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Abstract

The present thesis deals with the dynamic response prediction of the floating offshore
wind turbines (FOWT) due to the coupled aero-hydro-mooring effects under combined
wind and wave conditions.Several essential problems show great challenges in the
dynamic response analysis: (i) accurate aerodynamic loads prediction of unsteady wind
turbine. In aerodynamic simulations, the interaction effects from the dynamic motions of
floating platforms should also be taken into account in addition to tower shadow and shear
wind effects. (ii) precise simulations of hydrodynamic responses of its supporting platform.
Several important issues should be included such as the wave loads, mooring forces, as
well as the extra forces from the rotating wind turbine (iii) multi-level motions of floating
platform and turbine blades. The coupled effects makes the dynamic response prediction
of the FOWT more complex to be dealt with due to thedynamic responses of the
supporting platform and the rotational motion of thewind turbine around its axis (iv)
coupled aero-hydro-mooring simulations of an FOWT in complicated wind-wave
conditions. A coupling aero-hydro-mooring simulation of a whole FOWT system in is a
great challenge when considering the sophisticated environmental loads and the complex
interaction between the turbine aerodynamics and the platform hydrodynamics. It can be
seen that the coupled effects due to the complex emvironmental loads and the interaction
between the wind turbine and supporting platforms motions makes the dynamic response
analysis of the FOWT more diffuclt, which is also essential problem to be solved in the
present work.

This thesis focuses on studying the coupled aero-hydro-mooring effects on an FOWT
under combined wind and wave conditions. This was carried out by using the extended
in-house code naoe-FOAM-SJTU which was developed based on the open source CFD
platform OpenFOAM and overset grid technique. The wave generation module was
integrated to the full-domain simulation of the whole wave-wind field. These
improvemnets are aimed to simulate the complex flows around floating offshore wind

turbine in winds and waves for further dynamic analysis of FOWTs.
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Accurate prediction of the aerodynamic performance of an FOWT is a key point. A
series of aerodynamic studies on a NREL-5MW baseline wind turbine were carried out
based on OpenFOAM with the help of the overset grid technique. The aerodynamic
simulations of a NREL-5MW wind turbine consisting of three turbine blades, a hub and a
nacelle, were conducted under uniform wind conditions. The corresponding results of
erodynamic loads were compared with that obtained from other numerical tools to validate
the present code of modelling wind turbine aerodynamics. The aerodynamic response
analyses of the wind turbine were carried out under high wind speed conditions to study
its performance under extreme wind conditions. The tower shadow effects were further
studied by performing unsteady aerodynamic simulations of a coupled wind turbine and
tower structure with various distances. Then, the shear wind effects are investigated by
conducting unsteady aerodynamic simulations of the NREL-5MW wind turbine under
various shear wind conditions with different distribution types. Lastly, further validation
was carried out with respect to the dynamic response of the supporting platform effects on
the aerodynamic performance of a wind turbine by setting an additional periodical
sinusoidal surge or pitch motions on the wind turbine.

Numerical analyses were conducted in the extended solver by simulating complex
flows around the FOWT with a Spar type floating platform as well as a semi-submersible
floating platform under combined winds and waves conditions. First of all, the wave
generation module of naoe-FOAM-SJTU solver was validated by generating regular
waves in a numerical wave tank and comparing numerical results with analytical solutions.
Furthermore, this was validated by the free decay tests of the DeepCWind platform in
calm water as well as hydrodynamic motion responses in regular waves. Based on the
aerodynamic studies of the NREL-5MW wind turbine, the impacts of the wind turbine
were simplified as equivalent loads, which were then applied to the floating platform in
order to preliminarily analyze the influence of turbine aerodynamics on the hydrodynamic
performance of its supporting platform. The dynamic performance of the coupled FOWT
system was studied by analyzing the numerical results under different wind-wave
conditions. The coupling effect between the aerodynamics of the wind turbine and the
hydrodynamics of the floating support platform was investigated. This was achieved

bycomparing the aerodynamic loads on the turbine blades and the 6DOF motions of the
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floating support platform in both coupling and non-coupling simulations. This is aimed to
provide guidance for future studies and designs on FOWTs.

Decoupling analyses between the hydrodynamic responses of floating platform and
the aerodynamic loads on turbine blades were further carried out for investigating the
coupling effects between them. Firstly, the rotating turbine blades effects were simplified
as equivalent loads on the supporting platform. The simplification was made based on
previous aerodynamic numerical results of turbine blades. This is aimed to fully
understand the aerodynamic effects of turbine blades on the platform motions. Secondly,
the floating platform effects were simplified as the prescribed displacements which were
further applied in the aerodynamic simulations according to the hydrodynamic responses.
This is aimed to study the platform motion efffects on the aerodynamic performances of
turbine blades. Therefore, the differences were invesitigated with respect to the

aerodynamic loads between the Spar and semi-submersible platforms.

Key words: Floating offshore wind turbine (FOWT); coupled aero-hydro-mooring
simulation; OpenFOAM; overset grid technique; naoe-FOAM-SJTU solver
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4000GW, i 3% [E A1 H A &4 2450GW F1 500GW (1) 3 XL AT FF & B YR . BB
FERWIAEERE, KKz RHLHT 26 .

e U, W B OIS T MMES 1 1h 2 A S H (1) ) BR . 2008
5, i 2211 Blue H ¥ 58— &g R R WLRIIINAFENL 2256 78 T B ORR R (EWEA,
2013), ZFEHLI ML E T IR AN 80kw, FA S & Nk JIECF & (TLP).
EPEE 2009 55, £ERE— G 2N E K T XL Hywind Demo (Statoil, 2009)
LHEAEFET B B I, 237 RN 80 D3N 2.3MW, XS 6
IR 73 7 Spar AP & . i AXWLE 2017 4E100 H 45 R FF4EI21T 1 8 4EIH], B
THRHEILS] 40Gwh. X RERE — 22 2380a 17 L RUE UL, &R RIR
KEm 7 Bt Tl - XEEF R ARG AE O, (28 T B — P R E.
fihn, e K BITZE N 2MW ) WindFloat (Principle Power, 2011) ¥z X HHL T

%2 W
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2011 AFAZEEAE T SR A AU A I, 12 0F X LR BT 3 6 8 =S
AR AR G 4. EEGNHR R 7B 0T & KN R B
X 12MW (University of Maine, 2017) KRB XML VolturnUS, T+ 2013 4EHilidg |
R 108 BIZR ROBERY,  BE Tz RS BUCAR 2 % U s, T 12Mw 5k
JNEE R A7 QR LK B N — 2D AL B s B B . 2017 4F, SRR NHZE
GV RN AT R 77 R EIAAE K IRIE 100m 1) F5A% =45 15 2 1 5 L 4
(BBC, 2017), %X HIH 5 G ITHTIZEEN 6MW 1)K A7 KRN K-

A HLA R (2011-2016)

14384 I

5000 12000
m #Hit¥b2015 m Rit¥bl2016 8724
8000 7046
4000
3415
4117
4000
h I I
0
2011 2012 2013 2014 2015 2016
2000
) ‘I ‘
0 . _ s
h HI

%M e HA Hh[K 3 %N TEN 7 5t 4 1Bk CE S 37
Rit¥hors 5100 3295 1035 53 ] 32 0 25 5 2 2 12166
20164 Hi M 56 813 592 0 691 0 0 7 30 0 30 0 0 0 -2 2217
Rilwbols 5156 4108 1627 1271 1118 712 202 60 35 32 30 25 5 2 0 14384

Kl 1-1 A rkifg B EENAES T CERERTIRBR, 2017)
Figure 1-1 Installed capacity of global offshore wind energy
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Blue H Technologies

WindFloat ' VolturnUS
B 1-2 gt b AOXRL (A RkRIE: Wikipedia)
Figure 1-2 Typical designs of floating offshore wind turbines (source: Wikipedia)
R KA R SR 20 28 80 FMITIRAKIE, WIHIKZ RMALIETHI S HIH
FLGRAHHLAL . JTAER, BEAE AR IR A 58 L RS Jr e R R TRk, RE

£
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FINFITFR T R RS R EALH, 78RR S X A B 2 & XL A R
XL, IR NI R e T BE A X R R IR A, E AR
Mg EREFF R BT FIH K. 2007 38 B 1) e BRI T B s — R i R
XY (PRERIE, 2007). FREDE B X EARE DR, (HU2 K R, 2016 45K
LB RN 59 5T T, 2017 4E 82 e OB B 36 A1 116 /5T 5L, BRih3ehloik 279 /1
T, HAETRKRE =, ;74885 EEFRIT KA, BEREFERE
CGREFERT AR R “+=H” R PR, 3] 2020 FRE—MERL. FE.
AIEEMIRARBE =0, W0 RIGPERE N A8, 97 K& I Re e B AR P~ B, (23
T EHFERE T KA KPP NEBRJe AT 51 g B X P R A NI D, R
KIEARKHBREE (XF, 2007).

1.1.3 i LR R E A KRk

B ¥ - XRETE R IR R IR IR R, AR /KRR 60 KR X I, fE4EH &
F130. RS SR e AL R R B A B B i (5K, 2012), AUk g X H
MURIRES 52 H (Heronemus, 1972), F&¥i s iR X aeF R FIH B F 7. i E
P TN T DR IRCBE FE R ) it 1 S, X T /KGR ER iR I A 5 BOR
(1751 73 (Butterfield, 2007). H AT IE#IE MMLTE R, AR, AL, 24tk
Wi XEEWTERERMNITRRRE, KT AN BN AR KB X R B
R EAM . BEIRIRETT RXNLE AT L b RO LR i ] s WL SE ) R 8 R 5 i
RT3, AR AH B % 2 B RUTL IR 1 1 E AR A T 1 1 2 Pk -

(1) RS EIREEATEINE A, G VR 3N e 3

g by XN BT 2O 6 FAR G XNLAH S & =4, DR 5 22 [R] B A 52 X
MU VS BNEAT  SCHEP 6 BIKBIERT . RIARAM RIBLAREER, FB &5
2 AEE B AR (B 1-3). XL MFINL L AR, AR KRE R i
7 AN IEH T4F (Robinson, 2006). Eufm: fERUAI & HIE LR, KL TEik
PRPLAUE V)3 1EFERI RGN T, SCHETRAATT BE R AR 25 A R B 20 BT 6 i
deAh, T P 52 B0 R DA A o e e B AR A 3 B SRR, SRR BN OB
B AR KM o 1R 3SR LR B 7N B B IS 3l XOF S8 215 e s i Fy
., A R EhPERE . FRARRLE TARRER, 2N KL A
i (K 1-4).
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SIS B

i

GRSy VERE P ] 2R i e

K 1-3 BB BI-K 8- R A R G Ao =
Figure 1-3 Diagram of the coupling aero-hydro-mooring floating offshore wind

turbine

K] 1-4 Scai At KL sh 3 i R RE 2 7R 5 8 (Sebastian, 2011)
Figure 1-4 Hypothetical platform pitching motion and effect on surrounding flow
field

RN B -/K S-SR S R B e 7 XL TAE SR . TAERE
X SE RERHL BTt & 20 EE . —J51H, # R R-TR- AR
TaPAVRRNHHEIZES), SN R E R R A RIZIR AL, R
i BRI, ¥ HEER®RILG, SUEARESHER, S XL RE KK
BN, PR RS BN B ST R . Sy — 5T, XULE B R
RS IR R RG22 o B I RAVER o XL 3l 8T
SO R SRR S B s, R RGBS RN 2%, XL
I EEAR KB P RE R 2 R AR Al . PR, 3 XL R SE i AR R B4 5 2%,

%6 I
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R FRBITERE . SCHEFE ORI TR RE 5 R IH 2R Geah 77 NI F AR S A R4S
HA S BN G o i s AR R S St fe . i WXL SC R 1K 3h
TIVERE VL 2RI R G BN T N =& Z AR S /R, IR L LB A, g
PRUEGRIEF PR G 24 R« FFERMAC i AT . DR /5 EEAE S R A 1l S b
JRTR- AL A BT A LA A BSR4 25 =5 8 RV - i 3 R TR 0 XUATL
BARVERE R REM o

(2) P AL A6 2R ™

R AR IS A MR 5 ¥ AR U — Al AR R M T B T AR
WA RIBR B, BIE AR AR AT ML i G M Ao R )2 R Y
IR M7k, ARSIz sh Pk fe . B 7 8UE 5k BLAE, B e th 2 X
RAHLEEARE BEREAT W 7T BT B ARG LU B E AL E B B0, [ A A
NBEHTIRMES %

KA ARG R T T RO EE B, ARl e v sh A7 AE — € X
sy WARACLAE DN AR E o — Bt i T RE ARt AT A /IR AR i B, 5 8 i U
JIRVSE ST, B LA ZEAR S5 RS IRk A AU BL AR A5 (R Iy 2 3 S sh T PR
SRR ISR, N L TR VSO L. SEERIER], —FHIRMEG —, MR,
H T AR AR 5 R T U BN R T i — 3 A VR RE I 2 5, RN RN 2 SR Y
I P MR AR it e JRy 78 7l VR 8020 K T i S W S, ] DAAS 5 i RUBE RS I 2. {HL
7 X T R, — SRR 1) 8 Vi B0 /N T I 5 . Xt ™
15 7 AR A8 77 U LR S B ARA & E BE A BIE 7E L g S P A

(3) ity R AR BRSSP REAL UL A 25K B vy

e EXBUVE ity EREIRAOOT AR, B Fr R H R A S sh Pk g2 e i it
WL E . 08 1 3R miE A K WLAY B RE,  ABLH A R 3 AL 1 J 7 T 2 AN
AL, IXHORRIEIN T KWLM Fr i =4ER0N, (2R R, 2008), TifEgtdiik Canrt
REEEIG. BAL. BT R AT YRR AR SCHU XL B PR RE I T
e, ANREAERAIELIL AN A i =4 BN . H AT XL st iR i B AR
2R BRI R, Oy 1t DR KWL S tERe, R EBT E 2 AR
o T XA PRI DA, R BRI O BORAE 8 X R Ik B 51 4%
i, BEAT B EATAIZ D SRS 51 B KU bR R i 28 2 % (2R AL, 2008) .
SR AL Gt )51 2 2 T AR AL e Bl B S8 2 80, A BE i 2 KL [
Ko BeAh, P FEAANIKRTE, R P2 21528 678 B R IE 3 R,

BT W
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KAk EME R A, g INERIEEIRIZ I — A BRSO,
SR T XML B AT SE NS A R 2 A BUE AL, X T Sl RLI Fr s P g
JInERH A TR LA R ML Fr (K et 22 o0 B2

(4) W3S 6 1K S 0 1 B HHER TR

A XWLI ST & 2R YE R BT 6 Mt i, BRI BTGk
JERt FOAR R, B EF A KWL ST & SE SR LA 5827 E &N
Fite B, M EXBLAISCEET G B MRk X IR 474 2 Tal (R 25K, AT 5 1
BARHRARE /N, IF B AiHAn By S B AR, I3 86k B & 1K sh 71k
Re SfEg T G2 aE e ENES. B, g EFNBLUN ST G £ 52 2BHR
R KB IE R 225t 3B RS2 BRI KL R KT Sh BT R, s (1
TRt X GIKBh A PERE ™ A — i

R RNLRGE T, SCHEET G R e SR 38 T 543 55 A% 3 21 _E A A XL,
oz gl B 323 A RWL B Pk e A2 i 2 (R o DR v B T S T
B LIRS DL XL 1 YT R 32 Bl 78 357 20X B AR REIE ST A e T H AR
o 22 SR B

(5) CFD HUH LA Hoxt T oRiz sy AL 2

BEE U BRI SN TR EOR A, X T RHLE A BUE AU ) CFD J7i%i%
WL 237 AN B E AR o 3 XL 2R GeAr A S F R RR IR I AT 2 2 1
PRl AR X6 7 SR LEAT CFD S AP =5 2[RI 25 F XL Sehilie iz 3l 5 5
T B RN H B BN NIZE] . A58 CFD BB AU RS AR HOR AT ASE A SL L T
T E/NB HEIEE AL, HRARE RN AL B e H U 123N T #2 A% SR AT
PASEEL e S LIRS [E 12 e i i) e e 3 s () WU RS AL B, {EL 2 AN REA 285 18 T e il it 1
G RAInEsl. AT A E KL S5 Fe 57 678 B I IEshiXfh 2 Yk 2
Foagh 2 MG IRR, AT AN AR GBS AUE BT S8 R e —. 38
A EA T EE MR EOR AT DA A B 2 A B i sh s, ascBli 3 0x
BLARG AN & B B-KEE & T 7 it /7 BT

