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Potansiyel

 “A multirotor system (MRS) is defined as containing more than
one rotor in a single structure. MRSs have a great potential as a
wind turbine system, saving mass and cost, and showing scale
ability”
2019, ANew Approach Toward Power Output Enhancernent Using Multirotor
Systemns With Shrouded Wind Turbines, Ohya Yuji,Professor, Watanabe Koichi,

e ‘Soon there will be multi-rotors on the horizon!

2010, Performance of windturbines in a closely spaced array. Renewable
Energy World, 2(3):32-36, D. Ransom, J.J. Moore, and M. Heronemus-Pate.
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TURKIYE'NIN RUZGAR ENERJIS|
YATIRIMLARININ GELISIMI
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Rator diameter im ]

Tarama capl ya da «kanat uzunlugu» acisindan
tekli rotor sisteminin gelisimi
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Goltenbott, U., 2017 , Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-

Augmentation, Department of Aeronautics and Astronautics Graduate School of Engineering Kyushu

University, 167,



European Wind Energy Association, 2011.
Upwind Design Limits And Solution for Very
Large Wind Turbines: A 20 MW Turbine Is Feasible

Extrapolated
Reference wind Extrapolated virtual
turbine 5SMW turbine 10MW turbine 20 MW
Rating MW 5 10 20
Wind Regime IEC class 1B IEC class 1B IEC class 1B
No of blades 3 3 3
Rotor orientation Upwind Upwind Upwind
Variable speed, Variable speed, Variable speed,
Control control pitch control pitch control pitch
Rotor diameter M 126 178 252
Hub height M 90 116 153
Max rotor speed Rpm 12 9 b
Rotor mass Tones 122 305 770
Tower top mass Tones 320 760 880
Tower mass Tones 347 983 2780
Theoretical
electricity
production GWh 369 774 1626




Lojistik Sorunu

\/ideoda
gorulen
normal
boyutlar
diyebilecegimi
z 3MW ik bir
turbinin 57

metrelik bir
LA Air

https://www.youtube.com/watch?v=iTpZ5V4HrK4



https://www.youtube.com/watch?v=iTpZ5V4HrK4

*Sadece kanatlar mi by
Ic ihtiyac?
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https://www.enercon.de/fileadmin/Redakteur/Medien-

https://www.youtube.com/watch?v=GDybpy5pAkQ

Portal/broschueren/pdf/en/ENERCON Produkt en 06 2015.pdf



https://www.enercon.de/fileadmin/Redakteur/Medien-Portal/broschueren/pdf/en/ENERCON_Produkt_en_06_2015.pdf
https://www.enercon.de/fileadmin/Redakteur/Medien-Portal/broschueren/pdf/en/ENERCON_Produkt_en_06_2015.pdf
https://www.youtube.com/watch?v=GDybpy5pAkQ

Cok rotorlu sistemler (MRS)
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Goltenbott, U., 2017 , Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-
Augmentation, Department of Aeronautics and Astronautics Graduate School of Engineering Kyushu
University, 167,



Heronemus

NASA 2010

Patenti Heronemus'a ait olan 7 rotorlu
sistem 20170 yilinda Guney-Bati Arastirma
Enstitdsu tarafindan NASA Langley ruzgar
tUnelinde test edilmis ve rotorlar arasinda
hicbir negatif etkilesim saptanmamustirr.
2014 yilinda Chasapogiannis CFD
simUlasyonlartile 7 rotorlu sistemi simule
etmis ve %3 Uk bir guc artisi tespit etmistir.
Daha buyuk olcekte Jamieson ve Branney 45
rotorlu 20 MW gucinde bir tlrbin
kurgulamislar ve bunun Gzerinden kutle ve
maliyette azalma oldugunu gostermislerdir.

Goltenbott, U., 2017 , Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-
Augmentation, Department of Aeronautics and Astronautics Graduate School of Engineering Kyushu
University, 167,



Mowian Projesi

 Almanya’da TU Berlin ve Brose isbirliginde 24
rotorlu bir MRS hayata geciriliyor.

