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The state of art and prospect of floating offshore
wind turbine’

Yoon Hyeok Bae  and Hang Sun Choi

ABSTRACT

Recently extreme weathers occur often every corner on the globe and the
aftermath reaches beyond the resilience capacity of our planet. A sharp
reduction in CO2 emission is required to slow global warming and avoid severe
impacts on human health and ecosystem. The 2016 Paris agreement set a
target of limiting warming to 1.5C till the end of this century by means of
Net Zero Emissions by 2050. Following this scenario, the global energy mix
undergoes a profound transformation to low-emission sources like wind
power. Over the past decade, there have been rapid increase in offshore wind
turbine installations, particularly of floating type in deeper water. In this
study, the floating wind turbines (FOWTs) already deployed or under
construction are surveyed and classified by floater type. It is found that most
FOWTs are equipped with horizontal-axis turbines and set on spar or

semi-submersible platforms. Theoretical, numerical and experimental
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methods are discussed for estimating the structural response under the action
of environmental loads. A particular attention is paid on the unstable response
caused by the Mathieu-type instability and the improper frequency of the
blade pitch controller for spar platforms. In order to get more clear insights
and accurate predictions for FOWTs, further research is necessary and it
seems to be done in the area of computational fluid dynamics (CFD) and
real time hybrid simulations (RTHS).

Key words : computational fluid dynamics (CFD), environmental loads,

floating offshore wind turbine, platform type, real time hybrid
simulation (RTHS), structural response
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To] HXE &F 93.6GWE ZJsto] BE <F 837GWol o2t 47
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Other
B Other renewables
Wind
m Solar
W Hydro
Traditional use of biomass
Modern gaseous bioenergy
Modern liquid bioenergy
B Modern solid bioenergy
Nuclear
Natural gas
m Oil
M Coal

2000 2010 2020 2030 2040 2050
IEA. All rights reserved.

Renewables and nuclear power displace most fossil fuel use in the NZE,
and the share of fossil fuels falls from 80% in 2020 to just over 207 in 2050
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¥ HH(Floating Offshore Wind Turbine, FOWT)< 139 3
of =AEo] Qe HIQ} o] AuF(Spar), ¥H44l(Semi-submersible), HFA]
F(barge) 183 AFZHA] ZFE(Tension leg platform)si TS FREO]
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%,

ar of wind power installation

I3 2. 2001-202132F TMP| SEFLTe| tit & 5 dH| 30| (Lee et al. 2022)

;

8 3. oy E2 HEIZ XX[ots QA SHEE (a) Barge (b) Semi-submersible (c) Spar (d) Tension
leg platform
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AZ et £7FT 5 Ut HAWTE FA2 S99 47171 8§99 7]
off AAISHAIRE, VAWTY] B5-ol= B2 vietoll §AIste] A& o= b & o]

FAQ}F Haof fEl5ith. B3 HAWTE 330 £8(Rotor)9] W& H57]
Aste] 2(Yaw) Aol HIAYSC] a5ty VAWTE v Hako] dF= A
o= Aol v I3y VAWTY 244 &3> HAWTO Hsf 44 a&
Hohe ol ofFel o2 A AlA dFRES FRA ST HE = w2 &
&4 "ol HAWTE A=sta Ut old M-S Atsto] £ A= HAWT
= WAL E gt

AA 54 FELAY AR AA FEEH oF 0.1%°] EdsHARE,
o2 F3435] 575t l‘i—%ﬂ TELAL 20209 o]F 203097HA] A4t F

°oF ]J ok Fof E7hE HAEA 1“5}.5_’“5

AR ’\ﬂﬁ]xqﬂi 2857H-4 H*Ji@l A Aol FAHI Sled, 1 FolA
160GW= FH9] sigolA ymAl= vl LAEZZ o] oA o]Fo]X]|
I QATha gk @ AFolA AAIR 7719 14719 ZRAEA 227MW7H

o]

N

AYALE] 31 %I%Eﬂ, 29017} Fdot= 379 ZZAEA AYAkst= 94MW 7t
7 AY, 9=, 22EZ4 183 F3o] 11 HE w21 Qokal st Offshore
Oct. 2023].

