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cd ..
cd 006 $ 006 Start Point
clc

fopen('File Info.txt','w+'")
diary File Info.txt
ncdisp('006.nc', "time")
ncread('006.nc', '"longitude")
ncread ('006.nc', "latitude")
diary File Info.txt
fopen('U 10.txt','w+');
diary U 10.txt
ncread('006.nc', 'ulO")
diary U 10.txt

fopen('V 10.txt', 'w+');
diary V 10.txt
ncread('006.nc', 'vliO0")
diary V_10.txt % 006 End Point
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37 Wind Profile Power Law
% Atmosphere

** Logaritmic

* Surface Roughness

Y



YU ala) o

w‘ﬁ#ui)oobwﬁﬁLMéLm)‘ZT L

.QLf CE yw é\mlﬁbo%}).la;o)y &Lﬁ.?)‘:Z
Lo gl pliosb ceyw:u, o
i ojee glas)l s obcewiu @

Sz Sk cupo:0 @

il 55 90 a8 o waas e a0l og > b Yoloie <NV FY 9> (5 lanl
A8 ol 50 ] gy ds gl 5 (gl alisdle B glins aS ass s Lzl G s
olj sla g.j Sy Sly—= VYV o i ‘LF’L"‘JG S 6)“'"—.’.9 Ja;lj_w)ow.s_mo Syl

B1L31]02s oo &yt 6l Doz VY s ay Cord (Ulold b £)l50 wiilo)

Soby ey hoes Sz w0 ey Lok Jdon oles o8 alal, Vb Sy 4 4z g5 L

Al oolaiul (las 5,90) yo Voo jlai oyg0 glas ] g0 ol e p 4y (L) o Ve glas)|

Sl o 65 ol alaly 5l 5 o 5 Job ailie 98 3 e b ey dilne g
o eolazwl ‘(Y'—Y' 4\]4.:‘)) R 9 Ogos

S, =+/(V10)2 + (U10)2 (Y-v)
YU alal) o
ebdlis Job slinl) 1o ob ey ailge UL0 @

bl i oo glly 4o ol C s 4ailge V10 0

.QLf CA.CJ.MJSW o

ST s S e o g ke o ol ol SLedlll 35,5 5 LT blb 445 5|
Jol ot (g0 aer (SIS Oygo an ] 50 550 sl Job bl 45 sael Cwas
uu.’l_A.’u_ﬁ‘su_M)‘ ool VoY Sy asged Q‘ﬂ_;.cd._gv’\’r JL,..: LS‘)—? LS‘L“"G“"’J"“S‘

fy



S gy 002 L 55 (S eSS blai g ol iin Cae s oo il 5SS, bl

Yo Jlo 6l Al ol ey pSles V=Y S
o die 3blie g oil o el aibain oL IS 695 gl oo ounlie 45 wieSilen
Eo s dibaie et Sl D9 (e ST G390 S Cabge Lo 5l Al
e ¥l S il e Ly bl o1 50 a5 0l lsal (SIS Gialed 5l 6,500
Soy L adl o e VO L P e ST, Ly aill o, P B Y G oS S5, L 4l
bl 1 o0t e el o0l et e e S5 L 4l e VB Gl e 5005
534S Cul oad eews IEC 61400 [0 sl oS5l caeyw s 0 ST L (g aius
el ool VV-Y JSCl

(ols azi) Y0¥ Jlos ol aildls ol e pos (5eSilos V=Y IS0

£



A

AVanam a?

ALl 59y 2 Vg A gy Joee VT-Y S

Gl ey aS ol S S mlg A BT Gy o Dl ddi a4 g Ly

Sl i 3l (oo T DL S wog 5 (e a i og il 0y 0 ey (T L 551
IVl (3L8) 4l e P 5 S sl o il o s (0o Ly ailate
5 —alojl Sppoa pp la gl a iz b 8 S5 ol ey (S
Sl e (el Blas gobg0 il am a2 Lo o Bl s 05250 Sl
IS L gblie ol o (I D) il s, 208 5 ols Ji> o Joud Sl
0d9dte 33 3990 (WIS (VL A B Syp o sle oy pam ey Lo a S Tl