(6) MM F ) B s ]

BEE KPR RS, D8 T e % i BRI A N2 5P, 3R B XL &
HLZ R A« I AL A (8 ROBERE 2 AR R KT A R B B 3 HXWLI il
NAREH . XTI R LR KL Rk dE, B i e AN ] 20
1o BFAE R AR AN B PERE P AR, 32 R KL A (R 454

%8 W
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W R RN BT, B BRI S5 (N SR AR IR, TR AE
HUE R P th SR R B BB R PR REAE A

12 B EFANN % REXBEARSHTIAR

121 BFRRNRGSE- k- #HHBSHES TR ERSMRARIR

AHEE Bl B R BRI i ] s SR L, BRI X I AR AE I &
IRHTHFEA ST C& )11, 2008): - ERBRIHAE R T 7K 52 WA, 1 XECHE-F 6/
RIH RGP PARAFR L FAE R, RN &30 450 2 (e = A TR S e
REEAEE 2 RS REN AT 74 7 T A LR i ik, [l F & 1E
BRI 32 73 S 5[] @ R] LS AL Grilg v~ 6 I 7T 71 AR XL R 4t
I RB-KSM G R BUIEE B R/ Z . B, T BRI B < 8h 3 il
EREF A M BRI IR L3S &, JUHEEE R B REZ A K5
. BRI EERCRR T EKRER, EIAEH T & 1isshE A 2 E R EIR
NHIME N TP B AR 1 B 5 R B LS E R GRS R AR BB B e N
N8l B R e AR i 2 BRI AL, A3 LI A BBl 3o DA K fan H
DR RAEAN . WM EMEIER, WSR3 /1-/K3h J1 s & n) @ B 73 A B9 2
WIIHLZR GEIT 78 ) — KR

i T S S AR ET DL R IB I ER T 24— @ His s i, A
it EIRIHL A RSNz 3, AT 2 KL sV Re ok — g 52
Jonkman (Jonkman, 2011), Matha (Matha, 2009; Matha, 2010 (a); Matha, 2010
(b)) ST T REREF T, 18X T 88EA& AR R & £ — BRGS0
RN B FRIE S 5T OC3-Hywind Spar A% T4 %; NREL-5MW K ZY X,
MU RN R SE, EBCTHEUT TOL T, AREaniE(Eas] 7 8 (EMIm e Tt
T, Y HREEZIAR 1 14 RN ) 7 82E KRN GiEs). R
DB G 1a s KL ARRR S BN P RE A RE «

MATE SR X SAE -V & #YIE s sURBL S S M BE 5 ) s i 1 HUE T
AT o 1 G i2 3 51 AN XGE 7> B A BEM BE R AR B &P EUE
DAL b 435 ) A FH I R B s B 0 b — e 2 0045 1F A SR TS 2R B S Bh 3
HAARD (L4 FAST A1 HAWC2) JoikSEMLIZ AR & & sl PE e B E S, A

9 W
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T BTN AR E FABIE . H/NESE (2012) RAM-Zsh &, 5]\ Du-Selig
HAKEBIE, 454 PID #5413 A, % NREL-SMW RXUFLFESZ 3 &8 sh < sh ik
REEAT TALALFI ) #i, 45 SRR BT 2T 618 3058 A5 R LAE AR T80 58 XU R 1735 1)
R, MAUE XGE TR RN G . ERBIE (2017) R T 2 A<M
IR 1) FAST BB, SR FH Bk B VR A B IR AL Morison 772, BLACR AR G
TNERHRAT IR, A T RV BhEST . S S AR S 7 #a A TE R 4
R, TR T SR A M 7%, S8BT %t Spar B K IFE XML < 3h-
KSR A EUE AT, BEIC T Hah migstE. Vaal 2 (2014) SR ESh AT 7L
T WG IE SR WL BN # T S 5 5 R 7 B2, (R E A AT T A5 i 22 B & E e |
PRS2 A% B2 N SUBEROGAR (R SELHEAT 1 rH IR UE,  ARATT AR 7 2 BH L 2R 1)
NGIZBLENE, HARX Bhas BiiE soK Ksm, TR B UBEM X T4 %
B3N RIINLE B RE R TR A AT LAFEZ KRG L . 1M Tran (2014) fiH] star-CCM+
H 4G H S A EORST NREL-SMW i B XUBLIEAT 1 BB, B0l b 45 & XALRE T
BIEIAEIZS), AR E XNLSEE 4L Tl QEARHVEERGERIAE O F
— AN ESZE R RE IR IS5, 6 FAST 3H7T 7 ke w M RSB H L (Unsteady
Blade-Element Momentum, UBEM) i+ 5. Al LE 1 A7 TR 45 53, 9] UBEM
THE BRI S BhEAT A0 T CFD 1A s . It HAAEDREIZSIRAE S 1, BRI
SR IRGTRIE N 30%, MENRISEEEA 4, BRI RE4R 5 IR
JUTEE] T 100%. &% (2016). ZEME 5% (Li, 2015; 2%, 2016(b)) [FIFE%
eSS EWEIEE), BaEEw s & (Unsteady Actuator Line Model) 5
OpenFOAM #1454, 45 @ V5123 I XWLAERR S A sh 8 diT 1T B ER, 15
BT RFIZE . Cheng 25 (2016) iz HFET OpenFOAM 454 5 S MAS H AR T K 7
M RS NG SPRRIZ BN L B RALEEAT T80 1500, BT
LR RSB M RE sz, 192 7 KA G183 T B3 8t i IR A
Frdi th B RIS B 7 SR B B S Sh 3 IR TRE 2R T AL\ 18 3h 5 <
B AL .

B 5 ML s e RG-S K sk RE St — B R R, LR AR 1t
A, A FARNRNL R G AR KEFEE TN RE, R 2 255 TR Ak
FEFARAN RGN E T Lo BATHFEAXXNREME TR 2R ETC
Ak ERPUBIIFE, IR eCF G A KRG, B ANEH — 3 210 R
AP G KB I BHUARRE R At E 39 I RIS B S E . Robertson %5(2013)

#0010 W
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RIS, 1R T WL R GRS BUE B ) — 2, ik 1-1 o, HaiE2
W58 7710 2 R B R B M AR B A 45 & 1 T Tk

Jonkman £ (2007) JFK 1 —Fh/KBh 13- 80 7545 il -5 A6 W 37 ) A 5 B0 T A
PR T AR T FAST. AeroDyn. HydroDyn 54k 4 3= 2 IhAE . Jonkman
N2 AR, T H XS 1T S AR 2 R IHL R G AT 1 8 AR 52 )70 #r, IF Halid X
JIWUFRTE AL A RS & 0 BT R T R G 2025 1 2 DL K A 5 A% PR 25 faf AN Bt
SEPESHT. Nielsen 25 (2006) X hywind 773 ARG RET TR R AR5 30 110 HT
I 5 R AR 1) 45 BT 1 LA JEvE5E (2018) Wit 1 #HY 6MW [ At
ML, FFRIH FAST BAFHAT 1 HUE -V [ -5 A A I Il sh 2w BN, 204 1%
¥ 2 RATLAE e -TR 5] 1) LA S AN [8] [m) I (R 2 g B AP o TR S RS (2017) A FAST
XF 5K g R RN R G REAT 1 B-7KBh-2 - 3 1 4 08 S R I SR AL,
T HAER G NREE . HTBEEF (2018) SEFIH FAST 3R R -TR 7 B L T (8 =X
B AR VE PR SR L BB AR R SR HEAT 7B . MIT B Kim 4% (Kim, 2001;
Kim, 2004 (a); Kim, 2004 (b); Kim, 2004 (c)) 7% T SWIM-MOTION-LINES (SML)
RYVEAE, o SWIM BLHCR F 8 77 v E S 2R 1 0 B — B AT R In) i, 2 AT
XJ 1 H 1 B LA AL BSCER)F- 5 s MOTION A8 FH T SR AB R B2 IR AR 52 211 LINES
BEH I A T He e R 1 RTA R G0 e 3 B2 o 35 20X R G S (A A0,
b TREIE B B, K ZE SR T IR B J1 AT G /K Bl I 7 R
(1), SR FCE AT A LAt G <30 1Bl E KB 1t T ik FE A e HIEE AR &
s3Hr. Roddier 2 A (2010) #8H!, Morison 7 1A 8 B4 96 51 o B T
XML ZR G55 1) % G 1%t . Sebastian Al Lackner (Sebastian, 2013) & Hif%
i) BEM i bE—221E CnshAS AT It/ RHE B S5 FEA e e iR it 0
IR TR IAH EAE o T HL 3 3k 5 A ) e T A A L 250 1) B-L B DL R A AT
TSNS R 5 & F VIR AR A 780 W 9, DRIt e B St g ) KR L A
A E ISR O L2

Bae £ (2010) 454 CHARM3D 5 FAST #fhxf ¥eitThZ A 1L.5MW 5K e
XL IR 80m A1 200m (AN [E] T8 T 70l E4T 1 IS HUE A0, BB 45
32 7P ORI B B 2050 S i A b K R B3 i @hn B &, [RTISEE H XULE T~ 532
PE1 6 18] RS RO 77 AR 1) e AR 3 48 AT 2 386 00 IRUATL P . 485 ) ) 982 55 3804 o
Bachynski % (2014) KR fgRITE- & /KB IPERER) SIMO Kigds, SHAMRE
R SRAE N A SBh AT AeroDyn SRIEES,  DUSCR A5 R 3 1 A T 1A IR T K il 2%

011 W
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RIFLEX MH&5 &, 73 ) AN A [r) A1 B A 8 20 AL —4> Spar B3 XL LA
o= A5k ) R 20 XRALAE X5 TR A7 AE % A A Tl T #EAT T BUE RS
G3HT, SR AIBIEFE TR TR TR SR A 0] T R LB AR 1 DL S 45 4 98 57 e VR R B
M o
* 1-1 AW RFRE T EAFF515£ (Robertson, 2013; Atcheson, 2016)
Table 1-1 List of codes for coupled earo-hydrodynamic analysis of floating offshore

wind turbines

BN R AL RS YNzZIpAL T A
FAST v8 NREL (BEMor GDW) +DS  PF+ME Qs
SIMPACK + HydroDyn SIMPACK BEM or GDW PF+QD Qs

Bladed (Advanced Hydro

DNV GL (BEM or GDW) + DS PF + ME+ (IWL) QS
beta)
MARINTEK,
Sino, Riflex + Aerodyn (BEM or GDW) + DS PF + ME FE/Dyn
NREL
HAWC2 DTU Wind (BEM or GDW) + DS ME FE/Dyn
FOWT-UALM-SJTU SJTU ALM+CFD CFD QS

(BEM: blade element momentum M-z &E ¥ i, GDW: generalized dynamic wake
W s &SR DS: dynamic stall 37525 ; ALM: actuator line model 3z 2847,
CFD: computational fluid dynamics t15if&kJ1%%; PF: potential flow #iEEiL;
ME: Morison's equation %% B 2 /A 3\; QD: quadratic grag —-F/"FH /J; IWL: instantaneous
water level zh#&7KA7; QS: quasi-static #EFf&TE; Dyn: dynamic Zh#&5 % 5 FE: finite
element 7 R JT)

H T RN R G 3) J1-/K B 16 E T R & s, SR8, SERER) CFD %t
BRI i FEAR B T . H AT AR TR B, o T R AL, A
&M E S, BAFEZ RIERB, X4HH CFD J7ika Fu i SUXML B & n) i ok
TERBHER . BEETHENER L R ERE ) EE ok H AR, 1§ CFD
BAE TTIEAE B IR B3 - /KB & BUE AR et 1] 7R RIS H . Nematbakhsh 55
A (Nematbakhsh, 2013; Nematbakhsh, 2014) Fi CFD J7iZ:5tiF s0XMURE & %5 2t

#12 W
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1T T HIBETT, e R TaTA TE € (41 7, 45 5L AR Navier-Stokes J7 A/ 52 1 TLP
BF A RHLR G A Spar BUFXRWL R AW BNASMBIREME . Ren 8N (2014) R i
P AE FLUENT KL UDF e, X TLP ~F &5 308 N i sUXWLIE K-IRIEEVE R R
AR A PEREIEAT T BB TR Tran A1 Kim R THE AR 7712458 L4+ STAR-CCM+
(Tran, 2016; Tran, 2018) X} OC4 3% i RN AT T 3h-/KBh & B E A,
I HIZH T HESMEEARRLEE M - 5% 2 H23) M. Leble (2016) R H T3k
file AL S3N 71 RE I = 4 2 $ 45 1) CFD SR 88 HMB2 5T 30451 & /K 3h 71 PERE Tl
RGTE MR T2 SPH FEF T SE &, SEEL T X 10MW KRB 30 XL 7E X-TR
rb )R A HUE TR - 1daho K21 Quallen %5 (Quallen, 2013; Quallen, 2014; Quallen,
2016) HEAT TR XML RGP AR 4 CFD B, AR ES MK (Overset)
ARARAEFET G A XA A B B Rk E5). Liu 2 (2017) #F OpenFOAM X} OC4
a7 7 AL A (8] R AH ELRS & RO AT T BUE 0, s T
FEHEAR ST T X AN G5 R G (R AHAHE B b EE . b 58 38 K 2 T 1
% B AL TR 465 OpenFOAM 43 1T & 1 FH T WAL S AL SRR A B gl 2R A
o wSRIGET S EBIR TS H NN naoe-FOAM-SITU SR fif 2% Fl4di4E 2 S 50E
B, A =AM G R T IR RWLK B3-S 8- 5 R ETHE 3K
fiiz % FOWT-UALM-SITU, XJ¥Z KWL RS 8- /KB G AL T 7 — R 5113
0 (ZE5%, 2016(b): Li, 2016; Huang, 2017 (a); #1%, 2017; E{#E¥, 2017;
Duan, 2017; Huang, 2017 (b) ; Huang, 2017 (c)). XiFIKMLER G KIS E-/KEhHE
HIEMBAT T HBUE AT
SRR, FERHER RN S3) /1K B 1R8-& i 71, H AT CFD J7ikH

R T RSB, IF H CFD JNEIEAAAE I 2 R AR B R AE, i an: KA
Wi vk SR o« I TR R B B AL TRAE FH v B AR B[] i) R4

1.2.2 FRANHER XL TR ZEASMRAR

PR I8 A AN 5 e AR U — AR EE MV LT B T & AR
WA RIBR ], BIEAE R AT ML 0 G T A R )2 R Y
WIS, TR EIE B Zh e . B 1 BUE kLA, AR e 2 i 5
XHLEE R BE HEAT W FU A BB B R0 ik LU B E AR E SN B0, [ Al A
NEBUE SRS

%13 ;W
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KA AL RIS i TV ORI WL T B, SRS v AR A7 AE — 8 B A
A DARBAHE DU PRI . — MR AR A AT (M /K VAR Y RS, T B SR
JIRMEE 7, Bt DA G B a5 R i A B L% s (ER I 32 B S Bh JI R A,
SR DIADE, BOZW L TEIESEAL. SCEAIE, —HRMEG—, ALK,
FH T A 2R 0 i 28 U A [R] T 3 B SRR 22 R, BRI RUBE AL (Scale
Effect). 4 B4t fy AL AL F J5 30 8 18 2038 K T Ilm 8 5 2k (Critical Reynolds
Number) B, 0] UIASE &R FEERN I . (HA2&, ST RARBEHCR, — B
- 1R B TR 0z /N T I T TR A

ERRHX — R, ANFEERE T ARP#FRTTS. Martin (2011) #£ DeepCwind
WIGIUH A, R0 ESE & T 80%, AN 3G K 1 iEat Fr (1) SRS B . XAy
SAEMG P TARUEA RIS 0 R AL ERS AR R R (RS, 2008). B T
P e KGE AN K SR, DeepCwind IR AR 78 HAR ISR 5 , IBFR
TAEAR A BRI R B tHRGe B 15 % (Robertson, 2013). #i4r 243 L& TE
XA T —# I TAE (Fowler, 2013), {HHATiEBEA N H —E 52 BRI
B B AR R BT

Fsg b, 0TS, L AR BOR AU B T BORR B AN T BE [ N R . —
FABEDLT, 5 B0 AR O AL, ER IR R TC ik 2 LI B B4 7 AR ARG, T
RHLIZAT 77 A R HE /g 2 52w it E 3 SR WS & Bh A SARFAE R OCBE R 3R, IXFR )
PR RIS B AR B AR I 1 OB SR B R LI I e o A2 — 8 4 R L A AL a0
N T RAEIRRRL, — PTG & B B R AT . DR, BAAMREAY
I 7 L RIS B, (HMFAEE 2 B, 2 HArE s b
g b XRE R A AL B S LN 2 —

HH T 15 A 0 1R ROBE AU DA S 22 e 4 7 T TR, AT ek XL & 42
RS ANRIG T 7B IR . AR N — L 57 XM & R0, DU N
BE Bt — 2 IS MIGIE RS, 17 U RN I AT 1B LR 1-2,

2009 4F, H A5 #B K2 (Kyoto University) 7 H A< 45 5% 5 E SE#EEWT 58 BT (NMRI,
National Maritime Research Institute) 47 T 1: 22.5 ] Spar 7% /4 1) #5284 3K 56
(Utsunomiya, 2009). ZiREXTF & 1) H B, P 6 78R8 R0 SRR 3 H g
JL S 7] R A3 AT TS, RIS IR N T — Lol S S A 1R A e AR AR R
B & R T

S [ 41 X1 2 %) Principle Power /A &) 2010 4548 N K 224A s A 0 A3k 4T T 46 R
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Ebh 1: 105 KRB CF SRR (Roddier, 2010). 7EiZiRE6H, KAWL 2K
AN N BEN SRR, FEH MR E R AR R ).

