasi 6rnegi.

48



———————————————— - MASS AND INERTIA
0 TipMass(l) - Tip-brake mass, blade 1 (kg)
0 TipMass(2) - Tip-brake mass, blade 2 (kg)
0 TipMass(3) - Tip-brake mass, blade 3 (kg) [unused for 2 blades]
56780 HubMass - Hub mass (kg)
115926 Hublner - Hub inertia about rotor axis [3 blades] or teeter axis [2 blades] (kg m™2)
534.116 Genlner - Generator inertia about HSS (kg m"2)
240000 NacMass - Nacelle mass (kg)
2.60789E+06 NacYIner - Nacelle inertia about yaw axis (kg m"2)
0 YawBrMass - Yaw bearing mass (kg)
0 PtfinMass - Platform mass (kg)
0 PtfinRIner - Platform inertia for roll tilt rotation about the platform CM (kg m"2)
0 PtfinPIner - Platform inertia for pitch tilt rotation about the platform CM (kg m"2)
0 PtfinYIner - Platform inertia for yaw rotation about the platform CM (kg m"2)
BLADE
17 BldNodes - Number of blade nodes (per blade) used for analysis (-)
" /SMW_Baseline NRELOffshrBslineSMW Blade dat" BldFile(1) - Name of file containing properties for blade 1 (quoted string)
" /3MW_Baseline NRELOffshrBsaline5MW Blade dat” BldFile(2) - Name of file containing properties for blade 2 (quoted string)
" /SMW_Baseline NRELOffshrBslineSMW _Blade dat" BldFile(3) - Name of file containing properties for blade 3 (quoted string) [unused for 2 blades]
———————————————— - ROTOR-TEETER
TeethMod - Rotor-tester spring/damper model {0: none, 1: standard, 2: user-defined from routine UserTeet} (switch) [unused for 3 blades]
TeetDmpP - Rotor-teeter damper position (degrees) [used only for 2 blades and when TeetMod=1]
TeetDmp - Rotor-teeter damping constant (N-m/(rad’s)) [used only for 2 blades and when Teethod=1]
TeetCDmp - Rotor-teeter rate-independent Coulomb-damping moment (N-m) [used onty for 2 blades and when Teethod=1]
TeetSStP - Rotor-teeter soft-stop position (degrees) [used only for 2 blades and when TeethMod=1]
TeetHStP - Rotor-teeter hard-stop position (degrees) [used only for 2 blades and when Teethod=1]
TeetSSSp - Rotor-teeter soft-stop linear-spring constant (N-m/rad) [used only for 2 blades and when TeethMod=1]
TeetlISSp - Rotor-teeter hard-stop linear-spring constant (N-my/rad) [used onty for 2 blades and when TeetMod=1]
———————————————— - DRIVETRAIN
100 GBoxEff - Gearbox efficiency (%)
97 GBRatio - Gearbox ratio (-)
8.67637E+08 DTTorSpr - Drivetrain torsional spring (N-m/rad)
6.215E+06 DTTorDmp - Drivetrain torsional damper (N-m/(rad's))
———————————————— - FURLING
False Furling - Read in additional model properties for furling turbine (flag) [must currently be FALSE)
"umsed”  FurlFile - Name of file containing furling properties (quoted string) [unused when Furling=False]
TOWER
20 TwrNodes - Number of tower nodes used for analysis (-)
"NRELOffshuBsline3MW Onshore ElastoDyn Towerdat” TwrFile -IName of file containing tower properties (quoted string)
———————————————— — QUTPUT
True SumPrint - Print summary data to "<RootName> sum" (flag)
1 OutFile - Switch to determine where output will be placed: {1: in module output file only; 2: in glue code output file only; 3: both} (currently unused)
True TabDelim - Use tab delimiters in text tabular output file? (flag) (currently unused)
"ES103E2" Outfmt - Format used for text tabular output (except time). Resulting field should be 10 characters. (quoted string) (currently unused)
0 TStart - Time to begin tabular output (=) (currently unused)
1 DecFact - Decimation facter for tabular output {1: output every time step} (-) (currently unused)
0 NTwGages - Number of tower nodes that have strain gages for output [0 to 9] (-)
10, 19, 28 TwrGagNd - List of tower nodes that have strain gages [1 to TwrNodes] (-) [unused 1f NTwGages=0]
3 NBIGages - Number of blade nodes that have strain gages for output [0 to 9] (-)
3, 9, 13 BldGagNd - List of blade nodes that have strain gages [1 to BldNodes] (-) [unused if NBlGages=0]
OQutList - The next line(s) contains a list of output parameters. See OutListParameters xlsx for a listing of available output channels. (-)

cCoocooooo

"OoPDefl1" - Blade 1 out-of-plane and in-plane deflections and tip twist

"IPDefll" - Blade 1 out-of-plane and in-plane deflections and tip twist

"TwstDefl1" - Blade 1 out-of-plane and in-plane deflections and tip twist

"BldPitchl" - Blade 1 pitch angle

" Azimuth"” - Blade 1 azimuth angle

"RotSpeed” - Low-speed shaft speed

"TTDspFA" - Tower fore-aft displacement

"SpndMLxb1" - Blade 1 local edgewise and flapwise bending moments at span station 2 (approx. 50% span)
"Spr2MLyb1" - Blade 1 local edgewise and flapwise bending moments at span station 2 (approx. 30% span)
"Roothxbl" - In-plane bending. out-of-plane bending, and pitching moments at the root of blade 1
"RootMybl"” - In-plane bending. out-of-plane bending. and pitching moments at the root of blade 1
"Roothzb]" - In-plane bending, out-of-plane bending, and pitching moments at the root of blade 1
"RotTorg" - Rotor torque and low-speed shaft 0- and 90-bending moments at the main bearing
"L55Gaghya" - Rotor torque and low-speed shaft (- and moment at the main bearing

"YawBrFaxp" - Fore-aft shear force at the top of the tower (not rotating with nacelle yaw)

"TwrBsMxt" - Side-to-side moment at the base of the tower (mudline)

END of input file (the word "END" must appear in the first 3 columns of this last OutList line)

Se ki | El&toDyrldosyast drnegi (devami).

Kanatlarin ve kulenin yapisal Ozellikleri (kiitle/yogunluk, yay katsayilar, mod
sekilleri, ...) ElastoDyn girdisi iginden “.dat” uzantili metin dosyasi olarak verilir. Bu
iki dosya i¢in Ornekler Sekil 3.10 ve Sekil 3.11°de bulunabilir. Ayrica kanatlardaki

buzlanma incelenirken kanat kiitlesinin degisimi bu dosyalardan yapilir.
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— ELASTODYN V1.00.* INDIVIDUAL BLADE INPUT FILE

NEEL 5.0 MW offshore baselne blade imput properties.

N — BLADE PARAMETERS
- Number of blade input stations (-)

48 NBlInpSt

0477455 BldFIDimp(1) - Blade flap mode #1 structural dampimg in percent of critical (%)
0477465 BI4FIDmp(2) - Blade flap mode #2 structural damping in percent of critical (%)
0.477455 BldEdDrap(1) - Blade edge mode #1 structural damping in percent of critical (32)

———————— BLADE ADJUSTMENT FACTORS

1 FlStTunx(1) - Blade flapwise modal stiffness tuner, 1st mode (-)
1 FlIStTunn(2) - Blade flapwise modal stiffness tumer, 2nd maode (<)

1.057344 AdiBIMz
1 AdiFISt
1 AdiEdSt

9] ) (deg)

FlpStf  EdgStf

- Factor to adjust blade mass density {-) Thyj: value for AD14=1.04336; value

- Factor to adjust blade flap shiffness (<)

- Factor to adjust blade edge stiffness (-

e DISTRIBUTED BLADE PROPERTIES
BlFract PitchAxis  StreTwst  BlMassDen

kz/m)

0.0000000E+00 2.5000000E-01 1.3308000E+01 6.7893500E+02 1.8110000E+10 1.8113600E+10

3.2500000E-03 2.3000000E-01
1.9510000E-02 2.5049000E-01
3.57T0000E-02 2.3450000E-01
3.2030000E-02 2.6716000E-01
6.8220000E-02 2.7941000E-01
8.4550000E-02 2.916T000E-01
1.0081000E-01 3.0392000E-01
L.1707000E-01 3.1618000E-01
1.3333000E-01 3.2844000E-01
1.49359000E-01 3.4069000E-01
1.6583000E-01 3.3294000E-01
1.8211000E-01 3.6519000E-01
1.9837000E-01 3.7500000E-01
2.1465000E-01 3.7300000E-01
2.308%000E-01 3.7500000E-01
24715000E-01 3.7300000E-01
2.6341000E-01 3.7300000E-01
2.9593000E-01 3.7500000E-01
3.2846000E-01 3.7300000E-01
3.6098000E-01 3.7500000E-01
3.9330000E-01 3.7300000E-01
4.2602000E-01 3.7500000E-01
4.5835000E-01 3.7300000E-01
49106000E-01 3.7500000E-01
3. 2358000E-01 3.7500000E-01
3.5610000E-01 3.7300000E-01
5.8B62000E-01 3.7500000E-01
6.2113000E-01 3.730:0000E-01
6.5366000E-01 3.7500000E-01
6.8618000E-01 3.7500000E-01
T.18T0000E-01 3.7500000E-01
7T.5122000E-01 3.7500000E-01
T.8376000E-01 3.7500000E-01
8.1626000E-01 3.7500000E-01
3.4878000E-01 3.7500000E-01
8.8130000E-01 3.7500000E-01
8.9736000E-01 3.7500000E-01
9.1382000E-01 3.7500000E-01
©.3008000E-01 3.7300000E-01
9 3821000E-01 3.7500000E-01
2 4636000E-01 3.7500000E-01
9.5447000E-01 3.7500000E-01
9.6260000E-01 3.7500000E-01
S.7073000E-01 3.7500000E-01
9. TERG000E-01 3.7500000E-01
S.B620000E-01 3.7300000E-01
99512000E-01 3.7500000E-01

1.8110000E+10
1.9424900E+10
1.7435900E+10
1.5287400E+10
1.0782400E+10
7.2297200E+09

1.3308000E+01 6.7803500E+02
1.3308000E+01 7.7336300E+02
1.3308000E+01 7.4055000E+02
1.3308000E+01 7.4004200E+02
1.3308000E+01 3.9249600E+02
1.3308000E+01 4.5027500E+02
1.3308000E+01 4.2405400E+02 6.3093400E+09
1.3308000E+01 4.0063800E+02 5.3283600E+09
1.330800]0E+01 3.8206200E+02 4 9800600E+09
1.3308000E+01 3.9965500E+02 4.9368400E+09
1.3308000E+01 4.2652100E+02 4.6916600E+09
1.3131000E+01 4.1682000E+02 3.5494600E+09
1.2848000E+01 4.0618600E+02 3.38635200E+09
1.2192000E+01 3.8142000E+02 2.9337400E+09
1.1561000E+01 3.5282200E+02 2.363%600E+09
1L1072000E+01 3.4947700E+02 2.38863500E+09
1.O792000E+01 3.4653800E+02 2.2719900E+09
1.0232000E+01 3.3933300E+02 2.0300500E+09
2.6720000E+00 3.3000400E+02 1.8282500E+(%
0. 1100000E+00 3.2199000E+02 1.3887100E+09
2.5340000E+00 3.1382000E+02 1.3619300E+(%
T.8320000E+00 2.9473400E+02 1.1023800E+09
7.3210000E+00 2.8712000E+02 8.7330000E+(8
6.7110000E+00 2.6334200E+02 6.8130000E+08

1.8113600E+10
1.6558600E+10
1.5447800E+10
1.G78EE00E+10
1.4838300E+10
1.0220600E+10
9.1447000E+09
8.0631600E+09
6.8844400E+09
T.0091800E+H09
T1676800E+HI9
7.2716600E+09
T.0817000E+09
6.2445300E+H)9
5.0489600E+09
4.5484000E+H)9
4.3080200E+)9
4 5014000E+09
42440700E+H)9
3.9952B00E+HDS
3.7507600E+H)9
3.4471400EH09
3.13%0700E+H)9
2.7342400E+09

6.1220000E+00 2.5320700E+H)2
3.5460000E+00 2.4166600E+02
4.9710000E+00 2.2063800E+02
4 4010000E+00 2.0029300E+02
3.8340000E+00 1.7940400E+02
3.3320000E+00 1.6500400E+02

5.3472000E+08 2.5548700E+HI9
4.0820000E+08 2.3340300E+09
3.1454000E+08 1.8287300E+09
2.3863000E+08 1.5841000E+0%
1.7388000E+08 1.3233600E+09
1.2601000E+08 1.1838800E+09
1.0726000E+08 1.0201600E+08

2.3900000E+00 1.5441100E+02
2.5030000E+00 1.3833500E+02
2.1160000E+00 1.2955500E+02
1.7300000E+00 1.0726400E+02 6.1050000E+07
1.3420000E+00 9. 8776000E+01 4.9430000E+07
0.5400000E-01 9.0248000E+01 3.9360000E+0T
7.6000000E-01 8.3001000E+01 3.4670000E+07
3.7400000E-01 72906000E+01 3.0410000E+07
4.0400000E-01 6.8772000E+01 2.6520000E+07
3.1900000E-01 6.6264000E+01 2.3840000E+07
2.5300000E-01 3.9340000E+01 1.9630000E+07
2.1600000E-01 3.5914000E+01 1.6000000E+07
1.7800000E-01 3 2484000E+01 1.2830000E+07
1.4000000E-01 4.2114000E+01 1.0080000E+07
1.0100000E-01 4.5818000E+01 7.3500000E+06
6.2000000E-02 4.1669000E+01 4.6000000E+06
2.3000000E-02 1.1453000E+01 2.5000000E+03

9.0880000E+07
T.6310000E+07

T.5781000E+08
7096 1000E+08
5.1819000E+08
4 3487000E+08
3.9512000E=08
3.5372000E+08
3.0473000E-08
2.8142000E+08
2.617T1000E08
1.5881000E=08
1.3738000E+08
1.1879000E=08
1.0163000E+08
B.50T0000E=07
6.4260000E+07
6.6100000E-06

1.00000Q0E+00 3.7500000E-01 0.0000000E+00 1.0319000E+01 1.7000000E+05 3.0100000E+06

——— BLADE MODE SHAPES
BIdF118k{2) - Flap mode 1, coeff of x°2

0.0622
1.7254 BIFIISK(3) -
-3.2452 BIdF11Sh(d) -
47131 BIdF1ISK(5) -
22535 BIdFI1Sh(E) -

, coeff of x3
,coeffof x"4
, coeff of x5
. coeffof x™6

05809 BIdF125k(2) - Flap mode 2, coeff of 22

1.2067 BIJFI2SK(3)-
-15.5349 BIdFI2Sh(4) -
29.7347 BIAF125h(3) -
-13.8255 BIdFI2Sh(6) -
03627
2.3337 BldEdgzSh(3)-
35772 BldEdgSh(4)-
2376 BIdEdsSh(3)-
-0.6952 BldEdgSh(6) -

, coeffof x™3
,ooeffof x™d
. coeff of x™5
, coeff of X6

BIdEdzSh(2) - Edze mode 1, coeff of x™2

, coeff of ™3
L coeffof x4
, coeffof x5
. coeffof x™6

S e ki | El&toDyrkanat dzellikleri dosyasi 6rnegi.
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——————— ELASTODYN V1.00.* TOWER INPUT FILE

NREL 5.0 MW offshore baseline tower input properties.

HitFract

)

------------ TOWER PARAMETERS --

NTwlnpSt - Number of input stations to specify tower geometry
TwrFADmp(1) - Tower 1st fore-aft mode structural damping ratio (%0)
TwirFADmp(2) - Tower 2nd fore-aft mode structural damping ratio (%)
TwrSSDmp(1) - Tower 1st side-to-side mode structural damping ratio (%)
TwrSSDmp(2) - Tower 2nd side-to-side mode structural damping ratio (%0)

____________ TOWEER. ADJUSTMUNT FACTORS

FAStTunr(1) - Tower fore-aft modal stiffness tuner, 1st mode (-)

FAStTunr(2) - Tower fore-aft modal stiffness tuner, 2nd mode (-)

535tTunr(1) - Tower side-to-side stiffness tuner, 1st mode (-)

585tTunr(2) - Tower side-to-side stiffness tuner, 2nd mode (-)

AdyTwMa - Factor to adjust tower mass density (-)

AdjFASt - Factor to adjust tower fore-aft stiffness (-)

AdyS55t - Factor to adjust tower side-to-side stiffness (-)

——————————— DISTRIBUTED TOWER PROPERTIES --- —-
TMassDen TwFAStuf  TwSSStf

(kg/m) (Nm"2) (Nm"2)

0.0000000E+00 5.5908700E+03 6.1434300E+11 6.1434300E+11
1.0000000E-01 5.2324300E+03 5.3482100E+11 5.3482100E+11
2.0000000E-01 4.8857600E+03 4.6326700E+11 4.6326700E+11
3.0000000E-01 4.5508700E+03 3.9913100E+11 3.9913100E+11
4.0000000E-01 4.2277500E+03 3 4188300E+11 3. 4188300E+11
5.0000000E-01 3.9164100E+03 2.9101100E+11 2.9101100E+11
6.0000000E-01 3.6168300E+03 2.4602700E+11 2.4602700E+11
7.0000000E-01 3.3290300E+03 2.0645700E+11 2.0645700E+11
8.0000000E-01 3.0330100E+03 1.7185100E+11 1.7185100E+11
9.0000000E-01 2.7887500E+03 1.4177600E+11 1.4177600E+11
1.000D000E+00 2.5362700E+03 1.1582000E+11 1.1582000E+11

----------- TOWER FORE-AFT MODE SHAPES

0.7004 TwEAMI1Sh(2) - Mode 1. coefficient of x"2 term

2.1963 TwFAMISh(3) - , coefficient of ™3 term
-5.6202 TwEAMI1Sh(4) - . coefficient of x4 term

62275 TwEAMISh(S) - , coefficient of x5 term

-2.504 TwEAMI1Sh(6) - . coefficient of x"6 term
-70.5319 TwFAM2Sh(2) - Mode 2, coefficient of x"2 term
-63.7623 TwFAM2Sh(3) - . coefficient of x™3 term
280737 TwFAMZ2Sh(4) - , coefficient of x4 term
-176.513 TwFAM2Sh(3) - . coefficient of x5 term
220706 TwFAM2Sh(6) - . coefficient of x"6 term

----------- TOWER SIDE-TO-SIDE MODE SHAPES —— e

1385 TwSSMI15h(2) - Mode 1, coefficient of x"2 term

-1.7684 TwSSMI1Sh(3) - , coefficient of x™3 term
30871 TwSSMI1Sh(4) - . coefficient of x4 term
-2.2395 TwSSMI1Sh(3) - , coefficient of x5 term

0.5357 TwSSMI1Sh(6) - . coefficient of x"6 term
-121.21 TwSSM2Sh(2) - Mode 2, coefficient of x"2 term
184415 TwSSM25h(3) - . coefficient of x™3 term

-224 904 TwSSM2Sh(4) - . coefficient of x"4 term
298536 TwSSM25h(35) - . coefficient of x™5 term
-135 838 TwSSM2Sh(6) - . coefficient of x"6 term

Se ki | El&toDyrBkule 6zellikleri dosyasi 6rnegi.
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3.16TuUrbin kontrolciusiunin modell enmes

ServoDyn, riizgar tlirbinin kontrolciisiinii simiile eden modiildiir. Rotor hizi, riizgar
yonii gibi parametreleri inceler, gerekli eyleyicileri programlandigi sekilde calistirir,
jenerator momenti ve rotor hizi arasindaki iliskiyi saglar. Ayni zamanda tiirbine
disaridan verilen komutlarin uygulanmasi (agma/kapama, fren, ...) ve hata
durumlarimin simiile edilmesi (kanatlarin takilmasi, tiirbin yoOniiniin sapmasi, ...)

ServoDyn tizerinden saglanir. Girdi dosyasi 6rnegi Sekil 3.14’te gortilebilir.

