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Abstract: The floating offshore wind turbine has attracted more and more attention in recent years. But the environmental loads on
floating offshore wind turbines have higher level of complexity than those on the traditional onshore or fixed-bottom offshore wind
turbines. Besides aerodynamic loads on turbine blades, there are also hydrodynamic loads acting on the support platform. Review on
aerodynamic analysis of blades, hydrodynamic simulation of supporting platform, and coupled aero- and hydro- dynamic study on
floating offshore wind turbines is conducted. The development trends and challenges of floating offshore wind turbines are also
discussed.
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Fig.1 Development of floating offshore wind turbines
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Fig.2 Environmental loads on floating offshore wind turbines
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Fig.5 Visualization of wake flow in Lillgrund floating wind farm
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Fig.6 Platform concepts for floating offshore wind turbines
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KBNS MERERIBE T T EE A4S Morison A5 BIREIRTE. tHEUA S5 (CFD) T ik,
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3 FARINRES[EN KN DFEE T

7 FRRWL R G S BRI E  E E
Fig.7 Structure of a floating offshore wind turbine system and its Coupled earo-hydrodynamic mechanism
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L B AR AR A2 BRI XL, A4S XL Fr B s 3 DL et Dh 2k AR AR Al B
M EER, A3 /17K 3l TRk & R 73 A i ORI HL R Gt 78 Hh i) — RHE RS

H AT FE P b2 6 1 RS & BRI 7T T BL oy 9 D LR O (1) R RWLISHE T &
B KL B ERERZ I 0 A (2) KB 1-Ksh e G .



#3534 IR, S W BiF XL REN )oK B S G o B it i 397

3.1 ZFR MM ZIZETF & B E X XL |/ S ah i gE Y220
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KEHERHT, $5 3T B R R I RBLF G 7E— RS IR 4 B M RiEs). T
OC3-Hywind Spar #1J% 444 NREL SMW KB LA UL R S0, 7ERTHEAT T T, HIRIEshiIRMH
EFT 8% FEMRIAS THL T, YIRIZ NG IAR T 145 RN B HINE] T 85 0N %55, K
A IR TV £ 8B 3 R AR A S Bh P e .
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05-SITU sRAE 5845 BN £ R8T 5 AT SORIZFNE B FIRILEEAT T SE0A4007, BB A T 8542
s RUHL B B B

3.2 ’m-KEh hEimEanth
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WL T SRR (RS E0Eh; LINES Lol Fl T Joe i RN R G T S B A0Bm. 17
R AL S HAE R A FRESB I BE, K 2 MO FE 0 T L3 % RSBl R0 2 2K Bl Bt p 7 1%
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1 FANN ARG MG it 51k

Tab.1 List of codes for fully coupled earo-hydrodynamic analysis of floating offshore wind turbines

Code Code Developer Aerodynamics Hydrodynamics Mooring Model
FAST v8 NREL (BEM or GDW) + DS PF + ME QS
SIMPACK + HydroDyn SIMPACK BEM or GDW PF + QD QS
Bladed (Advanced Hydro beta) DNV GL (BEM or GDW) + DS PF + ME+ (IWL) Qs
Sino, Riflex + Aerodyn MARINTEK, NREL  (BEM or GDW) + DS PF + ME FE/Dyn
HAWC2 DTU Wind (BEM or GDW) + DS ME FE/Dyn
FOWT-UALM-SJTU SJTU ALM+CFD CFD QS

7E: (BEM: blade element momentum H-ZEzh & 1&; GDW: generalized dynamic wake i 1 3h 45 B t; DS: dynamic stall 5
Ak, ALM: actuator line model E(#h£k45i%4; CFD: computational fluid dynamics 115 i1k 712%; PF: potential flow #%
PHie; ME: Morison's equation 2L AR A; QD: quadratic drag —[BH77; IWL: instantaneous water level ZhZ5/Kf7; QS:
quasi-static #E##A5E; Dyn: dynamic 3h73%; FE: finite element £ [E 75)

1T XML R G 8) F1-7K B TR & el R S e, Ay, S ROBE () CFD BB ASHDLRE ol e o AR
LR, HafrA0E T R, T T R ORI, MY SR 2, HAFE S RUZ RN, X 45 F)
FHI CFD 773 3% sUXUHLAG AR £ ) K K 11 KA HkkE. Nematbakhsh ) CFD J7 300 7 20 RN L A%
HRUSREAT TR TT, B XL e E BOHE /g, A FH BAHTAR Navier-Stokes J7 F2AF 5T 1 —4f TLP #3(
RBLRGEHIBHZSMIRE. Idaho K2 Quallen 25 ™47 1 V% KVHLR R W HH I 4 CFD sl AR 2R
B I A% (Overset) B AR AL FE - & A1 B v il [ i) I A i 3l . FEXSemi e, H dTi e e ARt my, Jf
HEA AT EREIE.

