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ABSTRACT

Marine oil and gas resources are important strategic resources, and currently, China's
offshore oil and gas development mainly focuses on continental shelf blocks, with relatively
limited deep-water development. The cylindrical Floating Production Storage and
Offloading (FPSO) vessel, integrating drilling, production, and storage capabilities, is highly
efficient and conducive to maintenance, making it ideal for deep-water oil field development,
thus holding vast application potential. However, given the recent introduction of cylindrical
FPSOs and limited hydrodynamic data available in China, research predominantly relies on
potential flow theory, with fewer scholars adopting Computational Fluid Dynamics (CFD)
methodologies, focusing mainly on damping plate structure optimization. To acquire more
hydrodynamic data cost-effectively, adopting CFD for numerical simulation of cylindrical
FPSOs is crucial. Considering the complex sea conditions and topography of the South
China Sea's deep-sea oil fields, simple numerical simulations of regular waves and uniform
flows are insufficient to meet real-world engineering needs. Thus, it is necessary to optimize
numerical algorithms for more realistic combined wave-current condition simulations using
CFD.

This study utilizes an improved version of the in-house solver naoe-FOAM-SJTU,
which is based on the OpenFOAM open-source fluid dynamics framework, combined with
the active wave generating-absorbing boundary condition (GABC) and the buoyancy-
modified k-omega SST turbulence models. Employing dynamic mesh technology, multi-
degree-of-freedom structural body-solving techniques, and numerical multi-component
mooring solution techniques, the flow characteristics of “Offshore Oil 122 cylindrical
FPSO under complex conditions are thoroughly analyzed using post-processing methods
such as the Q criterion. The paper primarily covers:

Firstly, the accuracy and efficiency of wave generation and absorption by the GABC
method, as well as the accuracy of the buoyancy-modified k-omega SST turbulence model
in handling wave-current coupling issues, are validated using truncated cylindrical standard

models and empty-field wave-current coupling examples. Subsequently, numerical
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simulations are conducted on “Offshore Oil 122 cylindrical FPSO under uniform flows,
regular wave, and irregular wave-current coupling conditions, comparing the hydrodynamic
data of motion characteristics and force characteristic with model test results to verify the
solver's reliability in simulating cylindrical FPSO under complex sea conditions. For
irregular wave-current coupling conditions, the analysis focuses on the correlation between
slamming pressure, relative wave height, and velocity, identifying three types of slamming
events. Additionally, the pressure field, vorticity field, and vortex structure field surrounding
cylindrical FPSOs under wave-current coupling are presented and analyzed in detail.

Further, numerical simulations are conducted on “Offshore Oil 122” cylindrical FPSO
exposed to various wave periods of regular waves and wave-current coupling, aiming to
explore the impact of wave-current coupling on the FPSO's motion characteristics. The
simulations reveal that wave-current coupling has a minimal effect on the amplitude of surge
motion but causes a significant positive shift in its mean value. At certain wave periods,
wave-current coupling increases the amplitude of heave motion compared to wave-only
action. However, at other periods, the amplitudes are similar, though the mean values of
heave motion are slightly smaller under wave-current coupling. The influence of wave-
current coupling on pitch motion amplitude is complex. It shows an initial suppression,
followed by amplification, and then suppression again as the wave period increases, coupled
with a negative shift of 1.5° to 2° in the mean value compared to wave-only action.
Additionally, vorticity fields, free surface cloud diagrams, and flow velocity fields under
wave-only and wave-current coupling are compared, delving into the specific reasons behind
these motion characteristic differences.

Lastly, numerical simulations of “Offshore Oil 122" cylindrical FPSO with and without
consideration of liquid tanks are performed under regular wave and wave-current coupling
conditions to explore the effect of liquid sloshing in tanks on FPSOs. The numerical results
show that tank sloshing has a minor impact on the sway and heave motions of cylindrical
FPSOs but significantly suppresses the pitch motion amplitude. In design processes, it is
reasonable and conservatively safe to use models that do not account for liquid tanks when
verifying hydrodynamic designs.