—— SERVODYN v1.05.* INPUT FILE —— e

MREL 3.0 MW Baseline Wind Torbéne for Use in Offshore Analysis. Properties from Dhutch Offshore Wind Enersy Comvertar (DOWEC) 6MW Pre-Diesizn (10046_009 pf) and FEpewer SA SMW (Sm_uk pdf)
IMULATION CONTROL

Falie  Echo - FEcha inpot data to <Roof¥ames ech (flag)

‘default” DT Cnmmum:mnn)mmﬂfnrcm(m]les (=) oxr "dafamlt”)

Time t exsls artive pich comal () [omeed whim mmaa:o]
aw 9 TPitMmnS(1) - Teme to start override pitch maveuver for blade 1 ard end standerd pitch corral {3)
95090 TPMnS(2) - Tome to start override pitch mamerver for blade 2 and end standard pitch contral (2)

2 PithanRan2) - Bisch rate a1 which ovarride pirch maneuver heads toward fire] pirch anzle for blade 2 (daz’s)
2 PithanRat(3) - Bisch rate 2t which override pitch manewver beads toward fire] pitch anzle for blade 3 (dez =) [urused for 2 blades]
0 EIPitchF(1) - Blade | fisal pitch for pitch memeuvers (dezress)

0 BIPitchF(2) - Elade 2 fisal pitch for pitch pemeuvers (degress)

0 BIPitF(3) - Blade 3 Gl pitch for pitch meuvers (dezress) [ummsed s 2 blader]

— CONTROL

3

True  GenTiSp - Mthod to stop the generator {T: timed using TimGenOf, F: when zenerator power= 0} (flag)
awg Spd.GmOn - Cemermtor zpeed to turm on the generator for a siartup (33 speed) (pm) [used only when GenTiSu=Falze]
- Titme to barn on the gznerator for a startup (=) [used only when GeaTiSa=True]
g;-;g 9 TimGerOf - Time to um: 0 e gertor z) [used only when GenTiStp=Tz]
—_ - SIMPLE VARIAEIL E-SPEED TORGUE CONTROL
99990 VS _RaGinSp - Rated seneratar spasd for stmple variabla-spesd sensratar coenrol (EISS sid) () [uszdl oaly when VSCoami=1]
9 VSRiTq - Fated generator tarqee constant generator torque in Region 3 for sitple variable-spesd generster contral (H5S side) (N-) [ised only when V3Consi=1]
O VS Rz - Genarstor torgue constant i Region 2 for simple varible-spaad zenerator contral (HSS side) (N-m/rper~T) [ased only when VECanti=I]
98030 VS_SBc - Rated seneratar slip percentazs in Region 2 112 for simple varisble-speed sanerator cartrol (%) [ised anty when V3Cantri=1]
- SIMPLE INDUCTION GENERATOR
" 00020 SIG_SIP - Fated generatar slip percansage (7) [ased anly when VSCari=) md GeModsl=1]
w0039 s G_SySp - Synchronons (pero-torque) penerator speed {rm) [used caly when VSComri=) and Gerhdodel=1]
I - Rafed torque (¥-m) [n:ed uly wehen VSCorTi=D ma Genhiodal=1]

- Line Sequency [30 or 60] (12 [used oely whes VS o =2]
- Nimeber of pole: [even integer > 0] (-} [sed onfy when V" St s e el =1]

- Stator resistance (ohms) [msed outy her VSConml=D and Genhiedzl=1]
- Feotor resistance (ohns) [sed only wher VECanl=0 and Gexlodsl=1]
- Line-to-Line BME valtage (volts) [ised only when VSContrl=0 and Genhodsl=1]

- Stator leakage reactance (ohms) [used onby when VSConmi=0 and Genhodsl=1]
2. - Rotor leakaze rezctance (ohms) [used only when VSContri=0 and Genhodal=2]
90030 TEC ME - Mapnetizing reactance (ohms) [used auly when VSCanerl=D and Genl\iodel=1]

HI ERAKE

J— GH-SPEED SHAFT B ———
0 HESBrMode - HISS brake model {0 none, 1: simple, 3: user-defined from rowtine UserHBSES, 4 user-defined from Simulink sbvisw, 5: user-defined fom Bladed-style DLL (switch)
90000 THSSR:Dp - Timetoi ofthe HES brake (5)
06 HSSEDT . - Time for HSS brake to reach fll deployment amce intiated (sec) [used anly when EISSErhdode=1]
281163 HSSECTGF - Fully depioyed HSS-brake torque (3-m)
e NACELLE-YAW CONTROL ~moemmmmeemeeemmmeenmeeeeeeee
0 YCMpde - Yaw cowtrel mods {0- nome, from routine User YawCont, 4: user-defined from Simufink Laiview, 5: user-defined from Eladed-seyle DLL (swisch)
90000 TYCOm - Timeto anable active yaw cortrol (z) [mused when YCMode=0]
0 YawNeut - Deutral yaw position--yaw spring force is zero at this yaw (degrees)
Q.83IEH00 YawSpr - Nacalle-yaw sprng constans (N-m
1918E~07 YewDamp - Nacelle-yaw demping constant (N-m frad/s])
90000 TYmwdmnS - Timeto start override yaw mareuver and end standard yaw coerol (5)
2 YadanFan - Vi maneuver rate {in absolmte value) (dezs)
0 MacYanF - Final yaw angle for ovemide yaw manenvers (degrees)
- AER.ODY¥NAMIC FLOW CONTROL
0 AfCmode - Airfoil control mode {0: nove. - cosine wave cycle, wter-defined from Sinmlink Labrien 5: user-defined fiom Bladed-style DLL} (svdtch)
3 1]

0 ARC Amp - Amplitude for for cosine cycling nfﬂnp sigral ()
0 AC_Phmse - Phase relative to the blade azim:
- STRIUCTURAL CONTROL —rommmrmememmremermmmremmemeeeee

WumBSC - Nurmber of blzde structural contrallars (fteger)

umsed”  BStCfiles - Mame of the fles for blade stractural controllers (quoted strings) [umised when NumEStC=0]
NumNStC - Mumber of nacslle strucnural corollers (intager)

imised”  NStCAles - Name of the files for nacelle strachural controllers (quated sirings) [mmused when MumNS:C==0]
NumTStC - Mumber of towss structural comrollers {imeger)

wmsed”  TStCHles - Name of the files for tower structural controllers (quated swings) [mmused when NumTS:C==0]

[ NumSEIC - Nuber of substructure ssructural controliars (mteger)
“omsed”  $3iCfiles - Mame of the files for substructure structural controllers {quoted strings) [mused when NumSStC==0]
R - CABLE CONTROL —rmroememmmremmee—eemeeee

0 CCmode - Cable cortrol mode {0: nome, 4.

ser-defined from SimulinkLabvier, 5: user-defined from Eladed-sryle DLLY (sveschi)
——- ELADED INTERFACE =-—mmmeeenmmeeeeeemeeeeeneeemeene- [u52:d cnly with Eladied Interface]
"C:iUsers'cem s Downloads Discondl® DL FileNanee - Name location of the dynamic orary {41l [Windows] or .so [Limux]} in the Bladed-DLL farnsat (- [1sed only with Eladed Interface]
ISCONTN' DLL IrFile - Name of inpu fil sent to the DLL (-) [used cnly with Eladed Interface]
"DISCON'  DLL_ProcMame - Name of procedure i DLL to be called (- [case sensitive; used caly witk DLL Interface]
‘gefud’ DLL DT - Comemumication interval or dynamic Hbrary (z) (or "dafonle”) [used aely with Bladed Imerfars]
£le DLL Famp - Whether 2 lmear ransp should be used between DLL_DT time steps [iniroduces fime shift when tue] (Saz) [used caly with Bladed Interface]
90090 EDCunaE - Cutoff Sequency Sor low-pass filter an blade pitch from DLL (Hz) [used only itk Eladed Interfaca]

Nac¥aw_Hoeth - Reference yaw arzle of the nacelle when the upwind end points due Narih (deg) [used acly with Bladed Interface]

Tach Corl - Record 25: Use individual pitcl: cansral {0: collective pitch; I: individual pich control} (switcls) [uzed auly with Bladed Imterfac]

Tuch_SetPm - Recard 3: Eelow- mmmmmm(ae_) [used cnly with Eladd Interface]

Puch Min - Record £ Minitm pitch mngle (deg) [used only with Elaced Interface]

Prch Max - Record 7: Maxiene pirch angle (d22) [used only with Eladed Interface]

BechiRate Min - Record. §: Minimm pisch rate {mostnegatve vae allowed) (deg's) [used oy with Bladed iteface]

v Iaded Intersace

‘Eenerator

GenTry Dem - Record 22: Denanded peverator targae above rated (Nex) [ised aly with Eladed Interface]

GenPwr_Dem - Record 13: Demanded power (W) [used only with Eladad Interface]

ADED INTERFACE TORGUE-SPEED LOCE-UP TABLE

0 DLL_Numrg - Recond 26: No. of points in tarque speed Iook: 1 tzhle 0 = none and nse the eptinsal mode parameters; menzer = ignoee the optimual mode BARAMETER: by setting Record 16 to 0.0} (- [nsed only with Bladed
Ger3pd TLU GenTrg TLU

H oeooooéoeoooo
i
E
5
E
gl
CRE
Thi
E

(rpu) ()
OUTEUT
Trar  SwePriet - Print summary data to <RoofNames sum (Sag) {currently weased)
1 OuFile - Suitch to derermeing whers output will ke placed: {1- i odule ouspu Sle ouly; 2: in ghos code ourpur Sle cnty; 3: both} (ourremly tmused)

Tree  TebDelim - Use tob delimiters in text tabular outpat Fle? (fizz) (currently urnsed)
ESI03EY Ouffmt - Formmt med for ot abular aatput (sscept o). Rasultng feld shauld be 10 characters. (quated sring) {cxsrently vmsed)
0 TSt - Time to begin tebuler output () {currently upmsed)
Outlist - The wext lineis) comtains 2 list of putpur See Ouil i 2 listing of mvailable outpat chennels, (<)
"GesPua® Elecwrical genarator power and targue
E.l genesator power and targua
END of mpt file (the word "EMLY" raust appear in the first 3 columms of this last QueList line)

Seki | SeBoDindosyasi 6rnegi.
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32Tdr bin Model i

Gliniimiizde tiirbin teknolojisi giderek gelismekte, tiirbinler giderek biiylimekte ve gii¢
kapasiteleri artmaktadir. Tez kapsaminda da giinlimiiz gii¢ ve rotor ¢ap1 degerlerine
yakin olan NREL SMW Baseline (Onshore) tiirbini model olarak kullanilmistir. A¢ik
modele sahip olmasi nedeniyle tiirbinin tiim parametreleri halka a¢ik durumdadir. Yine
aynt sekilde tez kapsaminda yapilacak degisikleri uygulamak ve aradaki farki

aciklamak herhangi bir kurulusun gizlilik alanina girmemektedir.

3.2.1Genel 0zellikler

llerleyen boliimler de dahil olmak iizere, tiirbinin tiim oOzellikleri Jonkman ve
meslektaglarinin hazirladigi dokiimandan alinmistir(J. Jonkman ve dig., 2009).

OpenFAST icinde kullanilan model de yine ayn1 dokiimana dayanmaktadir.

Tiirbinin nominal giicii SMW, rotor ¢ap1 126 m, hub (rotor donme merkezi) ytliksekligi
90 metredir. Bu degerler giiniimiizde kullanilan orta boyuttaki bir tiirbinle benzerdir.
Tiirbin 3m/s hizda jeneratorii devreye sokarak iiretime baslar, nominal glice
11.4m/s’de ulasir ve 25m/s’ye kadar iliretime devam eder. 25m/s iizeri hizlarda
rolantiye gecer. Tiirbin rotoruyla jeneratdr arasindaki gii¢ iletimi planet

mekanizmasiyla saglanir.

322Yap1 s al komponentl er

Tiirbin ozellikleri yapisal bilesenler ve kontrolcii olarak ikiye ayrilabilir. Yapisal

bilesenler, yapinin fiziksel 6zelliklerini barindiran girdiler olarak simiilasyona verilir.

3.2.3Kule

Tiirbinin kule tasarimi; tabanda ¢ap1 6 m ve et kalinlig1 27mm, en yiiksek noktasinda
ise capt 3.87m ve et kalinligt 19mm olan kabuk yap1 olarak kabul edilmis,
simiilasyonda tek boyutlu olarak modellenmislerdir. Kullanilan ¢eligin 6zellikleri;
Young modiilii 210GPa, kayma modiilii 80.8 GPa ve yogunlugu 8500kg/m® olarak
alinmistir. Cap ve et kalinligi, tabandan uca lineer olarak azalmaktadir. Kulenin en

yiiksek noktasi, nasel ile birlestigi yer olan 87.6 m ve Toplam kiitlesi 347460 kg’dur.
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Kulenin genel 6zellikleri ElastoDyn girdi dosyasinda; kule boyunca dagili 6zellikleri
girdide “TwrFile” olarak belirtilen dosyada verilir. Dagili 6zellikler Cizelge 3.1de
belirtilen sekildedir.

Ci z el gKalenid dagitilmis 6zellikleri(J. Jonkman ve dig., 2009).

Yiikseklik Birim Uzunluk - Egilme — Burulma o o) pasiiii

(m) basina kiitle Ry 1t112g1 Rjj 1t112g1 (N)

(kg/m) (Nm") (Nm")

0 5590.87 6.14E+11 4.73E+11 1.38E+11
8.76 5232.43 5.35E+11 4.12E+11 1.29E+11
17.52 4885.76 4.63E+11 3.57E+11 1.21E+11
26.28 4550.87 3.99E+11 3.07E+11 1.12E+11
35.04 4227.75 3.42E+11 2.63E+11 1.04E+11
43.8 3916.41 2.91E+11 2.24E+11 9.68E+10
52.56 3616.83 2.46E+11 1.89E+11 8.94E+10
61.32 3329.03 2.06E+11 1.59E+11 8.23E+10
70.08 3053.01 1.72E+11 1.32E+11 7.54E+10
78.84 2788.75 1.42E+11 1.09E+11 6.89E+10
87.6 2536.27 1.16E+11 8.91E+10 6.27E+10

3.24Nasel hub ve giuc il eti mi

Kanatlarin birlestigi bolgede bulunan hub, merkezi 90 metre yiikseklikte olan ve
donme ekseni yere gore %5 egimle konumlandirilmis rotor saftina baglanmis yarigapi
1,75 metre olan kiiresel bir kabuk olarak modellenmistir. Nasel ve hub 6zellikleri
Cizelge 3.2°de verilmistir. Nasel, hub ile kuleyi birlestiren konumda, kulenin

ekseninde donecek sekildedir.

Ci z e | gNasel 8e.hud 6zellikleri(J. Jonkman ve dig., 2009).

Ozellikler Degerler
Kulenin Tepe Noktasindaki Yiikseklik 87,6 m
Kulenin Tepesi ile Rotor Saft1 Arasindaki Yiikseklik 1.96256 m
Hub Merkezi ile Sapma Ekseni Aras1 Mesafe (Saft Dogrultusunda) 5.01910 m
Hub Merkezi ile Ana Yatak Arast Mesafe (Saft Dogrultusunda) 1.912m
Hub Kiitlesi 56780 kg
Yavas Safttaki Hub Eylemsizligi 115926 kgm~2
Nasel Kiitlesi 240000 kg
Sapma Eksenindeki Nasel Eylemsizligi 2607890 kgm”2
Nasel ve Sapma Eyleyicisi Arasindaki Yay Katsayisi 9.02832E9 Nm/rad
Nasel ve Sapma Eyleyicisi Arasindaki Soniim Katsayisi 1.916E7 Nm/(rad/s)
Tiirbinin Sapma Y 6ntlindeki Hareketinin Nominal Hizi 0.3°%s
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Gli¢ iletimi i¢in ¢evrim orami 97:1’dir. Mekanik verim %100 kabul edilmistir.

Jenerator verimi %94.4 alinmistir.

Cizelge 3.2 ve Cizelge 3.3 te goriilen ayrintili 6zellikler, ElastoDyn girdi dosyasindaki
diger yapisal degerleri belirtmektedir.

Ci z el gGHigil&imidzeltikleri(J. Jonkman ve dig., 2009).

Ozellikler Degerler
Kulenin Tepe Noktasindaki Yiikseklik 12.1 d/dk
Hub Merkezi ile Ana Yatak Arasi Mesafe (Saft Dogrultusunda) 1173.7 d/dk
Hub Kiitlesi 97:01:00
Yavag Safttaki Hub Eylemsizligi 94.40%
Nasel Kiitlesi 534116 kgm”2
Sapma Eksenindeki Nasel Eylemsizligi 867637000 Nm/rad
Nasel ve Sapma Eyleyicisi Arasindaki Yay Katsayist 6.215E6 Nm/(rad/s)
Nasel ve Sapma Eyleyicisi Arasindaki Soniim Katsayisi 28116.2 Nm
Tiirbinin Sapma Y 6niindeki Hareketinin Nominal Hizi 0.6s

3.2.5Kanatlar

Diger bilesenlerden farkli olarak kanatlar i¢in hem yapisal hem de aerodinamik
ozellikler tanimlanmalidir. Bu 6zellikler kanat boyunca biiytlik farkliliklar gosterir.
Simiilasyon girdisinde kanat sayis1 degistirilebilecegi gibi her kanat i¢in farkli yapisal
ve aerodinamik degerler de girilebilmektedir. Se¢ilen tiirbin 3 kanada sahiptir ve kanat
ozellikleri her kanat i¢in aynidir. Buzlanma durumu modellenirken kanatlarin ayri ayri
modellenmesi gerekmektedir. Bu boliimde belirtilen kanat Ozellikleri buzlanma
durumunun dahil edilmedigi durum igin verilmistir. Buzlanma bulunan kanadin

ozellikleri ileriki bolumlerde incelenecektir.

Yapisal agidan kanatlar; fiber-glasstan iiretilmis, baglangi¢ noktasi (kok) rotor donme
ekseninden 1,5 m ve bitis noktasi (u¢) 63 m uzaklikta olan kiriglerdir. Ayrintili yapisal
ozellikleri Cizelge 3.4 teki gibidir.
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Ci z e | gTérbirBkanak yapisal 6zellikleri(J. Jonkman ve dig., 2009).

