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Neden ruzgar enerjisi?

4 Yenilenebilir

d Yakit masrafi yok

O Bol ve yaygin kaynak

d Temiz (CO, salinimi yok)

O Fosil yakitlara bagimhligr azaltiyor
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Figure 1-16. Smeaton’s laboratory apparatus for testing the performance of model
windmill rotors [Smeaton 1759].
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Rotor donus hizi (Q) ruzgar hizi ile orantili

Wadu .

ruzgar

Maksimum tork (T) razgar hizinin karesi ile orantili

T a U’

ruzgar

Maksimum guc (P) ruzgar hizinin kibu ile orantili

P auU’

ruzgar
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M elektri zgar tUbini
The Brush Windmill — 1888 Cleveland, Ohio
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12 KW DC, 144 kanat, 17 m capli rotor, 18 m
yuksekliginde kule
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Danimarka’'da Paul LaCour tarafindan uretilen elektrik treten riizgar turbinleri, 1890lar.
5-25 kW, 4-6 adet burgulu dikdortgen kanat
Ik riizgar tiineli testleri
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Philadelphia North American May 18, 1902

TESLA THINKS WIND POWER
SHOULD BE USED MORE NOW

By Nikola Tesla

The power of the wind has been overlooked. Some day It
wlill be forcibly brought to the position it deserves thtough
the need of a substitute for the present method of generat-
Ing power. Given a good breeze, I have estimated that thera
is as much as half a horse-power to every square fooot of
area exposed. Imagine what energy is left unused with all
this force at hand.

The contrivance that has been at the dispo=al of mankind
from all time, the windmill, Is now seewn in the rural dis-
tricts only. The pcmular mind cannot grasp the power
there Is If the wind. Many a deluded Inventor has spent
vears of his life in endeavoring to harness the. tides, and
some have even proposed to compress alr by tide or wave
power for supplying energy, nover understanding the signs
of the old windmill on the hlll as it ‘sorrowfully waves its
arms about and bids them stop.

"The fact is that the wave or tide motor would have but
small chance of competing commerciallv with the windmilL
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Dinyadaki ilk megawatt tst
rizgar tarbini

The Smith-Putnam turbine,
1941, Vermont, USA

53 m rotor, 1.25 MW
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983 m

Urbin (3000 kW)

Ornek bir 3 Mega Watt (MW) 1
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50.2m

L I
3 MW Turbin
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154 meater

SWT-6.0-154
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5MW Offshore Turbin- 126 m kanat uzunlugu
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5MW Offshore Turbin- 126 m kanat uzunlugu
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S \‘ . . _
3 MW Ruzgar Turbini
. | ]
| x 8760 saat/yl

/8 26,280,000 kWh/yil

I
x 0.3 (Kapasite Faktori)

1 b

7,884,000 kWh/yIl

Ik N
/1800 kwH/hane

A 4
~4500 hane

50.2m

983 m

May Haz Tem Agu Eyl Eki Kas Ara Oca Sub Mar Nis  May

Bir Ailenin Ortalama Gunlik Tuketimi 4.81 kWh
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> ~600 000 MW
. » ~876 000 000 hane

ODTU Mezunlar Dernegi, 08/12/2020




I RUZGEM

OopDTU o _ _
ORTA DOGU TEKNIK UNIVERSITESI
www.ruzgem.metu.edu.tr

149.8 m
y T

=y _
. |
N |
|

__\ ”
.~ Tuarkiye’de kurulu toplam riizgar
o7 tiirbin giici:
I

50.2m
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GLOBAL CUMULATIVE INSTALLED WIND CAPACITY 2001-2017
Source: GWEC Statistics Report 2017
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Source: Wind Europe Annual Statistics Report 2018
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Tlirkiye Riuizgar Enerjisi Atlasi
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2019 Yili Riizgar Enerjisinden Elektrik Uretim Rakamlari

Yillik Ortalama
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@ WINDSIGHTS
Top 15 Wind Turbine Supplier in Global Market 2018