AOﬁ)’)o‘(L.; “olx :.’ua_?', ':‘A}t ,&_;)l_?Yl_?JLL@])Q)A_&lggS_Aw)ﬁO)H

el ool aBly e d >0 YALSYY g Joeba >0V 500 Jubo >
e Jolulp goln e pe Slaal Cga 4 S he B Gloeie 4 )5S0 ailate
L5 7 e Al ol ey ) T ol DS L 3blw o] 5low 08, 5
iz g La wyp el oz gam sla e S (lyie 4 (il e V.0
GOy Awd 80,5 (o (B yme S 03 S g ;T B (i (LSl g (eSS
Frb ey o boal o me Pl e s ol Ce o (S0 Lo 3bLs
Sy g dilaio ol WS il s il e e L (Ll e a0 )

il o O sz Syeo & YT Lo o oSils ol

fo



Sl e o bl 2 a4l e & 51 G Al ol e ps (:S3loo b Bl (g0 Zaglgl O-Y Jgor
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008 50 51 27 28 7.2 7.5 7.0 I

012 51 52 26 27 6.9 7.4 6.2 [l

006 50 51 28 29 6.7 7.3 5.1 11
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[deg]

30.0 Bathymetry [m]
Bl Above -8
Bl -16- 8
29.0 B 24- -16
] -32- 24
28.0 B -40- -32
[ -48- -40
B s6- 48
27.0 N -64- -56
Bl 72- 64
26.0 50 72
Bl 83- -80
Bl 9%- -8
25.0 Bl -104- -9
Bl -112--104
24.0 Bl -120--112
—_— T R S B Bclow -120

48.0 50.0 52.0 54.0 560 | Undefined Valu
[deg]

0:00:00 12/30/1899 Time Step 0 of 0.
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" Gravity Base Anchor
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** Sacrificial Anodes

> Monopile Structure

** Gravity Structure

* Tripod Structure

%% Jacket / Lattice Structure
*7 Tripile Structure

*¥ Spar Floater Structure
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112 0.11 0.072 0.8 0.277 68 86.5 748 8.64% 9.0%
112 0.11 0.072 0.8 0.277 68 86.5 1496 2.45%
112 0.11 0.072 0.8 0.277 68 86.5 2992 0.63%
112 0.11 0.072 0.8 0.277 68 86.5 5984 0.16%
112 0.11 0.072 0.8 0.277 68 86.5 11968 0.04%

Vestas
V136

4




plood aold o9y <l (5,8 Lo g e )9S5, ;a8 1l B0 (1D (e olael 35 535 (owyn b
155y pkid ol O il e 7Y+ g A |y ] e 4 alold oy, ke L i,

Sl Sy

)Jé )_“)_v &/Y ck.l.«ob uuL..u‘ » onL; U"")?" (b )| tSMJL‘ wake )_“ L .'09)).0 0du ML?M )JOLM (b-(b Jﬁu\?

DP9

Turbine Turbine z z0 alpha Ct a rrrd Xij Vdij vdef
number

1 112 0.11 0.072 0.8 0.277 68 86.5 707.2 9.49% 9.8983%

Vestas 2 112 0.11 0.072 0.8 0.277 68 86.5 1414.4 2.72%
V136 3 112 0.11 0.072 0.8 0.277 68 86.5 2828.8 0.71%
4 112 0.11 0.072 0.8 0.277 68 86.5 5657.6 0.18%
5 112 0.11 0.072 0.8 0.277 68 86.5 11315.2 0.05%

le—b &*{)5—? L;*—Aa‘)-:-jb duw DN .9. Q_.’J )o ~“ ~>‘: & }—1}5 5—§—5935 .."" . )Q

L ygiw oy abold i Y-F-0
sl pie s« g yb 5 O e 5 ooliial L da oyt oy Alold s sl
o=l ade a8 3 18 Sty sy s sy S o GmysS 9o Wake 1 Sldsen
AL an el e wam sy S o Gllgren sloml )90 j0 a5 05 (0l £9-55e
plosl (sl asisf 4y i wsads (55,1 dges dnin gz an be sy (oo TN -
wake 305 comd Gysy S sle (s ol sl g 4o sl s plKim 0 a S 28 S
(a9 8 Sl ety CBl il ) 5 48 line i ol sl e le o, g0
) bl 7Y+ ST w0y omed o gz o ols 45 ola el 4 5) acil oo UV 5 oS
Vighazr o sbe g e alools (398 sla Cosgame Cnle, L (0,5 salys a5
Sl 5,51 Sl ae ;9 [25] SpsS 3o @l L 45 ol (s o, Shad pl