Hub

Aerodinamik Merkezin

Birim Uzunluk

Egilme

Egilme

Burulma

Merkezine ~ Kord Uzunlugundaki Bagmna Rijitligi - Rijitlig - Rijitligi Rﬁ:‘tffk”?,'\l)
Uzaklik (m) Oransal Yeri kiitle(kg/m) Flap (Nm”2)  Edge (Nm"2) (Nm”2)

15 0.25 678.935 1.81E+10 181E+10  556E+09  9.73E+09
17 0.25 678.935 1.81E+10 181E+10  556E+09  9.73E+09
2.7 0.24951 773.363 1.94E+10 1.96E+10  543E+09  1.08E+10
37 0.2451 740.55 1.75E+10 195E+10  4.99E+09  1.01E+10
47 0.23284 740.042 1.53E+10 198E+10  4.67E+09  9.87E+09
5.7 0.22059 592.496 1.08E+10 149E+10  347E+09  7.61E+09
6.7 0.20833 450.275 7.23E+09 102E+10  2.32E+09  5.49E+09
7.7 0.19608 424.054 6.31E+09 9.14E+09  191E+09  4.97E+09
8.7 0.18382 400.638 5.53E+09 8.06E+09  157E+09  4.49E+09
9.7 0.17156 382.062 4.98E+09 6.88E+09  1.16E+09  4.03E+09
10.7 0.15931 399.655 4.94E+09 7.01E+09  1.00E+09  4.04E+09
11.7 0.14706 426.321 4.69E+09 7.17E+09  B856E+08  4.17E+09
12.7 0.13481 416.82 3.95E+09 727E+09  6.72E+08  4.08E+09
13.7 0125 406.186 3.39E+09 7.08E+09  5.47E+08  4.09E+09
14.7 0125 381.42 2.93E+09 6.24E+09  4.49E+08  3.67E+09
15.7 0125 352.822 2.57E+09 5.05E+09  3.36E+08  3.15E+09
16.7 0125 349.477 2.39E+09 495E+09  3.11E+08  3.01E+09
17.7 0.125 346.538 2.27E+09 481E+09  2.92E+08  2.88E+09
19.7 0125 339.333 2.05E+09 450E+09  2.61E+08  2.61E+09
217 0125 330,004 1.83E+09 424E+09  229E+08  2.36E+09
23.7 0125 321.99 1.59E+09 400E+09  2.01E+08  2.15E+09
25.7 0.125 313.82 1.36E+09 3.75E+09  1.74E+08  1.94E+09
21.7 0.125 294.734 1.10E+09 3.45E+09  144E+08  1.63E+09
29.7 0125 287.12 8.76E+08 3.14E409  120E+08  1.43E+09
317 0.125 263.343 6.81E+08 273E+09  8.12E+07  1.17E+09
337 0.125 253.207 5.35E+08 255E+09  6.91E+07  1.05E+09
35.7 0125 241,666 4.09E+08 2.33E+09  5.75E+07  9.23E+08
37.7 0125 220.638 3.15E+08 1.83E+09  4.59E+07  7.61E+08
39.7 0125 200.293 2.39E+08 158E+09  3.60E+07  6.48E+08
417 0125 179.404 1.76E+08 1326409  2.74E+07  5.40E+08
437 0.125 165.094 1.26E+08 118E+09  2.09E+07  5.31E+08
45.7 0125 154.411 1.07E+08 1.02E+09  185E+07  4.60E+08
47.7 0125 138.935 9.09E+07 7.98E+08  163E+07  3.76E+08
49.7 0125 129.555 7.63E+07 7.10E+08  145E+07  3.29E+08
51.7 0125 107.264 6.11E+07 5.18E+08  9.07E+06  2.44E+08
53.7 0125 98.776 4.95E+07 455E+08  8.06E+06  2.12E+08
55.7 0125 90.248 3.94E+07 3.95E+08  7.08E+06  1.82E+08
56.7 0125 83.001 3.47E+07 354E+08  6.09E+06  1.60E+08
57.7 0125 72.906 3.04E+07 3.05E+08  5.75E+06  1.09E+08
58.7 0.125 68.772 2.65E+07 2.81E+08  533E+06  1.00E+08
59.2 0.125 66.264 2.38E+07 262E+08  A94E+06  9.22E+07
59.7 0.125 59.34 1.96E+07 159E+08  4.24E+06  6.32E+07
60.2 0125 55.914 1.60E+07 1.38E+08  3.66E+06  5.33E+07
60.7 0125 52.484 1.28E+07 119E+08  3.13E+06  4.45E+07
61.2 0125 49.114 1.01E+07 102E+08  2.64E+06  3.69E+07
61.7 0125 45.818 7.55E+06 851E+07  217E+06  2.99E+07
62.2 0125 41.669 4.60E+06 6.43E+07  158E+06  2.13E+07
62.7 0125 11.453 2.50E+05 6.61E+06  250E+05  4.85E+06
63 0.125 10.319 1.70E+05 501E+06  1.90E+05 3.53E+06
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Aerodinamik olarak kanatlar, 8 ayr kanat profili kullanilarak olusturulmustur. Bu
kanat profillerinin kanat uzunlugu boyunca degisimi, acisal yerlesimi, kord uzunlugu

Cizelge 3.5’te verilmistir.

Ci z e | gTérbirBkandd1 aerodinamik 6zellikleri (J. Jonkman ve dig., 2009).

Diigiim Noktasinin Kord

Digiim ) Kanat Profilinin g Kanat Profili
Noktas1 Hub Merl_<ezme Yapisal Acist (°) Uzunlugu Dosyasi
Mesafesi (m) (m)

1 2.8667 13.308 3.542 Cylinderl.dat
2 5.6 13.308 3.854 Cylinderl.dat
3 8.3333 13.308 4.167 Cylinder2.dat
4 11.75 13.308 4.557 DU40_A17.dat
5 15.85 11.48 4.652 DU35_Al7.dat
6 19.95 10.162 4.458 DU35_Al7.dat
7 24.05 9.011 4.249 DU30_A1l7.dat
8 28.15 7.795 4.007 DU25 Al7.dat
9 32.25 6.544 3.748 DU25 A1l7.dat
10 36.35 5.361 3.502 DU21_Al7.dat
11 40.45 4.188 3.256 DU21 Al7.dat
12 44,55 3.125 3.01 NACA64_Al7.dat
13 48.65 2.319 2.764 NACA64_Al17.dat
14 52.75 1.526 2.518 NACA64_Al17.dat
15 56.1667 0.863 2.313 NACA64_A17.dat
16 58.9 0.37 2.086 NACA64_A17.dat
17 61.6333 0.106 1.419 NACA64_A17.dat

Silindir yapidaki Cylinderl ve Cylinder2, tiim hiicum acilarindan ayni aerodinamik
katsayilara sahiplerdir. Bu silindirler icin CL ve CM katsayilari sifir alinir, CM ise
strastyla 0.5 ve 0.35 alinir. Diger kanat profilleri i¢in aerodinamik katsayilar farkli

hiicum agilarina gore Sekil 3.15’ten Sekil 3.20°e grafiklerde verilmistir.
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Se ki | D340 A15 i¢in acrodinamik katsayilarin hiicum agisiyla
degisimi(J. Jonkman ve dig., 2009).
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Se ki | D5 AlG i¢in aerodinamik katsayilarin hiicum agisiyla
degisimi(J. Jonkman ve dig., 2009).
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Se ki | D0 _Al7 i¢in aecrodinamik katsayilarin hiicum agisiyla
degisimi(J. Jonkman ve dig., 2009).
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Seki | DRS5 AlF icin acrodinamik katsayilarin hiicum agisiyla
degisimi(J. Jonkman ve dig., 2009).
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Seki | NABCA& QA17:i¢in aerodinamik katsayilarin hiicum agisiyla
degisimi(J. Jonkman ve dig., 2009).
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326Si stem dinami gi

Yapisal bilesenlerin tek baslarina ozellikleri kadar sistemin bir biitiin olarak
davraniginin da incelenmesi gerekir. Bu konudaki en onemli parametre dogal
frekanslardir. Cizelge 3.6’da tiirbinin 6nemli modlar1 ve frekans analizi sonucu
goriilebilir. 3Hz {tizerindeki frekanslar tiirbin dinamigi agisindan kiiciik etkiye

sahiplerdir.

Ci z e | gTérbiBmodiar ve frekanslart (Hz) (J. Jonkman ve dig., 2009).

Mod Mod Sekli Frekans (Hz)
1 1. Kule One-Arkaya 0.324
2 1. Kule Saga-Sola 0.312
3 1. Saft Yoniinde Burulma 0.6205
4 1. Flap Yoniinde Kanat Asimetrik (Sapma) 0.6664
5 1. Flap Yo6niinde Kanat Asimetrik (Yunuslama) 0.6675
6 1. Flap Yo6niinde Kanat Simetrik 0.6993
7 1. Kenar Yoniinde Kanat Asimetrik (Yunuslama) 1.0793
8 1. Kenar Yoniinde Kanat Asimetrik (Sapma) 1.0898
9 2. Flap Yoniinde Kanat Asimetrik (Sapma) 1.9337
10 2. Flap Yoniinde Kanat Asimetrik (Yunuslama) 1.9223
11 2. Flap Yoniinde Kanat Simetrik 2.0205
12 2. Kule One-Arkaya 2.9003
13 2. Kule Saga-Sola 2.9361

327Kontrol ci

Tiirbin kontrolii hem tilirbinin zarar gérmesini engellemek hem de elde edilebilecek
maksimum miktarda enerji saglamak adina ¢ok biiylik 6nem tasir. Tezde caligilan
tiirbin belirli kontrol bolgelerine sahiptir ve bu bolgelerde moment ve kanat agisi (pitch
angle) kontrolil ile optimum ¢aligma durumunu saglar. Kontrol bolgeleri jenerator

hizina gore Sekil 3.21°deki gibi degisir.
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Se ki | Jerat@ Hiz1 —jeneratér momenti baglantisi (J. Jonkman ve dig.,

2009).

Tiirbin jeneratorii 670 d/dk’ya ulastiginda tiirbin iiretime baslar ve moment degeri
nominal jeneratér hizina (1173.7 d/dk) kadar Sekil 3.21°’deki mavi ¢izgiyi izler.
Nominal jeneratdr hizina ulasildiginda ise moment kontroliinden kanat agisi
kontroliine gegis yapilir ve jenerator hizin1 (momentini ve giiclinii de) sabit tutmak
amaglanir. Nominal riizgar hiz1 (11,4 m/s) lizerindeki hizlarda kanat agis1 Cizelge

3.7°deki gibi degisir.

Ci z e | gRéizgaBhiziha bagh kanat agis1 degisimi (J. Jonkman ve dig., 2009).

Riizgar Hiz1 (m/s)  Rotor Hizi (d/dk) Kanat Agisi (°)

11.4 - Nominal 12.1 0
12 121 3.83
13 12.1 6.6
14 12.1 8.7
15 12.1 10.45
16 121 12.06
17 121 13.54
18 121 14.92
19 12.1 16.23
20 12.1 17.47
21 12.1 18.7
22 121 19.94
23 121 21.18
24 121 22.35
25 12.1 23.47
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330penFAST il e Simulasyonun Kosul masi ve

Onceki boliimlerde gosterilen model, belirtilen girdi dosyalar1 kullanilarak OpenFAST
programiyla komut satir1 iizerinden kosuldugunda tekil bir simiilasyon i¢in ¢ikti
dosyalar1 alinabilir. Birden fazla simiilasyonu seri bir bi¢imde kosturmak i¢in yazilan
bir kod 6rnegi Ek A’da bulunabilir. Cikt1 dosyalari metin dosyasi ve/veya binary
formatinda elde edilir. Ama bu sekilde simiilasyonun incelemek olduk¢a zordur.
Yardimci bir kod ile MATLAB iizerinden ¢esitli grafikler incelenebilir. Bunun ig¢in
ornek kod da Ek B’ye konulmustur. Tezde kullanilan her simiilasyon i¢in asagida

eklenen grafikler incelenip her simiilasyonun hatasiz ¢alistigindan emin olunmustur.

Operasyonel Parametreler

BT | Rulzgar Hizi [misl] |
Kanat Agisi (Pitch) [derece]
30 - Giig [MW)] i
Rotor Hizi [rpm]
25 + i
20 + i
“A Mﬂw \ MW " MW
o PN W‘«‘ M
5+ . ;1 ﬂ f
I it [ |
ol . IwU] . | 'l . [

0 100 200 300 400 500 600
Simiilasyon Siiresi [s]

S e ki | Operasyriel parametreler.
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Kule Yiikleri

80 Rizgar Hizi [m/s] |
70% V W ' ngsm EEN m]
L|| “ |J,|Il wrBs
dl 'r' hw | m [c*h] IJ
M\, 'w Al %ﬁ ‘?“1 .M
T Wl ! W "\ o

10r ]
; 1N g
'.'u.\*r‘f~'11'41'1-'—\"m"-“'“'“"""""""f'V'v“V‘““r,',»\r-*«.\r,\-mw\~.\;'LIJiig\'l"*1'i1'l"""1'I'I'-'l’J\'-'fa\'\l\~r‘"'L""\‘fa‘fl"I-‘:‘*’u\“'-\‘r'-ﬂ’n'n-'l'nm-,w*"’“““"M““m""M'J‘"\'*.~,‘«.\rfﬂr'1l"1'ﬁ'a\'||
-10 - A
20
0 100 200 300 400 500 600
Similasyon Siresi [s]
Seki | KuleyiRl&i :
Saft Yikleri
36 '
Riizgar Hizi [m/s]
331 RotTorqg [MN.m]
30 - LSSGagMya [MN.m] -
o7 & LSSGagMza [MN.m] |
24
21 1
18 r
15
12 r
9 L
6 -
3 L |
. 1171 it A
W T R Mmﬂ
-6 1 1 1 1 1
0 100 200 300 400 500 600

Similasyon Siresi [s]

S e ki | RoBor s@Xtdyiikleri.
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Kanat Yiikleri

| Rizgar Hizi [m/s] |
3 Kanat Agisi (Pitch) [derece] ]|
30 + RootMEdg1 [MN.m] e
o7 L RootMFIp1 [MN.m] |
24 1
211 1
18 1
154 ||_
2 E/ e w iy WMWM Y ‘
MAASINTIAR oy i B
6t F | I |W .'
3| il | it
ot fiYaf i Lt
3t
6+ . . . . . g
0 100 200 300 400 500 600

Simiilasyon Siiresi [s]

Seki | Kaatyakberi. :

Sekil 3.22°den Sekil 3.25’e kadar goriilen grafikler 600 saniyelik bir simiilasyondan
alinmigtir. Riizgar hizi (Vhub) 11 m/s olan tiirbiilansh bir riizgar olusturulmustur.
Normal ¢alisma sartlarinda hatasiz ¢alisan bir tiirbinin operasyonel parametreleri ve
yiiklerinin ¢iktis1 veriler islenmeden bu grafiklerdeki gibi goziikmektedir. Simiilasyon
parametrelerinin, riizgar tiirliniin ve model 6zelliklerinin sec¢imi; tekil simiilasyon
verilerinin islenmesi ve tasarim yiklerinin elde edilmesi sonraki bdliimlerde

aciklanacaktir.

34Si mul asyonl ar ic¢in Zaman Adi mi ve

Simiilasyonlar i¢in hesaplama adim1 0.01 saniye olarak se¢ilmistir. Bu se¢im tiirbin
dogal frekanslarma (Cizelge 3.6) bakilarak karar verilmistir. Incelenecek en yiiksek
frekansli modun 30 kati minimum zaman adimi olarak baz alinmistir. Secilen 0.01
saniyelik zaman adimi uygulandiginda simiilasyonlarda yakinsamaya bagli bir hata

alinmadan simiilasyonlar tamamlanmistir.

Eleman sayist ise yliklerin yakinsamasina bagli olarak se¢ilmistir. Kanatlardaki digtim
noktasi (eleman sayisi+1) sayisina bagli maksimum, minimum ve ortalama yiikler; en

bliyiik degisikligin bulundugu yiik kanallarinda Sekil 3.26’da verilmistir.
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4
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-1000 L . L . . " . " ) 3
12 14 16 18 20 22 24 26 28 30 12 14 16 18 20 22 24 26 28 30
Dugim Noktasi Sayisi (Node) Diigim Noktasi Sayisi (Node)

Se ki | Yiklerig digiim noktasi Sayisina bagli degisimi.

Goriildiigii gibi en basta modelde de hazir verilen 16 eleman (17 diiglim noktasi)
kanatlar i¢in yakinsama i¢in kabul edilebilir. Daha fazla eleman sayis1 yiklerin
degisimin de %]1°‘den daha az etkilidir. Benzer islem kule i¢in de yapilmistir. Sekil

3.27de verilen tim simiilasyon siiresinde de operasyonel bir degisiklik olmadigi

goriilmektedir.
Operasyonel Parametreler Operasyonel Parametreler
sy Riizgar Hizi [m/s] | 3y Razgar Hizi [m/s]
Kanat Agisi (Pitch) [derece] Kanat Agisi (Pitch) [derece]
t Giig [MW] 1 + Gg [Mw]
%0 R:ﬁnr Hizi [rpm] ° R::j:ar Hizi [rpm]
25 q 25
20 q 20
15 ‘ 9 15 ‘ ’ #
N M T
o -W&WWW ' WW& WWW o AN W W’ O
5¢ , f A 5 !
: | I 1 |
0 I ‘ J U . _ ! ‘ L] 0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Similasyon Siiresi [s] Simiilasyon Stresi [s]

S e ki | Opgrasyorel parametreler (Sol:16 eleman ile — Sag:28 eleman
ile).
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4 TASARI M YUK SENARYOLARININ Si MULASYONU

Tek bir simiilasyonun kosulmastyla riizgar tiirbini i¢in ¢alisma kosullarinin tamamen
incelenmesi ve ylklerin ger¢ekei hesab1r miimkiin degildir. Farkli riizgar durumlar1 ve

farkli operasyonel durumlar hesaba katilarak toplu bir inceleme yapilmalidir.

41RUzgG%rsi tl eri ve Modell emel er i

Riizgar siniflar1 ve gesitleri IEC-61400 standardinda agikga belirtilmistir (IEC 61400
1: Wind Energy Generation Systenf3art 1: Design Requirement&019). lref degeri
15m/s hizdaki ve %70 olasilikla beklenen tiirbiilans yogunlugunu temsil eder. Vave
ortalama riizgar hizini ve Vet ise 50 yillik periyotta ger¢eklesmesi beklenen en yiiksek
10 dakikalik riizgar ortalamasini belirtir. Tez kapsaminda tiirbiilans yogunlugu sinifi
I, hiz dagilimi sinift B olan ortalama riizgar siniflar1 segilmistir. Riizgar siiflari

cizelge 4.1°de gosterilmistir.

Ci z el gRéizgadsimiflar (IEC 614001, 2019).

Hiza gore Tiirbiilansa gore

Smif  Vier (M/S)  Vave (M/S) Smif I ref
I 50 10 A 0,16

I 42,5 8,5 B 0,14
i 37,5 7,5 C 0,12

Yukarida belirtilen iki Ozellik riizgdr tarlasindaki genel ozellikleri verir. Tekil
riizgarlar icin ise oOzellikler riizgar hizi, o hizdaki tiirbiilans yogunlugu, riizgar hiz
profili, sapma agis1 ve yere gore riizgar agisidir. Yere gore riizgar acist standartta
oOnerildigi gibi 8° alimmistir. Standarttaki riizgar hiz profili {istel profil olup yiikseklige
bagl formiilii Denklem 4.1°deki gibidir. “z” yiikseklik degerini, “o” riizgar profilinin

iistel degerini ifade eder.

Do O ®
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411T ar b U lrairedgtair

Riizgar tiirbinleri gercek tlirbiilansh riizgarlarda ¢alisir. Rotor ¢api arttikga tiirbiilanslt
riizgarm etkileri de artmaktadir. Bu durumu simiile edebilmek i¢in riizgar sartlarinin
anlik degiskenligi ve rastgeleligi riizgar dosyalarina uygulanmalidir. Tez i¢in Kaimal
modeli ile olusturulmus 10 dakikalik riizgarlar kullanilmistir(Kaimal ve dig., 1972).

Riizgar tiiriine gére uygun parametreler sec¢ilmistir.

4.1.2Normal ti r b U ImadeligNTM)

Normal tiirbiilans modeli; donme eksenindeki riizgar hizina (Vhuw) Ve referans
tirblilans yogunlugu degerinden hesaplanan tiirbiilans yogunluguna sahip normal
riizgar kosullaridir. Hiza bagl tiirbiilans yogunlugu (I) Denklem 4.2 ile hesaplanir;

uo Td:’x u!)

w

"0 ® LA T 8

Hiz profilinde kullanilan iistel a degeri 0,2 olarak alinir.

4.1.3Ekstremti r b U imadeligETM)

Ekstrem tiirbiilans modeli; donme eksenindeki riizgar hizina (Vhw) Ve referans
tirbiilans yogunlugu degeri ve Vave degerinden hesaplanan tiirbiilans yogunluguna
sahip ekstrem riizgar kosullaridir. Hiza bagl tiirbiilans yogunlugu (I) Denklem 4.3 ile

hesaplanir;

'O w cafi (4.3)
Hiz profilinde kullanilan tistel o degeri 0,2 olarak alinir.

4.1.4Ekstrem ri z graodeli (EWM)

Ekstrem riizgar modeli yiiksek hizlardaki riizgar davranigini modeller. Tiirbiilansli ya
da deterministik olarak olusturulabilir. Tiirbiilansli modelde, tiirbiilans yogunlugu
NTM’deki sekilde hesaplanir. Farkli olarak hiz profilinde kullanilan iistel a degeri

0,11 olarak alinir.