A AANA 285 224 5

o,
A
o

gL A2 # 13 & 20| Fd
St tHSubbulakshmi et al. 2022]. A {4 i 20|71 AFH
o2 A ‘Hywind'2 ¥HE 2.3MWF ATy L2 EZ £4 2200 4
A EAcHHywind Homepagel. 71 & ©o]o] Z2EZo] 2MWH HHEA]
‘WindFloat’& ZAXs¥tHWindfloat Homepagel. Fil&E E HIA A=

3

>>1

1§ #o IAE F1EFY] WSE FAHL B MSE 7|45kt o] £
oA AEAog £YSH HF AFolw Y A7t dY ] W] HE
of 1 & o]ojX= B{A sfidEEol et A+ A FREC] Hol oy A
TFAEo] ThFet T4 EA s

g AFEHC REREAL AS sG] o2 N9 siFFHE E= st
o] iy EAEo o9 T HEE F&dte s 58 9AE ddsid
[Kincardine Homepage]. o] we}t sj4; o gt A= & i 58

- 314 -



2O SRyl S MY
of HEA i 549 s SEor diH A [Bae & Kim 2014a, b. °]&

g THES Az o AL 33u|E oA 2200 E7FA] thoksid
269 442 80ulE ooz WHGHFS 27]W 2~7MWo] ol Eth. FH E
Fx 9] Fole F4o] BE 1009E, ZE ] FFo] 150u¥ 181 THE

o,
el
o
~J
s
i)
)
el
[
H
oft
K
O
[m
Gt
i)

N
ot
|
i)
ofl

24502

9.

pus M HO A=< = =15
E D MAN gXitzd 5oA B 22 B o3
§.No. Year  Project name Location  Floating platform details Wind turbine details ‘Water depth
1 2009  Hywind Demo [17] Norway Spar 2.3 MW, Rotor diameter - 85 m 220 m, 10 km offshore
2 2011  WindFloat [18,19] Portugal  Semisubmersible 2 MW, Rotor diameter - 80 m 45 m, 5 km offshore
3 2013  Kabashima Spar Japan Hybrid Spar (steel with prestressed concrete) 2 MW, Rotor diameter - 80 m -
4 2013 Fukushima Mirai [20] Japan Semisubmersible (4-column) 2 MW, Rotor diameter - 80 m 20 km offshore
5 2015  Fukushima Shimpuu [20] Japan V-shape Semisubmersible (3-column) 7 MW, Rotor diameter - 167 m -
6 2016  Fukushima Hamakazae [20,21]  Japan Advanced Spar 5 MW, Rotor diameter - 126 m -
7 2018  Floatgen [22] France Barge (prestressed concrete) 2 MW, Rotor diameter - 80 m 33 m, 22 km offshore
8 2018  Kincardine Pilot UK Semisubmersible 2 MW, Rotor diameter - 80 m -
9 2019  Hibiki [23] Japan Barge (steel) 3 MW, Rotor diameter - 100 m 50 m, 15 km offshore
10 2021  TetraSpar Demo [24] Norway TetraSpar 3.6 MW 200 m, 10 km offshore
= HOA| A= IX 515
& 2) Mo EXites 8R4 +ES SHHKA| g
S.No. Year Project name Location Floating platform details Wind farm details Water depth
1 2017 Hywind Scotland [25] Scotland  Spar 30 MW, 5 numbers of 6 MW turbines, Rotor diameter - 154 m 105 m, 25 km offshore
2 2020 WindFloat Atlantic [26] Portugal Semisubmersible 25 MW, 3 numbers of 8.4 MW turbines, Rotor diameter - 164 m 100 m, 20 km offshore

3 2021 Kincardine [27] Scotland  Semisubmersible 50 MW, 5 numbers of 9.5 MW turbines and one 2 MW turbine  60-80 m, 15 km offshore
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AEl(Mooring system)°|t 2-5A|0]% % (Dynamic positioning system)&
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RTHS in wind tunnel
(Hydrodynamics in

Full led CFD
ully coup virtual model)

simulations

Mooring line Turbine

assemb!y — control system
4 —
gl
Components ‘

of FOWT !
Floating ower rotor-
platform
nacelle

o assembly

A y““ s"

\ Hydrodynamics ',"‘ ;’“
Blade element

/ momentum
o |
~ g ;
\,\,fm{a]dméf,'jgﬁ? Potential flow

) method
CFD-based forced 5 2
oscillations = Free-vortex
i ﬂ Aerodynamic or method

hydrodynamic CFD

Aero-hydro-servo-elastic
simulations

RTHS in wave-basin
(Aerodynamics in
virtual model)