2011 4F, H40 R K247 45 ) DeepCWind 4£ 4] (Martin, 2011), 7E47 =%/ MARIN
KUFFJE T — RFNIBELRE, RHPaE—NEETEE. — DRI aieH
—A™ Spar V&5, ¥R 1: 50 KI4E/ L, WG T, w5 E mIEE, NS
AT e i 57, (R B IR AL T 3T NREL-SMW XU LERREGARALAE TARIRAS R )
AR A o FH TR (A O AL T 8 57 AR Y TGV ARAIE Reynolds 01—, Fb& 24
FHEERINTIAMER . TRAA 2013 FAATT KA 4T 1 Rk, FIH 26
(28 6 CE AT T — k% (Koo, 2014).,

PR i o 2 R A AN B R IR AR LB 1 — LE B N SR T 2011 4R 1 —
1: 100 [ TLP “FEBB A — ML G B FELL R N Spar “FEEA (Myhr, 2010),
F7E MARINTEK 7Kt i 7 B8RS . 5T 2014 4F XA B 7 7 R 0 55 B

(IFREMER) fi#t T4 RN 1: 40 1 TLP ~F & HIBALRE (Myhr, 2014). 7EiXH
I, #OF 6 0 B H IR DL 6 7R3 55 R R0 38 Hh (9 7K B 77 e 8
HBEAT T RIS, I o R 2 b RS B A 1 5 1

2014 4, /ilfﬁ%*ﬂ%ﬁiﬁa—&%ﬂw@{ﬁ?*éﬂ%iﬁﬁ‘ﬁéiﬁﬁzé (Concrete
Star Wind Floater) [REANREE (Azcona, 2014). N 1 B4 H T8 B A B AL, 2
SR B TEVE CRAIE Reynolds ZCADERCL 51 il 1, 3 BRI S8l ff FH —
AN B ) B S48 RUR BB R AR B o R A AT DR R B0 A 5 ) FAST S5 21
SE AT T XA T

Ak, X OC4 DeepCWind H ik I 138 2 AT 1: 60 B AL RIS 7%
] g 4 b e 3 TR 22 K Kb 5 B (Sandner, 2015). {HZ27EXZHiRE6 d, XA L35
ERALEE N 10MW KL 3T & . 5 2 171 Concrete Star Wind Floater 57
B0 P A B V280N, SR P s A R A ) P 5 A IR A Y P SRS S Bl et IR A
B 1 B AR AT 5 AR ) A e R 2 A, Al AT TR A T AR BR L T
(1937 2R 2R B 1 e 7 63

2014 fFAE MARINTEK 7Kithsf TGS BRI 081 S B AL T — R 51 1A% (Sauder,
2014), kIR, MATH — R0 5 SN AHIERE 1K B2k B 8 XE RIS
AT . AT FEIRE R RIS 45 5 FAST BT BA B 45 BT T Hhi .

%15 7
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*1-2 i B AN RS St it R (Stewart, 2016)
Table 1-2 Floating Offshore Wind Turbine Experiment Comparisons

544 FR giRL e A TR XA
Spar at NMRI (2009) 1:22.5 NMRI Spar Steady Force

Actuator Disk
WindFloat (2010) 1:105 UC Berkeley Semi-submersible
+ Rotating Mass

Semi-submersible  Full Rotor

DeepCWind (2011) 1:50 MARIN
, Spar, TLP (Froude-Scaled)
Full Rotor
DeepCWind, continued (2013)  1:50 MARIN Semi-submersible
(Performance scaled)
Tension-Leg Bouy (2011) 1:100 MARINTEK TLP, Spar None
Tension-Leg Bouy (2014) 1:40 IFREMER TLP None
Braceless
Concrete Star(2014) 1:40 ECN Ducted-Fan
Semi-submersible
Braceless
MARINTEK Braceless (2015) 1:30 MARINTEK Novel Actuator
Semi-submersible
10MW Ducted Fan
INNWIND.eu Model Test (2015)  1:60 ECN
Semi-submersible  and Froude-scaled Rotor
WindStar TLP(2016) 1:50 SJTU WindStar TLP Full Rotor

VAR R S TR 5K S0 = T 2012 SRR — i 2 2 S Ak R C
FX ML, WindStar TLP system (Zhao, 2012). T 2016 EJ&JF 1 — &1
KA RALS (Zhao, 20165 BA/KAE, 2016), WREAERIZE R LA 1:50, M gl s
PR EERLNE, A1 T I HLHE S A B A A i o 3R 1 KT HLE) 23 <. 3))
71, “FEWIKBN T, 152 RAEA R 5L %A N P2 #ms LA AGZ 3l S5, i Y
Z AR IR AT R — P Ffe 7 T S AR . tbAh, RigASHE R
“#1¥) Chen 45 (2018) 78 KUREK-A1E FH I EUE /K it Hhosr 4 R LG 1:50 138 20 OC4
FARILRGM RS IR, N o AW RGBSR S RN, 70k
JUARTAEACLFR) PRUATL i A0 AE 3 RRABL R XTI B TR 22 2 A B 8 F) T g 1R A7 58, 20T
XTEG T P P A TR T3 XU ASE T A 52 i) EXAFARA 5 AN R 2 Ak

%016 W
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(a) Spar at NMRI (Utsunomiya, 2009)

.
\

Semi-Submersible

)

(c) DeepCWind (Martin, 2011)

0
§ 6DOF Motion Acquisition System "’;?’,

Accelerometer on Platform

Rt

() MARINTEK Braceless (Sauder, 2014) (f) WindStar TLP (& 7Kk4, 2016)
Kl 1-5 AR TS R = K
Figure 1-5 Images of experiments
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ItAh, Hansen %5 (2014) X4 A 1: 200 15K SR 2 v XXM LEEAT 1
TS, AR50 Rk SR A B B L v, R T R IR 3Rt T REE SR E 2
RE B0 HH I P AR

HF 17 AN FE NI DA A, RIGHE T VR R AT AR B, 1
HF AN R Ge i 5 2 VAR 45 R R0 (7] AR i 36 (1 — R R, DRI s 3 i
HARE LD o RS F B T OF 1S B BUR R #E4T T 2 M 48,
H 12 AEUE TR DA A e B0 i 7 gk — 20 R iR — 8 I S B AR HE

1.2.3 R SEIHMEES T AR ERSMR

RMANE NN TR XN R G i N E B 50, KR =R B R R
UM G A TE AN D 25t o RUBIL BN 77 387 (0 HE R IR TG 18 2 o i B XX
B, & XT il B AN [ XML B A T Em BN E L. H4h, BT x0HE EXT)
KA RNZERE, W BRI AL A 5 RSB, 6 KAL) /)
BT R TR AN BT 3t T BRIk . EH AT V2 RSB B 1 i
Hrh 4 B 7R £ -5 & 718 (BEM, Blade Element Momentum). 14k, #i
ST R I = 4RSS AL R B XML B a8 TR, b BEM T RE R 1Y
AL SR 5 =4k r) . 72 BEM R EEfT B R e i B3h e 8 (ALM, Actuator
Line ModeD), 183 5] A REFMATR J7RARE KL FLSEH B, SREIRT RAL 3N 7 8 fir
PR i IR BEE TRV RE R SR S AV EUE T SR OT R R R, TR D)
(CFD, Computational Fluid Dynamics) J5 ¥ 7E XML 3 7728k A i1 H 5 45 281 Rk
2N o R X LR E S AT VAT T R

(L MERapEHEHT

HZEh & (Blade Element Momentum, BEM) 2115 KWL B0 18 A 132
i F AWML — EHERA T ER R SRFPUR RS, 7R HE T
SEMFEBEIRR, BEREUE A AR MR (Hansen, 2006), [Fub#s/ ZRHT T
FEFE . B AR 2 THE RN S 70800 1 TR R R AR 5 T R 3 = e,
41 FAST, Bladed %5. #)& 22T 1865 4F [ Rankime (1865) #&ii, ZFIRZNE [
MU Fr B 52 5 e S a8 IR A 1) 1) 20 2 738 A SRl B30 XML ) Th 2 i
FESEIERY b, W RAAS H XUBE R B BR A ] 28— DU 25 IR . Froude (1878) £ 1878 4
et R, HIA BRI W R R A s TR G, R AR AR S

%018 W
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FERAEATI, AFEHRIFRERER, ROy B8R, il EH
RN RSN R IRy, 320 HEREN 5 ERAs i8S R
PSR A H A EHIR SR BRAES & 7R R AR (1R85 S8 B2 (Glauert,
1935). ZHELIRNE = 4E B G i) @ R A R e AL 4B AN A, R A
[F AT 5 A7, T ] SR B A BH 77 R BT RE A AS [ N SR A Ry
IR WA = R L o A < T [ RV <oty o= - ik 7k RN 71 NPS N TR S RS 7S
RS FERR, RIGHEINHERR I s RS2, T|EN S REIT B IE, &
F5 7% FE I R0 = AR N -SRI RAB IE (Shen, 2005), % R& I B0 A BE I 1) S AR
T SRR P B A REAB T, B &R B KL Bh 771t RE 20 ) 6 84 248 1 P S A
fiRIME IR

MR EH IS T EBEE R, HRENENH BB ARE TR, HEA
FLUHBORS B O T O BT ) R0 2t BRI 1B 2 XU 3 R R B
KA, R — LA D¢ (A& IR AR AR el 2 52 4% T T BORE B2k, M ™ B
HIL) T RSB E .

N T RERE RIS B INVEAN I KA B J1 e Re RN ORUETHE R, AT =
YA B I NBIRHLE B At Re v R ok . W AR A A ST ) B
W AR ARREGESE . T LR (Whale, 1999) FEH X KE5LLEL
MLEBEA TSR3 1507, K T RL R R 501 S IR Rl A7 PR 3 SR AL 1) A,
R AR BRI R E LAk, ST A JiE R I . AHEE T
FH R, FHHELR (Hess, 1975) Hi&E &M/ MNEZLHLE AT, A
7] T T+ 1 23R A H AR IR SRR I B AN R I M E R &R, T+ i o H
B i T R A R AL, AT AT S FH T 28 5 SR 471 (1) 2 DA R SR AR LB o i 8 . A
PR BRI ) SE  AAEL e) R H N RR  T RE AT SR, R AE ML K I 4 A B
s, R AL SR T s 2 A 5k, BBICT & M —45 8, 2EmsR S 25
MU AR o X EEET fUAT LU IR Y0 AR R, 15 2 AU A R A S R
RIS PR Sy, TR A g, AR 2L E T FE D B RSB )
PERE

(2) B

FEHXT TR BN E B, BT H R B BUE 77 AT DLSE N A AL 2R
L= YER AN . J. Whale Z8 A (Whale, 1999) T+ PG H T —F =4\
WABIE R, w53 E E K] FA RS E (NREL) HHAT 1 — R 41 R AL L

%19 7
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PEABLCEL, RINZTTIEAIR T g NRAEIE TV B SRS, JCHX 32 )R
AT HR G MR R - 9N B0 S TE BE BSR4 I 2R - Robert D. Preuss 25 A (Preuss,
19800 F= T+ 7 THI R 1 73 55l % b T A% Yt A A AR Uk 1 3 B XL 3R T 0 43
A H DY ZE AT VR, RIS SR AL S Bm JB FE (AR 43 1 B 46 R 5 2% e ML 35k
JEREEE R, FER SRS BEANEE N RIS LR, R
TG .

RS A EE T AR BRI R SRR, B H 75 B HI v i BRI (RS P 288
DN &R BN - RS N s S AR A O AR (YN T M TR Rt <l 17 i il = RS S - P
— e AT TGS . Snel (1995) A1 Schepers (1995) 25 A4 B3R HI — &
HI TARAEAY, SRR T8I 30 . AHTF BEXAMR AT AT S 200 R A FEE 1
NRALIS], FEIE 0 SRR FE AL AT SEFrill & . R I & DA K= 4 i R im 7
OB AT IOAE, 45 SRR ARG WAL ST FINFR R FE B R, B AR AR
B EE, I EBEE RIS LN, fERATAR AR T BB N R AR T
+43 5.3 . Emil O. Suciu 25 A\ (Suciu, 1977) & FH T IR IEIS [, R —
Tt FHSUZ BB T R AR R 7325, R Z 7 R Al S5 RS i T+ 77 T s 77 4
A2 . Serensen (1986) SR 7t TR P R0 KM HI SR, AR 1,
X — T HHTEANE B R T 00 WAL 2 3N 1 YRR iR AT 43 i B S A Ry ik
— R

(3) HzhZtbiiy

BN (ALM, Actuator Line Model) % Ji& B S(Eh #1475 (ADM, Actuator
Disk ModeD). 7ESENFAA G, gz FRiry, FeLim B A MR 5
TR A o BB A AT AR B, SR Euler B Navier-Stokes /5 F2 k& X BEM Fff1zh &
g, TR T R, BTCAEE AL Ve — R 4, ARERLK )R R
M. fEHFERE E, Serensen Al Shen (Serensen, 2002) i35 £ zh 4 732 b i Bl s FR A
5B, T 2002 EFEH T & = 4EMI SRR . BB AR B A AR 1 R B s 26
SRS KB Fr, WM VR IR S HONE TR, FIH SRR &
BRI BB SR A R o ATE DL, SRS R i 1 AR R 0
W RIREEN S o A KRR VR TR -

LIRS BEM M50 kT Ha8sh fb =88 . 5
BEM J5iEAFIRIA , &7k H RS #UT I i H R i fE 2 i e i 312847 CFD
BB ARG BN 0 5B A G, T3 187 X A it g5 Kb i s i I AR F A
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FUTAE AR R AR R N-S AR

H T BN A AL R ) RE UL B BB 2R AR WAL ity 254, DRI AN 75 SR A
UM R E S A=, A5 7R E],  [F IS Re1s 206 2 Am < Bh /)
B, DLAEMAR A RIS E S, Rz AEsE T — a8 6 XPLHNER
s

] P 427 45 B BB RS R A — 4 N-S 7 REX KL S sh #3477 R EMEUE
4. Troldborg 11 Serensen (Troldborg, 2007) Fi| F #(&h kAR X — & =M A 500kW
(R IIHLIEAT BUE AL, 132 T KWL 0 FEIRRAE DL R ) Th 2R 4 s i 28,
SR SEpREAS 2 DR 2V & RIF. Lu 58 (Lu, 2011 Z54 ALM A=
HERIWBEHL(LES, Large Eddy Simulation )% H A &g 14 52 I BEAE X375 A 38 XUAL
BT 73 A, LS B R T 1R @ 2 R0 R B B 2087 17 -3 50 ) XU 8 i Aok
PRI, KINBHR T )22 51 R R B A2 T WM AE 1S — &8 7 T 3 gz & R bl [EI
L% 38 IR\ HA, 7 0k 2 L i YA ) ) B AT P S S ZL IR 2 e o NREL I 78N 57 26 T I
F& 54, OpenFOAM 1% 7 —A ALM ¥ C++3%, {§i15 OpenFOAM 4T 72 3K fif #e
HRE I A A O A B %R &, e RS RANS 8 LES Mi4h &, A T8 KHE
WAL, (Churchfield, 2012 (a), Churchfield, 2012 (b)). 255 k4% (28K, 2016
(@), ZMEK, 2016 (b)) HEHHE LR NRNKI B IVERE 32 B - F G 78H
B, £ ALM KA E, SINETF &80 7 5 B R RS SE E, M
P AR S HE T (UALM, Unsteady Actuator Line Model), F+7H NREL
FEH ) SMW R IR BEAT 30 UE . HE— D, 454 UALM F1%:T- OpenFOAM
R AHK 2§ naoe-FOAM-SITU XJ Ak T+ A I 035 M $E 18 3l T 1 2R &
GEHEATEUEREAL, I XML S ShHE At Th 2 1) 2 ISR AR &, BR
BLR R I 46 1 S 30 H v B2 AN AR E 1

LAY, XTI SR CFD ikt MRS BRI, SRR
M5 BEM B 7 AR LL T SRORE B o v, REREAS BRI RWLE Y, X RE T XL i
BN, PR AR AE KAV B 1 RE B A AU 45 3] 1 s & .