4.1.5Deterministik r G z lgréa r

Standartta gesitli tasarim yiik senaryolari i¢in kullanilan deterministik riizgar modelleri

de bulunmaktadir. Bu modellerde tiirbiilans bulunmaz. Riizgar hiz1 profili istenilen
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sartlarda olusturulur ve simiilasyonlarda kullanilir. Bu riizgar tiirleri; normal riizgar
profili (Normal Wind Profile — NWP), ani riizgar hiz1 artis1 (Extreme Operating Gust
- EOG), ekstrem hiz profili (Extreme Wind Shear — EWS), ani riizgar yonii degisimi
(Extreme Direction Change — EDC), ani riizgar hizi ve yonii degisimi (Extreme
Coherent Gust with Direction Change — ECD) olarak tanimlanir. Deterministik
riizgarlar tez kapsaminda kullanilmamistir ve ayrintili bilgiye EIC standardindan

ulasilabilinir.

42TasaYuakienaryol ar i

Tasarim ylik senaryolar1 (design load case, DLC); riizgar tiirbinin émrii boyunca
karsilasacagi ve karsilagabilecegi durumlar igerir. Standartta belirtilen senaryolar
cizelge 4.2°de gosterilmistir. Senaryolar hem yorulma yiiklerini hem ekstrem ytikleri
belirlemek i¢in standarttaki gibi islenir. Ekstrem yiikler tiirbinin o senaryoda

karsilasacagi maksimum ve minimum yiiklerin ortalamasini bulmak i¢in kullanilir.

Ci z e | QIEC yik searyalari listesi (IEC 614001, 2019).

Tasarim Durumu DLC Riizgar Modeli

11 NTM
1.2 NTM
1) Giig Uretimi 1.3 ETM
1.4 ECD
15 EWS
2.1 NTM
2.2 NTM
2) Hatali / Arizali Caligsma 2.3 EOG
2.4 NTM
2.5 NWP
3.1 NWP
3) Baglatma 3.2 EOG
3.3 EDC
4.1 NWP

4) Kapatma
4.2 EOG
5) Acil Durum 5.1 NTM
6.1 EWM
. 6.2 EWM

6) Rolanti (Bosta Donme) / Park Durumu
6.3 EWM
6.4 NTM
7) Ariza Durumunda Roélanti / Park 7.1 EWM
. . 8.1 NTM
8) Nakliye / Montaj / Bakim

8.2 EWM
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42INor mal ¢ al insdraa gdiugr udnmue t i mi

Normal calisma durumu, riizgar tlirbininin herhangi bir ariza olmadan c¢aligma
bolgesindeki davranisimi inceler. Bu durumda sistemler sorunsuz galisir ve enerji

tiretimi vardir. Tiirbinin 6mrii biiyiik oranda bu bolgede gecer.

4.2.2Ekstrapolasyon (DLC 1.1)

Ekstrapolasyon senaryosunun amact tiirbinin normal ¢alisma durumunda 50 y1llik siire
boyunca karsilasacagi maksimum yiiklenmeyi bulmaktir. Bu senaryo i¢in simiilasyon
kosulmaz, bunun yerine DLC1.2’den elde edilen yiikler matematiksel olarak 50 yila
ekstrapole edilir. Buzlanma durumunda bu senaryo ele alinmaz. Bu sebeple tez

kapsaminda hesaplanmamuistir.

423Nor mal c¢ali1sma (DLC 1. 2)

Hem ekstrem yiikler i¢in referans olusturmasi hem de yorulma yiiklerine ¢ok biiyiik
oranda etkisi olmasi nedeniyle normal ¢alisma durumu referans olarak segilmistir.
Standartta belirtildigi iizere; tiirbinin ¢alismaya basladigi hiz (Vin) ile devreden ¢iktigi
hiz (Vout) arasinda 2m/s’lik araliklarla simiile edilmistir. Her riizgar hiz1 igin 6 tane
rastlantisal riizgar (seed) kullanilmustir. Her riizgar -8, 0 ve +8 derecelik sapma
acilartyla kosulmustur. Tasarim yilik senaryosunun girdi dosyalarim1 hazirlayan ve

toplu olarak kosulmasini saglayan MATLAB kodu Ek A’da bulunabilir.

424Ekstrem tdrbidl ans durumunda c¢alisma (DLC 1

Ekstrem tiirbiilans kosullarinda normal ¢alisma durumu incelenir. Buzlanma

durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda kullanilmamaistir.

425Anir Uzpdrz1 ve ydDLQlAdegi si mi

Riizgar hizinin artis1 ve ayn1 anda riizgar sapma agisinin degisiminin simiile edildigi
senaryodur. Buzlanma durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda

kullanilmamustir.

4.2.6Ekstremh | z pBLEL.B)I i

Bu senaryoda hiz profili, simiilasyon boyunca degisir. Hem yiikseklik hem sapma
yoniinde ekstrem riizgar hizi profilleri olusturulur. Buzlanma durumunda bu senaryo

ele alinmaz. Bu sebeple tez kapsaminda kullanilmamugtir.
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427Hat al 1 At nderamau

DLC 2.1, 2.2, 2.3, 2.4 ve 2.5 ariza ve hata durumlarim1 belirtir. Bu durumlarda
baslangicta tlirbin normal sekilde enerji liretmektedir. Olusan durumun etkisiyle,
senaryoya goOre ya enerji iiretimi hataya ragmen devam eder ya da acil durum
konumuna gecip durur. Buzlanma durumunda bu senaryolar ele alinmaz. Bu sebeple

tez kapsaminda kullanilmamustir.

428Kontrol si sOleCilvedtQ22al ar |

DLC 2.1 ve DLC 2.2 tiirbin kaynakli hatalar1 igerir. Bu iki senaryodaki olaylarin
ayirimu iki farkli yontemle ele alinabilir; birincisi hatanin olugma ihtimali ve ikincisi
kontrol sisteminin giivenlik katmanlari. Ilk yéntemde DLC 2.1 olaylari, olasiliksal
olarak 50 yildan daha sik rastlanma ihtimali olan arizalardir. DLC 2.2 ise ariza
periyodu 50 ila 2000 yil arasinda olan durumlar1 kapsar. 2000 yildan daha uzun
periyotta olusmasi beklenen durumlar ihmal edilebilir. Ikinci yontem ise giivenlik
katmanlar1 yoniinden incelenir. Bu yontemde DLC 2.1 arizalari tiirbini normal ¢caligsma
durumunun {izerindeki yiiklenmelerden korumay1 hedefler. DLC 2.2 senaryolar1 ise
ilk katmanin (DLC 2.1 senaryolarinin) ¢alismadigi ya da yetersiz kaldigir durumlarda
devreye giren ve tasarim sartlarinin asilmasini engelleyen ikinci giivenlik katmani

islevi goriir.

DLC 2.1 ve DLC 2.2 olaylar; tirbin ireticisi tarafindan, yukarida verilen
yontemlerden biriyle degerlendirilerek olusturulur. Bu senaryolara 6rnekler; rotor
hizinin siirin {istiine ¢ikmasi, sapma acist yiiksekken ¢alismaya devam etme, kanat
acis1 hatalari, eyleyici ve sensor hatalaridir. DLC 2.1 hatalar1 normal olarak
degerlendirilir ve kismi giivenlik katsayilart 1,35 alinir. DLC 2.2 hatalar1 ise normal

tistii (abnormal) durumlar olarak degerlendirilir ve kismi giivenlik katsayisi 1,1dir.

429EIl ekt r i k s e baerkiezgBlUCakBavg DLER.Y |

DLC 2.3 senaryosu, sebekedeki elektrigin ani bir riizgar sirasinda gecici olarak
kesilmesini simiile eder. DLC 2.5°de ise sebekedeki gerilimin olmasi gerekenden daha
diisiik oldugu durumda tiirbin ¢aligmaya devam eder. Bu durumlarda rotor saftinin
kars1 tarafindaki elektromekanik moment ortadan kalkacagi icin tiirbin rotoru yiiksek

ivmelerle yiiksek hizlara ¢ikabilir.
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4210Ar 1 za ve hatal abLCc@a4)yorul ma et ki s

Ariza ve hata senaryolarinin ekstrem yiiklerinin incelenmesinin disinda, bu yiiklerin
tekrar1 durumunda olusturacagi yorulma hasar1 da incelenmelidir. DLC 2.4 senaryosu,
hata senaryolarmi ig¢in yillik tekrar periyotlar1 diisiiniilerek olusturulur. Bu sayede

hatalarin tlirbin 6mriine etkisi hesaplanabilir.

4.2.11Ba s | d0DL@&1, DLC 3.2 ve DLC 3.3)

Riizgar tiirbini, riizgarin ¢ok yavas ve c¢ok hizli oldugu durumlarda enerji tiretimi
yapmaz. Ama riizgar hizi, calisma araligia yeniden girdiginde enerji liretimi tekrar
baslar. Enerji liretiminin bagladigi zamanlardaki yiiklerin yorulmaya etkisini gérmek
icin DLC 3.1 simiile edilir ve tekrar sayisina gore agirliklandirilir. DLC 3.2 ve DLC
3.3 ise ani riizgar hiz1 artigini ve riizgar yoniiniin enerji liretimi baslangicinda hizlica
degisimini modeller. Elde edilen yiikler ekstrem yiik olarak degerlendirilir. Buzlanma

durumunda bu senaryolar ele alinmaz. Bu sebeple tez kapsaminda kullanilmamustir.

4.2.12Kapatma (DLC 4.1 ve DLC 4.2)

Kapatma durumu ise enerji liretiminin, riizgar hizinin artig1 ya da azalmasi nedeniyle
durdugu durumdur. Tiirbinin enerji iirettigi durumdan baslayip, dnce tliretimin durmasi
sonrasinda ise rotorun durmasina kadar olan siireyi simiile eder. DLC 4.1, normal
kapatmadaki yorulma ytiklerini, DLC 4.2 ise ani riizgarla beraber ger¢eklesen kapatma
sonucu olusan ekstrem yiikleri hesaplamak i¢in kullanilir Buzlanma durumunda bu

senaryolar ele alinmaz. Bu sebeple tez kapsaminda kullanilmamugtir.

4.2.13Acil durum (DLC 5.1)

Bu tasarim senaryosunda manuel olarak acil durum kapatma simiile edilir. Normal
kapatmadan farkli olarak, tiirbinin miimkiin olan en kisa siirede durmasi1 hedeflenir.
Buzlanma durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda

kullanilmamustir.

4214R61 anti (bosta donme) [/ park dur

Riizgar tiirbini, ¢alisma aralig1 disindaki riizgar hizlarinda rélanti durumuna gecer.
Roélanti durumunda kanatlar, aecrodinamik olarak rotor momentini minimize edecek
konumdadir. Rotor serbest durumdadir ve jeneratdr kapalidir. Park durumunda ise

tiirbin rotoru mekanik frenlerle sabitlenir.
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4.2.15Ekstremr Uz pamzda r OLGGL) i

Tasarim senaryosu 50 yillik periyota sahip ekstrem riizgarla ve EWM modeliyle
hazirlanir. Tiirbinin sahadaki yiliksek hizli riizgara dayanikliligini test etmek igin
amaclanir. Buzlanma durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda

kullanilmamustir.

4.2.16Ekstremr Uz & z1 ve sebekddD€6xi¢ ol mamas:!

DLC 6.2; DLC 6.1°den fakli olarak, 50 yillik periyota sahip ekstrem riizgarla ayni1 anda
sebekede giic olmamasi durumuyla beraber incelenir. Boyle bir durumda tiirbin sapma
acisint degistiremez ve riizgar rotora her yonden esebilir. Ayn1 anda hem yiiksek
rliizgar hizi hem de sebeke sorunu barindirdigi i¢in normal iistii bir durum olarak kabul
edilir ve kismi giivenlik katsayis1 1,1 alinir. Buzlanma durumunda bu senaryo ele

alinmaz. Bu sebeple tez kapsaminda kullanilmamustir.

4217Y U k srelkz hdazve sapma &£EC&3 hat asi

Riizgar tiirbini, bu senaryoda 1 yillik periyoda sahip yiiksek hizli riizgarla (0,8Vrer) ve
yiiksek sapma agilartyla (+30°) simiile edilir, ekstrem yiikler hesaplanir. Buzlanma

durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda kullanilmamastir.

4218R0O01 anti durumunddC&Lr ul ma et ki si

Normal tiirbiilans modeli ile olusturulan rélanti durumunu simiile eden DLC 6.4, DLC
1.2 ile benzer 6zelliklere sahiptir. Tek farki riizgar tiirbininin tiretimde olmadigi, devre
dis1 oldugu hizlar1 barindirmasidir. Hem devreye girme hizi 6ncesi (Vhun<Vin), hem de
devreden ¢ikma sonrasi (0,7 Vrer>Vhu>Vout) i¢in simiilasyonlar yapilir. Diisiik rélanti
i¢in riizgar hiz1 2m/s alinmistir. Yiiksek hizlar i¢in 26, 28, 30 m/s kullanilmistir. Yine
6 rastlantisal tlirbiilanshi riizgar ve -8, 0, +8 derece sapma agilartyla kosulmustur.

Simiilasyon girdilerini olusturmak i¢in kullanilan kod Ek C’de bulunabilir.

4219Ar 1 za durumundeLG74) anti [/ park

Riizgar tiirbini roélanti durumunda ve yiiksek riizgar hizinda bir ariza yasadiginda
olusacak yiikler bu tasarim senaryosunda incelenir. Sapma acis1 hatasi, mekanik fren
hatas1 ve kanat ac¢is1t hatasi incelenmelidir. Sapma agis1 hatas1t DLC 6.2’de daha
yiiksekle incelendigi, secilen tiirbin de rdlanti durumda fren yapmadigi igin; bu tezde

sadece kanat acisit hatasi incelenecektir. Simiilasyonlar bir yillik periyota sahip
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Vhuob=0,8Vrer=34 m/s riizgar hizinda yapilmistir. Modellenen durum; tiirbin
kanatlarindan birinin eyleyici hatasi sonucu 0 dereceden 88 dereceye (minimum rotor
momentinden maksimum rotor momentine) dogru donmesi ve rotor hizinin artisiyla

frenlerin devreye girmesidir.

4220Na k|l i ye [/ MoéoTamia(pPLC/B.1 BoOkQO 8M)

Tasarim senaryolari, pargalarin nakliye ve montaj sirasinda karsilastiklart ve bakim
siirecinde olusan yiikleri hesaplamak i¢in kullanilir. Bu sartlar {iretici tarafindan
belirlenir. Buzlanma durumunda bu senaryo ele alinmaz. Bu sebeple tez kapsaminda

kullanilmamustir.

4.3 Buzlanma Durumu

431Buz]l anmani n aerodinami k model |l enmesi

Buzlanma olustugunda kanat aerodinamik profilinin veriminin diismesi beklenir.
Kaldirma katsayist (CL) diiser ve siiriiklenme katsayisi (CD) artar. Bu iligskinin
formiilii, hiicum acisimna bagl olarak standartta Sekil 4.1°deki gibi agiklanmustir.
Bagint1 sadece belirli bir hiicum acis1 bolgesinde gegerlidir, geri kalan bolgelerde
Viterna polar ekstrapolasyonu ile degerler elde edilebilir(Viterna & Janetzke, 1982).
Buzlanma durumu kanadin tiim kanat profilleri i¢in incelenmistir. Sekil 4.2°den Sekil

4.7’ye kadar buzlanma profili i¢in sonuglart vermektedir.

1 35
095 { v=-0,0014x - 0,0017x4+0,9509 | 345
0.9 34
0,85 3,35
08 33
< 0,75 325 &
z <
3 8
g 07 3,2 S
C 0,65 — L 3,15
- - 1
0,6 3,1
L . CL carpans
055 s we CD carpam 3,05
0,5 3
-2 -1 0 1 2 3 4 S 6 7 8 9 10 11 12 13 14

Hicum Agis: (%)
IEC

S e k i | Kaldirmadlve siiriiklenme katsayilar1 bozulma ¢arpani (IEC 614001,
2019).
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S e ki IDU2L.A27 igin kaldirma ve siiriiklenme katsayisinin buzlanma oldugu ve
olmadigi durumun karsilastirmasi.
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Se ki IDUZ5. A37 igin kaldirma ve siiriiklenme katsayisinin buzlanma oldugu ve
olmadig1 durumun karsilastirmasi.
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Normal CL Buzlanma CL Normal CD Buzlanma CD

S e ki IDU30.A47 igin kaldirma ve siiriiklenme katsayisinin buzlanma oldugu ve
olmadigi durumun karsilastirmasi.
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Normal CL Buzlanma CL Normal CD Buzlanma CD

Se ki IDU35.A37 igin kaldirma ve siiriiklenme katsayisinin buzlanma oldugu ve
olmadig1 durumun karsilastirmasi.
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Se ki IDU40.AB7 igin kaldirma ve siiriiklenme katsayisinin buzlanma oldugu ve
olmadigi durumun karsilastirmasi.
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Normal CL Buzlanma CL Normal CD

S e ki INACGAGH Al7 igin kaldirma ve siiriiklenme katsayisinin buzlanma
oldugu ve olmadigi durumun karsilastirmasi.
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432Buzl anmanin dinami k model |l enmesi

IEC standartlarinda buzlanmanin modellemesi sadece kanatta kiitle artis1 seklinde
dahil edilmektedir. Kiitle artis1 denklem (4.1)’deki birim uzunluk basina yogunluk
arttirilarak yapilir. A=0.125kg/m® ; C, rotor ¢apmin %85’indeki kord uzunlugu; r,
hesaplama yapilan yerdeki yarigap (rotor merkezine gore); M(r), o noktanin yogunluk

artigidir. Denklem 4.4 kullanilarak hesaplanir. Bu bilgiler ElastoDyn dosyasina girilir.

M(r) = A x Cggo, x 1 (4.4)

4.3.3Buzlanmadurumui ¢i n ekl enen yuk senaryol ar.

Buzlanma kabulii yapilan tlirbinin dinamik ve aerodinamik modellemesi sonrasi,
Cizelge 4.3’teki ilgili tasarim yilik senaryolar1 olusturulur. DLC 1.6, DLC 1.2°nin
buzlanma meydana gelmis hali; DLC 6.5 ise DLC 6.4’lin buzlanma meydana gelmis
halidir. DLC 7.1 igin bir isim degisikligi olmamasina ragmen buzlanmanin etkileri
ayn1 sartlarda modellenir. Senaryolarin diger o6zellikleri aynidir. Dogru bir
karsilagtirma i¢in, buzlanma durumunun yiiklere etkisi bu senaryolarla

karsilastirilmistir.

Ci z e | gIEC buzlanBia durumu yiik senaryolari listesi (IEC 614001, 2019).

Tasarim Durumu DLC Riizgar Modeli Diger Durumlar
1) Giig Uretimi 1.6 NTM Buzlanma
6) Rolanti (Bosta Donme) / Park Durumu 6.5 NTM Buzlanma
7) Ariza Drumunda Rélanti / Park 7.1 EWM Buzlanma
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5. VERI LERI N I SLENMESIi VE KARSILASTI RMA

IEC standartlarinda istenilen simiilasyonlarin kogsulmasindan sonra bu simiilasyondan
elde edilen verilerin yine standartlara gore islenmesi gerekir. Ekstrem yiikler ve
yorulma yiikleri ¢ikartilmalidir. Bu islemlerden sonra buzlanma durumu da ayn

sekilde islenip sonuglar karsilastirilir.

51Kul | ani |l acak Verilerin Sec¢i mi

Simiilasyonlardan elde edilen ¢iktilar sadece yiikleri kapsamaz. Ayn1 zamanda hiz ve
yer degistirme, aerodinamik ¢esitli veriler, anlik gii¢ {liretimi ve benzeri veriler de
simiilasyonlardan elde edilebilir. Ancak her veri karsilastirma igin gerekli degildir.
Sistemin genel davranigini incelemek igin belirli kanallarin incelenmesi yeterlidir.
Tezin kapsaminda incelenecek kanallar; kanat kokiindeki ve ortasindaki flap ve kenar
(edge) momentleri, rotor saftindaki itme kuvveti, rotor saftindaki egilme ve burulma
momentleri, kule kokiindeki ve kule tepesindeki momentler, kanat ucu ile kule
arasindaki mesafe ve elektriksel yiik tiretimidir. Bu yikler tiirbin tasariminda

kullanilan sinirlayict yiiklerdir.

52Ekstrem Yuklerin Iincel enmesi

Cesitli hizlarda, sapma agilarinda, riizgar cesitlerinde ve operasyonel durumlarda
simiilasyonlar yapilir. Simiilasyonlardan elde edilen verilerle tasarim igin ekstrem

yiikler hesaplanmalidir. Bu yiikler standartlarda belirtilen sartlarla elde edilir.