Syls callae [24] Jlygele b 4

oo Ol B (IS JSB Y-F-0
WD et ) D)go Ay Ao s ay lo (ye5 Jolsd (S Cend g0 o

ay



[ ]
Db LY el eSS e a8l glast Lewly) SO He (Oweye8)
1S (gl 43S 4 y559, Hhad plp Ve gt (e alold

>

S

2l (oo Il eSS 2l ] A a5 03,8 )8 095 Sl gl

A a8 Sl 0 -0 G el 5 o jon ddlate jo LJB oL cys

R
RET / //_, % 1987200 N
1961 _’CC/ - “AN
h
=4 ’A‘/\
; W
i o M T
<’ 19845 1991
-~
@ ools iy
195 X7

nem

L lelgr sl sl @
g S o jlail sldlw 15 ;0

N —
e ] o
19932007 19

Below

S e gl 2010

[36] Lo 6 mds ot e a¥Lo (slo oLIS #-0 L

gwake Sl oo Laad 4 0390 oolw Jae S couds all)l Jow a5 cils ax g5 wub adl

Jsb g Jolld G Sy 65,18 o cilizie sl g o 0L 985 oy o

Al o aliwss @ 25 40 30 5Ll 0,90 sl LIS

qy



S5 4R 9 (G gox B0
dolse SISl oy 5 0 gl slo aje 4 g e SIS 5,0 Ly Jad (0l o
2 deele G 5 e Olge an wake LSl eols )l 0 L (e iz (69 = (e
bl G 5 (Bme ae 50 S 5 L e S lawss (s (53,00 50 Jeso else o
g am gy L oo alhyl Jae jo .0cd allyl (g0l ae e SO i 5l ool Jow G )
VY. Sgd—> L_r>s).> u‘a_a Sdd—¢ Q_‘{‘A_TQ)L) 09_>5V136 L""")5_’ K O - Tosd._>
3595 5 ashyls al oS (S5m0l £l sl m DlglKa Yo v Sga> Yolaa ) (ad LS
s B+l ediel Sy (60,8 de i SO b L8 o sads 5, Jlasl sl
V-0 JSi jo gl de e G - Sew 4 S S Jlie gl 09 0ol el S o e

] 0 ooly ioled

1



. 509375E
27.8125 N

51.0625 E
27.8125 N

50.9375 E
27.6875 N

51.0625 E
27.6875 N

Slowle 5l ool s a5 dige (golodan Db V-0 S

Lo )y cpam J—olsd il o Lo e (6,5 )18 e SO ol blas V-0 IS jo
B 0 o e A 0 (68 Ao V-0 9 V-F-0 Celd Ol vl 0 4 S 4 isSles

B8l T (edle obs sbsl) 1o 0900) o )15 G j9S 99 55 0 e S0l
SR AR TS

P Ve (G sis, slab

LSL_.»‘))Qj).A.Aj_L.S VY S92 L.S)L“'g‘)p Jj_!o 6[.»._».") L) LS)"—"‘SB 099d—"r0 QL__:.:‘
-0 S el Slabuw L ossgasme ) ol o g LS VY0 sga> oL8l s> Lose

l_s)_..; M—]LC wa@? (A_M:L: = Y E-Y JLMA)Q 0l H)M 00g9d—ro QLA.Q S| OMTV

el oas 8 T Ly 0 PO SKh @ Ay

0






L 4
0‘0 0‘0 , a

Slolgsudin g (5 705 A

vy



Ololpdan 9 5 axnis (£

@S ol gox V-7

Eolie dpe ;0 a8 S Djg o (2S5 (A Dliidind ) L ol Goded (0l o
aen) =l 50 =518 g e (SIS (3Bod 4068 e 45 0l et de (Jo Ll B ool
5,505, Lo g ozl o 501,58 515 ace L 48 0 ] s e 1) cctun o ol
o> sl Ol o JxLuld ol gl Slasl muw (LSl colys plod (e @ls )l
5 Sl (i OISl (ol aie aw l o L 0,25 )18 3dod 9550 (S 0> U
S S )3 35250 Lo ojlw ) ain) 50 (2l At 9 (e ol 0390 (B e
5 dinte Gl aiges Syl g iz 5 Jge sl yeSLE ( n Loles g o Jo Ll 8
o=l o ol vl 050 axl e uizman ol COlol §odod ol 15 el (gl i adlaie
lsjly 0,Sug) cde ) (8 Slowsl j5,0 Joad 0 j2 4 (2L aase Lolos sl ol
b ! (ple