B xemc L Orther 6,65
CSIC Haizhuang L6%

.
Vestas 20.3% o oy

“ 20,641 wind
turbines were

Total

installed globally in
50,617 MW

—— cowna 3% [l 2018, produced by
37 wind turbine
manufacturers. , ,

- Mingyang 5.2%

B Enorcon5.5%

Siermens Gamesa 12.3% ?

|
GE Renewable Energy 10.0% Bl=

GLOBAL WIND ENERGY COUNCIL

AGWEC

https://gwec.net/gwec-1-in-5-wind-turbines-are-installed-by-vestas-according-to-new-market-intelligence-report/
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Rlzgar Turbin Glc¢ Hesabi

> p : Hava yogunlugu (kg/m?3)

» C, : Guc Katsayisi (Cp < 0.593, Betz Limit)
» A Rotor disk alani (m?)

» U, : Rlzgar Hizi (m/s)
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Wind speed
Cut-in Rated power Cut-out
Wind speed Wind speed Wind speed
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Razgar Hizi (m/s)

Zaman
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Zama

1/1/2012-31/12/2012 arasi 10 dakikada bir
toplanan drnek rizgar verisi. Yukseklik 80 m.

Razgar Hizi (m/s)
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Enerji Uretimi Degisen Yukler
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Zamana Bagli Degisen Yukler

Extreme wind Wind shear Wake turbulence
SR
Us0 < Uref 0<a<0.2 —
=> _ h Ou —
== 5= S 4
u 9z lz=h >
S
—

Yiksek seviyede optimize edilmis
kanat sekli (veter, burulma agisi, vs)
ve kanat profilleri

» Dogruluk seviyesi yuksek ve
validasyonu yapilmis aerodinamik ve
aeroelastik tasarim araclari

» Cam fiber veya Karbon/Cam fiber
hibrit kompozit kanat, esnek ¢elik
kule yapilari

» Rizgar tineli testleri, malzeme ve
yapisal testler, saha testleri

C
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Turbin Tasarim Optimizasyonu

Duizeltilmis Enerji Maliyeti (Levelized Cost of Energy - LCoE)
r Capex; 4 YT Opex;
Sl 4+t AN+ )t

r Production,

=1 (1 +nr)t

LCoE =

» CAPEX = on kapital yatirnm maliyeti

» OPEX = isletme maliyeti (bakim, onarim, vs)
» T =tilrbin 6mri, yaklasik 20-25 sene

» r =indirim orani

ODTU Mezunlar Dernegi, 08/12/2020
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LCOE - Historic development
USD/ MWh
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Source: GWEC Statistics Report 2018
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d RUZGEM 2011 vilinda kuruldu
Y ~NRUZGEM

0 Kalkinma Bakanligi destekli | wwwruzgemmetus 't
altyapi projesi

0 ODTU’de 9 farkli bélimden 30+
ogretim uyesi katkisi

O European Academy of Wind
Energy (EAWE) Asil Uyesi

O Ulusal ve uluslararasi arastirma
projeleri ve sanayiye test, 6lcim,
analiz, tasarim hizmetleri

european academy of wind energy
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J Aerodinamik Laboratuari
4 Yapi ve Malzeme Laboratuari
1 Elektromekanik Laboratuari

4 Yuksek Basarimli Hesaplama Laboratuari
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i °f J L ——
Tunnel Type Closed Loop, Atmospheric, w f

Interchangeable Modular Test Sections Flo
: “‘\\\\II .
Fan Type 6 axial fans, 2 m diameter each e i&\ w °
RN wﬁ al TS1
Fan Power 2.4 MW (6x400 kW) g sarerese=di ﬁa
Contraction Ratio | 8 L

(Filoor\:\élitioning 2 honeycombs, 5 screens ot = g o
o 25mx25mx10m (TS1) % | ¢
Test Sections o 3mx7mx20m (TS2) i i S
o 3 m diameter open-jet (OJ) @_ tE' ] «
|
o TS1:86m/s. TI<0.1% i7iz °
Max Speed o TS2:28m/s. TI<2%
o 0J.72m/s
Cooling 750 kW heat exchanger
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