(4) THEmRAER 1T

IR AL Bl s O ERE AU T VA TR i SR R R AL . AR IX LTV
L R A A — RARST AR 4 AR, IR e o A )< Bh AR
i, BETT I AR 7315 2 7 BAR B B 3T . X EEHUE T VEA G T XL v B R4
MR S MR LR ZR TR, B ETH AR Fdewaiisn, Hii
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[F I ATE 76T G5 R I 3 S v 3T & S e R . oiese T X
KMLSBIPERERIRAN T, &N T LRI gt itk it sk, 2T R
LI o 2 TH 225 40 1 A 20 TR FI0RS AR ASEADL A9 T SRL IR A 77 2% D7 92340 M g I FH 81 UL <3l 1
RE BB AU

HEfiA 1% (Computational Fluid Dynamics, CFD) &BE%E TN K & 7
AR — DN TEEE . RART A BN RIS X 2R, FE R AR 2@ &
WUFRE A J7 V5K SRR J1 - W3 7 R, XA ) 2 i) R AT LA o o T4
K, BEE THENLME R SR mANEUE T BT E R KR, CFD 5 iEAE XML <8l 7
PERE M RS2 T ST Z N . CED J5 ¥k B4R kG M AS o] R 4 i 14 5 &
SPEA N-S J5FE (Navier-Stokes equations) HEATHUE SRR, 7330 053 FE & 114y
A, IR 7y ST AR B XL BB B

L TAE G AR IS, CFD J7VAREN S h0 Ak RS AL I i A4 () SEBriz 3
THOL, 3R E IR IIAE S, JCH SRS ORI, CFD A 14 BB ML
# (Digraskar, 2010). {HFEEEREAIAZ, CFD ME TR IERIMX L L, AR
B BRI AR

19 k42 70~80 4EAR, FEF ALY CFD AR B e v F YL AL & B IHL
BRI A BT FE o AH 3B B TG0 WAL A2 B0 R i S VE Al 3 56 1 L IEAT R Geit
F, XRM T HBE B E . T R GRE R RG], RO — 285238 1 e T
46 H Navier-Stokes 77 #% 5K v 55 70 #r W g 0L 3 B 1) = <8 Dy 1 R . 5 1& 2
Navier-Stokes 7 FEAN B2 ANFAA 1, DR ERL A& Y im s A T ok g . T
&, FETHIE TP Navier-Stokes 7772 (RANS, Reynolds-averaged Navier—Stokes
equations) >R f# /775 (E 19 th2d 90 AT U #E) V2 N « H R T X IIHLE TS 5
PEREALIL BT AR 2 3 B Menter (1994) $RHH I k- SST W 7 R, B4%
E T k-o iR AR T BE X A S SR k-e SRR AR I T AR S, T E S
YRR R E R AME L. Shur (1999). Travin (2002). Johansen (2002) %
R A B IR 775 (DES, Detached Eddy Simulation) f KJ#HL — 45 5h
PEREREAT I 9T 15 DES J5 75 75 2 5 4 35 1 S Kl 43 PRt v At 2 N
X IR SRR T PRSI o B TR TR A, AT b B 1)
BOE AT [ PR Rt AN 28 T, Fleig (2004) FI)FH KR! (LES, Large-eddy
Simulation) ¥ 3 AZ /A% I XML = HEBL A FEAT 1 RIS BN . BN, (E45%
(2011) F:F 4k Navier-Stokes 7725 k- SST IR KA F R AT E R —

#22 W
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LM MERE AT T BUERA, . ASE A, 2012; JA#, 2014(a); JA#,
2014(b); Zhou, 2015) %:T OpenFOAM H i KWk & K f# 4% pimpleDyMFoam #1
MRFSimpleFoam 43 51l %} 35 S AEE &) Rz i RALH B B Z4ERG PSR 3 AT AR 8 5
FERAL EE, 2015), it as RSP E, 30IUF T ZRIER K =4
RBLH 52 A e i nT S HoR A ARSI A k-0 SST iy, X
W R = AL BB I AT BUE A, B AT AR L R AN R
AU R IIHL S S BE R A 2 57 B DO b 780 T R 1 R RUTLART R XU
RHLIFEFRASRFAEREAT X LG, BT KU RATL R 779800 52 31 RN SR R 52 50K
BSOS GBSO, 20135 X SCHE, 2014) JET OpenFOAM  #2 E fl SR fift 4%
pimpleDyMFoam X A [7] 756 B RUBL I AT ZUEARADN, A 78 A [R] i AR 1 ) 4
BRSNS B B s, i IR g5 AT b, IR BEA & TR R R R I
KHER MR NREL-5 MW ifg_E 75 R IIHLEE A [FISR i RGE T  X AL RE A
TE X RIGRFAEEAT T RGN . M EC SRR EOR, 3 S WA 7 VAR DRIE B
FERIHTHE T RES AR TP AL B AR T 1), FEE4F (FE3%, 2015; Cheng, 2016) KA
S WM T IE T T B 280 AL BN R 20, (] B oK B 28 A% 4 A B FH 31 9
Fa A RN PERE BB, B0AE T iR B T SE .

ATLUEH, BEE VRN E I E A BT K &, CFD KAE XML 3 Ji T RE 45
A 77 TH e B A Bk R B A

124 BRRNZEF KN NEERR T ERFARIER

bt BB TF R A AN W s, ) R B AR B e, i B sOXAL
AR KM ERHLE R RS 7S G XL R S 1 B A G4
22 B B RIRELAAE 80 180 LA RIA R R LR T, FRE LR E e aifar
ER R = Rig s, ST G i s e m ERALR s oteRe. Bk, X
TG B XWLR G, i 3T & 7K 3l 3 B e LA T AE i Pl A7 9E % &
B & Y. E1EN IEC 61400-1 CInternational Electrotechnical Commission, 2005) [
BB T BT A R RN 78 IR B AT e B X HL B SR i IEC 61400-3
(International Electrotechnical Commission, 2009) #itir, BHHIHIE 1A K LK
BUKEN 180w s BT I 25 AHEG T Bl B XL, g B XLIE 75 ZE A5 IR . i
KB it MAH L T2 [ e KR HL, i B AXRNE T 5 S H ST 6is
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SNFT S AR KB it # . B Rk 3h FIBE e SR e & .

TGO G R K, BT BRI & F2A Spar B47F
RGBT S Mk IR (TLP, Tension Leg Platform) 1F#0F & LA AE
X = AR A E T SOE AR B — L B CGBROTAE, 2018) . EARIE FTF X
FUITBE ST A A, (R ARG A S A R O R TENEER
205, Bk, g BRI & BI7K 3 77 50 T8 KRS 48 T4 Guilg v TR
B AT 7 o 6 TR R S HE S 6 oK Bl ) 1 BRI A 5T 7 T A
Morison A 775 BREWR . WHERIA 1% (CFD) Jiiks

(1) Morison 2 i

Morison A 3R 1R LARMA & Z M HMER A5, H Morison (1950)
T 1950 FEH . Morison AR FEEH TiHE/DNRES WY ERBOIRER, BHAHE
A0 G 5 85 S AT 2 BEL 77 3850

AT I [ 5 2R IHLIR 7K B 38wt o3 i, [ N AMEB 22 2238 il S 5809 I )
VTR T & 7%, R RIALE Morison 77 KSR BIRIR AR AT, X AS 5] Atk
TR e X0 B XOIHLE AT T RERKEN 107, HEE T — RFIH L
brte SR XA AR . Cheng (2002) Fi|H Morison 2 6 20 XL Aili~F & B BR
Wi 82T 7K B 28t AT THE, EAF IR HTHE T, Morison A = iH B HIRS B2
Refig i LBk . Zaaijer (2006) %:T Morison 226 MEAE B J) A R 34T R4k, 7R 4R
TETF SRS B BT $E N ob Tt &, B AR R IAERE . A B R SE0 XL K
ARV S5 AR G DT TR, T H RS EBUREE b, 5 50 45
BT, FE— R RIE TR A . (H2 B T RS Morison AR 772
A B ToEAR 2% 18 E BRI 102 RN e AR IS B B I S 1) R, T DABR
H 7 HAEH LA R . Rainey (1989) % Morison A TI&1E,
F= B HE B 4 o0 SRR I DL S R BEL ) TS A A 9 FE g2 e, #4542 1 J5 1 Morison
AXTEW S EAARK T HKER 110, S4EMIE3E40 120, SR 1/30 B
BABSMTERE . XU, EAK Y0 RHE RS K i E A 2 8 /N1
LR, ABIER Morison A sUKSR & — MBS I

(2) B

LT /NREESS W, KRR E SR e s shnt it B T2 AN e 200
(R0, S B 5 2 AV R 8 S5 280 R TR 1 R R (R i o DRI, AE PR UETHRORS B2
IHTHE T Be 8 R = 4 F5m B R AT I XA S & K3 it se et BT
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AMEIS TR, BORE, BT 2N R RECE G K s L Edy, Lk
BT 2 BT A R R 3 T =4 $ R BEiS, 40 SSAM, HYDROSTAR,

AQWA %5, FrfEAR (20100 @it # i iF KXW R G A R, FIH SSAM i+
THEEZRA RN RREZIR, EH LA EEER K8 8. K
25 (2011) FIF SESAM FAF X RN -8 3030137 & 10 K Wi A A e AR AR ik
177 BE AR 4 VTR (2015) T =4EHARIERIR AT Morison A 3 AHZE & (1)
J7REESL Y G /KB AR, @i AQWA K5 & 2 B (KK sh 3k of, @
ok AR A S B AR A B, B E TR R e M . B R WISE (2014) R4
NREL-5MW UL H 8 A G 34T 17t FIA Morison 2 2 EAF AR IR
B, BRI TR BRI ISR, AT 1% ST & KK 30 1Rk

B (2017) BN =R E B G Tri-floater 78 X -TR-I o £ W i 100 A R Al
R B0 BIE s N K RIATK SRR T IR IR, RS T RIASERSE. KE. T
5k 71 A E T NESHOT B R s i A, AT T — R R RS

%o

Wayman (Wayman, 2006 (a); Wayman, 2006 (b)) i & —&r] DL RAE S
AR IR R KB I RGBSR T, X R SCRE BMW
KL & T 30 ~ 300m ZKIR T XA & #EAT 1 k. Brommundt (2012) S5 7E A5
v6 Bl P 0 2P0 07 AL (Tri-floater) 25 sk KRG AT FL, EAFE
B RIS GG, A Matlab 2w 3R75 20 XNk BE s R TS L A B2 DL S Al
B 7 12404k 25 Karimirad A1 Moan( Karimirad, 2009; Karimirad, 2010; Karimirad,
2011; Karimirad, 2012;) {#ff Simo-Riflex-TDHMILL 256, S FRhAS [ R
OC3-Hywind Spar 7% = XML S HE 1 & 72 KGR IEH T B S s 2 AT 1 PR | 5 3%
[Tk o AT o AT TR S Bh 0 i A 9 B AR X R AR AL IR Bk %, 7K 30 )R A Panel 77 7%
Al Morison A it4 . Zhang 25 (Zhang, 2013) X} 60m KIEMRIE R, 7840 % K.
TR T CL R AR TE AR AR08, R 600KW 7K~F-4h XL WindFloat 7238 =74k
AT FT . Han &8 (Han, 2017) &t X1k 71~ & STLP (Submerged Tension Leg
Platform) HI7KZN JytEReEAT T HEFE, BEFT EZER A FAST 8RR T & EA KU
B BIKB) IPERERHT THRER, AT 1 B T AR R 5K ) R i R S e A
(1% B HEIZ G IR .

H T 6 GRS ECR, 2T HmER i i i B ORRR T Re s
B TAERFH BORSFE 2K, JF HOA — SN H ER) 2 i, R A i 20X

%25 7
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SHEET GRS I, BREIS AT 2R T IR 2 FE IH bR

(3) RS (CFD) J7i%

VT AR A T S 4R v A ROV E R &, CFD J5i55 F X N-S 7 72
BHATR MR AT AR, CFD Jivkfehs =5 e H oot itz m, s 25 A
FEAN RIS, HAE SRR E . ik, CFD JikfEiZ = G/Ksh 712 Wit
HARRR TN, SRR EIEERH CFD 77k k4T i %5 . Bredmose
(Bredmose, 2010; Bredmose, 2011) F|HHi CFD # 14t OpenFOAM %G H H
T AL EEE AR VOF BF 78 T R0 i b UL R AN R I H LRI & B 52 . Wu 55
(Wu, 2017) AR T 52 2075 RN ST G 75 B R 52 m 1 4t —F
CFD HiMY, it 5 OA SR 1T S o bR AZ AR B AT 30, FRF1 F 1 AsE Y
X MW 3 20X LAE BB i AN 6] XU R 52 2151 618 3 820 1) 3 1R AT B0l
B, 4555 FAST iFEA R EdE B A RIFm—3k. Tran A\ (Tran, 2015) 4
I FA B3 75181 CFD J5ik%¢ DeepCWind -3 X XA & (17K 3 1 BEREAT T B 7L
M T AR RSB T S R RS, [T T AR SR PR SR IE DA R B () 2D
WCSRPEIRAIE, IF5 B BIARE B 2475 b TS5 285 SR A mT S itk it AT 30 0E . &
i (2014(b)) KH%:T OpenFOAM JF k] naoe-FOAM-SITU K fif #1400 X FE 37 Jk
JE SR IR A HAEH, Zhao (2015) Al Cheng (2015) [FIk:%ET OpenFOAM EL# 4y
BT T AE RN B R IE B TAER IR G iash ksl 71 2e R, 45 B3R 7F =AML
& PIPFRFIYN 12 2 B &5 32 B AN LS B0 Efar 520 . Dunbar %5 (Dunba, 2015)
5T CFD JFJEAISF & OpenFOAM #E4T T 5 H HHIHIA RS H H JE SR A A L (1) I
K, FHXF DeepCWind 1 AT 6K JvEREHET T, @i FAST BAFiH &
fo2E BB T, 3R TSR ) R FE

BT iR Morison A RGEF BRI iz FERCR s, HASH & —SIE AR T
FRESR, MR 77 22 7 0 WA RS BE DL R TSR B AR B s R R, PRI AR K —
B [E] CFD J7 VA #0 R i ZE B BT 7 40k . SR BEAE TH RN AR IR &, TR R
PRI R, BIERR RS S KS I ek, CFD 75kt 2k %
FHHFBR.