5 ooyl ) adllas 050 c0gasne pils [ las o L g ad> e o gl Al o
WL.».:us)‘)Ol_,uL)_.»LsLmoo‘by«_Qb)u)?‘rwwo 09_7L§ Lrw));)_gj(uucdl_,)o
8o e Gle—ie a8l a >0 NVD ;0 Y0 50y o &S (ECMWF

S5 2bdla a0 ) o) slal Gllo cl e gun Al sun

S edrbol 8 ool e i sl il o3ga e L 1 55 el Ly (gim ad> e o

il oty a5 ol s 45 ald iy oLy ey ol ool gyl (gl ke 08
b Iy sl s 45 5 zlyseal 4s55e (clo ool T alug ay o LB Coad ) 00
Sy dy sl ools w0l Jodg (g atal) Sl esliinl Ly eizren anh (e 0038 5 g
Slal L aihate S (o8 ym0 3ol o (ol doeis ol e hand Sl o 90 glas] o
S99 e Lo Jloba >0 YV, V0 g B4 >,00) 350 loas0, V0 0,170
Comwd ]y 0l ol g0l ac )i Slaal g adlaio 5 dxius lgme 4 S O
Olo= Ol dmlons g 0bs Sy (i ()2 3 Sl Sl Casgasme e 4 3w

b Gl o dalaie Ll b 4 axgi b el 2 (6090 sades
A



S Cnio ;0 ool 59 5 S92 g0 03l ;) Lo i Elsl () Ly aslol o

o icmal g SSbw 4 by e 950 5 g eolaiul B Gloesl idls a3 50 5 oLl B
S 0jl ) S plgie 4o g ad plonl (ol aige eolis (89 jliel s S alwy
e olpitn 4035 on ISl Glete an (S Cee il 0 00l bime ailaie bl S
Ages duz (60 - Slos— golaidl aslio 5 =,k 5l yogn yulay cde a Ceod 0l o

A (6,100¢5 ¢ Jeizme 03lw )

A 50 L Joluld ool gl iz s Soe sl S At jo Gaid b ol o
P9y eVl (rye 5 51 (28, 8 A8 o Ly By, a5 0 h e e Ceed ol 4o
2 055y 8 ol ¥ dolgd T el o aS e85 1,8 illons slins 5 009 (5 kelS

cdl i g9 o) el sl gl jo yes, ,dad il Y 5 el oLy s gas b,

500l asll (0 o aoe S Cle g o0l jg kal s o 1YY e sga s 0l e
u“—")TB o > LS)l—"'" . usl °j9—>5gs§‘> s A i . )‘ . 3 u_"

A g losgs )l el ceolpin

oo.lgj LSL‘” y& OLQ.M Y-¥
Cde a3l 50 0ged T pwg Az ;o (gl IS e ) de 4l L ol o

We) ;B )0 yalde medg 1 g o Jeiome sl LS Wlslpidon aslol jo lad wedlas

Lol odel o Jol> ol gudizd 4o asil 4 asg5 b

9ol sle aie cde an a Syl a1l CdS e e e ddlaie Bixe 0je> 4o

adhhie j0gad et gl oolaiwl 550 gl ool (ool £l Glas ciSiL OB Ll
NUDWR I SN > H W Wl PR G PR KOV | B DUSWEIGNE: K| U W] - B W OGar RV i W
31 Jmols Sl asdllas al> 1o 5l sy Sl 3V 90,5 LasST gl o lgnle sl ools 4y wuls
Q_im LS:LA) o)'l_g P oo).?_mf O Ls’b‘—’"" LS)—.?-? o)'L)._S| Jg.LM:B ‘LS‘ O)‘?QLA 6Lm LS)'.?-? o)'|d.3|
PRn i Bl 10 00l A a1 0%, el [, (6,8 ojlail Jsled 5 olseS L
6oL w9 (63del (g pee) et i wi> il La UT 3 odol Gty SleMbsl g 00l
90,5 8 L g dn iz 0,50 (g ddlaie SLUS a gy (o ye5 )l Jloged 3l eolaul b