521Ekstrem yuklerin ortalama hesabi

Ayni tasarim senaryosu igerisinde kosulan tekil simiilasyonlar belirlenen kritere gore
gruplandirilir. Normal ¢alisma durumu (DLC 1.2), normal rélanti durumu (DLC 6.4)
ve ariza ile rolanti durumu (DLC 7.1) i¢in bu gruplandirma riizgar hizina gore yapilir.
Her riizgdr hizinda, o hizda farkli rastlantisal tiirbiilansh riizgarlarla kosulan
simiilasyonlarin ekstrem degerleri (minimum ve maksimum) bulunur. Ayni1 hizdaki

ekstrem degerlerin kendi iglerindeki aritmetik ortalamasi alinir. Bu sekilde her hiz igin
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ekstrem degerler bulunur. Daha sonra senaryo icerisindeki tiim ekstrem degerlerin en

biiyiik ve en kiiclik olanlar1 alinip senaryonun ekstrem ytikleri elde edilir.

522Kar akteristik yuk ve tasari m yuakdua

Simiilasyonlardan ¢ikt1 olarak alinip, ekstrem yiiklerin ortalama hesabi yapilarak elde
edilen yiik karakteristik yilik olarak tanimlanir. Her tasarim senaryosu, sahip oldugu
olasiliksal durum da hesaba katilarak bir giivenlik katsayisiyla carpilir. Karakteristik
yiikiin kismi giivenlik katsayisiyla ¢arpilmasiyla tasarim yiikii bulunur. DLC 1.2, DLC
1.6, DLC 6.4 ve DLC 6.5 i¢in bu deger 1,35; DLC 7.1 igin ise 1,1 alinir.

53Yorul ma Yiklerinin Iislenmesi

Riizgar tiirbinleri Omiirleri boyunca ¢ok farkli yiikler altinda calisir. Yiiklenme
durumlan arasindaki biiyiikk fark ve uzun Omiir beklentisi yorulma yiiklerinin
hesaplanmasini zorlastirir. Bu sebeple yiiklerin karsilastirilmasi i¢in farkli yontemler
izlenir. Ayrica sahaya gore riizgar hiz dagilimi, riizgdr yonii dagilimi, tiirbiilans
yogunlugu gibi degiskenler de bulunur. Bunun yani sira operasyonel durumlar da

yorulma hesabinda kullanilmaktadir.

531RUzgé&Webulldagi | 1 mi ve agmil akyandar i1 hmas.|

Saha i¢in dogru bir yorulma hesabi i¢in kosulan simiilasyonlarin agirliklari,
tekrarlanma sayilar1 veya olusma siireleri hesaplanip esdeger yiikler bu sekilde
bulunmalidir. ilk sertifikasyon sirasinda riizgar sinifi sahaya gore belirlenir ve

agirliklandirma buna gore yapilir.

532SU0re bazli1 agrrl i1 klandir ma

Riizgar tiirbini tarlasindaki yillik riizgar hiz1 dagilimi Weibull’un olusturdugu olasilik
dagilimi g6z Oniine alinarak yapilir (Weibull, 1951). Weibull dagilimi riizgar hizi
i¢in iki parametreyle gosterilir. Parametrelerden biri (“¢” - scale — boyut parametresi)
ortalama hizin kag oldugunu, digeri (“k”- shape — sekil parametresi) hiz dagilim
grafiginin ne kadar dik ya da yayvan oldugunu gosterir. Bu sayede hangi riizgar
hizinin yillik dagilimin ne kadar siire boyunca siirecegi tahmin edilebilir. DLC 1.2,
DLC 1.6, DLC 6.4 ve DLC 6.5 yiikleri bu sekilde agirliklandirilir. Wind Power Plus,
2022 raporundan alinan 6rnek Weibull dagilim1 Sekil 5.1°de goriilmektedir.
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Weibull distribution with 2 parameters

v: Wind speed (m/s).

f(v): Weibull probability density function.

c: Scale factor (m/s), whose value is close to the annual mean velocity.

k: Shape factor, which characterizes the asymmetry or skewness of the function f(v).

u: Location factor.

Weibull distributions as a function of k (constant ¢ = 7 m/s) " Weibull distributions as a function of c (constant k = 4)
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S e ki | Weibull dagilimi(Weibull and Rayleigh Distributions - Wind
Power Plus, 2022).

533Tekrar bazli1 agrrl i1 klandir ma

Normal ¢alisma durumu siire bazli agirliklandirilir, ama operasyonel olaylar riizgar
hizinin ne kadar siireyle hangi degerde oldugundan bagimsizdir. Baslatma ve
kapanma gibi olaylar bu sebeple simiilasyonun yillik tekrar tizerinden hesaplanir. Bu
tekrarlar i¢in kabul edilen sayilar standartlarda belirtilmistir. DLC 2.4 i¢in kosulan

simiilasyonlarin ¢ogu bu sekilde degerlendirilir.

534Rai nfl ow counting yont emi

Rainflow counting yontemi; diizensiz genlik ve ortalama degere sahip salinan
yiiklerin, simiilasyon siiresindeki davranisinin, referans bir dongii sayis1 ve Wohler
(S-N egrisi) egimi alinarak esdeger yiiklerin bulunmasina dayanir (Endo ve dig.,
1974). Bu islem birka¢ adimdan olusur. Oncelikle istenilen yiik kanal belirlenen bir
alt deger limitine gore filtrelenir, bu sayede etkisi olmayan ¢ok kiiciik dalgalanmalar
cikarilir. Daha sonra yerel minimum ve maksimum noktalar1 bulunur. Bu noktalar
disindaki degisimler yorulmaya etki etmeyecegi i¢in ithmal edilir. Bir sonraki adimda

yiik degisimleri genlik ve ortalamaya gore gruplandirilir. Sonra bu gruplarin referans
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Wohler egrisine gore olusturacagi hasar hesaplanir. Bu hesaplama yapilirken
genliklerin ortalamasi da dikkate alinir (Goodman, 1899). Miner kuralina gore hasar
oranlar1 bir 6nceki boliimde bahsedilen riizgar hizi dagilim agirliklarina gore
hesaplanip toplanir(Miner, 1945). Sonugta toplam hasarla, yine Wohler egrisinde,

referans dongii sayisina denk gelen esdeger yiik bulunur.

535Bi |l esenl ere gore yorul ma yukleri

Wohler egrisindeki egim malzeme tiiriine gore degisiklik gostermektedir. Bu nedenle
farkli pargalarin hesabi farkli sayilarla yapilmaktadir. Wohler egrisinin egimi -1/m
olarak belirlenir ve m sayis1 malzeme tiiriine gore segilir. Ayrica esdeger yiikiin
referans tekrar1 da malzemeye gore degisir. Malzemenin yorulma dayanim limitinin

gbzlendigi tekrar sayisi, esdeger yiik i¢in hesaplanan tekrar sayisi olarak segilir.

5.3.6Kule

Kule malzemesine gore S-N grafiginin egimi degisiklik gosterir. Betonarme kuleler
icin egim m=5 ile m=10 arasinda segilir. Celik kuleler i¢in ise m=3 ile m=5
arasindadir. Yorulma sinir1 igin tekrar sayist 10 milyon tekrar alinir(Liao ve dig.,
2022). Tezde bu degerler ortalamay1 belirtmesi adina betonarme temel igin m=7,

celik kuleler icin m=4 olarak alinip yorulma limiti 10 milyon olarak belirlenmistir.

537Saft

Saft, gii¢ iletimi, yatakla malzemelerinin metal alagimlarina gére m=3 ile m=8
arasinda segilir. Yorulma siniri i¢in tekrar sayis1 10 milyon kabul edilebilir(Liao ve
dig., 2022). Tezde bu deger ortalamay1 belirtmesi adina m=4 olarak alinip yorulma

limiti 10 milyon olarak belirlenmistir.

5.3.8Kanat

Kanat malzemesi fiber-glass olarak kabul edildiginde liretim yontemine gore m=8 ila
m=15 arasinda egim katsayilar1 segilir. Esdeger yiik dongii sayist 2 milyon ila 10
milyon arasinda segilir(Liao ve dig., 2022). Tezde bu deger ortalamay1 belirtmesi

adina m=10 olarak alinip yorulma limiti 10 milyon olarak belirlenmistir.
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539MLi fe programi ile esdeger yorul ma

Tiirbin 6mriiniin karigik yiik hesabi, sirasiyla; yiiklerin filtrelenmesi, gruplandirilmast,
gruplarin verecegi potansiyel hasarlari, agirliklarla hasarlarin carpilmasi, referans
tekrarla esdeger yiikiin bulunmasi gibi adimlar1 barindirir. MLife programi tim bu
islemleri {ist liste gergeklestirerek yorulma esdeger yiiklerinin karsilagtiriimasini
saglamaktadir (Hayman, 2012). Girdi olarak kosulan simiilasyonlarin ¢iktisi, istenilen
yuk kanallarinin adi, bu kanallar i¢in istenen m degerleri, esdeger tekrar sayist gibi
parametreler verilir. Cikt1 olarak esdeger yiik ve dmiir beklentisi alinir. Ornek MLife

girdi dosyas1 Ek C’de bulunabilir.

54Y0 k| €ai g1l astiri | mas:i

Onceki boliimlerde bahsedilen sekilde yiikler hesaplanmistir. Tasarim yiikleri hem
ekstrem hem de yorulma yiikleri i¢in elde edilir. Hem normal kosullar hem de

kanatlarda buzlanma olmas1 durumu incelenmistir.

541Ekstrem yukl er

Ekstrem ytikler IEC standardinda belirtilen sekilde hesaplanir, ortalanir ve kismi
giivenlik katsayisi ile ¢arpilip DLC i¢in tasarim yiikleri bulunur. Sonrasinda DLC’ler
karsilastirir ve tasarim i¢in maksimum, minimum ve mutlak maksimum yiikler

bulunur.

542Kanat kokindeki yuoukl er

Kanat kokiindeki yiikler hem kanat i¢in hem de kanatlardaki yataklar i¢in dnemlidir.
Ozellikle momentler incelenir. Buradaki yiikler iki farkli koordinat sistemiyle; hem
kanatlardaki edge-flap eksenine gére hem de rotor donme ekseninde diizlemsel ve
diizleme dik sekilde hesaplanmistir. Kanat agis1 (picth angle) degistikce bu iki
koordinat sistemi arasinda fark olusur. Egde-flap ekseni kanatla birlikte hareket
ederken diger eksen kanatlarin yataklarinin dis bileziklerine sabitlenmistir.
RootMEdg]1 kenar yoniindeki; RootMFlp1 flap yoniindeki; RootMIP1 diizlem ici;
RootMOoP1 ise diizlem dis1t momentleri temsil eder. Kanat kokiindeki minimum
yiikler, kanat kokiindeki maksimum yiikler, kanat kokiindeki mutlak maksimum

yiikler sirasiyla Cizelge 5.1, 5.2 ve 5.3°de verilmistir.
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Ci z e | gKenatkokithdeki minimum yiikler.

Kanal Birim  Minimum En Kritik DLC Fark(%)
RootMEdgl (kN-m) -7558.81 DLC1.6 (Buzlanma) 11.05%
RootMFIpl  (kN-m) -6363.34  DLC1.2 (Normal) -16.96%

RootMIP1  (kN-m) -6400.40 DLC1.6 (Buzlanma) 5.13%
RootMOoP1 (kN-m) -6235.44  DLC1.2 (Normal) -19.46%

Ci z e | gKenat&okiiAdeki maksimum yiikler.

Kanal Birim  Maksimum En Kritik DLC Fark(%)
RootMEdgl (kN-m)  8701.29 DLC1.6 (Buzlanma) 8.23%
RootMFIpl  (kN-m)  17859.93 DLC1.2 (Normal)  -0.18%

RootMIP1  (kN-m) 10180.62 DLCL1.6 (Buzlanma) 8.17%
RootMOoP1 (kN-m)  17823.19 DLC1.2 (Normal) -0.25%

Ci z e | gKenatkokiiddeki mutlak maksimum yiikler.

Kanal Birim Mutlak En Kritik DLC Fark(%)
RootMEdgl (kN-m) 8701.29 DLC1.6 (Buzlanma) 8.23%
RootMFIpl  (kN-m) 17859.93 DLC1.2 (Normal) -0.18%
RootMIP1  (kN-m) 10180.62 DLCL1.6 (Buzlanma) 8.17%
RootMOoP1 (kN-m) 17823.19 DLC1.2 (Normal) -0.25%

Kanat kotii eksenel simetrik yapidadir, bu sebeple mutlak yiikler dnemli hale
gelmektedir. Cizelge 5.1, 5.2 ve 5.3’te goriildiigii gibi yiikler artis egilimindedir.
Diger kanallardaki artis ihmal edilebilir diizeydedir ama kenar dogrultusundaki
momentte ve rotor donme diizlemi igindeki momentte ciddi bir artis vardir. Kanat
kokiindeki kritik yiikler normal ¢alisma durumu olan DLC 1.2 ve DLC 1.6°da
gozlenmistir. Sekil 5.2°de riizgar hizina bagl olarak ekstrem yiikler ve yiik
ortalamalar1 verilmistir. Burada flap momentini nominal riizgar hizina kadar artt1g1,
sonrasinda diisiis yaptig1 goriilmektedir. Kanadin iki yiiziindeki basing farki bu
momenti olusturmaktadir ve bu kaldirma etkisi (lift) ile tiirbin donme ydniinde bir
moment ve gii¢ liretmektedir. Nominal hizdan sonra (nominal rotor hizini ve giicii
korumak i¢in) ise kanat a¢is1 degisimiyle hiicum agis1 degistirilir. Kanadin yapisi
(yapisal twist acis1) ve tiirbiilansl riizgar nedeniyle bir siire sonra negatif yondeki
momentlerde artig goriiliirken pozitif yonde azalma baslar. Kenar dogrultusundaki
yiikler ise biiylik oranda siiriiklenme (drag) ve agirlik etkisiyle olusur. Bu sebeple
yluklerde biiyiik degisimler yoktur. Buzlanmanin etkisi hem kiitleyi hem de
stiriklenme katsayisini arttirdigi i¢in buzlanma durumunda kenar yoniindeki yiikler

ciddi bir artig gdstermistir. Tiirbinin ¢aligma araliginda kanat agis1 sifira yakin
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degerlerde oldugu i¢in rotor donme diizlemi icerisindeki moment de kenar

momentinde oldugu gibi artis gdstermistir.
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S e k i | Kanat koRiindeki yiiklerin hiza ve DLC’ye bagh dagilimu.
543Kanat boyunca yukl er

Kanat kokiinde oldugu gibi kanat boyunca da yiikler incelenmistir. Inceleme uzunluk
boyunca ilk ¢eyrek (Spnl), kanat orta noktasi (Spn2) ve son ¢eyrekte (Spn3)
yapilmistir. “x” ekseni kenar (edge) yoniinde, “y” ekseni flap yoniinde alinan
momentleri gosterir. Ekstrem tasarim yiikleri Cizelge 5.4 ve 5.5’te verilmistir. Kritik
DLC’ler yine DLC 1.2 ve DLC 1.6°dir. Yiik dagilimlar1 kanat boyunca (Sekil 5.3)
kanat kokiindeki yiiklenmelere benzer bir egilim gostermektedir. Kaldirma
kuvvetinin diisiisii flap yoniindeki yiiklerin diismesine sebep olmusken, kenar
yoniindeki yiikler artan kanat agirlig1 ve siiriiklenme katsayisi nedeniyle

yiikselmistir.
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Ci z e | gKenatboywhca rhinimum yiikler.

Kanal Birim Minimum En Kritik DLC Fark(%)
SpnlMLxbl (kN-m) -4157.39 DLC1.6 (Buzlanma) 8.05%
Spn1iMLybl (kN-m) -4383.93 DLC1.2 (Normal)  -13.09%
Spn2MLxbl (kN-m) -1697.07 DLC1.6 (Buzlanma) 9.47%
Spn2MLybl (kN-m) -2524.75 DLC1.2 (Normal) -13.08%
Spn3MLxbl (kN-m) -402.80 DLC1.6 (Buzlanma) 17.66%
Spn3MLybl (kN-m) -873.34 DLC1.2 (Normal) -17.01%

Ci z e | gKenatboyunca maksimum yiikler.

Kanal Birim  Maksimum En Kritik DLC Fark(%)
SpniMLxbl (kN-m) 3535.74 DLC1.2 (Normal)  -6.51%
SpniMLybl (kN-m) 10311.76 DLC1.6 (Buzlanma) 0.05%
Spn2MLxbl (kN-m)  1505.96 DLC1.2 (Normal)  -4.70%
Spn2MLybl (kN-m) 471451 DLC1.2 (Normal)  -3.45%
Spn3MLxbl (kN-m)  361.93 DLC1.2 (Normal)  -4.18%
Spn3MLybl (kN-m) 1273.13 DLC1.2 (Normal)  -4.76%

Kanat boyunca yapisal bir simetri olmadig i¢in pozitif ve negatif yondeki yiikler ayri
ayr1 ele alinmalidir. Buzlanma sonucunda 6zellikle negatif kenar yiiklerinde ciddi bir

artis gézlenmistir.

DLC 1.6 (Buzlanma]
1506 DLC 1.2 (Normal) 1500 ¢ ( )
1000 A 1000 ; A A, AR
T K A AL A 4R
A 2 &
A b AR A—B
= A = L
T S001 E 500
E 3
= T
o 0 ] o
3 ~o z R e FE———
= © = &—=o o
2 B
& -500 @ -500 -
Y v
V9% vy 2
V-8 g : W .
-1000 maksimum V¥ -1000 maksimum - | — v 8
minimut m v 7 minimum v 8
talam: ortalam: : b 4 ? L4
-1500 ! -1500
0 5 10 15 20 25 0 5 10 15 20 25
Riizgar Hizi [m/s] Riizgar Hizi [m/s]
DLC 1.2 (Normal) DLC 1.6 (Buzlanma)
5000 5000
4000 4000
& 6 A & i R—a 4
3000 3 A 3000 i
2 o - T = &
—, 2000 2 e AR . 2000 A 8 A
= o = ] > e
£ & 5 & £ 4 - e
A " e =3
£ 1000 e s z 1000 A o7 2 | ¥ s
= o = ¥ g S = e g ¥ _tg o—¢
2 0 v v Vo g 2 0 v v v V-8
) ] ) ¥
= 74 = v
& -1000 ¥ & -1000 ¥V ¥ -9 .
= b A a ¥
@ 2000 “ 2000 v
-3000 -3000
maksimum £ maksimum
-4000 minimum -4000 minimum
ortalama ortalama
-5000 . ! _5000 | } |
5 10 15 20 25 0 5 10 15 20 25
Riizgar Hizi [m/s] Rizgar Hizi [m/s]

S e k i | Kanat orfdsindaki yiiklerin hiza ve DLC’ye bagl dagilimu.
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544Rot or safti1 yukl eri

Rotor saftindaki yiikler gii¢ iletimi elemanlarinin tasarimi veya kontrolii i¢in
incelenir. RotTorq rotordaki momenti; LSSGagMya ve LSSGagMza rotor saftina
bagl ana yataklardaki momenti; LSShftFxa ise rotora dik etkiyen itme kuvvetini
gosterir. Rotor saftindaki mutlak maksimum ytikler Cizelge 5.6’da, safttaki yiiklerin
hiza ve DLC’ye bagl dagilimi ise Sekil 5.4°te verilmistir. Kaldirma katsayisinda
diisme gozlenmektedir. Diisen kaldirma katsayilar1 nedeniyle yiiksek hizlarda

tiirbiilans kaynakli aerodinamik kuvvetlerin degisimi azalmis ve ana yataktaki ytikler

diisiis gostermistir. Safttaki yiiklerin, saftin eksenel simetrisi nedeniyle, mutlak

maksimum degerlerle degerlendirilmesi yeterlidir.
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S e ki | Saftaki yiklerin hiza ve DLC’ye baglh dagilimi.
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Ci z e | gRetor saftifilaki:mutlak maksimum yiikler.