 Bu calisma lUzerinden her biri 590 W gliciinde 2
kanatli 3900 rotorlu toplam 2,3MW kurulu
glclinde bir onerme ortaya koyuyorlar.

e Bunu bir Enercon E-82 ile karsilastirdiginizda %60
oraninda agirlikta azalma olacagi ongoruluyor. E-
82 nin sadece %20 si kadar bakir kullanilacagi
raporlaniyor. Kapasitedeki artisi géz ontine
aldiginizda masraftaki azalma cok buyuk oldugu
gozukmektedir.

Goltenbott, U., 2017 , Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-
Augmentation, Department of Aeronautics and Astronautics Graduate School of Engineering Kyushu
University, 167,



2016 Nisan: VESTAS 4R-V29

«It was definitely worth giving it a chance.»

e 900kW gUcundeki
bu turbin 2016 yili
baslarinda ar-ge
calismasi olarak
Danimarka Teknik
Universitesi test
sahasinda
kurulmustur. 4
adet 29 metrelik
VV29-225kW tipi
turbinden
olusmaktadir.
Yapilan
Olcimlerde klasik




2017 Subat:;

Aerodynamics of Multi-Rotor Wind Turbine,

Prof. Yuji Ohya, Kyushu

Yurutucu

: Uli Goltenbott,

Arastirmaci
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DAWTSs (Diffuser Augmented Wind Turbines)

e Tlrbin performansini arttirmak icin, rizgar akisini arttirmak Gzere turbin
etrafini sarmalayan bir gecis kanali.

e Rainbird and Lilley, Foreman et al, Igra and Abe et al gibi bircok arastirma
vapilmis ve 2007 yilinda CFD sonuclari ile birlikte deneysel sonuclarini
yayinlayan Hansen et al ve van Bussel performans artisi tespit etmislerdir.

Nortex
shedding

AVind
speed
increases

-Brimmed diffuser -Strong vortices generated  -Low pressure draws wind
surrounding rotors -The vortices cause low -1.4 times increase in wind

Low
pressure




2017 Subat:

Aerodynamics of Multi-Rotor Wind Turbine,

Arastirmaci: Uli Goltenbott, YUruttcu: Prof. Yuji Ohya, Kyushu

h Universitesi
e Deneysel sonuclarda %8-%10 oraninda guc artisi elde edilmistir.

e Optimum S/D oranini 0.1-0.2 olarak belirlemistir.

(a) 3kW MRS (b) 10kW MRS



2018 Aralik,
Performance and Economic Analysis of Multi-Rotor Wind Turbine

Navjot Singh Sandhu, Saurabh Chanana
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2018 Aralik,
Performance and Economic Analysis of Multi-Rotor Wind Turbine
Navjot Singh Sandhu, Saurabh Chanana
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KUtle rotor sayisinin K6ku oraninaa azaliyor!

Goltenbott, 2017 de yaptigl bir calismada tek ve cok rotorlu modellemede toplam
kitle orani arasindaki iliskiyi cikararak “rotor sayisi arttikca toplam kitleden tasarruf

edildigini” saptamistir.
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Goltenbott, U., 2017 , Aerodynamics of Multi-Rotor Wind Turbine Systems using Diffuser-
Augmentation, Department of Aeronautics and Astronautics Graduate School of Engineering Kyushu

University, 167,



2018 Aralik,
Performance and Economic Analysis of Multi-Rotor Wind Turbine
Navjot Singh Sandhu, Saurabh Chanana

(24- Project Cost of 3000 kW Wind Project —> 4433000 USD
26] Cost of Single Rotor Wind Turbine of 3000 .
S 3058770 USD
kW
Component costs ($) Component costs ($)
. .o .o .o Sr Wind turbine
M a I Iyet d u § u § u , of Single-rotor wind of Multi-rotors wind
" No component
turbine turbine
16% 1 Rotor Blades 627604 581740
2 Rotor Hub 102214 141336
3 Rotor Bearing 72780 49308
4 Pitch System 163477 158611
5 Gearbox( with kg=1) 366272 366272
6 Tower 726125 508287
7 Foundation 709280 409502
8 Other components 291018 291018
Support Structure
9 | | e 46872%
(Spars + Cables)
Total Cost 3058770 2552946

*prices as per USA market



AVANTAJLARI

e Kanat, rotor, generator vb arizalarda daha az enerji kaybu.
e Bakim Masraflari

e Standardizasyon

* Veut-in dustk, ve daha hizl.

 Maliyet

e DUsuk turbulans
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