19



G Oy ol A o [C9N 20,5 Bire 380 adhhie Lo oy p ol 5l eslaiwl b
J—]"'; Ao LSQL":A‘ ) LF“"L""‘"’ 6L£b Cudgdsna A_l.o.> )" Sg=g0 Ja;‘)_.,.s )'| 6‘ 0 )X R b _)JL,
DS I8

g sl sla auia 65) 0 it WU aSalnl gy ojla ) sliig 0j9> o
L asyd b o)s— Joime glo 435 45 00,5 (o slpiinn )1 ()0 5 e
oanion SolS 35 18 4y by po (oolaill (sl 5L 5 5 (53, Shes (sl Cusgis
o crgred 0Bl I 03 (See S8 0 SV 5l sl 4 S e alie g 00,5
39 plasl ol (59, goloatdl (g3l dingr 45 Sl p3Y w03l wimaas (0 Ao
il 0555 S 53 oolial B SIS oo (g5 Lules

Ol adoz 5ol e s sla sl (Sopns aazg b Ginl)] 5 phir a5
SobLasbde sl plwgle colupyaiie (g )logS g Slaslayim (29,5 oy
Oledmz a5l 00,50 ;L o e Ly Lo el ST oS gl asge b,

Dgd asie B ()9

S cio oz lr 50 63l le 3bod (U5 sl ae 5l (gl aisS LS YL o lse

D3 Gl g aie (pl jo 1) )l Olegoge g



& o

[1] Pandit A., (2014), Master thesis, “Efficient Support Structure Design for
Variation of Environmental Parametes whithin an Offshore Windfarm”, Faculty of
Applied Sciences, Delft University of Technology.

[2] Furunes E. W., (2010), Master thesis, “Floating Wind Turbines at Medium
Water Depths”, Faculty of Engineering Science and Technology, NTNU University.

[3] http://energy.gov, US. Department Of Energy & http://www.worldcoal.org/,
World Coal Association.

[4] Tempel V. D., (2006), PhD. thesis, “Design of Support Structures for Offshore
Wind Turbines”, Faculty of Applied Sciences, Dleft University of Technology.

[5] Bagbanci H., (2011), Master thesis, “Dynamic Analysis of Offshore Floating
Wind Turbines”, Instituto Superior Tecnico, Universidade Tecnica de Lisboa.

[6] DTI, (2001), “Efficiency and Performance”, Crown, UK.

[7] Fried L. et al., (2012), “Global Wind Report”, Global Wind Energy Council,
Brussels.

[8] Zervos A. et al., (2009), “Pure Power — Wind Energy Targets for 2020 and
20307, EWEA.

[9] http://www.centurionenergy.net

[10] Musial W. & Butterfield s., (2006), “Energy from Offshore Wind”, Offshore
Technology Conference, Texas.

[11] http://www.4coffshore.com/windfarms/sheringham-shoal-united-kingdom-
uk27.html

[12] Bakmar, C. L., (2009), PhD. thesis, “Design of Offshore Wind Turbine Support
Structures: Selected Topics in the Field of Geotechnical Engineering”, Department of
Civil Engineering, Aalborg University.

[13] Malhorta S., (2011), “Selection, Design and Construction of Offshore Wind
Turbine Foundations”, Wind Turbines, ISBN: 978-953-307-221-0, pp 231.

[14] Marimuthu C. & Kirubakaran V., (2014), “A Critical Review of Factors
Affecting Wind Turbine and Solar Cell System Power Production”, Int.J. Adv. Engg.
Res. Studies, 3, 2, pp 143.

[15] BVG Associates, (2009), “A Guide to an Offshore Wind Farm”, The Crown
Estate.

Ve



[16] Corbetta et al., (2015), “The Eropean Offshore Wind Industry — key trends and
statistics 2014 ““, EWEA,.

[17] O’Reilly C. M., (2013), Master thesis, “Offshore Wind Farm Siting Procedures
Applied Offshore of Block Island, Rhode Island”, University of Rhode Island.