In summary, this paper successfully achieves numerical simulation of cylindrical

FPSOs under complex wave-current conditions using the GABC method and buoyancy-
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corrected k-omega SST turbulence model based on the in-house solver naoe-FOAM-SJITU,
providing a significant amount of hydrodynamic data for cylindrical FPSOs. Particularly in
considering the impacts of liquid tanks, wave-current coupling effects, and different wave
periods on FPSO motion characteristics, this research offers valuable references for the

design and hydrodynamic performance optimization of cylindrical FPSOs.

Key words: cylindrical FPSO, wave-current coupling, wave generating-absorbing boundary

condition, buoyancy-corrected k-omega SST turbulence model, naoe-FOAM-SJTU
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(IR B S TE W R A s JIABIERT k-omega SST vt i ff v T A5 #E k-omega
SST it VA5 AL AE [ FH VR IHT Ak 7 ¥ it 3 i 2R AR SR R B TR 3 0 i) 83t s 6o Tk e v 5040 i
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TP AR ¥ (FFT) JR%i N\ CFD & B IF AT IEAUB IR, Mok 7ikse 5 80E
AN IR R B A i T 52 Bl 7 i 4 TG 3 DT I e e

AT BRI AL 5 50AIE G, ASCEIR T B 2 FPSO 3 Al A Il 8 1 S {E A
LS04, Jefaxt UM 1227 SR FPSO FFE T HI5I0, MU, AN
AR T IEUERT 7T, I e B, AR ORUESK g 284 B2 I BR Al b, o [ i Y
FPSO Wigahifett, 2 ke, PERetE, WIRHEEAT TR, FFEES T
WA SX R A Y FPSO i@ shfrtE . )5, L 7 E A A &4 FPSO
BB, 08 1 I S35 [ 15 Y FPSO Is SRR . A SC5E i 7 %2R T
TR AR, NRER FPSO L8 T KE/K3h 112E 5

BIMEZ, KHEHN CFD J7iEA E A FPSO TR L b Hl KB i & T
OB AR — R BT A2 2% AT 55 o ASCHIT I AR ufig o [ 121 1 FPSO B AR ig4
e ER I BB AR AL T — B AR S, TR A FPSO i eid 7
SR, g, RTHE et AT S B B, TR, AT
BIF A R I SO VEAMUAGE T IR 5 8 FPSO, X HAt & 44 Tl ARV I R B
L& RN RAZENE.

1.4 AXEETE

AUV EE A B E B R AT 1227 B8 FPSO N AR, K
FAVHRRAR 7722 BT BOS HoKah /1 R di AT 9t KA SolidWorks X A4 T J LA
PRI 57, K blockMesh. topoSet. refineMesh. snappyHexMesh 25 T. ELSZI WX 4%
Y43, KRH paraView. Tecplot &5 T. #1717 fa Ab#E .

ASCHIR FLE SR B 1. a5k ESE R HE B (GABC) & B T 3
RCR N SIMEIE ) k-omega SST i i A5 256 5 FH T 7 35 T LFE B HD R R, ikt
M EBUEBALT T AR . 2. 1 GABC J7iEMTE /112 1IE/) k-omega SST Jiii i i 5 40
K ff & naoe-FOAM-SITU A& &, 70 73)%F B (2R FPSO JFJ) 2300 FUIR PA L2
ARG AN S0, HEERE S RFEITR L, kR gas T KB
G YIE R AR Lo E R T BUE B e PE. 3. XTECRIfE R FPSO 410K
RSB E1EH TR SRR, 28 Bisl & X 7 @ 2 FPSO 7K3) /%
REPERIFEMT . 4. 0 EE B IEAE S AF BB I 8 FPSO AR T4 T i 3)
R S5 mm R, Bl At 53 i 8L FPSO /K3 1 2R 1 R 52 0 o



AR IE KA AR BoE 2R
L

BT PR R EN, AXERETHELENSWT:

AR B AN EEIRGETE, 5 B EEE FPSO A & 5
FIAR . HIR, CFD HUETHEAR AT R B G oef 71 TE, KENAT
CFD HU{E /KM 782 A2 i i B L A S X 55 . Beda, AFEATST CFD Xt & A2 i 1
R FE B B R 1) A T AR IR T RS st g

R Em R EAN 7RG FPSO 8B AR DL FE o 31 A 5% S B SR
file 771k, FEAFEN naoe-FOAM-SITU REZF A1, X AR ) 5 FE 4 S, XF
VOF H M IERINH, X2 B ok N H, X2 5o R IMEUE S A
A, XNEEMEERMNAE. FEAT T EERHEE (GABC) VEMH#ES S5 KHE,
PAK I JIME IE k-omega SST Ji It 7Y (1) 4k 5 5 56AIE .

AR SRR ESER T “UGEEATH 1227 [ AL FPSO B LA i 5
Wk o AR, FEXT “UgiEfa 1227 [R5 8 FPSO £E3 51 AT AL U A AR A L
TREE T A R SRR &5 R AT T X e 508, WP RAE T dE () naoe-
FOAM-SITU 3K fifia I AERA 14

ARSI E B T WA 1227 [BEfEA FPSO 8+ i
THIEE R, JRR AU 25 R S B E0 45 AT T 0 LREGHIE, i — P 50E T st )
naoe-FOAM-SITU R fif- 45 0 K B 17 2 485 1 W7 BB ASE 40U 52 20 DIt i a3t Py A 2 5 T
SEME. FEUREAL b, XF “UFEEATE 1227 [ A FPSO fEP AR A L0 T MR ) 5
BT TIRATTE, i T =R RIS RE R 2R, JRPEdn b 7 Wi fim 1227
A 5 2 FPSO TEP AN & LI T iz 2hid #2 5 i i F2 IS4 REAIE «

ARICH I AN GR T A [ IR ) A TR A T AT AR A T B 15 7
B FPSO A% ¥ PRI LS 2 F oM, FHEd R R bt bk 2 AT
MLER P (FIBIFFL o

KRR NTEL BT ABIRIE RS RS S F SR S A R 1)
“HEFEATH 1227 AT AL FPSO @3N FR XS b, FE 4T 1 % BN Xy [ & 2Y FPSO iz
BRI R

AR LR AL T S EA MR, R A 258 5 R 52
WFR, AR T RS0 E e TR,
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PFE FRBRSITEELMB{ESE

Tt 9 A2 A B FH 380 A B 0 31 T B T IR AR 7122 HESE OpenFOAM FIZH A
HHf CFD Kf##% naoe-FOAM-SITU. %Ki 2% 9 B R0 2H B 0 it 0l R 5 Il it it 4%
THIF R B PR AR A SR A RS, AR E e R PEAE L 22 i TR N &l T RE M HE
BGUELSS8, P 2-1 fia, AHFFAE IHAR naoe-FOAM-SITU R fFge ) 3EmE Edsin 7 3
G PIEB AR (GABC) MEHANF J1MEIE M k-omega SST Jn it Ay, (753K ff#% At
f T B b B T 52 2% PR3 A 1) R P B8 (AT

E2-1 naoe-FOAM-SITU K fi# % 5 #AE R
Fig. 2-1 Solver structure framework of naoe-FOAM-SJTU

AREH, FENE T FEE FPSO £ 8 AR Mk mAR & &4 SRt EEUE T2,
BN HET naoe-FOAM-SITU WA IR BIIREM 7%, B R ER A3
JFE T PR ARG OGP B A NIRS B BETHE . 280 &R
AR SEI V. ShISEMBAEEARSE., BAHE T E3ERHEN (GABC) kK
HJIMBIEH] k-omega SST i =R B . I /a25tH 7 GABC Jiik ld /1B 1k
1) k-omega SST it 5 Y FU{H 56 1E 45 5
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2.1 naoe-FOAM-SJTU RN B