Morison
equation

Environmental

loads
Model tests

O 4. FOWT 2M& It CHkst 2 (Subbulakshmi et al. 2022)
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Horizontal mooring
force, Frpor it
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Mp = pglf + (Fpzep — mgzoa)0 + Chin moord (2)
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of Wsh: FARAE ot HARUWET} FEo| SEEEA 121 1
HO7E 2 =0} AAATA] GENAS Felstolop ok ol FTE et
e dAHoE scte AJor AFsHEok] & FPEo] Yt
22. ARANAEY

AFALEL oA Ayt ule} o] Qgzta] BEo] Ao BASE
0% AT BRFY| AARWES A7 E HYLS AT FE AAL,
R Aol Haal EREQ $3 o]Fo] 38 WY o] HEEE oA
A7l 98E B ARAS BE AASF] FAL Aoy E= FEe
SHAE A4A| S wlid b vhdehitolut ol Eet 22 AR B

Z d<2](Catenary)

o] Hlojg]E(Fairlead)2 AZAI7]= H&ZHQ AP (Spread mooring)# o
2l A9 AFAL T o] Hop EAEC ABA7= @Y A AF(Single
point mooring, SPM)¥o] Utk SPMO] HEHQI A7} sfAAF L& FH
Aol g AHE-E+= B EA R (Turret mooring)°lth. SPM2 o=y Hig 5 &
AAAEY GArzto] HHH EHEX 1 WIS FOIEE fEoiFHIZ
(Weathervaning) 8% 2] A4E2(Yaw) AlojAAq0] BQ 44 ¢th. ARA
9] 4 AsS FXHLoE HAGH| 913 WL dolxo] wrat ofefjol 7hefot
A 71&stkd.

2.2.1. &8™ 22 (Quasi-static model)
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ATt Masciola 5[2013]2 ol BAE =E3517] Y5 Multi-segment line
elementsg AF&StY] AFAS E‘?__l‘%]a'c}i‘:]'- o|F &3l AFAol EO]L O]/]
WFoRo AFE AT & AEE 9o, AA A

A 48 % Utk

2.2.2. = &g DY (Lumped mass model)

o] RdloA AFAS AxY drz A4E t=A4 842 BAEG. AR
Aol s A2 vhE 245 EUst] REAPU. HEA AlLHS
4 =B B4 YT d&4de Yede vE A0l dojAa, ofF &0
AFAY fA% FEE =&t J5 dF 22 T2 flolA A AT uret
Zo] AFA 3 T e FH424aE IBsHA o= Zoitt. Hido| o W
o] A2 Il vste v 2 295 42 5 9dor, HY EBE A
TS o] HF dFor Rdyste dugde FAlstH U i =S
AEE & A AHolth. o] e ey A 184 el w2 A+
AEo] oA 7HA] g A0l d2 &St A+

Ao A% AT §AE 2

F

Seasue 9o W BAstAE AR

£ 1% Zgoto] A7k @2 AF /‘H 37t 54 AsE & 9A dE
Atk dEHORE AFAY THEoZ gt AW otF(snap loading)? AFA
o] sAHA olFT o YAt FHYE tE & YA A4 At £t
A 281 BeFog et A HEZF dasitEdE 2012]. R8s
A Agoto] AFAE o NUSHA olitslstE AL GAd] ALt AlZkY) HlE
< S7HAZIth Hall 50201412 AlFA9 mdo] FOWTY & nX& 43
< Aot I3 HE E8E 50 dof =488 mdo] 38 Eulo o
o &4 9 29 59 AAtlA 30%9] A2 HAT £ Qg A HI Tt

- 322 -



e
toh
=

2.2.4. WF{(Anchor)2

FAANLE L AF
et Aoz
A ==d,

Al & Aol w2
Drag B A3l A

1 /\1 HoZg ;qe:‘lo].