[18] Zaaijer, M. B., “Comparison of Monopile, Tripod, Suction Bucket and Gravity
Base Design for a 6 MW Turbine”, Dutch Ministry of Economic Affairs.

[19] Chew K. H., (2014), “Offshore Wind Turbine Jacket Substructure: A
Comparison Study between Four-Legged and Three-Legged Design”, Journal of Ocean
and Wind Energy, 2, 1, pp 74.

[20] Li P., (2010), Master thesis, “Analysis and Design of Offshore Jacket Wind
Turbine”, Department of Marine Technology, NTNU.

[21] Gerven F. V., (2011), Master thesis, “Optimising the Design of a Steel
Substructure for Offshore Wind Turbines in Deeper Waters”, Faculty of Civil
Engineering and Geosciences, Delft University of Technology.

[22] Minambres O. Y., (2012), Master thesis, “Assessment of Current Offshore Wind
Support Structures Concepts — Challenges and Technological Requirements by 20207,
Karlshochschule International University.

[23] Kusiak A. & Song Z., (2010), “Design of a Wind Farm Layout for Maximum
Wind Energy Capture”, Renewable Energy, 35, pp 685-694.

[24] Samorani M., (2013), “The Wind Farm Layout Optimization Problem”, pp 21-
38, Handbool of Wind Power Systems, 9, Pardalos P. M. et al., Springer, Berlin.

[25] Kwong W. Y., (2012), “Wind Farm Layout Optimization Considering Energy
Generation and Noise Propagation”, ASME, pp 1-10, Chicago.

[26] Velverde P. S., (2014), “Offshore Wind Farm Layout Optimization — State of
the Art”, Journal of Ocean and Wind Energy, 1, 1, pp. 23-29.

[27] http://www.iec.ch, International Electrotechnical Commision

[28] Badran O. et al., (1992), “Evaluation of Parameters Affecting Wind Turbine
Power Generation”, Researchgate

[29] http://www.ecmwf.int/, European Center for Medium-Range Weather Forecasts

[30] https://en.wikipedia.org/wiki/NetCDF

[311 HSU S. A. et al., (1993), “Determining the Power-Law Wind-Profile Exponent
Under Near-Neutral Stability Conditions at Sea”, Journal of Applied Meteorology, 33,
pp 757-765

VoV



islen (s e ls o olul b ol 150 Slasl Sllasdle A FAY eo o Sl L5 [32]
Ol oS 95 sl 655 e

() el 5o elul i la bl 655l Jlasiul ok QIS AT o el S [33]
(IS oniz ) o by mle ples

Sl B S =z 5 b Gos o5 Glo it oy ATAY W 2 0 jiie oLo) [34]
Bl g anwgi o sl aihie (ioles « ame bylyl @y azgi b (Joluld (ool b (hmygi s
o2 o)l gl ol bl O

6oL 6L 5 cilizes sl ally 51 ooliiasl (ISl )y VFAY W 7 0000 Lo, [35]
Lol anwg (o alian o) e ls jo 0l Bas g (oo Llpd 4z b (oLl 8
e B (253 098 5 pole olils () gore

6L oSl (sla o0l 5 0alianl Uy Loyl el ol a3y ko V¥AY 1G5 o lomaaS[36]

)‘5..4 L97°5)" c:_,oJ.:: <U.7u (I oD G.wLM.:‘a.as

VoY






¢

\



ooy

() 9 o lod) cysilen 0L e o (S81,S giolod 1) Cawg

Voo Jlo el aldls ol sy (5uSilis V- IS

)5



Veod Jlo ol aldls ol ey (5uSilie Yoo IS

VoV




R
P

Jprpepp
-

Vo) Jlo ol aildls o e pos (oSl - IS5

VoA



b

SRR o

ety
.

e

YY Jlo gl aillls

b e (Sl S

1.9




(Y &9 o lod) (muSleo 0L e v (SB1,5 g lod oY Cowguy

Yeod Jlo ol aldls ol ey (uSiliaV-+ IS0

Yode Jlo el aildls ol ey (uSilioh-+ IS5

Y.