AR I R A T A R A T TR B E 5. OpenFOAM . 23 50T % 7 T LS sl i AR ke 25 2 sh
LA T SRART S AEBIR S E HI B A R ) nao-FOAM-SITU R A% M4 i 2 Se Sl Ui e, JEx
EAEIREE S TR T RWIK BB -5 R A ST R R i ds FOWT-UALM-SITU, %
KL R G0 B -k B A G R HEAT T BT . R AR LA 1] 8 T

| 8 FOWT-UALM-SJTU 3R fif #efh
Fig.8 Module of FOWT-UALM-SJTU solver
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B, JFH CFD JjiEifAEid 2 R R RAE, 180 A ARTI I TH SRR 7 o I TRL DA B B
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FELEHF R AT S BT RO R Hh 2 SR AR B S 56 1 7%, AT AN e s s PR Re. B
THAETTELLAL, ARSI AR R T RN LB AR M e AT T B B By BB S0y LA (AU 22 B
INEA, [FIE T DU E 2 Hrig it 2% . s R M7 sUXU AL U 7K it B 8 SE 36 A4 Hywind 52
4% . WindFloat 5256 Fl1 DeepCwind 256 .

4.1 KBEFARE)
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B, — MR AR AR AT A /K b AR R S 56 7 B o SO EE ) AP 7, BT DA TR LA S 2 RE 3R A
IS (R B 22 SE I ER, SREEDIEDC, ROZ 2 FIEEAHEL. SEEIE, —#H RS
—, (ERERISEEG Y, H TR AN R 2 TR RO R R A D SRR 2 R, RO “ORBERLRL” (Scale
Effect). 4 iy MBI iy J= 30 8 T 280308 KT i 5755 7 2 (Critical Reynolds Number) i, w] DA 18
FREERSLRgEN . R, ST Ry LR, — ORI Fr 10 7 v H0ze /N T I 5 7 1R 2.

SR, RRSEE IR T RFRE 7%, Martin®'7F DeepCwind S8 T5 H v, 44 5286 KUk
SRR T 80%, [EINHIA T SEI I SRR . KRRy R T AR sk, PR b EE
REARRLE . B T 3 S KB A K SR RE . DeepCwind S AL 7E FL ST R 5 b, 4R
T AT BRI R s sh i A A AR T T T —# i TE, B H
B R AT NS 28 e R VAN S B R 17 7%

Y b, XTSI RO U B TR E R A T RE R 2 1. — AL, T e
TCABHOL, AR X FE R TCT206 2 KL B HE JI AL, T LB AT 7= A 4 g A2 S g v X 7L
5 BHAS I LA () B IR 2R, IR RE AR 5206 B AR REAR U 1 S S SR R T HLII Mk B . 72— 2 4 R
FE AR AY SEAG I, A TR IARAL, — R R AE 1 B R I R AT E . R, BRI S
SR T L SRR TN 3 T B, (HIREAETE 2 EAR M, o H AT b _b I b XA R 70 1) 2 A5
HFRNEZ—.

4.2 B RIGERISPIH

FE R0 236 10 R A0k 7 DA % 28 Mk e T O B, D T A9 1 et RO 22 45 P 28 s B 7 4+
AR A 5 R R AR DE 12 JUSE e, DL AR B R — 2 (1 5% RIS R (R4, 77
LRI S O Be -1 1 L3 2.

2009 4, HARHCKZ (Kyoto University) 7E H A 75 52 ) B 37 i 7T Br (NMRI, National Maritime
Research Institute) 47 1 1:22.5 ] Spar JZAR MBI sza6 ™™ (%5206 %617 & 10 1 B 3E0R, 7 & 76500 A
S8 A 7 5 B4 AT 7RSS, RIS T — b S SR A R VR E 38 o
G A T

R EHRE X1 F Principle Power 2 w]E 2010 F7E I H KSR C A A BEAT 1 1:105 () — S FF G 1Y
BRI sz ™ ) ezt b, KL BB B — AN BN RAR S, I — AN e R ke A [ .
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2011 4E"™,  phy 4 k241 DeepCWind 4, 7E747 £ 1 MARIN 7Kt & T — % 91 A ) 52
EH S — AL G — AT HBET SR —A Spar F &, BIRA 1:50 E@%ERI:E,%%I%&%,
AL SRR, MU S AU R S, [RIE A5 7 35F NREL-SMW RULI 2B 78 TARIRZS
NH R, B T7E Froude HOHEL R 857 AR oL AR IE Reynolds $—2, Rt & %6 15 21 7Y
(RILES. TRAE 2003 4R T RLI K HEAT 7 BRI, IR AT & S BT AT T — ez g™,

[104]

(a)Spar at NMRI (b)WindFloat Semi-submersible[%]

(c)DeepCWind[mS]

(d)Concrete star™* (e)MARINTEK Braceless' (fWindStar TLP™
K9 E A St R

Fig.9 Images of experiments
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Tab.2 Floating Offshore Wind Turbine Experiment Comparisons