E+= Gravity B#7}
Hot aibael 4o
H2 19 69 =Alst

£ A& Suction FYA7}
AFSE ThFst FOWTE A AlA

Drag anchor Driven pile Suction anchor Gravity anchor

.

i

* Installation is fast

« Capacity depends on soil
type, penetration depth
achieved

* Retrievable

+ Pile drivability analysis |+

is required to ensure
the capacity

* Installation is aided by
hammer

Not suitable for very stiff | ¢

clay / thick sandy stratum
Capacity is governed by
suction anchor size
Installation is aided by

Installation and retrieval
are easy

Capacity is governed
primarily by soil type and
weight

*+ Recovery is difficult under water remotely

operating vehicle

* Retrievable
73 6. FOWTS 9I3t Cisst S30| WHAAR (James & Ros 2015)

2.3. EIRet =H-UTHEX|

ERRlel 2 -IAFA = 58 EHEl 259 4 2bot EE-YHAGA=
- EFols, EgfolB EFR]l, ¥HY] il ol #&3te SEE FAH
o3 FANEL FOWTY AEote Fo37 HYstFoz A% 724 HFL
S8 5 UES dAHolo} Gk,

Qe EfojEet 2 FAT F2E Asol HsiA A7t 2A %=
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Alei71ol =
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ZAaA. ZHdg Ag
Y82 Kumar®t Chaterjee[2016]9] & 7]&F o] Qlt}. EFolt= HX]

3

AHA

H2f £ E3F Ao (Closed loop torque control)E Ak
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&4 ZA7F FOWTo| #2234 ¥-3-&

<0171 Al AEEYIE it

A
g Region 1 Region 2 Region 3 Region 4
8
3
o B
o
2
o =
o 5 Torque control Pitch control s
= 54 region é region g"
b=y = g =
3 = e =
o & = K
Cut-in wind Rated wind speed Cut-out wind speed
speed .
Wind speed
O3 7. 3% U9 et ME FFu 010 48ok= Mo =1
Generator torque controller Blade-pitch controller Vibration controller

Torque controller

Pitching
direction

Pitch controller

Wind

Y rYy vy vy

Tuned mass damper

Control objective: Control objective:
Maximize the output power Maintain generator output at
the rated power

Control objective: Minimize
structural vibrations

2 8. FOWTS| A0 A|AE! (Kumar2t Chaterjee 2016)
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71EY Alo] 71&2 FE @Y AY-1dYd 9 AAFH s F Attt 1
Ay FOWTE tF dg-ths &9 ALHe=E Factd ALY 452 B
FHAE 4 Ao Ao Zokofl A & AU LG Al]7]1E FOWTOl 483t
o& H-F3t Aloj(H-infinity control)?} Ed o= A oj(model predictive
control) [Lemmer et al. 2015] 5°] SIth. ol2gt WS AIAH Y FAX]
ARERTr mdo] EZIEZ] ke Aoty B2 AlAE Aol ¥F= "IE
Uk @A dolg 7|8k Aoj7F AFEHIL o, AL Y=Y HolETt
o] AA o A+gHct. AESHE I B (bio-inspired method), 4 &ilg
4 33} sy 71Rke] vkt Z1AS S Y ES AHESte] FOWTS X4 A
£ Ao’ % o}HBrunton & Noack 2015].

)
o

Qo X -l> il

III. ssAKHE

FOWTE THesh vhgro] mgwlo] sepstast Fot5e ol A=A A%
3 A A AYL vekich, ofo] the AL giskel S FOWTO &8
S RAGE @ 719%H 35S Totolof dtk. o FoAE FOWTO] &

o h
83HE ol5 L AEeHE the WEe Uwech

SAGSE 2L I U 270 o8] FOWTO] Z&atm, ol& Agatr] 9is
of B AX9 £E9} &EES Holsloof gt 279 A7t] WE Wshe v
Leog z80 % 2R £5L Hrd FetEd. 1} wo o
9} owm A&EEE T Lol gt
52 Tol2g ol gste ATt ol 7K ol
Z

-

F—?l'a:-:,'

£o] gt $400] AiHoR goul FaAvtol2S, Te} $40] o &
A% A5olstol 2 dstolol BTt WS Y&t 7RG Ao] v
olo]4 277t o el B4 49 At
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oW HAdg FYutol&e ARgstoiof dtt. B 5

et mho] 2 o] &3t FxEC AEshe 2RIy AFstES AT

rr

B Morison equation
M Potential diffraction theory

B Computational fluid dynamics (CFD)
3.1.1. Be|& A
oEs A2 A L2EQ FAH(D)o] A vl 22 AAFLRE 2H&

S wsiEe A gistel A wEEA A6 Morison et al

19501, °o|Al= D/L°] &2 Fx=° FEA ASEo.