Yol Jlo el aildls ol ey (oSiliad-+ IS5

VY Jlo el aildls ol cas pos (5uSloo) o= IS

RN



Technical

specifications

SWT-2.3-101

Rotor

Diameter

Swept area
Rotor speed
Power regulation

Blades

Type
Length

Aerodynamic brake

Type
Activation

Transmission system

Gearbox type
Gearbox ratio
Gearbox oil filtering
Gearbox cooling
Oil volume

Mechanical brake
Type
Generator

Type

Nominal power
Voltage
Cooling system

101 m

8,000 m?

&16 rpm

Pitch regulation with
variable speed

B49
49 m

Full-span pitching
Active, hydraulic

3-stage planetaryhelical
1:91

Inline and offline
Separate oil cooler
Approximately 4001

Hydraulic disc brake

Asynchronous

2,300 kw

690V

Integrated heat exchanger

Yaw system

Type

Monitoring system
SCADA system
Remote control
Tower

Type

Hub height

Operational data

Cut-in wind speed
Rated power at
Cut-out wind speed
Maximum 3 s gust

Weights

Rotor
Nacelle
Tower for 80 m hub height

Y

sl b )lf)’Lu ‘SUb O9 ‘5.«.9 O lasino 1Y S g

Active

WebWPS
Full turbine control

Cylindrical andior
tapered tubular

80 m or site-spedfic

3-4 mis

12-13 mis

25 mis

55 mis (standard version)
60 mis (IEC version)

62 tons
82 tons
162tons



V126-3.45 MW™

IECIIB

Facts & figures

POWER REGULATION Pitch regulated with
variable speed
OPERATING DATA
Rated power 3,450 kW
Cut-inwind speed 3m/s
Cut-out wind speed 225m/s
Re cut-in wind speed 20m/s
Wind class IECIIB

Standard operating temperature range from -20°C to +45°C
with de-rating above 30°C

‘subject to different temperature options

SOUND POWER
(Noise modes dependent on site and country)

HUBDIMENSIONS

Max. transport height 38m
Max. transport width 38m
Max. transport length 55m

BLADE DIMENSIONS
Length 61.7m
Max. chord 4m

Max. weight per unit for 70 metric tonnes

transportation

TURBINE OPTIONS

- Power Mode (site specific)

- Condition Monitoring System
- Service Personnel Lift

ROTOR - Vestas Ice Detection
Rotor diameter 126 m .
Swept area 12,469 m?  VestasDerlcing
: - Low Temperature Cperation to - 30°C
Airbrake full blade feathering with X i ) P _u petal]
s < - Fire Suppression
3 pitch cylinders )
- Shadow detection
ELECTRICAL - Increased Cut-In '
Frequency 50/60 Hz . Na'cel'le Ha.tch for Air Inlet
Converter full scale + Aviation Lights
- Aviation Markings on the Blades
GEARBOX - Obstacle Collision Avoidance System (OCAS™)
Type two planetary stages and
one helical stage ANNUAL ENERGY PRODUCTION
180 - GWh
TOWER 160
Hub heights 87 m(IECIIB), 117 m(IECIIB), 140 4
137 m(IECIIIA/DIBtS), 147 m({IECIIIA), 120 4
149 m(DIBtS)and 166 m(DIBtS) 100
80
NACELLE DIMENSIONS 60
Heignt for transport 34m 40 4
Heightinstalled 20 W V126-3.45MW™ [ECIIB
(incl. CoolerTop®) 69m 0
Length 128m 60 70 80 90 100
Width 42m Yearly average wind speed m/s
Assumptions
Onewindturbine, 100% availability 0% losses, kfactor =2,
Standard air density = 1 225, wind speed at hub height

Y



V136-3.45 MW™
IECIIIA
Facts & figures

POWER REGULATION Pitch regulated with HUB DIMENSIONS

variable speed Max. transport height 38m

Max. transport width 38m

OPERATING DATA Max. transport length 55m
Rated power 3,450 kW
Cutin wind speed 3m/s BLADE DIMENSIONS
Cut-out wind speed 225m/s Length 66.7m
Re cut-inwind speed 20m/s Max. chord 41m
Wind class IECINA

Standard operating temperature range from -20°C to +45°C

Max. weight per unit for 70 metric tonnes
with de-rating above 30°C gnt peru

transportation
‘subject to different temperature options

TURBINE OPTIONS

- Power Modle (site specific)

- Condition Monitoring System
- Service Personnel Lift

SOUND POWER
(Noise modes dependent on site and country)