(4) X} RIA ARG BUE R

EFRAWRG T, RIHRG IR KRB a7 2R SR A4 (118 Bl e 5,
ERT SHE 0T 22 V1 22 490 P i 110 R VI A7 P VA e 102 AR5 DGR e . 4R LAT IS
RIARF LI AP, BRELAFKER ST WL 6 1 R R %M 75

#0026 W
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Hr B EAE PR KT EIR MG BR 7675 7% (Lin, 2015). Chen % (Chen, 2001)
BT 58 4 I GRSV MUK B B 25 RSO A — 8 I B S R R 1 R v i A V0] Spar 7Y
RWLIERL (38 3 DS AEREST THF70. Hall 25 (Hall, 2015) /48 7 —FEE i E
RS iAl, JEH T DeepCwind -7 sURMLEZEAT B4l . Goldschmidt F1 Muskulus
(Goldschmidt, 2015) 5t 1 G — EHE NV E NS N R SR,
GIHT T IR A B AN B I AT BE M DA BT 29 AR 1Y H 1 - Benassai 55 (Benassai,
2014) X =7 RS AE AT XL BB A R Al AT THUE T, RSP S
HEVFERE I B R S S A R g EE~ A FE K. Lupton Al Langley
(Lupton, 2016) M /745 th 1 ARSI i B0 i RML-F & 12, 2% 58
TARMEG ST, BARHERIRIR %M. 25 R B HA K 7 ), 18
e Do PR WR W IN: ) AL kNS
(5) FASHEF G HMR iR H

FE A RHLE S & K2 E TG0 RSO RN 6288, AR 255
FETF AN IR B AR ZoR Rk M . X Tl BRI R T &, WWiEF R
BB TREEHE, HRSPHEXTEN, BIHGEE S HEXYER B S T
WL N AT IEEAE, REEFE R WL R GBI R e, R i ULt R a7
HIVENL 251, IR RO i S S KB M Re SR 1 BE s 2K . Oy 1 SE 4 by
RFRNAHAEL TSR, KE2EEFE TG T SRR R T R T —
235 A ML S T .

Cermelli % A\ (Cermelli, 2004) #2&H T —Fii& & T R K 2 br il = H FF & 1
Mini-Float *F- &M%, iXa&—Fh 2 At - &, 7T RUA 808 iR iR, I B2
VAR BIAFAE RGN T Mini-Float f B s & ABE JE , 76 N34 in A 8 H1E 7K & DA R sk /I B
A RSTRIRTHE T, A 2cs 17i70Cr 6 1izsh R §E . Zambrano 55 (Zambrano, 2006)
FF Mini-Float “FEMES, W78 7 —F = XALEERF T &, FiRE =A AT
FEH R, 7% RN A SRR AL 2 b RIS IR T 1 & 768 28 75 AR A it JX
TR T 7N B B ISR . ZR000 (2011) 45 &5 5 Spar BUF 0T G 10%: 25,
MES e BT 7 — il B AL &, IFH DeepC R A45xf ik b XUBLASE Y 3
17T IR T . 223530 (2014) 7E Spar BUSZ 47 & 138 aE Lt Bek, $H T —H
BEFIIM. ES BN N850 Gk DL SR Bk b s B8R0 45 445 4 (1) 7 A e
KM 0. Withee 55 (Withee, 2004) $&HH T —Fh TLP Fi1 Spar AH4E5 & 107%
KAWSFE V-G, FFIFR 7RG 3 77 SRR 7 A Pt AL 2 45 76 Bl AL XA i YR AR

27T W



77 AL T3-S A R 40 % B AL SR A 2R AR S

NHEEF R, Gl AR R I B R RK B 75 R . Lee (2005) $&H T
PIFIFE R R RSB TE,  FEXEATFE KGR 2 s Nk T T VPl . BR T2
A G4, Rommundt 25 (2012) iExf iRz XML (Tri-floater) ) E:4%
U RGUAT A I, 15 2037 RNV B S K R L A FE DL AR B 7 R S5 24
BeAh, STk IR TLP ~F & KB aF G i iR alok Ie-F & STLP 7fEB 5k
TR iE AR RN ST & (B, 2017),

1.2.5 &F CFD H{ERUFZFA NI BE R K ERSMA IR

BEE TFENE AR POE R &, THERE D% (CFD) fE RN 8N 71 2= il e 25
TPIK B 1A T R R R, AR AR S RETE AL R G
HAH) CFD BB AL 7B SCHE . RitE CFD THE A A] DU B8
(I8 R B SEi oL, B R & AR TR E I e B, Rtk CFD 73]
DS T~ HAR R B AR A 58 A (7)1 SRR LSS ) S 3l -k Bl & A R I 2 i v
By HIK, ZINERY T ERRRA A SR, AT REE B AATIR N ER AR 2R
MLRBS BN - KT EHIEE; B=, FISEMAEREN IR, &G, Bk
PR CFD J732:7E DASE B EE Tk i T B AR FE S T (5

H T ML R GBIk BN 1R G el ) 2 2, sy, S RFER) CFD %4
EBEREE it BRAR ) T . SR T R ENFE R, AMUEM RS, Esh B E
INE 2%, QT 757 2R AR A AL A BT 2 iR 2 RIS B9k &R, IR 45 F A
CFD J7 k8 501 ML EIARE & 1) i R 1 BRI kAR .

Ren 25 A\ (2014) FIHF#AE FLUENT 4543 UDF #88, % TLP ‘&304
T HFE ARHUE X -IRICA T TR & MR AT T BE TR, IR EUE LSS R 55
ZERAC T X T AR B RN s T I AR, 1 G K S g E
s 12 Y Morison A%, Liu 25 (2017) T OpenFOAM Xt OC4 238 % s XML
FANBLHZ B A FLAR A RUOSLHEAT T HUE T, HAis TR RS R S T 0
FARRHA G RG22 AT IS B AL, BT8R M A A HBE R At — AN e
HHERRIZEE), e RBUEE N 7 % B 2 MR X Bk 2 24 3 HEig
BT R, XHRKPRE 15 P& BORLE R UL R S B - /K SAE & B E AU
HH (8RR

HEMIEH A (Boger, 2010) FISLIEYMAZ M I 2 %izs), X TiF XL

%028 W
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ML B FOSCHEF 6 A0 2 AR 6 RS SR B 520 38 3 I AL B AR AR BOR AR Tran
AN Kim FI R E A )2k 4 STAR-CCM+ (Tran, 2016; Tran, 2018) X OC4
A A RMLEAT T BRI S EUERA, JF HigH 1 B S M H Rk AL B
R-FEEZHRIEE M. HBUEBENETIR S FAST THEA B S5 R0 ik b
RE TR RIVIE R, (HRAERNIBI DR PR E B TR ZESR, FR
X Z2 YA B AT 1 BRI A5 21 (1) -7 32 2 B 5 FAST 15 21 145 A 22148 3] 32.2%. Leble

(2016) ¥ TR AN B S Re i =4k 2 Hegh#) CFD sKfg#E HMB2 5k 47 30 4%
V-5 7K Bl T4 BE TR B G A KL% SPH FR P AT S5 &, SEIL 76 10MW RS =X
RN HTTE X -TR 375 ) RS BB Tk - Idaho K22 Quallen 2%(Quallen, 2013; Quallen,
2014; Quallen, 2016) #AT 1A XML RS PIAH A CFD B4, AATRAHES M
¥ (Overset) HiARSRALELSE & ARHLIH FJE Bl A% IE 2 .

1.2.6 RHM FSaisetEEm s & ERIMIR TR

PR YR F R 75 BB RALEAE RINZE. KREEH AR . il XL
e B B4 IAF) 164m (Musial, 2017). AR EF, KMLH AR E 2 4k 45
WK dbAk, KL R B RA EE AR K, BRI K E 5 58 F p LUE A K R
[ LUAE R 2 AR5 ORI o X T alAR, HA B 2 i R 17132 3 8h 3
T 2 A — B I AT, HETTRE T RATL I 384 1) S Bl M e r= AR i Bl & i
F ROBESE N, JRALS B0 33 % FL AR B PR RE B S ks B N SR, [RIURAE 4 Ja BB A
PR AN AT 2 IR R 2R

X T ML Fr (Sl P () BB AL 32 B3 T S R R 5 4 R B4 7 V2 1
it FAST Fef i B RN 7 R )2 I =3 2 218 BEM 5 45 /A8 TR s
FIBFARE G, S 7% NREL-5MW AL 3l s e R OB S0, i 22 00 8T R AR 1)
FAST FEFFf, #9073k 2442 712 (multibody dynamics, MBD) 77k
(R 45 46 3K A BeamDyn. Hansen (Hansen, 2004, Hansen, 2007) I [Fk:%E T
BEM F11 MBD H &[] HAWC K& 78 1 KAWL 7 S sh 3 R-4E . Ng (2016)
F Jeong (2013) Kia#kiE (Vortex Lattice Method, VLM) 5 MBD #454&, i 1
NREL-5MW XAMLEI SRtk Li & (2015) WPk MBD Y CFD JrizAi4i &,
Frig H 1 H & WA RN KL it 3 H s e AT 1 BRI, 193] 7 8r
45 8. Heinz 25 (2016) NI4T CFD HikS i —Fh /A TR A 7 %—H IR T

29 7
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7% (Finite Element Method, FEM), XFFERHS R2ABETH LOMW XL 3P4 AR T2
REPEIEAT 7 0 H. 1 Ma 5§ (2019) 7EEB IR LAl E45 S FRc ik, 7 —
Fit ALFBM J57%, Z7EHIE 7 5 REMAEL R = F B R, WEELE
AL ER A R

1.3 ZRNHEEMRTIE

Rtk ) CFD $fd 712 H AT EUAE RIS N2 it . =y RO b A BB 59
e A A AR A S5t K SR HL T3 - KB R & A ik BRIE, AR SOR ARG &
CFD J5 35t AL AR GeAE KGRI & /E R (0S8l /K Sl S RF b EAT BUE w7 . 1M
HL B WS T AT AT AR EE 2 R 1R K KR FE AR E 5l Ju i o sUXHL &R
GEXMLIERE 57 G AALIZ 3 1 R O 1 SCRF . AR, KB BB MK TR
KeFRTF AAHL AR GERAL-B5 281 5 2R KIEIZ 3, X KGRI 1F AR B3 3 XX
RGHAT RS- K SR S EUERN, Bk XAL_E RS 3 AR Re UL XS 5 1
IKBNFIPERE, JF T GIKBh Fia sl 5 RHLsh A8 2 (8 AR AR G 8. ASie
ST A BT AR RAE R ZH B T HHUE OpenFOAM 1 & 25 & 8 8 W A% R I K )i
FELREKEN ) 3K ffE 4% naoe-FOAM-SITU [1FEAIL b, F 8 A 56 3 3K ik 25 X BB &
g, SRR S P BB, SE X -TRIRE AR R i XL R S 5)
KB- RS BUE TR, FTE WL RS2 A R & 1 LR

N T BAUESR AR AR TSR, 23 Sk ABL = 3 8 fir B IS TR AN 1 5 7K 3 77 Wi B
] AT T T SRR . AT TRl o b R R SR A 1 F HLER LA,
BSOS BEAXHLAE S S5 H AR R #EAT TARB IR0, 2R JE 20 Bl e 1 B AN
ARBT YIRS MBI BPERERIFEM s RIS, X6 JE KL i A9 X8 T B AL BUR
NHREEh N EEAT T BUE TR . WA, R B R Bh B AN E T R 5
Fa TR 2o AR AR S & b, BRI KBRS 80 S & 7K 3l i R
SN R, R ST G KWL AT I RCR Tt 9 S 2 Geiz 2l ot (6 30 1k
iz sl, oHr T Gaslxd KWL Sh T KR R . 2, 73 %k Spar B XL
A7 3 R R GEREAT AR (1330 /K Bl- R IR & SRR, 70 BB i sUXL
BN RG LN ERE SRR, 0 Ee - Hr g i 201 & Bot BB R vk RE .
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14 FRXEFEFR

ARV SCH) T EEAHT A

—. TERMEAS naoce-FOAM-SITU H:fill b, B TR 7RI B E B,
R VRS RITIEE, T SRMLRBI-/K SR & B A I T s s it 1 Akl
HITH.

T BN RVEAEAA I BT IIE 1R AR S A AT SR EAE T, IR R
A SEBL T x Spar A4 AR LN -3 207 sUXBLIK R sl- /K sl S AL

= RS PR R LRS- K S G R A 1 B A B E AR AR X b
I SR WA I R RziE =t ESB & ey =y PALL) VAl IO E b= X (A ER e
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BB BEABETEERERORE

ARSI HERE I TAE R AN R G CFD AR . BB AR i 2
ARARHS R R AT IR CFD At OpenFOAM H F KN4 & 1 HE MK H
K[ nace-FOAM-SITU Kfift &, BB SO A I BUELG Bk, 4 1 HUE X -TR )
IAE RN, SBT3 SR 3l - /K SR & B i A R BB AL . AT 8
I AL SRMUEE A P B A A BAE B8, AT B AR BOR LR k2 W)
sz s, JHAEEEER B R T XL AR G RORE B R A s o

2.1 FRRISB-KEhERIERERIUREE KB RAE AR

P RHLAR G IABTE %, 40 F 18 2-1 . B e N ARWLAR SER 32 (134
BE R R IR KLY B K UATES 2Rk L B T2 s, 23R
ENEG E s TP G A TR S Z M, B2 BIPR B I, A S8
T B IEE B R H ARG LR BT FAE H ARSI oz s, sk, EaKINE 5T
& HBEEEM . B IS B 2 AT ST 678 B s ANA]
BRI —ANER Iy, RIS G RIE s ™ B A XLE) s ok Re, 1k
SRR S IR Z A AFAE AT AR

PR e A 0o ¥ SRRLIEAT B ARG & i, R B AN S0 2R GETRAE [R]— N
THEIR AT TSR 0 b B o 10 BEAASR A X B A TSR] LR 5O 1] 2-2 o
k. AR, FRERH IR TIE CFD Bt OpenFOAM JFA& 1)
naoe-FOAM-SITU R8s . M RIBUEG AR, SCHLR-IR-G RN s 8 SR gEA
AR ATPIARIL N-S ke, THREE KR 155 Aits Ol @ iidn (s 5 XL
MRS . ST B KB 8 il R IEHUR] B LR B f . AR
TSR RMBGT; AN B HEEshEEOR W AP ARG I sh iR 456 E &M
IR, B ACCET 6 5 XWLSE IR PR IR 51

% 33
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Hydrodynamic

P 2-1 i b 2R L T i 4 52 2% A 58 3 A K 3 3
Figure 2-1 Complicated environmental loads and motion responses on floating
offshore wind turbines

RAL e
LY R ALrt i
A B
£ F X AR 4 R
e P R R 237
Zn B LR

Kl 2-2 XL B- /K ShAs & 2R BUE B R A iR
Figure 2-2 Basic diagram for aero-hydrodynamic simulation of floating offshore
wind turbine

2.2 BHAXIBP

P76 RN R EAE [, 1P S8 6 WAL TE 25 < - /K B AR
WM A T (FEFSEKT, FREG /N T 5329, 1ok, Xt
TEARIEIGE (BFZ Ma<0.3) 53, ATUAEAR AT R4E7 A (Sanderse,
2009). FEAIS SR EE AU, THE A R SR EE XL A B, T

34 01
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TERLI K B AR S T, S B SR IR Bk Rt A 0.23, BRLUL
R AT R BT R T 55 « 2E SRR, S T SEI0S 8- /K 3 R A B i,
A3 e T RIS B P R A 54T 6 KK Bl Bl B (Al e ooy o
R RSV A A7 AR R A AT R N-S 7 R AR

2.2.1 #EHI5R

WHF KRB RS- 7K B 5 S BB AL, BRI SR i 12 JE 2 5 A A
A ) B VE 2 RANS 72
V-U=0 (2-1)

@;YU_FV'(p(U_Ug)U):_vpd —g'leD-FV'(/leffVU)-i'(VU)'V,Ueff + fcr+ fs (2-2)

X, URERIHEIR AR EY, Uy RRPIRE T SUEEE . pg = p-pgx ABNE ], H
(1 p RETETT, pox A KR E RIFKIE ST, p NI, 1ERARRAARIR A H
PR R S EL sk g (PRI 2. 2.2 ), g NE IR o e = p(v+v) N
AN SRR AL, Hoh v RIS HIREE R v MR IR FE R AL £, A £ NP ANUR
I, AR R MK 1 S IX ER .