Kanal Birim Mutlak En Kritik DLC Fark(%)
RotTorq (KN-m)  7330.96 DLCL1.6 (Buzlanma) 1.20%
LSSGagMya (kN-m) 12270.14 DLC7.1 (Normal)  -5.94%
LSSGagMza (kN-m) 10571.97 DLC1.2 (Normal) -4.96%
LSShftFxa (kN) 127459 DLCL.6 (Buzlanma) 1.22%

545Kul e yuokl eri

Kule yiikleri kulenin en {ist noktasindan (sapma sistemi yataklarinda — yaw bearing)
ve kule dibinden (tower base) alinmistir. Eksenel simetri nedeniyle yine sadece
mutlak maksimum degerler alinmistir. “x” ekseni riizgar yonii, “z” ekseni yer¢ekimi

[l

yoniiniin tersini belirtir. “x” yoniindeki moment bu nedenle sag-sol hareketi, “y
yoniindeki moment 6ne-arkaya hareketi ve “z” yoniindeki moment de burulmay1
gosterir. Buzlanmanin yarattigi rotor dengesizliginin etkisi 6zellikle sag-sol
yoniindeki yiiklerde Cizelge 5.7°deki gibi goriilebilmektedir. Sekil 5.5’te Kule
yiiklerinin hiza ve DLC’ye bagli dagilim1 goriilmektedir. Tiim hizlarda rotor

dengesizliginin sag-sola momenti arttig1 goriilebilir.
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S e ki | Kuldyiiklerinin hiza ve DLC’ye bagli dagilimi.
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Ci z el gKaled&i mntlak maksimum ytikler.

Kanal Birim Mutlak En Kritik DLC Fark(%)
YawBrMxp (kKN-m)  7663.13 DLC1.6 (Buzlanma) 1.84%
YawBrMyp (kKN-m) 12771.79 DLC1.6 (Buzlanma) 0.07%
YawBrMzp (kN-m) 10336.32 DLC1.6 (Buzlanma) 1.85%

TTDspFA (m) 0.64 DLC1.6 (Buzlanma) 0.10%
TTDspSS (m) 0.30 DLC1.6 (Buzlanma) 23.41%
TwrBsMxt  (kKN-m) 44773.12 DLC1.6 (Buzlanma) 23.11%
TwrBsMyt  (KN-m) 109473.38 DLC1.2 (Normal) -0.31%
TwrBsMzt  (KN-m)  10331.98 DLC1.6 (Buzlanma) 1.85%

546Kanat ucu il e kule arasi mesafe

Kanat ucu ve kule arasindaki mesafenin kritik durumu, en yakin olduklari andir. Her
kanat i¢in bu durumun minimum mesafesi Cizelge 5.8’de verilmistir. Kanatlardaki
kaldirma kuvvetinin azalmasi sekil degistirmeyi azaltmis ve minimum mesafenin
artmasini saglamistir. Bu da buzlanma durumunun aslinda normal tasarim

durumundan daha iyi oldugunun gostergesidir.

Ci z e | gKanatbcu i® kule arasi minimum mesafe.

Kanal Birim  Minimum En Kritik DLC Fark(%)

BIN3Clrnc  (m) 5.79 DLC1.2 (Normal)  9.06%
B2N3Clrnc  (m) 5.70 DLC1.2 (Normal) 10.84%
B3N3Clrnc  (m) 5.82 DLC1.2 (Normal)  5.99%

547Yorul ma yukl eri

548Kanat yukl eri

Ekstrem yiiklerle paralel sekilde yorulma yiiklerinde de kanat kenar yiiklerinde artiglar
gbzlenmistir. Cizelge 5.9°da belirtilen yiikler siirekli buzsuz durumla siirekli buzlu
durum arasindaki 20 yillik farki gostermektedir. Malzemenin yorulma karakteri
nedeniyle esdeger yik artisindaki degisim Omiir azalisina oldukca baskin sekilde
yansimistir. Buzlanma durumunda kenar yoniindeki yorulmanin goz 6niine almanin

oldukca 6nemli oldugu agiktir.
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Ci z e | gKenat§oruBna yiikleri.

Wohler egimi m=10, Esdeger tekrar sayis1 n=10e7

Buzlanma

Buzlanma

Esdeger

Kanal Birim olmadarl oldugund"a Yuk . Dggr?slilrrni
esdeger yik  esdeger yiik Degisimi
SpnlMLxbl  (kN-m) 1.97E+003 2.19E+003 11.17% -65.31%
SpniMLybl  (KN-m) 2.69E+003  2.69E+003 0.00%  0.00%
Spn2MLxbl  (KN-m) 7.27E+002  8.47E+002 16.51% -78.30%
Spn2MLybl  (KN-m) 1.25E+003  1.24E+003 -0.80%  8.36%
Spn3MLxbl  (KN-m) 1.55E+002  1.93E+002 24.52% -88.84%
Spn3MLybl  (KN-m) 3.58E+002  3.56E+002 -0.56% 5.76%
RootMEdgl  (kN-m) 4. 72E+003  5.07E+003 7.42% -51.10%
RootMFIpl  (kN-m) 4.49E+003  4.43E+003 -1.34% 14.40%
RootMIP1 (KN-m) 4. 78E+003 5.11E+003 6.90% -48.71%
RootMOoP1  (kN-m) 4.32E+003  4.27E+003 -1.16% 12.35%
RootMzb1 (KN-m) 8.22E+001  9.12E+001 10.95% -64.62%
549Rot or safti1 yukl eri

Cizelge 5.10°da belirtilen ve siirekli buzsuz durumla siirekli buzlu durum arasindaki

20 y1llik fark, gii¢ iiretiminin diismesi paralelinde yiiklerin diisiisiinii gostermektedir.

Ci z e | g BotobsaftilyBrulma yiikleri.

Wohler egimi m=4, Esdeger tekrar sayis1 n=10e7

Buzlanma Buzlanma  Esdeger

Kanal Birim olmadan oldugunda Yik D(e)gr?slilrrni
esdeger yiik esdeger yiik Degisimi
RotTorq (kN-m) 6.95E+002 6.64E+002  -4.46%  20.02%
LSSGagMya  (kN-m) 5.09E+003  4.94E+003 -2.95%  12.71%
LSSGagMza  (kN-m) 5.08E+003  4.94E+003 -2.76%  11.83%
LSShftFxa (kN) 1.73E+002 1.62E+002 -6.36%  30.05%
5410Kul e yukl eri

Kule yiikleri Cizelge 5.11, 5.12 ve 5.13te gosterildigi gibidir. Artiglarin temel sebebi
rotor dengesizligi, azalmalarin temel sebebi ise enerji iiretimindeki diististiir. Kule
dibindeki yiikler hem c¢elik kule hem betonarme temel i¢in sirasiyla m=4 ve m=7

alinarak hesaplanmustir.
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Ci z el g Kule%epesindeki yorulma yiikleri.

Wohler egimi m=4, Esdeger tekrar sayis1 n=10e7

N Buzlanma  Buzlanma Esd?ger Omiir
Kanal Birim oIrrJadarl olduvgunq'a Yuk . Degisimi
esdeger yiik esdeger yiik Degisimi
YawBrkxp (KN) 2.12E+002 1.97E+002 -7.08% 34.12%
YawBrFyp (kN) 8.67E+001 1.06E+002 22.26% -55.24%
YawBrFzp (kN) 6.39E+001 7.41E+001 15.96% -44.70%
YawBrMxp  (kN-m)  7.72E+002 7.59E+002 -1.68%  7.03%
YawBrMyp  (kN-m)  3.15E+003 2.96E+003 -6.03% 28.26%
YawBrMzp  (kN-m) 3.23E+003 3.07E+003 -4.95% 22.53%

Ci z el g Kuledibinteki yarulma yiikleri (Celik kule igin).

Wohler egimi m=4, Esdeger tekrar sayisi n=10e7

N Buzlanma Buzlanma Esd?ger Omiir
Kanal Birim olrrvladarl oldl{gunq'a S{uk . Degisimi
esdeger yiik esdeger yik  Degisimi
TwrBsFxt (kN) 2.73E+002 2.51E+002 -8.06%  39.94%
TwrBsFyt (kN) 1.18E+002 1.35E+002 14.41% -41.63%
TwrBsFzt (kN) 6.44E+001 7.46E+001 15.84% -44.46%
TwrBsMxt  (kN-m)  8.58E+003 1.05E+004 22.38% -55.41%
TwrBsMyt  (kN-m)  2.04E+004 1.91E+004 -6.37%  30.13%
TwrBsMzt  (kN-m)  3.23E+003 3.07E+003 -4.95% 22.53%

Ci z el g Euledibindeki yarulma yiikleri (Beton temel igin).

Wohler egimi m=7, Esdeger tekrar sayis1 n=10e7

N Buzlanma Buzlanma  Esdeger Omiir
Kanal Birim olnjadar.l. olduvgunq.a Yuk . Degisimi
esdeger yiik esdeger yiik Degisimi

TwrBsFxt  (kN)  2.61E+002 2.49E+002 -4.60% 39.02%
TwrBsFyt  (kN)  1.19E+002 1.35E+002 13.45% -58.65%
TwrBsFzt  (kN) 6.77E+001  7.50E+001 10.78% -51.17%
TwrBsMxt (kKN-m) 8.92E+003  1.06E+004 18.83% -70.12%
TwrBsMyt (kN-m) 2.07E+004  2.00E+004 -3.38% 27.23%
TwrBsMzt (kN-m) 3.24E+003  3.17E+003 -2.16% 16.52%
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55Ener j i Uretim Miktarinin Karsilastiri|l mas.i

Yiiklerdeki degisimin disinda enerji iiretim miktar1 da buzlanma durumda incelenmesi
gereken bir parametredir. Bu sayede iiretim miktarindaki diisiisiin ekonomik etkileri
de tartigilabilinir. Ayrica buzlanma olusumu sonucu diisen yiiklerin biiyiik kisminin
sebebinin bu iretimin distisiiyle baglantili oldugu unutulmamalidir. Kanatlardaki
aerodinamik verimin diigiisii an1 hizda daha az gii¢ liretimine ve hatta bazi durumlarda

tiirbinin durmasina sebep olmustur. Sonuglar Cizelge 5.13’te verildigi gibidir.

Ci z e | g Hizagore i tirctimi ve yillik enerji tiretimi.

Riizgar Hizt  Ortalama Giig  Buzlanma Durumunda  Siire agirligi Fark(%)

[m/s] [KW] Ortalama Gii¢ [kW] [x/1]
2 0.0 0.0 0.081695  0.00%
3 41.8 9.7 0.127773  -76.76%
5 372.8 289.3 0.158795  -22.41%
7 1050.6 908.5 0.163099  -13.52%
9 2231.1 1900.6 0145920  -14.82%
11 3863.3 3157.2 0.116421  -18.28%
13 4741.1 3232.2 0.083879  -31.83%
15 4970.0 3274.4 0.054984  -34.12%
17 4998.3 4973.3 0.032952  -0.50%
19 5000.0 4845.0 0.018115  -3.10%
21 5000.0 5000.0 0.009156  0.00%
23 5000.0 5000.0 0.004263  0.00%
25 5000.0 5000.0 0.001830  0.00%
26 0.0 0.0 0.000759  0.00%
28 0.0 0.0 0.000255  0.00%
30 0.0 0.0 0.000078  0.00%

Yillik enerji— 47 eos\iy 14.19GWh - -19.59%
uretimi
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6. SONUC VE ONERI LER

6.1Sonucgl ar

Sonuglar biitiinciil olarak incelendiginde goriilmektedir ki buzlanmanin iki biiytik
etkisi olmustur. Bu etkilerden ilki enerji iiretim miktarinin azalmasidir. Buzlanma
kanatlarin aerodinamik verimini dislirmektedir. Kaldirma katsayis1 diiserken
stiriiklenme katsayisinin artmasi daha az enerjinin kinetik enerjinin elektik enerjine
doniismesine neden olmustur. Bu durumda enerji doniisiimiiniin yapildig: yiik hattinda
yiiklerde de diisiis gdzlenmistir. Temel olarak enerji liretimi; kanatlarin flap yiiklerinin
yiiksek oldugu, saft yiiklerinin yiiksek oldugu, kule 6ne-arkaya momentinin baskin

oldugu durumdur ve bu kanallarda yiiklerde bir miktar azalma vardir.

Ikinci biiyiik etki ise kanat kiitlelerinin artis1 ve rotor dengesizligi nedeniyle artan
yiiklerdir. Kanatta biriken buz, hem kiitleyi hem de siiriiklenme kuvvetini arttirarak
kanat kenar1 yoniindeki moment degerlerini arttirmistir. Rotordaki dengesizlik ise kule
dibinde daha biiylik genlikli momentlere sebebiyet vermis ve sag-sol yoniinde daha

biiyiik ekstrem kuvvetlere ve daha fazla yorulmaya neden olmustur.

Tez kapsaminda bu yiiklerin yaklasik artis miktarlar1 nicel olarak belirlenmistir.

Yapilacak tasarimlar ve gelistirmeler i¢in baz olusturmasi hedeflenmistir.

620neril er
Bu kisimda artan yiikleri hafifletmek adina kisa 6nerilerde bulunulmustur.

6.2.1T U r Wurdurma

Buzlanma durumunda kiitle artis1 ya da rotor dengesizliginin algilanmas1 durumunda
tiirbinin gecici olarak durdurulmasi hem tlirbin dmriinii uzatacak hem de ekstrem
yiikler durumunda hasar1 engelleyecektir. Ama bu durum maliyet analizi g6z 6niinde
bulundurularak yapilmalidir. Tiirbinin durdugu siire boyunca, ¢alismaya devam etmesi

durumunda iiretecegi enerjinin maliyeti beklenen dmiir kazanciyla kiyaslanmalidir.
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6.2.2T U r bya n a s | vadu rdigetimini azaltma (Derating)

Tiirbinin tamamen durdurulmasi yerine daha diisiik rotor hizlarinda gii¢ liretimine
devam etmesi saglanabilir. Ekstrem yiikler i¢in kritik riizgar hizlarinda bu tarz bir
yavaslatma yiikleri azaltabilir. Yorulma yiikleri i¢in ise; rotorun doniisiiyle yliklenen
pargalarda tekrar sayisinin azalmasi yine 0mrii uzatan bir faktor olacaktir. Buzlanma
durumundaki rotor hizinin se¢imini yaparken ayrica tiirbin modlarmin frekansi da
dikkate alinmalidir. Ayrica bu yontem diger seceneklerle beraber degerlendirilip
kontrol stratejisi buna gore secilmelidir, gerektiginde diger yontemlerle kullanilmasi

en iyi ekonomik seg¢enek olabilir(Stoyanov ve dig., 2021).

6.23Kanatl arda buzlanmanin engell enmesi

Kanatlarda buzlanmanin olusmamasini yavaslatmak, engellemek (anti-icing) ya da
olusan buzlanmayi kisa siirede ortadan kaldirmak (de-icing) ise en ¢ok istenen
durumlardir. Bunun igin uygun kanat kaplamalar1 segilebilir. Ayni sekilde tiirbin
kanatlarini 1sitmak da bir alternatif olusturur. Bu durumda 1sitma i¢in kullanilacak
enerji ve 1sitma sistemi maliyeti 6nem kazanmaktadir. Kaplama ve 1sitma disinda da
bircok yontem denenmektedir; hava bariyeri olusturma, kimyasal uygulamalar,
mikrodalga ile buzlanmanin engellenmesi gibi yeni teknik ¢oziimler {iizerine

calisiimaktadir(Parent & Ilinca, 2011).

6.2.4IPC

Giinlimiiz tlirbinlerinde kullanilan bir baska teknoloji de tekil kanat agis1 kontroliidiir
(Individual Pitch Control — IPC). Bu teknoloji kanat agilarini riizgar hizina bagli olarak
kollektif ayarlamak yerine hava kosullarina baglh olarak tekil kanat ayar1 yapmayi
miimkiin kilar. Normal sartta riizgar profilinin diizensizligi nedeniyle olusan rotor
dengesizligini ve yiikleri azaltmak igin kullanilir(Routray ve dig., 2023). Ancak
buzlanma sartlarinda artan Kule ve temel yiiklerinin ana sebebi de rotor dengesizligidir
ve IPC bunun i¢in ayarlanabilir(Zuoxia ve dig., 2012). IPC tekniginin siirekli
kullaniminin kanat yataklarinda ek yorulmalara sebep olacagi da unutulmamalidir.
Buzlanma durumu tiirbin tarafindan algilandiginda kullanilmasi, buzlanma olmadig1

durumda devre dis1 birakilmasi ek yorulmalarin dniine gegebilir.
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EK A: DLC 1.2 simiilasyonlar1 icin MATLAB kodlar1

clc
clear all
close

V_in=3;

V_out=25;

OpenFastExePath="C: \ Users\ cem_3 Desktop \ OpenFast\ openfast_x64.exe"' ;

MainModelFolder= 'C: \ Users\ cem_s Desktop \ MScThesis\ OpenFast\ Simulations \ ModelData&Inputs'
Number_of_Seeds=6;

for YawAngle= 8:8:8
for WindSpeed=V_in:2:V_out
for RandSeed=1:1:Number_of_Seeds
basename=[num2str(WindSpeed), 'mps_seed' ,num2str(RandSeed)];
Writelnflow_NTM(WindSpeed,basename);
WriteFstDLC12(basename,MainModelFolder,YawAngle,WindSpeed);
if YawAngle<0

dos([OpenFastExePath, "' ,
['DLC12_' ,basename, ' n' ,num2str(abs(YawAngle)), ‘degreeYaw.fst' 1]]);
else
dos([OpenFastExePath, "' ,
['DLC12_' basename, ' p' ,num2str(YawAngle), 'degreeYaw.fst' 1]]);
end
end
end

end

function [] =Writelnflow_NTM(WindSpeed,basename)

FILENAME = [basename,'_InflowWind.dat' J;
TurbSimName =[ 'NTM_' ,basename, '_TurbSim.bts' J;

c@l ={ ' - Inflowwind INPUT FILE

'k

C(end+1) = {[num2str(WindSpeed), 'm/s turbulent winds on 31x31 FF grid and tower for FAST
CertTests #18, #19, #21, #22, #23, and #24 ' 1%

C(end+1) ={ '

i

C(end+1) ={ 'False Echo - Echo input data to <RootName>.ech (flag)
'k

C(end+1) ={ ' 3 WindType - switch for wind file type (1=steady; 2=uniform;
3=binary TurbSim FF; 4=binary Bladed - style FF; 5=HAWC format; 6=User defined; 7=native Bladed
FF) ' h

C(end+1) ={ ' 0 PropagationDir - Direction of wind propagation (meteorological
rotation from aligned with X (positive rotates towards -Y) -- degrees) (not used for native
Bladed format WindType=7) ' h

C(end+1) ={ ' 0 VFlowAng - Upflow angle (degrees) (not used for native
Bladed format WindType=7)

'k

C(end+1) ={ ' False VellnterpCubic - Use cubic interpolation for velocity in time
(false=linear, true=cubic) [Used with WindType=2,3,4,5,7]

'k

C(end+1) ={ ' 1 NWindVel - Number of points to output the wind velocity
(0to 9)

Y,

C(end+1) ={ ' 0 WindVxiList - List of coordinates in the inertial X direction
(m

'k

C(end+1) ={ ' 0 WindVyiList - List of coordinates in the inertial Y direction
(m

'k

C(end+1) ={ ' 90 WindVziList - List of coordinates in the inertial Z direction
(m

'k

C(end+1) ={ ' Parameters for Steady Wind Conditions [used only for
WindType = 1]

'k
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C(end+1) ={ ' 0 HWindSpeed - Horizontal wind speed
(m/s)

b
C(end+1) ={ ' 90 RefHt - Reference height for horizontal wind speed
(m)
i
C(end+1) ={ ' 0.2 PLExp - Power law exponent
(-)

C(end+1) ={ ' Parameters for Uniform wind file [used only for WindType =
2

b

C(end+1) ={ '"unused" Filename_Uni - Filename of time series data for uniform wind
field.  ( -)

e

C(end+1) ={ ' 90 RefHt_Uni - Reference height for horizontal wind speed
(m
e
C(end+1)={ ' 125.88 RefLength - Reference length for linear horizontal and

vertical sheer ( -)

e

C(end+1) ={ ' Parameters for Binary TurbSim Full - Field files [used only
for W|ndType = 3] ——————————————