ROTOR - Vestas Ice Detection
Rotor diameter 136 m .
Swept area 14,527 m? » VestasDarlzing
; - Low Temperature Operation to - 30°C
Airbrake full blade feathering with . i ) P _U Reted
3 pitch cylinders ~ (Fire Suppression
) ) - Shadow detection

ELECTRICAL - Increased Cut-In
Frequency 50/60 Hz - Nacelle Hatch for Air Inlet
Converter full scale - Aviation Lights

- Aviation Markings on the Blades
GEARBOX - Obstacle Collision Avoidance System (OCAS™)
Type two planetary stages and

one helical stage ANNUAL ENERGY PRODUCTION

180 4 GWh
TOWER 160
Hub heights ~ 82m(IECIIIA), 112m (IECIIA), 132 m(IECINA/ 180 9

DIBt2)and 149 m (DIBtS) 120 1

100 4
NACELLE DIMENSIONS 804
Height for transport 34m ea
Heightinstalled 40 4
(incl. CoolerTop®) 69m 20 M V136-345MW™ [ECIIIA

o]

L?ngth 128m 60 70 80 80 100
Width 4.2m Yearly average wind speed m/s

Assumptions

Onewind turbine, 100% availability 0% losses, kfactor =2,
Standard air density =1 225, wind speed at hub height

VWV F
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distance multiplier

Turbine z 20 alpha based on rotor Ydij dj\‘ld:’

diameter p A o

‘(f:;:s 112 011 0.072194 1 47% 51%
112 0.11 0.072194 1.5 39% 45%
112 0.11 0.072194 2 32% 40%
112 0.11 0.072194 2.5 26% 36%
112 0.11 0.072194 3 21% 32%
112 0.11 0.072194 3.5 17% 29%
112 0.11 0.072194 4 14% 27%
112 0.11 0.072194 4.5 12% 24%
112 0.11 0.072194 5 10% 22%
112 0.11 0.072194 5.5 9% 21%
112 0.11 0.072194 6 7% 19%
112 0.11 0.072194 6.5 6% 18%
112 0.11 0.072194 7 6% 16%
112 0.11 0.072194 7.5 5% 15%
112 0.11 0.072194 8 4% 14%
112 0.11 0.072194 8.5 4% 13%
112 0.11 0.072194 9 4% 13%
112 0.11 0.072194 9.5 3% 12%
112 0.11 0.072194 10 3% 11%
112 0.11 0.072194 10.5 3% 11%
112 0.11 0.072194 11 2% 10%
112 0.11 0.072194 11.5 2% 9%
112 0.11 0.072194 12 2% 9%
112 0.11 0.072194 12.5 2% 8%
112 0.11 0.072194 13 2% 8%
112 0.11 0.072194 13.5 2% 8%
112 0.11 0.072194 14 2% 7%
112 0.11 0.072194 14.5 1% 7%
112 0.11 0.072194 15 1% 7%
112 0.11 0.072194 15.5 1% 6%
112 0.11 0.072194 16 1% 6%
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Abstract

These days wind energy has become one of the most pupolar field for
researchers among different types of renewable enrgy. There has been many
researches conducted in the field of onshore wind energy. Although offShore
wind has been the subject of many investigations worldwide there is still a
huge gap in the subject among academic works in Iran, therefore it was the
main field of this thesis both to fulfill the gap and become a start point of
further work. Due to numerous oil and gas platforms in the southern waters of
Iran, this research focuses on the Persian Gulf and Oman Sea as area of
research.

To achieve the goal of this research, first of all wind data was collected from
ECWMF website as a reliable database of meteorogical data. The data was
then processed, organized and studied. The result was average annual wind
speed for thee zone of study. The suggested area for construction of a wind
farm had the coordinate of 27-28 in latitude and 50-52 in longitude, somewhere
around Bandar Kangan and Bandar Dayyer.

After determining of suitable area, all types of offshore fixed substructures
that are used in offshore wind industry was studied and pros and cons was
listed. As a conclusion it can be said that the most applicable and adequate one
was jacket substructure according to water depth of around 50 meters in
selected areas.

In the end layout of a wind farm was presented using Jensen method
considering wind speed and omitting complicated parameters such as
electricity network of the farm and change of wind direction.

Keywords: Offshore, Wind farm, Wind Turbine, Substructure, Layout
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