T SEEL RANS J5 F2 ] PR DL 52 ekt T FE A ROR A, 75 B 5 NI A
FEAW SCHBE BRI, IR AR 2 Menter 3272 SST k- 14!
(Menter, 1994) . SST k-co F%Y 2 H B CFD Hfl 1500 5 o812 B A
AR AL I R UE ) K-co ARBLFBRIERT k- B DIVR A R SE & 28—, 454 7 brifk
k-co FIFRIUE k-¢ BRALIOE AL AP BITBNEE kK A IFE B o 3 2 F T I E s

ok N
EJrV-(Uk):G—ﬂ ka)+V-[(v+akvt)Vk]

(2-3)
%+V-(Ua}) =yS° - fo’ +V-[(v+awvt)Va)]+(l— F,)CD,,

X, kKA o B3R EhRERmENAE LR . Fo ARG AL, 2R Hon] DLSEELAE
L BETH AL R I ARAE koo PR, 1AL I B DR X IR ke 17

2.2.2 FHRKRE B R

AR SCIRVT 7 SR KR AE R B0 3h- /K s & il AL, BUE R s v
KA, SRR ST RERI Y PIAIE RANS J5 ke, A aal (2-2) iy
p MRS IEE w5 S HOY AR AR TR A B . PR SRR TR Z 0T, ¥ e B e i

% 35 7
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HR RS BE p FIUREFE w B A TS L o AEAIR SR, SR B RT/E L T IR R CFD
KAR2S R B R o) 2 (1) VOF J5: (Rusche, 2003; Berberovi¢, 2009) k3K i< -
WPRABTL IR R ZETI AR o BIRES, @I AR 4 o SRIF R A UA
%55 55 FH B R VE R S S B BUE -
{p=mz+ﬂ—ang

p=ap +(1-a)u, (2-4)

Horr, a AR, BUATE I LAE 0 3] 1 208, 0 R4k, 1 MRFEK,
MTHUE AT 0 2 1 Z R MACR AR AR A o0 F i CRIE AL ED

0 st
a={0<a<1 WA M (2-5)
1 7K

PRARIIE o 1 E U S SRAF AR AR 2 B iz T RS, & 5620 ol B R AR /K A

TR B is R

N]

%4 v-(Ua)-0 (2-6)
QQé32+v{uga—aﬂ=o (2-7)

Ferf, AR AT g ARG AR S S A ZK R 23 UK B3 B T s A O 5
R A B A LU ) Tk, IR AN A ROE 3 W] AR AE N :
U=aU, +(L-a)U, (2-8)
AR AT A S 4k -
%+V-(Ua)+v-[ura(l—a)}=0 (2-9)

Horf Up = Up- Ug AIXTIERE, 58 SO “ R4 o 22 3UrP IS4 10 i K 128 Alod i
[ 7T A D A SR A«

Unfznfnﬂn{ca|¢|,nmx[l£L]} (2-10)

S | S|
Hrp, T f 2oR o EMYHEE,; RS E, SRR R ITHAR A, S
FRAET PR T T IR C, 22 K48 ARG ne SRALF I LAk F i, Gt B AL
WA T R AR AR 73 B R SK e
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(Va),

ng=——" 2-11
Tlva), +o] (2-11)

DA on REAGE R T, RALRIRE AR, E ST

&
13

5 —— %
(iZN;Vi/Nj

Horr, N NHHREMEE, ¢ A/NSE, KR 10°, R Bk g7 200
N EA R A SEEARRE M.

DA EABEAS 2 1 A N TRAE BRI T VOF o XM 7 E A L v
AR o B A e A s E s, R KR S T AR SR AR R, AT
OpenFOAM Hi )32 N T B AR VLR AT B T 32 8. Pl N TR 48 DU AE E HH
T 5 Bl A RS E P, R 25 [ E TR AR RS 9 AN 32 52, 8] ik mT DA R8s i B FE 155
HAMA R B BRI, RN A 7o T 58 Sk R s e 1o
B HU% 0 (Rusche, 2003) .

EnTN (2-2) WIENEFFEF, RETKIJIRIN f, 2 b P A AR TR 2 Bl ok v
(1. ZRITK J772 /KSR T I AL = A B 86 S 80, HEAARIETE U F:

f, —onVar (2-13)
Hrr, o RN /5K 1 28 X BEUN 6=0.0734kg/s?, & & H B #E, w]
SERNRWEEE

(2-12)

K=-V-. (|§_Z|] (2-14)

22.3 FRNEHEEEIRE

£ 2.2.1 IR RE 2-2 T, Ug AGRIAR 1Y R 8l . A28 LK 3 R RS SR
I H TR S AL SR RS T 08 8l EAR SR se R, R 7 &R EOR,
I HAG KL BEZRANT 6 S A AL ERIAAROR A 2], DR A Bl AR XA PR AN AE R A
HIAETE, BB Ug AR BRI B TS5 K38 230 51k B Wk 19 5 A T3

NP ARG EZ BRI R FASHET MR ARG L EZE U
o BERREEMASIET 6 B, RSP arEshee 86 RIARGEMNRIHEET
& b, FitHEEshth s e ke XHWLSE TR0, £ A% &AL

%37 ;W
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RUERFPERIREOLR , MAHLER 158 B S iese i DIl 2 b, Bl & 1iss).
ARSI R AR TS o B E A, RS A N e e . A S & Ty
FE (2-2) PR KB EIEIE Ug IMER, 75 BRI AT 6 N B EIEE) .

7’ Y
%X’
V4 .- "
- e
0% - X
A A FRE
2-3 HEFR R ARG

Figure 2-3 Coordinate system
HJEE U AR 2 R HBAADE 2R BOFRAB R AL AR 2 BEARAAAR R Bk AR &
FEFPEALTR 2R R AT B & S5 M I SR 3Z2 00N

F.=mg+F, +F + Iboddee (2-15)

Hr, Fe RRFEH2AM 1M, BFE: (1 EJimg, (2) RFARFRMN RIAE
fif Fo CEEAE R —715 2.2.4 A7), (3) KWL Z 308 Fe CRAE 2.2.5 HidffT
FEIRD, (4 PARII T G 4 e 8 CRAFIEIES 2.2.5 58l #Efr K
it —20.

FIFH AN AAHT 3 2[RI E 4 B, 4 R AR BR 28 TS PR 288 i e 460 21 Bt AR AR AR 2R 1

F=(XY,Z,K,M,N)=J]'F, (2-16)

ST SRAGRNIAA (1) 7S B B RS 3 B 0 i 52 0 4 o ik 2
U=X/m+vr—wq+x,(q*+r*)—y,(pg—r)—z,(pr+d)
v=Y/m+wp—ur+y, (r’+p*)-z,(ar - p)—x,(qp+F)
W=Z/m+ugq-vp+2z,(p°+9°) =X, (rp—d) -y, (rp + p)
pzli{K—(lz—Iy)qr—m[yg(v'v—uq+vp)—zg(\7—wp+ur)]} (2-17)

X

qzli{M (1, =1,)rp—m[z, (U —vr +Wq)—xg(V'V—Uq+Vp)]}

y

r':li{N — (1, = 1,) pg—m[x, (V —wp +ur) - y, (ti —vr + wg)]}

z



EatisSd il N L e A0 o5 HUEDT %

X oy 1) ASHMRSNERESE, (u, v, w, p, g, 1) KRB
ARKRZR T T 6 18 B2 BT A R

R SR BRI REAF BT 65 7N B H BEIZ 51 (000 388 2 A7 0 5 0F I 18] 3£ AT AR 7
HIFS 217 G788 IS SR MR, BE— DR (8 A 70 A2 AT 45 2101 & 112 3
(DREZN) S ar i)

2.2.4 ZRIAFRGHRI

FEAR W SCHIBE R, ARV RGE R RE R G H RS sLN RPLA
o PRIMAEHUME R e 35 1 70 BOAMEZR R U B RIBL I 2 MG L. 73 Bk
HEVE AR — PRSI RIA RGR M T, RN 25 R T R IA RS ) AR R A2 T 1
SO, TG RBU AL TR, P U B R A IR R G X2 MUERRSTT
B, P BOMEEFS RG] T EZ R ER, P T RS s SR AR
THARGUA 5 e TR B

Iy BOMEZR S SEBUHEAT 70 B @R — BORME R AMER N — B, BEEEE&R
AEEIR, RN BOME . B2, B RIBESI D BOVEESUT. 15N i
WEERUTIESZ o0, I R 19 Mg 5 o i+1, ITHA T MRS 0, R B AT
Z LK 2-4.

Kl 2-4 v, Ty T, 80 @ 20 RN &5 RALTK I 72 RIAEEBAL R R KP4 &
e H o EAMK ) G HARF BN, TR AKE R ZAE, SRS R AL
PREIE ST R IR TR &R dl A ds 70 iR s BEBUT AR AT SR B o N
AR EREEBUCAEK TR ES, D M F 200 8 A6 KRBT B sz i e H 1% n)
5Y)msrE, A58 Nim; U RS ifig s R &, /2 AR
WEER T/ il ik ) 7 & Uy M) [R) 73 & Ure

TE/K 5 3 B 7 1Al @ S B o 2 1 P AR

{TXi+l ~T,—Fdscosg, , —Ddssing,, = pgAAzZ'cos ¢,
-

zi+l

—T,—Fdssing,, + Ddscos g, —wdl = pgAAz'sin g, , (2-18)

b, p AIRERE, g NEIIINERL, A VRS, Az 9wy 5 w1 3 7]
PR o A5 A S TR s B B e P i AR TR B IR T, 3K H T BE AT I i S B
EARGARE ST, ABLESREE SN H KRR 5L, Pimim A s I Eid N, B
THbR. MO, BBEE LW, BEHUTITEEELR, XK
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5 WS AR R A IR K S B N, TR i+1 3 RUAR R 5K A 5 KF
I ERIRA g (F R

Txi+1

Un

Ut
Decomposition for
fow velocity U

K 2-4 B\ 10 s K
Figure 2-4 Diagram of force analysis on a segment

BN BT P 2 A T ik ) 5 P01 72 B Morison 2 2515 3.
D, ZEPCDN DU
12 (2-19)
F= EpCDT (7Z'D)UT2
A, p ARMAEE, Con A Cor 72 ml NEEBIHE R S V) L) 5% D NEHUCH
s Un AT Ur 23 3 D90 B B2 1) A 1) 73 £
bR V2P RS, BEBUCIEAFAE TS RUARAR SRR B 22 TH) B LA 5% & -
{%ax@ﬂ:V}qu:Aw
: (2-20)
dssing,, =|z',,—2"|= Az’
Ax F Az 73 5 Z2 755 199 S 19w B8 7K R 2 [ R
BEAh,  HI BT IR Sy R AR ] 2 1A 5% 2R A48 AT LAAS 2]
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dS:m@ﬁEij (2-21)

A 2-18 KA 2-16 1, FFHAENE, 1SR

{Txi =T,,,— FAX'=D,Az'- pgAAz'cos @, ,

T, =T, —FAz'+ D,AX'-w,dl — pgAAZ'sin @, , (2-22)

zi+l

A 2-17 21 2-20 iIXPUAE, BRI L 52605, al POR IR R IA3ET
2.2.5 KA SENEERIFR

I AR A ) Oy R R, T MR BN ol S AR 5 S, 2t
S X R BT HEAT AR G, ROV AT A AR L S A A
1EFIAESS AR T S 7B K ) BoR PE DAD IR, R R AR BR &R T R A
dF, =7-d|S,|+ pdS, (2-23)

A, Thr e ARIZR M RE R AL KA bR R AT IR Fe NAEIAESS R T 1K 77,
Se F& £ AR T L TR A5 VAN A & p NS, © o ABYDI . IR0 p Row
2y I 3 A0 R KR 51 A PR e I 77 BT

P=Ps+p9-X (2-24)
1713 B 1182 5 D S 9 T 3 SR A 3
r=-pu, -dev(VU+VU") (2-25)
1, dev RE Bk ERIW &, M TAEEKETA:
dszT—%LUT (2-26)
HT,
thU+VUTy:ﬂ%%+%§+§$)=O (2-27)

R, AT BIYIR ) © RIE
r=-pu,. -(VU+VU") (2-28)

AN R R RGP DR S AT AR Y, BT RIS B3 e B3k
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N

AT :

F= .Llade dF, (2-29)

2.3 EBMBHEAR

A NWLR G SRS G BUER N, FEERNZ s S Bk
R RS T G AEBAR N B HEIZSh N, RIS MBI ekl iedsizzh. 1%
GBI AR TEIR SE B IR 2 JUa sk I BUE AR . BRI, A0 gl NE
B PR BARR B KNL ST G 2 HIssh e, BN EA B EREE -
SN EIER > AR T A, RN BITR S R A FE RS T T E R R, Al
R 5 AL FERE TF Sk CLA B AR ER s SR % B W A 5 DX I e Sl ST A {EL S RO
KL B WA Z [R5 S A e, AT IE S AOSRA I RCR o

2.3.1 ZENEEEIALTE

S MRS AL PR KRz 3 5 2 s s H L LA B BRI, ZRmTE
H S WM RG 4. EEMEITIESIAZ IR M, XL sh 4
PIATWIRE R o B — SO A, AT DUAR I 75 B o7 W (] g B d2 8,
AR, WRMELEEBRABEIN; 5 RIS, AR TN R
BARIZ ) AR R A RLE BER RIS, B anAR SOk £ AT G 83 —
NG BERMAET R, EHUESE AR s A E A 5 B is s A
ZERE R 3 0 LHTREAR A%, X T OABL R G, KL BREVAEBE P & #0785 B
B3, WA NN B S ez, KR MBIk N =R R . X Tia
BN INRIM ARG, T LIRS ) B 2 A% R St
FERC B S5 K 1) 2 RIS 1), D ABARGON R AR T 4m: E Al =
IR LT RE R RIS R S8 Blan, ERBEXHLM A AE R — N 2RI AN a, @A
LRI R BN n(ng, ngs ng), TS A I2 3l m] BLE TS T 50K -
c+n’(l-c) nn,@A-c)-n,s nn,(1-c)+n,s
Xiage =| MN,(L-C)+n;s  c+ni(@-c)  n,n,(L-c)—n;s (X —Pa)+P.  (2-30)
nn,(l-c)-n,s nn,(l-c)+ns  c+ni(l-c)

A, c=cosa, s=sina, X NN HIVIGEN B, XLl ieias) 5, M
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PR HIALE . Pa S0 T RALIER: Ol B — R o [EASVE R B2 I AL B AR 2 A
BEAR AR KR 28R FEITIN o

55D RN AR ER B G RS AN = MRS IR BRIz B, R AL R SEAE A 85
AT AN H IS BN . AR 2.2.3 1P 175 Bt Bl R 07 15 R A 2 4 1 2
izgl, FRYEIZN B B IS S RN TR B A% T R A s I DL (BT & BEAA M
% LA 21 55— 2D e 2 Ja I XL B AR XA D, i R

Xn

pit
A XOANE B IAE A B (FE3X BLRS 2 W R R 45 7 3 SCHE T 65 1 BE AR X AT
Eb T U e B R XL A RS D, X 28 11 Bl MU Bl i Xk 2 R A ) 67
B Xeot R RGMIEFE Ly 1 RFIR RGUEFIB BN FARIERE; m AR RGN T3
(DR

FERORER T S PIME H AL, Rk € RIS SIS 1 SRS Rl BT ERIR ST
MIAE R, o RIS B BN E [, AT AT IX — D A3

= ‘Jl ) (X%It - Xrot) + Xrot 1 (2-31)

2.3.2 {E{EXRBEL

B MR OTIE NI OAE T 2 B W Z [ 15 B A e, DRI/ 2 S A R 4 8
KEFR AR, XFEE R RHE LT B SUGGAR++ (Noack, 2009) 25
THEIS ) DCI HdE R S .