2
Fo=22u+ I 0 Cu= D +50C o Du—vlu—vh ()

D= Q97229 4%, C,% C e A9FAcS g4FAS, v ub
2R £EG ST, w9t Ve 72E A5 20 ASES et

o] A9 B WA F BUAY AHEEe] o5t Byolw, T WA L 7=
29 AFL 1Y BAXY 4 AHEE g $712 , e
2ol A4 o3 qHeolet, wrop PxEBo] 2RE wEHY, 9 A(3)9]
opA G 259 SEF EFAACE S, 2RO WS AT T
qg BYA SE=L F/Hom Pgol vt Ho| Fostelo} dtk. =, 7
7 wpgo] ol wet Ao o2 w EBRe] SEL vichuo] Wil
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@2 1 stofoF k=1, Morison4l °|& WY

S HAHEG Bgo] Aol ot whet

A HEae Aol vhobA] e Hig FfAl diet wFekEe A4S FAISHL
g

507 7FF3t Potential diffraction

e
1
A
ox,
i)
o
)
ox
0,
1)
N
N
o
ol
e
)
3=l
AL,
il
Jo

U 2eH HEE FET 7 e SExUETTE FrEEks U9 g
2 2R S SARY I8A SA0A Eolxle Wder vt duiitte 4
AxAE wEstoof gttt ojFet XHld FAAAEA S & Fote = Al
Al oA dFAolM NEEo ARgSEA e, I HeR g2 4% =4
XS 94 WY B 13 AALARE BE¥ete AA8Ao] L= St

b

)

o7 HAHTL

FIM = pReiwt Ac™ [ (oy+ 6 )n/(F % n)ds 4)

S

23 9% 6.2 47 YAt ENET A XAEL
BAEANA ] WAt R9A FAA) Aelg oJujgit.

3.1.3. CFD
2oL Aol waw W $H 47 He] DEsE o] AgA oty
(CFD)°] ¥ FEHL 9t HAHL BE AREA L3} 1T BPE FH

FZES & 2ARIEE BE Reynolds-Averaged Navier-Stokes(RANS) H4

Ae FAAA st B2 E3E AEoke #Age Adtst=dl, o= 7HA
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4& ZE7F Ytk CFDE °l-&ste d®f&, Ar®we #3}, &y HA &
4 5= YA LddgstE i $E2 vpdo] FHHER ARG ALl
wo L3} Aj7to] "WQsith dubdg o g RANS WAAlS 7] 93] SAA Y
(Finite volume method, FVM)oll 79t5to] FAFHS oJASHAI 7| gk, AF-7-3E
H JHofA= FA AFH(Volume of fluid method, VOF)o] Xt} &3t o|ct

fEEo diEg F9 EHlE ZE| A 719 Eui7F ok Eie G EF Rl
AZ4EH= FERoot) FEOA w2 BlF Zd= AUH, 11 ¥EE2 €719 o]
Span)¥F= w2t 27 E(Tip)HL & 445 44T 28 FHAAS F7]
9] FAYL M EFsit. 9 HEl 2H
5 s A AlEdoldY 4 B e 53 B A7 U
37198t st A28 At e £ WS ARESho] et

M Blade element momentum (BEM) theory (87} &% °©]&)

B Vortex lattice method (VLM) (EQHA ZAZXH)

B Computational fluid dynamics (CFD)

=

Ll

7 &5F olEoA = EUE Aol WIFLE EFsto] ZF o gt 23+
FAE &} 33 23 2230 9Ho) §715s fE4E(Induced velocity)
£ Abgste] 18 = e, EYH|(Aspect ratio)’t & 29 AL WE &+
a3t A9E 42 4 U &, WA o] = 22 Gl 9ol dASkE 7
of 95t WAt F71984 otF, & FEH FE= A4tste] 7] @
oRt I EAE AMYSHIL ol & Ao[WFo g H&Esto] I AA o A&t
FEY EIE F4cte AARS & dHA U