C(end+1) ={[ "™C: \Users\cem_s Desktop\ MScThesis\ OpenFast\ Winds\ NTM' ,TurbSimName, "

Filename_BTS - Name of the Full field wind file to use (.bts)' I3

C(end+1) ={ ' Parameters for Binary Bladed -style Full - Field files [used
only for WindType = 4 or WindType = 7] =========

'}

C(end+1) ={ '"unused" FileNameRoot - WindType=4: Rootname of the full - field wind file
to use (.wnd, .sum); WindType=7: name of the intermediate file with wind scaling values

'}

C(end+1) ={ 'False TowerFile - Have tower file (.twr) (flag) ignored when
WindType =7

'}

C(end+1) ={ ' Parameters for HAWC - format binary files [Only used with
WindType = 5]

'}

C(end+1) ={ '"wasp \ Output\basic_5u.bin" FileName_u - name of the file containing the
u- component fluctuating wind (.bin)

'k

C(end+1) ={ '"wasp \Output\basic_5v.bin" FileName_v - name of the file containing the
v- component fluctuating wind (.bin)

'k

C(end+1) ={ '"wasp \Output\basic_5w.bin" FileName_w - name of the file containing the
w component fluctuating wind (.bin)

'k

C(end+1) ={ ' 64 nx - number of grids in the x direction (in the 3

files above) ( -)

'k

C(end+1) ={ ' 32 ny - number of grids in the y direction (in the 3

files above) ( -)

'k

C(end+1) ={ ' 32 nz - number of grids in the z direction (in the 3

files above) ( -)

'k

C(end+1) ={ ' 16 dx - distance (in meters) between points in the x
direction (m)

'k

C(end+1) ={ 3 dy - distance (in meters) between points in the y
direction (m)

'k

C(end+1) ={ ' 3 dz - distance (in meters) between points in the z

direction (m)

C(end+1) ={ ' 90 RefHt_Hawc - reference height; the height (in meters) of the
vertical center of the grid (m)

Cend+l)={ '  ----mmmm- Scaling parameters for turbulence ™ —memmeemem e
C(end+1) ={ ' 2 ScaleMethod - Turbulence scaling method [0 =none, 1=
direct scaling, 2 = calculate scaling factor based on a desired standard deviation]

e
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C(end+1) ={ ' 1 SFx - Turbulence scaling factor for the x direction (
) [ScaleMethod=1]

C(end+1) ={ ' 1 SFy - Turbulence scaling factor for the y direction (
) [ScaleMethod=1]

C(end+1) ={ ' 1 SFz - Turbulence scaling factor for the z direction (
) [ScaleMethod=1]

C(end+1) ={ 1.0 SigmaFx - Turbulence standard deviation to calculate

scaling from in x direction (m/s) [ScaleMethod=2]

'k

C(end+1) ={ ' 0.8 SigmaFy - Turbulence standard deviation to calculate

scaling from in y direction (m/s) [ScaleMethod=2]

),

C(end+1) ={ ' 0.5 SigmaFz - Turbulence standard deviation to calculate

scaling from in z direction (m/s) [ScaleMethod=2]

),

Clend+1l) ={ '  ----mmemee- Mean wind profile parameters (added to HAWC - format files)
Y,

C(end+1) ={ ' 11.4 URef - Mean u- component wind speed at the reference
height (m/s)

C(end+1) ={ ' 2 WindProfile - Wind profile type
(O=constant;1=logarithmic,2=power law)

'k

C(end+1) ={ ' 0.2 PLExp_Hawc - Power law exponent ( -) (used for PL wind profile
ype only)

'k

C(end+1) ={ ' 0.03 Z0 - Surface roughness length (m) (used for LG wind
profile type only)

C(end+1) ={ " 0 XOffset - Initial offset in +x direction (shift of wind

box)

'k

C(end+1) ={ ' LIDAR Parameters

'k

C(end+1) ={ ' 0 SensorType - Switch for lidar configuration (0 = None, 1

= Single Point Beam(s), 2 = Continuous, 3 = Pulsed)

'k

C(end+1) ={ ' 0 NumPulseGate - Number of lidar measurement gates (used
when SensorType = 3)

'k

C(end+1) ={ ' 30 PulseSpacing - Distance between range gates (m) (used when
SensorType = 3)

i

C(end+1) ={ ' 0 NumBeam - Number of lidar measurement beams (0 -
5)(used when SensorType = 1)

i

C(end+1) ={ ' -200 FocalDistanceX - Focal distance co - ordinates of the lidar

beam in the x direction (relative to hub height) (only first coordinate used for SensorType 2

and 3) (m) ' I

C(end+1) ={ ' 0 FocalDistanceY - Focal distance co - ordinates of the lidar
beam in the y direction (relative to hub height) (only first coordinate used for SensorType 2

and 3) (m) ' I

C(end+1) ={ ' 0 FocalDistanceZ - Focal distance co - ordinates of the lidar
beam in the z direction (relative to hub height) (only first coordinate used for SensorType 2

and 3) (m) ' }

C(end+1) ={ '0.00.00.0 RotorApexOffsetPos - Offset of the lidar from hub height (m)

'k

C(end+1) ={ ' 17 URefLid - Reference average wind speed for the
lidar[m/s]

C(end+1) ={ ' 0.25 Measurementinterval - Time between each measurement [s]
C(end+1) ={ ' False LidRadialVel - TRUE => return radial component, FALSE =>
return x direction estimate

C(end+1) ={ ' 1 ConsiderHubMotion - Flag whether to consider the hub motion s
impact on Lidar measurements

e
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Clend+1)={ OUTPUT

C}7end+1) ={ 'False SumPrint - Print summary data to <RootName>.IfW.sum (flag)
C(end+1) ={" OutList - The next line(s) contains a list of output
parameters. See OutListParameters.xlIsx for a listing of available output channels, (

C}7end+1) ={ '"Wind1lVelX" X - direction wind velocity at point WindList(1)
C}(end+1) ={ '"Wind1VelY" Y - direction wind velocity at point WindList(1)
C}(end+1) ={ '"WindlvVelZ" Z - direction wind velocity at point WindList(1)

C(end+1) ={ 'END of input file (the word "END" must appear in the first 3 columns of this
last OutList line)
'k

C(end+1) ={

filel = fopen(FILENAME, 'w' );
for row= 1:length(C)
fprintf(filel, '%s\r\n' ,C{row});
end
fclose(filel);

function [C]=WriteFstDLC12(basename,MainModelFolder,YawAngle,WindSpeed)

InflowWindName=[basename, '_InflowWind.dat' 1;
if  WindSpeed<16
if YawAngle==8
FstName=['DLC12_' ,basename, '_n' ,num2str(abs(YawAngle)), ‘'degreeYaw.fst' [,
ElastoDynName=NRELOffshrBsline5SMW_Onshore_ElastoDyn_n8degYaw_0degPitch.dat'
elseif YawAngle==8
FstName=['DLC12_' ,basename, '_p' ,num2str(YawAngle), 'degreeYaw.fst' ];
ElastoDynName=NRELOffshrBsline5SMW_0Onshore_ElastoDyn_p8degYaw_0degPitch.dat'
elseif  YawAngle==
FstName=['DLC12_' ,basename, ' _p' ,num2str(YawAngle), 'degreeYaw.fst' 1];
ElastoDynName=NRELOffshrBsline5SMW_0Onshore_ElastoDyn_0degYaw_0degPitch.dat'

end
else
if YawAngle==8
FstName=['DLC12 ' ,basename, ' n' ,num2str(abs(YawAngle)), 'degreeYaw.fst' 1];
ElastoDynName=NRELOffshrBsline5SMW_0Onshore_ElastoDyn_n8degYaw_20degPitch.dat'
elseif  YawAngle==8
FstName=['DLC12_' ,basename, ' p' ,num2str(YawAngle), 'degreeYaw.fst' ];
ElastoDynName=NRELOffshrBsline5SMW_Onshore_ElastoDyn_p8degYaw_20degPitch.dat'
elseif  YawAngle==0
FstName=['DLC12_' ,basename, ' p' ,num2str(YawAngle), 'degreeYaw.fst' ];
ElastoDynName=NRELOffshrBsline5MW_Onshore_ElastoDyn_0degYaw_20degPitch.dat'
end
end
c11) ={ — OpenFAST EXAMPLE INPUT FILE
‘ h
C(end+1) ={ 'FAST Certification Test #18: NREL 5.0 MW Baseline Wind Turbine (Onshore)
C(end+1) ={ i R———— SIMULATION CONTROL:
‘ h
C(end+1) ={ True Echo - Echo input data to <RootName>.ech (flag)
C(end+1) ={ "FATAL" AbortLevel - Error level when simulation should abort
(string) {"WARNING", "SEVERE", "FATAL"}
C(end+1) ={ ' 660 TMax - Total run time (s)
C(end+1) ={ ' 0.01 DT - Recommended module time step (s)

J
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C(end+1) = { ' 2 InterpOrder - Interpolation order for input/output time
history ( -) {1=linear, 2=quadratic}

C(end+1) ={ ' 0 NumCrctn - Number of correction iterations ( -)
{0=explicit calculation, i.e., no corrections}

C(end+1) = { ' 99999 DT_UJac - Time between calls to get Jacobians (s)
C(end+1) = { ' 1E+06 UJacSclFact - Scaling factor used in Jacobians ( -)
C(end+1) = { ! FEATURE SWITCHES AND FLAGS

C(end+1) ={ ' 1 CompElast - Compute structural dynamics (switch)

{1=ElastoDyn; 2=ElastoDyn + BeamDyn for blades}

C(end+1) ={ ' 1 Complnflow - Compute inflow wind velocities (switch)
{0=still air; 1=InflowWind; 2=external from OpenFOAM}

C(end+1) ={ ' 2 CompAero - Compute aerodynamic loads (switch) {0=None;
1=AeroDyn v14; 2=AeroDyn v15}

C(end+1) ={ ' 1 CompServo - Compute control and electrical - drive
dynamics (switch) {0=None; 1=ServoDyn}

C(end+1) ={ ' 0 CompHydro - Compute hydrodynamic loads (switch) {0=None;
1=HydroDyn}

C(end+1) ={ ' 0 CompSub - Compute sub- structural dynamics (switch)
{0=None; 1=SubDyn; 2=External Platform MCKF}

‘ h

C(end+1) = ' 0 CompMooring - Compute mooring system (switch) {0=None;
1=MAP++; 2=FEAMooring; 3=MoorDyn; 4=OrcaFlex}

‘ h

C(end+1) = ! 0 Complce - Compute ice loads (switch) {0=None;
1=IceFloe; 2=IceDyn}

‘ h

C(end+1) = ' 0 MHK - MHK turbine type (switch) {0=Not an MHK
turbine; 1=Fixed MHK turbine; 2=Floating MHK turbine}

‘ h

C(end+1) = R — ENVIRONMENTAL CONDITIONS

' h

C(end+1) ={ ' 9.80665 Gravity - Gravitational acceleration (m/s"2)

' h

C(end+1) ={ ' 1.225 AirDens - Air density (kg/m”"3)

‘ h

C(end+1) ={ ' 0 WitrDens - Water density (kg/m”3)

‘ h

C(end+1) ={ ' 1.464E -05 KinVisc - Kinematic viscosity of working fluid (m”2/s)

‘ h

C(end+1) ={ ' 335 SpdSound - Speed of sound in working fluid (m/s)

‘ h

C(end+1) ={ ' 103500 Patm - Atmospheric pressure (Pa) [used only for an
MHK turbine cavitation check]

‘ h

C(end+1) ={ ' 1700 Pvap - Vapour pressure of working fluid (Pa) [used
only for an MHK turbine cavitation check]

‘ h

C(end+1) = ' 0 WitrDpth - Water depth (m)

‘ h

C(end+1) ={ ' 0 MSL2SWL - Offset between still - water level and mean
sea level (m) [positive upward]

) Y

C(end+1) ={ R — INPUT FILES

. %

C(end+1) ={[ " ,MainModelFolder, '\' ElastoDynName, " EDFile - Name of file
containing ElastoDyn input parameters (quoted string) ' I3

C(end+1) ={[ "™ ,MainModelFolder, '\ NRELOffshrBslineSMW_BeamDyn.dat" BDBIdFile(1) - Name
of file containing BeamDyn input parameters for blade 1 (quoted string) ' 1
C(end+1) ={[ "™ ,MainModelFolder, '\ NRELOffshrBslineSMW_BeamDyn.dat" BDBIdFile(2) - Name
of file containing BeamDyn input parameters for blade 2 (quoted string) ' 113
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C(end+1) ={[ "™ ,MainModelFolder, '\ NRELOffshrBslineSMW_BeamDyn.dat" BDBIdFile(3) - Name
of file containing BeamDyn input parameters for blade 3 (quoted string) ' 13
C(end+1) ={[ "™ ,InflowWindName, " InflowFile - Name of file containing inflow wind

input parameters (quoted string) 1

C(end+1) ={[ "™ ,MainModelFolder, '\ NRELOffshrBsline5SMW_Onshore_AeroDynl15.dat" AeroFile

- Name of file containing aerodynamic input parameters (quoted string)

Ik

C(end+1) ={[ "™ ,MainModelFolder, '\ NRELOffshrBslineSMW_0Onshore_ServoDyn.dat" ServoFile

- Name of file containing control and electrical - drive input parameters (quoted string) ' 1
C(end+1) = { "unused”  HydroFile - Name of file containing hydrodynamic input
parameters (quoted string)

C(end+1) ={ "unused"  SubFile - Name of file containing sub - structural input
parameters (quoted string)

C(end+1) ={ "unused"  MooringFile - Name of file containing mooring system input
parameters (quoted string)

C(end+1) ={ "unused" IceFile - Name of file containing ice input parameters
(quoted string)

C(end+1) = { e — OUTPUT
C(end+1) ={ True SumPrint - Print summary data to "<RootName>.sum"
(flag)
C(end+1) ={ ' 30 SttsTime - Amount of time between screen status
messages (S)
‘ h
C(end+1) ={ ' 99999 ChkptTime - Amount of time between creating checkpoint
files for potential restart (s)
‘ h
C(end+1) ={ ' 0.05 DT_Out - Time step for tabular output (s) (or
"default")
"k
C(end+1) ={ ' 60 TStart - Time to begin tabular output (s)
C(end+1) ={ ' 2 OutFileFmt - Format for tabular (time - marching) output
file (switch) {O: uncompressed binary [<RootName>.outb], 1: text file [<RootName>.out], 2:
binary file [<RootName>.outb], 3: both 1 and 2} }
C(end+1) ={ ‘True TabDelim - Use tab delimiters in text tabular output
file? (flag) {uses spaces if false}
‘ h
C(end+1) ={ "ES10.3E2" OutFmt - Format used for text tabular output,
excluding the time channel. Resulting field should be 10 characters. (quoted string)
‘ h
C(end+1) = ! emememeeeeeeeeeee LINEARIZATION

h
C(end+1) ={ 'False Linearize - Linearization analysis (flag)
C(end+1) ={ 'False CalcSteady - Calculate a steady - state periodic operating
point before linearization? [unused if Linearize=False] (flag)
‘ h
C(end+1) = ' 3 TrimCase - Controller parameter to be trimmed {l:yaw;
2:torque; 3:pitch} [used only if CalcSteady=True] ( -)
‘ h
C(end+1) ={ ' 0.001 TrimTol - Tolerance for the rotational speed
convergence [used only if CalcSteady=True] ( -)
C(end+1) ={ ' 0.01 TrimGain - Proportional gain for the rotational speed
error (>0) [used only if CalcSteady=True] (rad/(rad/s) for yaw or pitch; Nm/(rad/s) for
torque) ' ;
C(end+1) ={ ' 0 Twr_Kdmp - Damping factor for the tower [used only if
CalcSteady=True] (N/(m/s))
) %
C(end+1) ={ ' 0 BId_Kdmp - Damping factor for the blades [used only if
CalcSteady=True] (N/(m/s))
C(end+1) ={ ' 2 NLinTimes - Number of times to linearize ( -) [>=1]
[unused if Linearize=False]
h %
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C(end+1) = { ' 30, 60 LinTimes - List of times at which to
linearize (s) [1 to NLinTimes] [used only when Linearize=True and CalcSteady=False]

C(end+1) = { ' 1 Linlnputs - Inputs included in linearization (switch)
{0=none; 1=standard; 2=all module inputs (debug)} [unused if Linearize=False]

C(end+1) = { ' 1 LinOutputs - Outputs included in linearization (switch)
{0=none; 1=from OutList(s); 2=all module outputs (debug)} [unused if Linearize=False]

C(end+1) ={ 'False LinOutJac - Include full Jacobians in linearization
output (for debug) (flag) [unused if Linearize=False; used only if Lininputs=LinOutputs=2]

C(end+1) ={ 'False LinOutMod - Write module - level linearization output
files in addition to output for full system? (flag) [unused if Linearize=False]

. ¥

C(end+1) ={ s VISUALIZATION

. ¥

C(end+1) ={ ' 0 WrVTK - VTK visualization data output: (switch)
{0=none; 1=initialization data only; 2=animation; 3=mode shapes}

. ¥

C(end+1) ={ ' 1 VTK type - Type of VTK visualization data: (switch)
{1=surfaces; 2=basic meshes (lines/points); 3=all meshes (debug)} [unused if WrVTK=0]

‘ h

C(end+1) = { 'true VTK_fields - Write mesh fields to VTK data files? (flag)
{true/false} [unused if WrVTK=0]

‘ h

C(end+1) = { : 15 VTK_fps - Frame rate for VTK output (frames per
second){will use closest integer multiple of DT} [used only if WrVTK=2 or WrVTK=3]C(end+1) =

{ ; 2

filel=fopen(FstName, ‘W' );
for row=1:length(C)
fprintf(file, '%s\r\n' ,C{row});
end
fclose(filel);
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EK B: DLC 1.2 i¢in grafik ¢ikarma ve ekstrem yiikler (MATLAB kodlar1)

cle
clear
close

all

V_in=3;

V_out=25;
Number_of_Seeds=6;
NumberOfChannels=88;
SafetyFactor=1.35;

DLC_MinLoads=Inf((V_out -V_in)/2+1,NumberOfChannels,Number_of_Seeds);

DLC_MaxLoads=zeros((V_out - V_in)/2+1,NumberOfChannels,Number_of_Seeds)

V_in)/2+1,NumberOfChannels,Number_of_Seeds);
DLC_MeanLoads=zeros((V_out - V_in)/2+1,NumberOfChannels,Number_of_Seeds);

WindSpeed_index=1,;

Vhub_MaxLoads_Mean=zeros((V_out- V_in)/2+1,NumberOfChannels);
Vhub_MinLoads_Mean=zeros((V_out - V_in)/2+1,NumberOfChannels);
Vhub_MeanLoads_Mean=zeros((V_out- V_in)/2+1,NumberOfChannels);

for WindSpeed=V_in:2:V_out
for RandSeed=1:1:Number_of Seeds
for YawAngle=8:8:8

if YawAngle<0

basename=[DLC12_' ,num2str(WindSpeed),
), 'degreeYaw' J;
else

basename=[DLC12_' ,num2str(WindSpeed),
greeYaw'];
end

[Channels, ChanName, ChanUnit]=ReadFASTbinary([basename,

'mps_seed' ,num2str(RandSeed), ' n'

'mps_seed' ,num2str(RandSeed),

Sim_MaxLoads = max(Channels,[],1);
Sim_MinLoads = min(Channels,[],1);
Sim_MeanLoads = mean(Channels,1);

for

i_channel=1:1:NumberOfChannels

-Inf((V_out -

,num2str(abs(YawAngle)

' p' ,num2str(YawAngle), ‘'de

".outb’