P 2-5 A 210 ff £ R TR RO ZE R A A% R T3 S A%, TR £ it S 2 R I QAR 254
VIR BEAR RS o BB Z [BAAAE € & X, (E18 H S WA JAZ AN E %
LT REE M R PAAAER) 5 DA, iEshfo. FH. HELFH
oo, stk Te. IR o, B BRI B i T = R . S
B CR G AR, 2NN T . () R IT, fFRETHREZIN, AZ5RY
T (b)) fEEL AR TT, MWHAR M RS ESURSE SRR BT, AT #
TEAESIRITZ I (o) iEENHTT, BIIEWZ 5im it S RMAR RIS, SN SRR
YREE R (d) sTlkios, B /NMEEIL S RITR BAE 5 A — R S fit
RAERIZE BTtk TR AT I E B, T B R e hrid L
MR M, DB bR L) LSRR A T () IR LT,
FE B PR T IR AL B — PR IR AE L 50 0T, 12 I S oA B B FY
TURR LT, AEAE IR B A% 2 R AT e 2 M A TN, A BE TSR
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FL A I S IR TG Y B b HLA
FESETT (RIS

s=Ek Tﬁk‘%ﬁ: (B BME)
| | | | : | __EET
T | L | /
2D 3 5=l
W2 DALY A VZ0 ; é = EHET
4__,\&/>{> Sene
A IARAX B
j\f\ N WHILR
jins o AT GEkRI)

BERTT (BEMK)

Kl 2-5 HE Mg RERE
Figure 2-5 Diagram of overset grid

FIRFTE M RIOE R, BTN R R EE TS TRk T R T
FEAIE(E R R, SGARONTHEIERS S (Domain Connectivity Information, DCD) . &
i DCI Hifs i 37k 51 B O kg 2 18] 230008 A8 BT AE O¢ R 75 22 LA R BE ) AP 3R

(1) BEEMEHARNZE D2 F PRI B0, WAREZESRE: @iz
Bk GX BRI )\ X458 (Noack, 2005; Noack, 2003)) i [ BT A M #% BT,
T AT RIS AN, TR A B TThRic N 2 50 E R0 3 B o B 2 FERR AR
TR AMATF R IT. VRGN FERT 2 WA 9% naceFoam-os Fi ' F/iF (Shen, 2015).
IR BT A B)) BTG RS 75 A B S G A T, X T 2T S S TR R
R ST AT

(2) HWRITERFIC. M EFHEU R RICZ G, T RS E R ENFHA
SYBCUTHR TG . T S X B — N B 5 B o BEAE T L A B AR P s 8 o AR
LA (E (S BRI TTaR e T, i b A T B BB O X R s T BE AR P R 4 (A
10 5 L T0 7 AR T S A ARG R ST TR R A R, B R )
O XA, FIN, SUGGAR MREEHE A4 NAIANE CFRITE sl ool
PRk O, KA E B DTk H T R

() RMBFHE AR ERED. &k LR BEE, SR T fED R T
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JEANDTHR LT HIULRC oG 28, 45 P oRmi2 70 BE otk e e R, R4 — 49
{HIL S S TR SR R E AR R 8 JFARYE T 51 A s AT HiE -

D, :Zwi X @; (2'32)

Hrb, o ZoREBRSER, W K15 o 2% | Dotk TR E R E (R
HARHO: i ZH | DR TRISE BME: o RIEEL T BT NAE. BEA
AR E AR BISH LR AL, T ek

D o =1 (2-33)

i=1

[F RS AN [F] OB A7 A% 30, SUGGAR $ABEA R A (AN R BORME T 125,
XHERNER, PEYI{E B AT S % 425 naoeFoam-os i /' -/t (Shen, 2015).

(4 MAESXE, e R =ADEER, (0] DLSCHL 2 & Mk 2 (8] 10 3 i E
AE BT H2, NTREUENZCEANEE, TR HE e E 28
A% 2 ) ) B B X St AT AR A . AR B B O TE T80/ 2 s G 47 {120 5 B0 e HE B
WA P EAE BT R Z A X, DL R 2 A 2 ) e RUFE 22 S BUASOR R X
5, VA HRULEC M s mk S A (E I SR o A, IR SIS .

2.4 FARHABE KBS

A SN B BUE A B LB AR B IR P& OpenFOAM L H FEH A
naoe-FOAM-SJTU R fif4e,

2.4.1 naoe-FOAM-0s-SJTU 3R iR g ¥ {kiELR

BT 2.2 WA ERR SRR, IR TE FFYR AL OpenFOAM [1)2ER: - 5
FFFR T naoe-FOAM-SITU Kffss. St ZHRMWKEMTESE, et ME&Z
B, 2 IhREMIMHAN S HE e TR R MRAS . 7 SEHLGE 2 2 00 0T FIF 550 o 45 A K
B E FIEHIEE E, % 2.3 TR ANANESMNEH A G A F] OpenFOAM
H1 5 naoe-FOAM-SITU SRARZSHILE & .
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(ﬂaoe-FOAM-SJ T [.')

( —— ] ( e ) [ﬁ{;‘&ﬁj(ﬁ{;}“ﬁﬁj[ awnn | (maon | ( weow |

(mans) [(oes |[1es | () (smom] (ean) (mee EJESaAacEn

4 2-6 naoe-FOAM-SITU R fift 3 3L AHE 4L
Figure 2-6 Framework of naoe-FOAM-SJTU solver
WK 2-6 T, SRARZRZE7K T OpenFOAM HFSEREAESE, FE7E SbIEAt B PR T
HUA PRI, N H S RIA R GRS

2.4.2 7NEHEERIER

BT 213 W HEEAAL, PRSI R TN B s, R ERE AT
BB . L) 3 B RE AR YE S MR R 3 T S BB AREh 1. AN ERET |
5 H A2 71 R Ge 2 18 A LA R RIKSR AR S5 (N H e s ke, 13 2145 #/N B
HIE IS S AINE L « S MM SEE R, IFRZIS s ey a5 P 1 25> RS
R AR S AR S, IERMIRE R, sScBlEiim Sk maEis
ENBUEARRA . IS B ST LR AR REsh 4R, T UME MIRfES E 1is
TR N EbATIEE), R DASCEIARAE SR S AHAR SN I R I B sl

X T XML R G RN 055 2 R sh IR 2R R, 5IN T & MRS HOR R
KeFRS RN H BB 8l . F 8 RS BOR B 158 F Fo P 25 R 0 1) B A 0 4% B 2 45 4
YIRS B HEIZ SBT3, AN EEAT MR M EDE Ry, AR EAE 2 BRI (A
EALIRER R

2.4.3 RIBRGHELR

N T SEIU RIA RS L R T i vz 2R a8 M (07K 3 77 B AE R, R
1E naoe-FOAM-SITU Kff#s H I K T RIARGAEE (Xizfl, 2014) . %R T 1)
[l 2.1.4 TTA-BI 5 BEAMEIRAN, BRICZANEGINT 250 R RGORMAERL, 51 anss
TR, B, SRS, W 2-7 Fin. HTARR SO EUE R A
BT o BAMEE, HAMBUE A BN FERA .
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{%m%%ﬁﬁﬁﬁﬁ&]

(o ]

| | 1
{ G5 ¢ ke ] [j‘iﬁ@%’%ﬁ%ﬁ&] { oy B ] [%ﬂﬂﬁii’%]

& 2-7 naoe-FOAM-SITU KA T R0 RARILE
Figure 2-7 Framework of mooring system module in naoe-FOAM-SJTU solver

2.4.4 WEERSHRIER

KfFEAS naoe-FOAM-SITU & £ AA-5 ¥ TR 7K 30 7 S BUE AR ) R &
), PR JE A sl B 55 B A A T o A T B B A A\ P I 5 AR = T I
(T EE TSI A U987 5 RO ) BB A AL, B0 HE 1~5 B ) A e B i
JONSWAP FEH1 P-M 528 AN FRAE IS IR AL

[Velocity BC] [ Alpha BC ]

A

waveTheory

I

[ stoes st ] (stoes FistinDoop water] [ stkes secona | | reguirsikes wave | (1 Orectonatrequar ]
2-8 BHIGPARE TR AHELL
Figure 2-8 Framework of the wave generation module
£ naoe-FOAM-SJTU Kfgdsd, KA 7 ilEm 2 AREATIH B, FFRIEIE L T
RHITENR, BOE T AFEIFARBIEFIZ VX, AR e X3 ST X A5
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25 BEK-RIARISLIL

2.5.1 BUERRIRE!

Naoe-FOAM-SITU K a4 H A BUE G PR oy g B A\ 2d i, BIARE RS
RS (IR B, THEBIR N FIA 5% S BT E U Cuv,w, ) FIRER 73
Boafl, HHPAAIERNE —RILFZ%M (Dirichlet) 25 2EANRIR I THE A,

PL—Wf Stokes ¥R /K 9B, IR 0 A L5 B eh i v BE R S

n=acos(k - x - wt+ )

u=awe“cos(k - x - ot + ) (2-34)
v=awe" cosycos(k - X - ot + J)
w=awe"“sin ycos(k - X - ot + &)

b, g FAEBE, u, v, W BIAREAN OGS BRI = AN R, A K
NI S ONMIGLAT, M0 X U NGB T 1
N A5 EAE— R BT RITA AR 0 B o MG 2080 5 B i A &
KEFIWr. BIIRETCIA WA T Bl 2 £ (zg), MBBZ AT T2
Y, Bl a=0; RZ BPTAIE R ICHUEE HECLT (<) B, 3502 5.0 47
Tk, B a=1; MAh, ZEQFE AT AT H B b,
AT B AN (Znac<n<zmin)» WHIZHTTAT B B, AR Hficn T
iE X
a=" (2-35)

Horfh, So NIZHITHITER, Sy AAFRIZIH e AL T B HT PR #4 FTH F .
EBE L A, N T I8 G IR AE I AL PR AR OB 51 T 5 BUE R =
naoe-FOAM-SITU K fif#s 1 1 BB G P AL RIHIE AR N 1 45 2 H 0 . HOyH T R 2
SEBIEEARE (2-2) FREII— NP IER D f, AT PAZRIE N
—pa, [%] (U-U,,) HZEMN
0 MR AN
Hordr, xs AW X PRI E, LR XK E, as ATHERYE R B PR
SR E I Uyper T HAOR T S AR A AR R E . H AT SRAF 8% T BE RS 08 61 TH U

f (x)= (2-36)
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XFRA A EARETEF A B 2-9 A7~ AN naoe-FOAM-SITU SR ff 25 18 B i A\ =X
EW LR SR E X ORE R

K 2-9 HUHIEBEL T Sile a2 H i XORE K

Figure 2-9 Inlet boundary for wave generation and sponge layer for wave absorption

25.2 RIBIEEIEYIEST

1T A 18 SO 7T B il AR T sQRMLPE TR R & A T RS S s, DR 7 A
FERfGE PR EREAT IR, DASEEUX IR R BUE RN, . A2 XS IR S AU, A
A BCE AWy, BE BT 2 F . BB LR K, SRR SRS
PARPGEAF R MAE H i e RS, W KGER A . % &R X BT
HIZLS (Archer, 2005), KGEAMAKE 1 2 ANBIUMEAL . 52 301 i ol i i 1) 35 1)
RUNL, R AE 28 T 8] I AL A i 2 SR I ER A — 2 Ve TR PN B sy P2 18 i
PRI AR X A AR e, o KOBT DR, S 1 22 b X S A B BT DAL . KU
T SUN=AN

U= (u,v,w) (2-37)
Horb, Cus ve w) REBRRGER =ANE B 7, BN, fEIRTHRN 2T I E .
HEHOLT, K NZKF 7 oA, B TE R & w B E Y 0; M T/KF70r& u
M, HRATLAE SONBE S z AR R, FL A i 2 X o v 2 A A R R A [
i

AR SARYE ARV I8 L 7 B AR, EBUEIE BT 5L T i =F
T R B DAY
1. SYSI N IR A, A A 2 d ] PR A T P g AR, RIS E i DL B S
MU N B E N —E, AR AR

V(2)=V, (2-38)
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XL, V(2)37 BE R i B T v O z A EAR IR R, AR o AN =
FEfH 2 224; h D NESH R, XS5 5 Bl PP E R V(h)
RoNBLT 275 AL BAL I RGE -

2. LRMEBTYIRIAL . MR b s e N BT DR B S AL

Vh(z_—H') 0<z<H,
V(z) = H, (2-39)

V, z>H,
3. FREBIUIB A . $REA AR A KB DI R H A )32 B KBS A
ULy

m&%y 0<z<H,

V() 2o H

X B KGEBRZR 2 SON A BER B SS, H ARR KGR BT D) 2 1R EIXANBY
VIZEELIN, K SONTRHCR R0, MifE s R T3V 2R AR, RT3
NANBE = AL E . A I(2-37)H, V(2)FE 7 B 1 Th) B 3 1P 1T s BN 2 Az
BARIRE: h R —DNRESE S, XS B RN fl e & R
V(h)FRIRGL T 255 m A B AR RGE s o & KURBRR TR S o (E13 15 Hh 3 R A
JEARDG: TEITHRRSS . R W, YEHIX, I 0=0.12; fEHEF. 24, ERK.
2 F BA K 55 R R A /N B T XB IX, FTHL 0=0.165 % FibES S BURF I T 7 X,
0=0.2; X THE mHERTHE R RS IX, BERE ¢=0.3.