T2t o] o] 7[EH o0& FAFe W57 Angle of attack)e] Aot 714
Stal Qo B R o]oA Hloju= HLo= o] o]EF AHET & Qith dE &
+Y HYZ UIT F/7Y JFo=E HALRFO Y & doH, E3t HEol
SUFoNA Hojud EHl 919 752 33 ZAZ thFofof st A= Ut
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olo] W& Y T59 WHale} A F2 3 £L 2 Isto] ¥3ZZHAngle of
attack)o] % AA Stall @A o] LAYst] AL 4= gl A% Sl o]=E
Aol= 54 Stall 292 Beddoes-Leishman 24, Snel® ZdE 111
ONERA 29 F& AR&stofof gtthLarsen et al. 2007]. ZL2iut o] HWo]
U Este] [EA Wind Task 233 30 2|3 159 & 1% Offshore
Code Comparison Collaborative (OC3, OC4 ¥ OC5)+= w&ste HL v
Hap At Jro ZAgEE Hole FARIE ARESHtLienard et al
20201, o] #AREL 27| A GANA 2FEHE AAYF ALkl A5t
o], 3 FOWTY Aero-Hydro-Servo-Elastic A4 afj&o] Al&EE kst
HadgoE Fast.

3.2.2. HQHEA AXH

b
lo
i)
[>
i)
;Y
i
=
—
s
flo
Hel
iz,
ioh
o

=
[e]
wake vortex® BIAOE 7|&d 4 Qlo] T HAH
% g9 g

Ha Aokt A4S 2HI SA0A

2 AFEol71 & Stk [Lee & Lee 2020].

3.2.3. CFD

CFD: F2B/T2EQ 54 Fud 2% 44 248 2351, 4499
2 olustAPoRA A 39 A9 AHANA T, £4, URIE 5 45
QRS ALY & otk e 48 U 0F FTEL FAN Y] J|u
A AT FOWT 799 05§50l et 2719 Fu4g Ad 9
F7b Surgeh f4] 999 ol4tslet UE BEYS FY g9 371954 7
F At 2 9F2 UABE 4FS 7lsjoF ek
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Increasing complexity

e

Agrodynamics maodels

Blade element momentum

Vaortex methods

Computational fluid dynamics

i

Shed

o, wortices
/‘\.‘\,
\M'.

A

L L'
Cantrol
point

use of semi-empirical carrection
maodels — good accuracy
* Inability to account for 30 /flow

+ Lack of capabilities to congider
physics of flow in the wake, yaw

« Best engineering tool till date with

interactions across radial elements

misalignment, dynamic inflow, etc.,

*  Accounts for physics of flow in the
wake

* Use of potential flow theory

Unsteady nature of wake considered

thaugh vortices

Reguirement of exhaustive airfoil

data under dynamic condition for

accurate prediction

Mast accurate with consideration of
pressure and viscous effects of flow
Prohibitively expensive for high
Reynalds numbers as in case of
FOWT

Meeds turbulence modelling

approaches

{a)

Increasing complexity

sy

Hydrodynamics models

Morison equation

Patential flow

Hybrid approach

Computational fluid dynamics

Fr
T L .
=—put T;J{.,q[u — )

+1p CpD(u = v)lu = v]
Fr: Hydrodynamic force

C;: Added mass coefficient
Lyt Drag coefficient

Potential flow for all parts

Morison equation for small
member, Potential flow for
other

» Applicable for slender
members

+  Considers viscous effects

Ignores radiation and

diffraction effects

-

Applicable for large

COMpPonEnts

» Considers radiation and
diffraction effects

* lgnores viscous effects

+ MApplicable for both

large components and
slender members

+ Combines bath

patential flow theory
and Morison equation

+ (Considers both viscous
and radiation, diffraction
effects

* Mare time consumption

* Free surface effects

prediction by VOF method

a9 9. HOI=0| ME

87 515 AN () 2714t

(k)

(b) RAHS

(Subbulakshmi et al. 2022)

7|24 2z #ols=(Reynolds)sol HHHFSHA FA §H9= wl¢ &2 1=

AR oASAA AT AEeEL

TAbekE A ] 7I¥H(Direct numerical

simulation, DNS)o] o]/f#o]A|gt A4keFe] Hrpstal H]-go] @o] 5o 7]