D

if  Sim_MaxLoads(i_channel)>DLC_MaxLoads(WindSpeed_index,i_channel,RandSeed)
DLC_MaxLoads(WindSpeed_index,i_channel,RandSeed)=Sim_MaxLoads(i_channel);

end

if  Sim_MinLoads(i_channel)<DLC_MinLoads(WindSpeed_index,i_channel,RandSeed)
DLC_MinLoads(WindSpeed_index,i_channel,RandSeed)=Sim_MinLoads(i_channel);

end
if YawAngle==0

DLC_MeanLoads(WindSpeed_index,i_channel,RandSeed)=Sim_MeanLoads(i_channel);

end
end

figure(1000*WindSpeed+RandSeed)
- 60,Channels(:,2))

plot(Channels(:,1)

hold on

plot(Channels(:,1) - 60,Channels(:,8))

hold on

plot(Channels(:,1) - 60,Channels(:,87)/1000)

hold on

plot(Channels(:,1) - 60,Channels(:,12))

titte(  'Operasyonel Parametreler' )

legend( ‘2 KUCYOUC I [AOMIAAO | e EOCE
[rom]" )

legend( ‘boxoff* )

xlabel( A 3ET KI AOUT T 3)KOAOE I O%K

set(gca,
set(gca,

'ylim'
'ytick'

[ -136]);
, 0:5:35);

saveas(figure(1000*WindSpeed+RandSeed),[
close

'DLC12_OperationalParameters'

figure(100000+1000*WindSpeed+RandSeed)

plot(Channels(:,1)
hold on

- 60,Channels(:,2))
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plot(Channels(:,1)
hold on

plot(Channels(:,1)
hold on

plot(Channels(:,1)
ite( A+ Al A
legend( '2 KU C

[MN.m]' , 'RootMFIp1 [MN.m]' )

saveas(figure(100000+1000*WindSpeed+RandSeed),[

legend( ‘boxoff'

xlabel( A 3EI KI AOUT 1

set(gca,
set(gca,

‘ylim'
‘ytick'

close

figure(200000+1000*WindSpeed+RandSeed)

plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
ite( £+ O A
legend( '2 KUC

[cm]" , 'TTDspSS [cm]' )

saveas(figure(200000+1000*WindSpeed+RandSeed),[

[MN.m]")

saveas(figure(300000+1000*WindSpeed+RandSeed),[

end
for

legend( 'boxoff'

xlabel £ 3EI K1 AOUIT 1

set(gca,
set(gca,

'ylim'
‘ytick'

close

figure(300000+1000*WindSpeed+RandSeed)

plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
plot(Channels(:,1)
hold on
plot(Channels(:,1)
title( £ 8 A&O
legend( '2 KUC

legend( 'boxoff'

xlabel( A 3ET KI AOUT 1

set(gca,
set(gca,

‘ylim'
‘ytick'

close

- 60,Channels(:,8))
- 60,Channels(:,23)/1000)

- 60,Channels(:,24)/1000)
O 9KBEI AOEX

YOUC I [A+OMIAAO 1 e COC 5 0 EQREWEdgA AOAAA% A
) e
3)KOAOE Il O%K
=737,
, -6:3:36);

'DLC12_BladelLoads ' ,basename, .png' ])
% Tower Loads

- 60,Channels(:,2))

- 60,Channels(:,61)/1000)

- 60,Channels(:,62)/1000)

- 60,Channels(:,55)*100)

- 60,Channels(:,56)*100)

9KEI AOEK
YOUC I [ ™MeBsMxt [MN.m]' , TwrBsMyt [MN.m]' , 'TTDspFA
) - .
3)KOAOE Il OfK
[ -2585]);
, -20:10:80);

'‘DLC12_TowerLoads_" ,basename, ".png’ )
% Shaft Loads

- 60,Channels(:,2))

- 60,Channels(:,43)/1000)

- 60,Channels(:,44)/1000)

- 60,Channels(:,45)/1000)

9KEI AOEK
(YOUC | ['Ro@érd[MN.m] ,'LSSGagMya [MN.m]','LSSGagMza
) L
3)KOAOGE Il O%K
L o-737));
, -6:3:36);

'DLC12_ShaftLoads ' ,basename, '.png’ ])

i_channel=1:1:NumberOfChannels

Vhub_MaxLoads_Mean(WindSpeed_index,i_channel)=mean(DLC_MaxLoads(WindSpeed_index,i_channel,:))

Vhub_MinLoads_Mean(WindSpeed_index,i_channel)=mean(DLC_MinLoads(WindSpeed_index,i_channel,:))

Vhub_MeanLoads_Mean(WindSpeed_index,i_channel)=mean(DLC_MeanLoads(WindSpeed_index,i_channel,:

)

end

WindSpeed_index=WindSpeed_index+1;

end
%%

WindSpeed_Vector=V_in:2:V_out;
Channel_Vector=[12 14 15 16 17 18 19 23 24 43 44 45 46 61 62 67 87];
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for

i_fig=1:1:length(Channel_Vector)

figure(i_fig)

for RandSeed=1:1:Number_of_Seeds
scatter(WindSpeed_Vector,DLC_MaxLoads(:,Channel_Vector(i_fig),RandSeed),
hold on
scatter(WindSpeed_Vector,DLC_MinLoads(:,Channel_Vector(i_fig),RandSeed),
hold on
scatter(WindSpeed_Vector,DLC_MeanLoads(:,Channel_Vector(i_fig),RandSeed),
hold on

end

plot(WindSpeed_Vector,Vhub_MaxLoads_Mean(:,Channel_Vector(i_fig)));

hold on

plot(WindSpeed_Vector,Vhub_MinLoads_Mean(:,Channel_Vector(i_fig)));

hold on

plot(WindSpeed_Vector,Vhub_MeanLoads_Mean(:,Channel_Vector(i_fig)));

plot_name=categorical(ChanName(Channel_Vector(i_fig)));

plot_unit=categorical(ChanUnit(Channel_Vector(i_fig)));

tile( 'DLC 1.2 (Normal)' ) )

xlabel( "2 KUCYOUC 1) YO#FA

ylabel([char(plot_name), " ,char(plot_unit), T D

grid on

grid  minor

legend( 'maksimum’, 'minimum’ , 'ortalama’ , 'Location' , 'southwest' )

legend( 'boxoff' )

if Channel_Vector(i_fig)==14 || Channel_Vector(i_fig)==17
set(gca, 'ylim' ,[ -5000 5000]);

elseif  Channel_Vector(i_fig)==23 || Channel_Vector(i_fig)==44 ||

Channel_Vector(i_fig)==45 || Channel_Vector(i_fig)==15

end

set(gca, 'ylim' ,[ -210000 10000]);
elseif ~ Channel_Vector(i_fig)==16 || Channel_Vector(i_fig)==19
set(gca, 'ylim' ,[ -1500 1500]);
elseif ~ Channel_Vector(i_fig)==61
set(gca, 'ylim' ,[ -40000 40000]);
elseif ~ Channel_Vector(i_fig)==18
set(gca, 'ylim' [ -400 400));
elseif ~ Channel_Vector(i_fig)==24
set(gca, 'ylim' ,[ -210000 15000]);
end
saveas(figure(i_fig),[ 'DLC12_Loads_' ,char(plot_name), ‘'.png" 1)
close

MaxCharLoads_Mean=max(Vhub_MaxLoads_Mean,[],1);
MinCharLoads_Mean=min(Vhub_MinLoads_Mean,[],1);

MaxDesignLoads_Mean=SafetyFactor*MaxCharLoads_Mean;
MinDesignLoads_Mean=SafetyFactor*MinCharLoads_Mean;

TitlesMax=[ "DLCL1.2 Extreme Loads"" " "PSF" num2str(SafetyFactor); "Channel
"MaxChar(mean)" "MaxDesign(mean)" ;
TitlesMin=[ "DLCL1.2 Extreme Loads" " " "PSF" num2str(SafetyFactor); "Channel

"MinChar(mean)" "MinDesign(mean)"  ];
TableMax=[TitlesMax;transpose([ChanName.';ChanUnit.’;num2cell(MaxCharLoads_Mean);num2cell(Max
DesignLoads_Mean)])];
TableMin=[TitlesMin;transpose([ChanName.';ChanUnit.;num2cell(MinCharLoads_Mean);num2cell(Min
DesignLoads_Mean)])];

xlswrite(  'DLC12_Extremeloads.xlsx' ,TableMax,1, 'Al");
xlswrite(  'DLC12_ExtremelLoads.xlsx' ,TableMin,2, 'Al");
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EK C: Buzlanma olmayan durum i¢in MLife girdi dosyasi

1234567890 Seed The integer seed for the random number generator (-2,147,483,648 to 2,147,483,647)

Col_Title Units Equation Put each field in quotes. Titles and units are limited to 10 characters. NumCChan rows of data
follow.

----- Load Roses
0 NumRoses The number of load roses to generate.
Rose Name  Units Channell ~ Channel2 nSectors

----- Time and Wind Speed

$Time$ TimeChan The channel containing time.

$Wind1VelX$ WSChan The primary wind-speed channel (used for mean wind speed and turbulence intensity, O for
none)

----- Statistics and Extreme Events

true DoStats Generate statistics of all the channels.

false WrStatsTxt Write the stats to a text file?

true WrStatsXLS Write the stats to an Excel file?

1 NumSFChans Number of channels that will have summary statistics generated for them.

$GenPwr$ SFChans List of channels that will have summary statistics generated for them. Must number
NumSFChans.

----- Distributions

false UserDistrib User defined distribution? true = load user-specified distribution, false = only use Weibull wind
distribution

2 WeibullShape Weibull shape factor. If WeibullShape=2, enter the mean wind speed for WeibullScale.

8.5 WeibullScale Weibull scale factor. If WeibullShape<>2. Otherwise, enter the mean wind speed.

3 WSin Cut-in wind speed for the turbine.

25 WSout Cut-out wind speed for the turbine.

30 WSmax Maximum wind speed value for the wind-speed bins.

2 WSMaxBinSize Maximum width of a wind-speed bin.

0 nDistribVars Number of independent variables in the user-specified distribution, ignored if UserDistrib = false
DistribName Filename of the user-supplied distribution table, ignored if UserDistrib = false

----- Fatigue

44 nFatigueChannels  The number of fatigue channels. Next six lines ignored if zero.

0.0 FiltRatio The fraction of the maximum range of each channel used as a cutoff range for the racetrack filter.

Use zero for no filter.
630720000 DesignL.ife Number of seconds in the design lifetime (20 years = 630720000 seconds).

0.917 Auvailability Fraction of the design life the turbine is operating when winds are between Vin and Vout

false BinCycles Bin the rainflow cycles?

0.5 UCMult Multiplier for binning unclosed cycles. (0 discards, 1 counts as a full cycle)

true DoShortTerm Compute simple (unweighted) damage-equivalent loads and damage rates.

true DoL.ife Do lifetime-related calculations?

true DoAggregate Compute a DELs and a damage result based on an aggregate of all the input files (does not use
the wind spped distribution)

true WrShortTermTxt  Write short-term results to plain-text files?

true WrShortTermXLS ~ Write short-term resultsto an Excel workbook?

true WrLifeTxt Write lifetime results to plain-text files?

true WrLifeXLS Write lifetime results to an Excel workbook?

0.0187 EquivalentFrequency The frequency of the damage equivalent load (Hz)

false DEL_AsRange true = report DELS as a range value, false = report as a one-sided amplitude

3 DEL_Type 1 = fixed mean, 2 = zero mean, 3 = both

2 GoodmanFlag 0 = no Goodman correction, 1 = use Goodman correction, 2 = compute results with and without

Goodman correction
Channel# NSlopes SNslopeLst BinFlag BinWidth/Number TypeLMF LUIt BinWidth not used when BinCycles is
false. nFatigueChannels rows of data follow. LUIt >> LMF

$SpnlMLxb1$ 3 81012 BN 200 WM 999999
$SpniMLyb1$ 3 81012 BN 2000 WM 999999
$Spn2MLxb1$ 3 81012 BN 2000 WM 999999
$Spn2MLyb1$ 3 81012 BN 200 WM 999999
$Spn3MLxb1$ 3 81012 BN 2000 WM 999999
$Spn3MLyb1$ 3 81012 BN 2000 WM 999999
$RootFxb1$ 3 81012 BN 200 WM 999999
$RootFyb1$ 3 81012 BN 2000 WM 999999
$RootFzbl$ 3 81012 BN 2000 WM 999999
$RootMEdgl$ 3 81012 BN 200 WM 999999
$RootMFIpl$ 3 81012 BN 2000 WM 999999
$RootMIP1$ 3 81012 BN 2000 WM 999999
$RootMOoP1$ 3 81012 BN 200 WM 999999
$RootMzbl$ 3 81012 BN 2000 WM 999999
$Spn2MLxb2$ 3 81012 BN 2000 WM 999999
$Spn2MLyb2$ 3 81012 BN 200 WM 999999
$RootMEdg2$ 3 81012 BN 2000 WM 999999
$RootMFIp2$ 3 81012 BN 2000 WM 999999
$RootMIP2$ 3 81012 BN 200 WM 999999
$RootMOoP2$ 3 81012 BN 2000 WM 999999
$RootMzb2$ 3 81012 BN 2000 WM 999999
$Spn2MLxb3$ 3 81012 BN 200 WM 999999



$Spn2MLyb3$ 3 81012 BN 200 WM 999999

$RootMEdg3$ 3 81012 BN 2000 WM 999999
$RootMFIp3$ 3 81012 BN 200 WM 999999
$RootMIP3$ 3 81012 BN 200 WM 999999
$RootMOO0P3$ 3 81012 BN 2000 WM 999999
$RootMzb3$ 3 81012 BN 200 WM 999999
$RotTorg$ 3 345 BN 2000 WM 999999
$LSSGagMya$ 3 345 BN 200 WM 999999
$LSSGagMza$ 3 345 BN 200 WM 999999
$LSShftFxa$ 3 345 BN 200 WM 999999
$YawBrFxp$ 3 345 BN 2000 WM 999999
$YawBrFyp$ 3 345 BN 200 WM 999999
$YawBrFzp$ 3 345 BN 200 WM 999999
$YawBrMxp$ 3 345 BN 2000 WM 999999
$YawBrMyp$ 3 345 BN 200 WM 999999
$YawBrMzp$ 3 345 BN 200 WM 999999
$TwrBsFxt$ 6 3457810 BN 2000 WM 999999
$TwrBsFyt$ 6 3457810 BN 200 WM 999999
$TwrBsFzt$ 6 3457810 BN 200 WM 999999
$TwrBsMxt$ 6 3457810 BN 2000 WM 999999
$TwrBsMyt$ 6 3457810 BN 200 WM 999999
$TwrBsMzt$ 6 3457810 BN 200 WM 999999
6 NumDELGroups

Name NChannels  ChannelList

"Blade_1" 14 1234567891011121314
"Blade_2" 7 151617 18 19 20 21
"Blade_3" 7 222324252627 28

"Shaft" 4 29303132

"TowerTop" 6 333435363738
"TowerBottom" 6 394041424344

----- Input Files
2 FileFormat Format of input files. 1 = FAST ascii, 2 = FAST binary

216 1.0 1.1 135 1.5 (Weibull-Weighted Normal Operation: NumNormFiles, PSF1, PSF2, PSF3, PSF4)
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed1l_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed2_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_11mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed1_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed2_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed4_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed5_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed5_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed6_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_13mps_seed6_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed1_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed1_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed2_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed3_n8degreeYaw.outb"
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"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed5_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_15mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed1_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_17mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScT hesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed1_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed2_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed5_n8degreeYaw.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed5_pOdegreeYaw.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_19mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed1_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed2_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed6_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_21mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed1_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed1_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed2_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed3_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed4_pOdegreeYaw.outb"
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"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_23mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed1_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed2_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed3_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed4_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed5_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_25mps_seed6_p8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seedl_pOdegreeYaw.outbh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seedl_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed2_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed3_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed4_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed5_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed5_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed6_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_3mps_seed6_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seedl_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seedl_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed2_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed3_pOdegreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed5_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed6_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_5mps_seed6_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed1_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed1_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed2_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed3_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed4_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed5_n8degreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed5_p8degreeYaw.outh"
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"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed6_n8degreeYaw.outbh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_7mps_seed6_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seedl_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed1_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seedl_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed2_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed2_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed2_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed3_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed3_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed3_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed4_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed4_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed4_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed5_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed5_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed5_p8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed6_n8degreeYaw.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed6_pOdegreeYaw.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC12\DLC12_9mps_seed6_p8degreeYaw.outh"
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"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed1_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed1_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed1_p8degreeYawError.outh™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed2_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed2_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed2_p8degreeYawError.outh™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed3_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed3_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed3_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed4_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed4_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed4_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed5_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed5_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed5_p8degreeYawError.outh™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed6_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed6_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_26mps_seed6_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed1_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed1_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed1_p8degreeYawError.outh™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed2_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed2_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed2_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed3_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed3_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed3_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed4_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed4_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed4_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed5_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed5_p0OdegreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed5_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed6_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed6_p0OdegreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_28mps_seed6_p8degreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed1_n8degreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed1l_pOdegreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed1_p8degreeYawError.outb”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed2_n8degreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed2_pOdegreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed2_p8degreeYawError.outb”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed3_n8degreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed3_pOdegreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed3_p8degreeYawError.outb”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed4_n8degreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed4_pOdegreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed4_p8degreeYawError.outb”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed5_n8degreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed5_pOdegreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed5_p8degreeYawError.outb”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed6_n8degreeYawError.outh"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed6_pOdegreeYawError.outh”
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_2mps_seed6_p8degreeYawError.outb”
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"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed1_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed1_pOdegreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seedl_p8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed2_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed2_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed2_p8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed3_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed3_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed3_p8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed4_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed4_pOdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed4_p8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed5_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed5_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed5_p8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed6_n8degreeYawError.outb"
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed6_p0OdegreeYawError.outb™
"C:\Users\cem_s\Desktop\MScThesis\OpenFast\Simulations\DLC64\DLC64_30mps_seed6_p8degreeYawError.outb"
==EOF== DO NOT REMOVE OR CHANGE. MUST COME JUST AFTER LAST LINE OF VALID
INPUT.
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EK D: Riizgar olusturmak i¢in TurbSim girdi dosyasi

clc
clear
close

V_in=3;

V_out=25;

V_rated=11.4;

V_ref=42.5;

TurbSimExePath="C: \ Users\ cem_s Desktop\ OpenFast\ Turbsim \ bin \ TurbSim_x64.exe' ;
Number_of_Seeds=6;

for WindSpeed=V_in:2:V_out
for RandSeed=1:1:Number_of_Seeds

basename=[NTM_' ,num2str(WindSpeed), 'mps_seed' ,num2str(RandSeed)];

WriteTurbSim_NTM(WindSpeed,basename,RandSeed,Number_of _Seeds);
dos([TurbSimExePath, '' ,basename,' TurbSim.inp' 1J);
end
end

for WindSpeed=V_rated- 2:2:V_rated+2
for RandSeed=1:1:Number_of_Seeds

basename=[NTM_',num2str(WindSpeed), 'mps_seed' ,num2str(RandSeed)];

WriteTurbSim_NTM(WindSpeed,basename,RandSeed,Number_of Seeds);
dos([TurbSimExePath, '' ,basename,' TurbSim.inp' 1J);
end
end

for WindSpeed=ceil(V_out+0.1):2:ceil(V_ref*0.7)+1
for RandSeed=1:1:Number_of_Seeds

basename=NTM_',num2str(WindSpeed), 'mps_seed' ,num2str(RandSeed)];

WriteTurbSim_NTM(WindSpeed,basename,RandSeed,Number_of_Seeds);
dos([TurbSimExePath, '' ,basename,' TurbSim.inp' 1J);
end
end

for WindSpeed=floor(V_in -0.1): -2:0.1
for RandSeed=1:1:Number_of Seeds

basename=NTM_',num2str(WindSpeed), 'mps_seed' ,num2str(RandSeed)];

WriteTurbSim_NTM(WindSpeed,basename,RandSeed,Number_of_Seeds);
dos([TurbSimExePath, '' ,basename,' TurbSim.inp' 1J);
end
end
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