4. XHECETUIRIAL,

V(2) = (2-40)

V(z)z(%)lmzi) (2-41)

A, V()R B B T & N 2 AL BRI XGE; Vo BRI AR
K17 (Karman) FH, —MHL 0.4m; zo FAIE & 1T B35 Vg T At TRDRERS R, %)
T F i Y 0.0002m (JiisdE, 1994),

2.5.3 BUEEFEIGR

7E naoe-FOAM-SITU K fif#s FIBUEIE S S HEmt, 4w T #EEmAR
(R 7 3, T R-YR I 3 ) B N Al e 7 SR 2 O P BB I AR e el e 34 o =
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SIE RN LI -
£ naoeFOAM-SITU ) #AE i B BB b 5 PSRN 13 57 26 A, o il 2
waveTankAlpha 1 waveTankVelocity. 1, waveTankAlpha it i F waveMaker fi§
74 R # interfaceRatio() iR 1A AR 4> $17%, waveTankVelocity i3 18 F 5l 7 B % U ok
TFREIFIRBIHERE . AT EAE M waveTankVelocity Sk sEI 2 537 4 R R IA
FERR P A T SR N 1 I 2 PR A0 32 2l o 4y B R B e ), AR AR AR 4 25
EAE )R AN 20 N =B o308 23 AU o AR AR 708 a=0), B - B Cof
AT 7> E 0<a<l) MK FBAREBL G MARFR M a=1) . JFREIRE R 50H 5 18 RUE
O, P DARR EAE BN IR AR DN XGE . windU, By 1 ORAIE 53 B oR £
AR, H IR AL I R B ARG s ek, BRI N A AL B DR
U=wave(u,v,w), a=1
U=wind(u,v,w), a=0 (2-42)
U=a=*wave(u,v,w)+(1-a)*wind(u,v,w), O<a<l
FEHUE T BRI, AN B, R (2-34) 4 1% B B &
n W, AR TR TR B o0 T 20 0l TH 5 R 5 5 TR I T 5
orAn, s E(2-42) tH EAR R H T EREE A .
380 1 B R s A AL, SEBL T R IR RN, BRI 75 0 R
ELVH PR HEAT MR B, DAY 2 BEAN TR BT 2 s fE . i 75 ) 2 (2-36) H i)
FEXT IR JE T Ures BEATAE LR, DATE AN JRGH R 520 o

2.6 BUEREARIE

P 454 B S MR naoe-FOAM-SITU SRR #8506 17 2 RN R S 473 5-
IKBNHE G B AR EUE B B B AR v D R e 4

0. VAT THEIR (WIAE AT ()30 5 LRIk P (R B 6 70 AR AR 3
IahEe. M AEHCR SV B S WIIHME)

1. AKRHE AT — I [P IR EE Y, SR 25 O A i 7 7 s

2. RGP VOF i 771, 13 3P AHIRARER 7021 Alphas;

3. AT PISO TE¥N, KRMEEEEKIIFEETTHE, BREESNBE 1Y GEEiE
i 2~3 AMEFA AT AR B SI 45 5D

4. SRR, THEIRFH nut;
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5. RFEUTTIF RPN, &R/ S MFE RHALKR 2 R I IR0 048, A48 KL< 3)
BT T BN 2852 B S B 8a AUKSh 8T ;

6. I RIH ARG, R RIALLE LRI AT

7. R WAL B8 BRI R G 2R BT B #e B 27 6 B, JFRER
M AR KR 28T IR R A R e B A AR 2 R [ 1A T35 5

8. HIFEVRAR R T I 1A vH AT BB (A AL s 28 A IRV BN E 5

9. FERIRAR T IZENINEE, 3 BIRERA S RN IEESE, 2EMfS 2T Gissh iz

10. KSBEARARRR RN HDERE . 7 G RIALAS B B B R AL bR RN 5
11 SIS THEAS 21 & B AR RIS LR AN LBE 1A A% (4% 5
12. REEPER L, FENT —ANEED TR

2.7 AEIG

AR E T EAG T AR SO BUE AR BT F B S AR T, AR AR 4
HEMREHIEIN,  BLEN R S SRR T 7 SRAE AR LI R AR A 5 i AR /K 3)
7125 3R A 4% naoe-FOAM-SITU F:hit b 3E4T I Th BE 56 38 A K TAE

FEARTRIR A 1 A T BUE AT SRR 1D 35 AR PR I A 42 1) R R A 2
SR G B G il 5 R BAAR A48 T AR RS B BT . P BN H B IZ ) TR
RIARGHEEI . DL RIS SR AT 5. A Sl & W 2 ) RANS 52
VERNRIEE T RERAT R N T EHMATREA, S8l N-S TRERIA SORME, A
T T RER) SST k— ol Al SR VOF J7 725230 PR AR AL il 0 SR A A E
F THT PR AR 4 s S SRR 7S B I sl 7 B, TARIE S 6 175 B B 2 3l
B F AR SO R TFE XML R G P R RGOS, R AR S Ul
Bl 2 R TR S 1 4 BOAMEVOR T A R AT TR SR AE 2
() SRR S AR S, B AR 15 2 R B < sh T

H5ARWSC, FUIARIR SO R TSR ARRS ) EE S AR B SR A B XML
Jr it 5w 3 A N B E N 2 HOs s A M. RIS =T A A TR
S MRS R SE I 2 R RIS sh i) B N R s R X B S P R P A% O
FER RIS TN,

FET AT AR EE AL, R4 THHEF &5 OpenFOAM L& 1 AR Lk

#5052 W



EatisSd il N L e A0 o5 HUEDT %

VE T REK BN 1125 R i 2% naoe-FOAM-SITU . (K 7ER RSN B EENET
naoe-FOAM-SITU R fif 2% IAE SR 45 4 5 A0 & I R AR B . 1 B Uil T SR8 %1
B ) KA

N T SEB IR AN BN- /KBRS G 2 i3 BB AR, T SR fge A L i g A9
BT 7B, 3N T 2R AR AEAY, SERL T K-TRI I EUE AR .

% 53 7



77 AL T3-S o R 4 7 B A 40 FISE R

i 54 T



EatisSd il N L e A0 =5 KB ERE T

B=F RIS HERTTE
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3.1 NREL-5MW KB RSB e R EER 24
3.1.1 NREL-5MW R#/L1E5

AR 3 0 XA Bl - 7K Bl R B A A0, b BT ik FH R ASE 28 Dy [ o e 5t 2
(International Energy Agency, faifx IEA) HZH &4l Wind Task 30 i OC4
(Offshore Code Comparison Collaboration, Continuation) i H (Robertson, 2014).

T2 H F i B0 3 v XUBIL 2 5 [ [ 50T e Y S 36 5 42 HY ) NREL-5MW KRS UL

I 3-1 NREL-5MW XL
Figure 3-1 The NREL-5MW Baseline Wind Turbine
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ZeeC 2R Bm 1AL o 12 RATLIR L TR R 5 Syize o X3k, 7 ¥ X 3 R e 7 B 1
REEFE R Wi m . s S E . IF B AmsEms sy . Bz AL B4 e
WA 11.4m/s, XTRCT 12.1rpm R EEHE, DL 80m/s A E MARIE . Z XML
R UL 3-1 fow.

% 3-1 NREL-5MW F:#E KL 3= E 24
Table 3-1 Main parameters of NREL-5MW Baseline Wind Turbine

KHLZH HlH

B T 5 MW
AR bR A
e 3

WEe e Bz 126m
RRES 3m
e (BRI = ) 90m

PINL UIH X 3 m/s, 25 m/s
HE KR 11.4 m/s
PIN VI 6.9 rpm, 12.1 rpm
BIE MR 80 m/s

R AU B A b Rl B 5m

3.1.2 HHIgE

ARSI BB S T B E AR, Rtk A S T 1 5k S B
RIS o T SRS R AT IEAT AR R 15 B . 783X — 8043 (1 XL <3l 73
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Figure 3-2 Grid setup for simulation domain
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Figure 3-3 The wind turbine grid system
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Table 3-2 Simulation cases setup
G AN IRGE (m/s)  KUBLIHE el i B (r/min) - I 225 41 (deg)

1 5 7.39 0
2 8 9.16 0
3 9 10.3 0
4 11.4 12.1 0
5 15 12.1 10.45
6 20 121 17.47
7 25 121 23.47
8 15 121 0
9 20 121 0
10 25 121 0
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ST ML S sh M RERE B, 15303 g . K S R A 15
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B 17 AR ST FH B SR AR A8 A X0 L3N 70 1 R PR 5B A4 o A 2 v PR R B



EatisSd il N L e A0 =5 KB ERE T

6000

®m  rotThrust, OpenFOAM,kN
® rotTorque,OpenFOAM,KN*m
rotThrust, FAST,kN

m 1Ot TOrque,FAST,KN*m

5000

4000

3000

2000

1000

4 6 8 10 12 14 16 18 20 22 24 26
Wind Speed(m/s)

K 3-4 KM BhHE AR
Figure 3-4 Thrust and Torque on wind turbine
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Figure 3-5 Distribution of pressure coefficient on blade cross section
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Figure 3-6 Limit stream lines on blade surface
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Figure 3-7 Thrust and Torgue on wind turbine with over-rated wind speed
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Figure 3-8 Pressure Coefficient under U=15 (Left figures -- with pitch angle=10.45<
right figures -- pitch angle= 0)
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Figure 3-9 Pressure Coefficient under U=15 (Left figures -- with pitch angle=17.47<
right figures -- pitch angle= 0)
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Figure 3-10 Pressure Coefficient under U=25 (Left figures -- with pitch angle=23.47<
right figures -- pitch angle= 0)
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Figure 3-11 Limiting streamline on turbine blade (U=25m/s)
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Figure 3-34 Time history of aerodynamic thrust on turebine blades
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Figure 3-35 Time history of aerodynamic torque on turebine blades
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Figure 3-36 Wake vortex and vorticity distribution with surge motion
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Figure 3-37 Wake vortex and vorticity distributio with coupled pitch—surge motion
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Figure 4-4 Grid Structure and Simulation Domain
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Table 4-3 Initial Displacement for Free Decay Test
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Figure 4-5 Free decay heave motion of Hywind platform
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Figure 4-6 Comparison of Numerical and Wave Theory Results
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Figure 4-13 The time history of mooring tensions
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Figure 4-14 Time history of aerodynamic thrust on wind turbine with periodic
surge/pitch oscillating
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Figure 4-16 Coupling effect of periodic surge and pitch motions
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Figure 4-17 Flow velocity near turbine blades with periodic pitch motion
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Figure 4-18 Flow velocity near turbine blades with periodic surge motion
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Figure 4-19 Flow velocity near turbine blades with coupled pitch and surge motions
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Figure 5-1 The semi-submerible floating offshore wind turbine for OC4 project
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Figure 5-2 DeepCwind Semi-submersible Floating Platform
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Figure 5-3 Plan and Side View of the DeepCwind Semi-submersible Platform
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Table 5-1 Floating Platform Structural Properties

FEWELSH Hfl

i 1.407E7kg

O BE BRI E R PR 9.9376m
FEBBESNE CGHY T HEOD 1.1E10 kgem?
FEPBEHB R CHY T HEO) 1.1E10 kgem?
FEERESNE CGHY T HEOD 1.226E10 kgem?
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Table 5-2 Floating Platform Geometry

RR=PIRCE i AN
LR=E=FNUVI 20m
FARSLAE (main column) T a7 H J v 7K 22 0 B 10m
A Coffset column) 0 ey H k7K 28 25 12m
MkE Coffset column) 2 8] FE S 50m
AL A _E3mAt A& Cupper column) K2 26m
AT 2 R AT A4 (base column) K 6m

MIF: ) _EFBAAR Cupper column) iz 7K 14m
FARIFE (main column) H % 6.5m
WA E#AE4K Cupper column) B 4% 12m
A A L FE AR 4K (base column) BA% 24m
AT (pontoons) E AR 1.6m
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Figure 5-4 Arrangement of the Mooring System
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Table 5-3 Mooring System Properties
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AHAR ZRIAZ A1) R A 120°

BV R R RS K I B 200 m
SUSLER B KR BE 2 14 m
IR EE G L KRR 837.6 m
FUALEEG PO KRR 40.868 m
RIALHFIR K 835.5m
RINKHEAE 0.0766 m
RIS L 113.35 kg/m
RINLAEE RO 108.63 kg/m
FIALRAF R A 7.536E+8 N
RINL/KE T e 75 11
FRIALK BN T 0 R A 1.0
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Figure 5-5 Grid Structure and Simulation Domain
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Figure 5-6 Setup for simulation domain
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Figure 5-7 Dynamic Comparison of Free-decay Motions of DeepCwind Platform.
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ML HET- 6 Bk BN 7 i) BB el S S A s iR R . B8 5-7(a) H IS B
H RS BN T 22 o F naoe-FOAM-SITU 51t 45 5 5 HAth KA 45 SR A EE 2508
BUALR,  [FNE R RO R E L RN HERR A CFD BUEMM ISR (Tran, 2015)
55 F A sk A bt I R R S el g, (R LA R L A B T
PRI B [ AT S W B k. BB il 2R RN 2T (0 i 2R AR e 1 &5 R4 Ak vE CFD
FEBIRZE R, T B 0 3 I8 SRR 1) S8R 3 2 R AR RS P e
MRS, CFD BUE A B ER ARG E N-S 77 F2, 1A BB oI Ak
PR R ER DU E R BRI R A R0E, & MR . RigC
GyHT, 0T EESRAER) CFD J7iE A BUA 0 NAZA B s R R, P EN 183
(1) B E S D (AL, B T SRR B I B VAR B K12 B B R R . [F)
T 2 & 5-7(a) F AL SR AR (Tran, 2015) MARFAS CFD HfE il 4h
ST [ A AR ik m K, MER 5-5 MEEEXT LRI, A nace-FOAM-SITU
HE TR AT 2 112307 XS 6 1IN B B R A R W SRR 45 R & HheE s
I, R RE 1%. 11418 30% ] naoe-FOAM-SITU X 2\H% ) 1 T Jkiz 5 1) i A
PR BN, AMUEEEAE SR EY S RIF GREME 4%LAA)D, HRRIS5)Ek
RES HAMBUE S R ZA K T T B RS, 2 HEE R
SRMERBERERH T EMYEE.

#* 5-5 “FE A X

Table 5-5 Comparison of Natural Periods of the Platform

DI WARIS S ARSI O) 35 [ 5 HA(s) HFE[E A T (s)
RS H (Coulling, 2013) 107.0 17.5 26.8
FAST (Coulling, 2013) 107.0 17.3 26.8
Simo/Riflex+TDHMILL (Luan,

115.9 17.1 25.8
2013)
AQWA (Tran, 2015) 1125 17.3 25.4
naoe-FOAM-SJTU 108.3 17.58 25.8

WX TG AR = B H AT B s s uE wlie, REUE S
SR 4 R A BB 45 RABEAT R LE 73 B, T8/ B 1 AR SO 1 AT L K 3l 7
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M NI =AFEEH HE (YA surge. FE7% heave. Z0EE pitch) HIIE A W A T RAO
ik 45 % (Coulling, 2013) FIF|H FAST (Coulling, 2013). CFD (Liu, 2017;
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B el B s Hh 2. B i ok il 220 AR R AN THR T (D)PLA—ANXT
BN RPRANLR, MAESEE VG AGIB3RRGFGi8s), HaH KM
AN RIE s H BB (2PLA-MOOR—ARGIF- G/ H HEEEE), MiaAl
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Figure 5-8 Response Amplitude Operator (RAQ) of DeepCwind in regular wave
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53.1 HE&E

AR SCET S naoe-FOAM-SITU K fif 2% B EUE G I AT Hh R f 58 3%, Sl
T IRGIRECEE R T 2 R BB o PRI AE AR B R LAE R-IR RS AR T
S B)-/K3- RIAFE A BEAER A, TFE TS EANR SRS IER .

i MG DI Re R B AN O7:, 2 H R B I A 5% B I
DA N E T BA B2 s KU N, BT T L3R 5-6.

55 Spar 27 KRR G THR R, % fE T HE H T35 8 B XML 3)
PERE, DRI o B & K Eh J itk se B BB v RIS A B2 ). X
TR R ST E N: [-200m:300m] X [-200m:200m] X [-200m:250m], L H it 1) A2
Im] R~F 57 G K8 710 B ORSE AR R, AR S [ 3EAT I8/, DLRE AL 358 706
THEIHEEZA.

% 5-6 ARG BUERI TR T

Table 5-6 Simulation setup for coupled simulations of floating offshore wind turbine

Sl Kk (m/s) W (m) JAHA(S) PeK(s)
Casel 8 4 10 156.13
Case2 11.4 4 10 156.13

5.3.2 RSz E 94

7 UXNLAE KGRI & 18 FH 0 B 28R B AT Mk, i BB L 35 48 5 3 3052
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izl WAL Fr SE KL E 5 5l DLoe H 5 1 iedeiazh . 221 Gis sl sz,
XKL Bl e B 6 4 5 A AR AL o

B 5-12 Fras B i R LEE M-TR 3 AR LN BB AR AT 2 ) LA AN [7] X
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Figure 5-12 Aerodynamic thrust on wind turbine
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Figure 5-14 Motion of the floating offshore wind turbine
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K 5-15 XN RIS IE L 7> & Ux 734 ]
Figure 5-15 Distribution of flow velocity Ux in wake flow field of FOWT
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Figure 5-16 Distribution of flow velocity Uy in wake flow field of FOWT
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Figure 5-17 Distribution of flow velocity Uz in wake flow field of FOWT
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Figure 5-18 Distribution of flow velocity Ux in wake flow field of FOWT
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Kl 5-19 F A XA FEE 7 & Uy 7045 &
Figure 5-19 Distribution of flow velocity Uy in wake flow field of FOWT
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Figure 5-20 Distribution of flow velocity Uz in wake flow field of FOWT
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(a) Ux distribution on section#1 (b) Ux distribution on section#2

(c) Uy distribution on section#1 (d) Uy distribution on section#2

(e) Uz distribution on section#1 (f) Uz distribution on section#2
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Figure 5-21 Distribution of flow velocity and streamline on cross section of turbine
blade
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Table 5-7 Aerodynamic forces with virible wind speed

B G JEBES KM ENHETI(N) KA B (N*m)
Casel 5m/s 2.84E5 6.7E5
Case2 8m/s 4.718E5 2.12E6
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Figure 5-22 Hydrodynamic forces on floating platform with equivalent turbine

forces while wind speed U=5m/s
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