AA dAM= AE&Folx] Foith. Hop & A7]9] IFEoA RES
AolE= Large eddy simulation(LES) 7|HO 2 A4 v &Y
A7 5A9 FOWTY F71938 A4tol= oxs] & Fdo] Hr}. Rezaeiha
(20191 &2 E¥l ¥ {-5° gt CFD AlEd ol 87H4] dF ZE9
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5[2012]12 CFDE ©|&5to] NREL 5SMWH &8 HRI9 47 o5 B3
t}. o] AFoJAE= ANSYS-FLUENTE ©]&35to] SST Ak—o0Z URE 2d
RANSES A AAbslgH. 4 ol= 28 EFolE+ vF 7| 2 Y
g H4 71e= ol Y. $71984 Y Y2 A 5 S *A
=3 HYNA H71stAet. Kono 51201712 Improved delayed detached
eddy simulation®.2 WFF& 2273 ANSYS-FLUENTE AH&5to] E7-Et¥]
7Fo] A5 A8-S FRFHo 2 ARSI Y. 2] AL Tip speed ratio?}t 3, 6
1A 10%1 Al 7HAl Aol diste] 3= AT ol 3o R QIsto] EReo]
2h-&she 371984 sksol 2A ¥skehe A5k

s B9 Hulo Z4 mYo] BE ¥5 A¥o Hul

] 9 e =7E
5ol 54 552 AST 5 Atk o7 AYEE Eot F50l FdEH= H
H9 EALZ B8 RdoA EActs HEQEAT 9 HRIY 3798y st
I A it A dFE PRES HE S Chamorro & Port-Agel 2009]
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ue] ZARE w27] qigo 8 gy R4 EFRE Y] AA g
gestA qtgstlole SE0HA ¢t mEbA FskEa mRekE 2204 AA
Aee AT FOWT] Hieh &d A4 EES systofof shAt fjofA]
A Ak viep o] YA FAHA SR AAE AYY, A kI =
o] B4Rt |43 A9 7HA 5t dE7t $EShs S WEol e He
o] ofFtt. mEA AFH FtEH WPt £70A FOWTo] Hole Ase
st ® 2= CFD Al&dold E+= Fast, Bladed, HAWC2 53 &2 44

AlgEold =75 ArEstol 3stoiof Qi

=4l FOWTY A%
olitststo] AlE# ol dst

Edols FH Y Y HYl R HeHA S5 JF

H] g
AU $HH Zhang®t Kim[2018]2 OC4 DeepCwind HHgr=4] E3H &0
A AR E= SMW 58 Bl dis] A4 sidE SR Sty HER
g 25, B EYo|=1te] 4oAE, $F 5 L E BT A4S0l 94
A& Eoll FRAH R HAEHIAY. EHEY AU A et il =4
o] HoHA gtk gelsiitt. M8 &9 ENIY FHEO SHEY 23
of o WA Bt E3 B[AAY EYolt HHEEAS} EHE £ £52
2 QIR Bpflete] At F2Ago] yEtdS AAsiit. & A48 R
= E9F $EEY Foet AF9] ol HEth

FOWTS 2de 3798hs @ §A9%H 3152 WS ) FOWTS 54 A
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YL F7-9A-4 719 54 A4e

52 H@shA vehjolof Bt E
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o)

=8 = )
A3 ’é‘ﬂ]gr et Hl-go® HA HIotr] ofHuh AAZE StolBEEE A&
o] o] F7HA HIH Ad, & A4t Bl a&du A 84S 4
AdTozH E9 A9 TAE ¢ F&E dAT & A Verma & Sivaselvan
2019].

HIL(Hardware-in-the-loop) HIAE E& 537 319 ZLX3}e1e EFHA|E=
AAZE sholBRE AlEEoldE BT 58 A A 54 AsS A5t 9
s =9 ALY 7HE AAESE UEdE AFEH RS AR AASHY
T 28 AA"Y S§E2 AR S4E0] olF HFH R AGeH
RTHSY #4== 919 w&olA Q1&sto]l 18 100 AA sttt HH AofA|

A9e AR WEW AAgo] ePgge] BAHES AFsHA dAslolok gt
FOWT A2l 285t 23 W4o] ukeh thekst RTHS 4ol 7Hsler.

| N Virtual
Exogenous Input Boundary Condition
(eg. wind forces) Substructure
(Wind turbine)
| |
1 > 1
1 v 1
Acceleration J > : Base shear force
» >
} H v \ 4
Sensor e ! ' m Transfer System
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