[100]

. Testing .
Experiment Name Scale Location Platform Typr Aerodynamic Setup
Spar at NMRI (2009) 1:22.5 NMRI Spar Steady Force
WindFloat (2010) 1:105 UC Berkeley Semi-submersible Actuator I?\;lsaks: Rotating
DeepCWind (2011) 1:50 MARIN Semi-submersible, Spar, TLP Full Rotor(Froude-Scaled)
DeepCWind, continued (2013) 1:50 MARIN Semi-submersible Full Rot(;::élPe%r)formance
Tension-Leg Bouy (2011) 1:100 MARINTEK TLP, Spar None
Tension-Leg Bouy (2014) 1:40 IFREMER TLP None
Concrete Star(2014) 1:40 ECN Braceless Semi-submersible Ducted-Fan
MARINTEK Braceless (2015) 1:30 MARINTEK Braceless Semi-submersible Novel Actuator
INNWIND.eu Model Test . . . Ducted Fan and Froude-scaled
(2015) 1:60 ECN 10MW Semi-submersible Rotor
WindStar TLP(2016) 1:50 SJTU WindStar TLP Full Rotor

TR AE ARl K SRR RS PR AR AT B 0 — S RHIE AR T 2011 4B g T —A 1:100 f1y TLP
SPGB R —AME G RBELE 21 I Spar -G8, JR7E MARINTEK /Kb T S25. 5T 2014 4F
SCLEE [ PE AR R LB (IFREMER) i T 45/ Ly 1:40 (1) TLP S & (RISt . ZEiX Wi st b, #n
SEG I E R DL G 75 U 5 AN o K Bh A7 L HEAT T SRR, SEIb I R R
TR B 3707 F S

2014 4, 5 [ ke o SR TR K M i T — 4L SR ) °F-9%F £ (Concrete Star Wind Floater) (i
R sza ™™ g T 4 i T4E Froude BRI LR 7 I H R JEHE(AIE Reynolds $ORDGAL 3] A2 ), iX
HRLIH P BT — AN R i SR B B SRA . RN A T4 Se B e S5 FAST 51
B[4 AT T 00 HL AT

AN, OC4 DeepCWind FisiF 287 & 1 1:60 ks 5™ s th 73k [l ke o e Tk 22 7K b 52
B AR AEIX S0, XA S AR E N I0MW KHLEI S35 . 5 2 R Concrete Star Wind Floater
(TR S Fr A3 0 950, SR A I 2 1 10 55 R M P SR S BB (VR . IR T R aE
YRS U 5 o PRI S S 2 A, AT A T AR BRI P RV L 2R S e 8 S

2015 4E7E MARINTEK 7Kt % 76 37 B2 087 G SR 7 — ZA0sese™ ™, 7Eseser, A1 — &
B S H ) BAERE 3 S IR A A KRR BN . M TR LIRS S FAST #RRHH5E
B34 FHAT T Hedk.

RS R TR R R S T 2012 448 R 2 Skt k7R R SR WL &,
WindStar TLP system™@. J£F- 2016 4Ff&FF T — R I A A 536 ™,  seibhiRmigs Ky 1:50, AR vk
Sz AR R RE RO, A AT T R F7 ML BB . S0 7 ROHLI S 530 7, T & 17K 3
H1, FSFIBRLEA FFR BT TR B LA SOE BRI S, NHi R 2 STk gk 1B R s KB itk — B
FARML T AT S B K.

A1 T NI FERIEE AP AN A, SERR IS A R A T AR ECR B B, T HF XL R G E
2 PR ASAS UL RO ) A RS B8 R — R i, DRI A ) SR B i it L b . AR B T O — 28
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B SRR XA L XUE BEREAT F AR I B TR A B TRl b XL i [ 5 2CXAL
W Ly RN 52 R B8 AT BE NS A, X451 7 sQRWL I B T A i SR T AR K BBk, A1 e i 70
it _E 3 SN 32 2 (K 48 Ap A 580 3 - KWL BETH A AT i B 3L A SCEE N L7 X
PHLIT 52 2] (1 25 M RSB ) 0 M 53 S FEBLIREAT S, BB WU LA AL <3 7
W SCHEET G KB A AL B3l J1-7K 3 o el e RS A BB T 72 T B A SRR S
W Tk

EARE L% SRHL I B R e, {2 5 sURLI S S 200 T MR —BUR 1), F TR
T AR S 1T TR . R, 2T L3RR RLHEAT (8 1040 BT RO B o, B s
Gl s R PUBL BN AP HT OB 7, BT RN R, SRR, BADAMN, DR SIVEH /)2 CFD
T, SO R B 7V R R T T 6.

[FIRE, LEFE TR, X301 6 f7KEh 0k BE TR I BEAR U7 ik g i 25 2 B3 UL S # 1
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