2.1.1 RFEHFIE

RVE AFRE & HA ] ISR R BUE R A A H1 7 R0 N-S - (Navier-Stokes )
JiRE:
V-U=0 (2-1)

ag—tU+V-(p(U—Ug)U)=—Vpd—g-pr+V-(,uVU)+fG (2-2)

Hrb, URRRBIEE: U, RRDEMEHIRLIERE: p, £nHoET): g &R
HIEE: pRORNMAEE ;£ R I p RS IR REG 1 FoR
I 8]
WL p, R EFKE, HERIEXTER:
Ps=P—pPg-X (2-3)

2.1.2 VOF 3%

Xp g BRI S BB T, F— O TR S8 S T ) Ak 34 )
TARARFE (Volume of Fluid, f#K VOE) & —Fii4T ) CFD [ H i i 1 42 ) S s
FEARBN, ANFETF U0 Level Set 7715 1 H At —Le~F3F FLUH /7%, VOF 7L REBS (R FRLAA
FHPIRBME, AHIAARY G FFHBT VOF FiEfeit B od BB E K
FERARAR R 73 40, ' RE S 5 It ORUE VR0 AR b B Sy 1B 5 & o DAL, ARV AR
VOF 771 LG F T8 BE R IR RS A AR oK AL 2 24 L5

il 2-2 s, VOF JNiERIZOE T SN — M BB, BEH o kRER, B
TEREAS WA BTG AR IC AR AR 0. 7R PP SUN, o EAT 0 2 1 2], 4R
R ITT N AR LG . Bl o =1 FRHICE 2R, «=0 NRREIT
NEA AR, AT 0 A 1 Z (A E U 7R S it i ot . RIEA 5 A:

a =041
0<a<1ZZFtH (2-4)
o = 1RAH
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B2-2 LR @ AR o Fo
Fig. 2-2 Phase fraction distribution at the gas-liquid interface

FHIT A o SE B b A2 F7 THT I A% PN I AR 2 2 MORE B2 RSB, A2 T X P )T A 5
FERERE . AR LT LA o RIE -

p=ap +(1-a)p,

u=op +(A-a)u,

(2-5)

7t OpenFOAM Z FHLKfide ., B e RMAH 8 o WA HI 7 RE, sl fE ]
5 %
oo

5+V~(Ua)+V-[U,a(1—a)]=O (2-6)

Horby, poops USBIEORIESREE B R EMRIZEE: p, . p, 7303
INGRIVEL ;g g, IR SRR EEAV AR s U, U, 20 R oR
PRI AR E: U, =U,-U,, & SCHMEE.

FEMEH VOF J7idoxt B i AR b AT BUE S, e 32 ZE BRI DR AR 0 B
SPAE . JCHGEXS T AR5 e TRE U 2 ARV VA R BT 55, AR [ B AR =
R YA UK, RIS Al AR AR 73 B 22 th vl e 3 BUR 2 R B s 1k 22 o 1R
TP BN H H R ) SRR T 5K A5 UIARSOG, i Had 5 i AR 4 s T TRR A R
N T B VOF Tk BRI L, ORI Ve EE, AARF il 14
/N A6 5 NARE o 2 Lt
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2.1.3 575 T2 R &2 B RiAR 2 R B 0 AR

OpenFOAM [THJEUME R fif 2T H FRARARE (Finite Volume Method, f&FK FVM).,
FVM & —Fi T HUERAR 5 BB EOR R i & b PR AT B T o7 T7 72,
WA BN N-S 77 f2. S5HIRZ/r7% (Finite Difference Method, {#FX FDM) FIf
G2 (Finite Element Method, &% FEM) #HEL, FVM [ 35 B4F 2 B AE Y PR %
MR EFEATAR 2, AN ARIUE 1 57 PR A A T A 3 2 01

A RAERR LS, — SO0 NV BE S i A e A O AL B, AT R A TRAR L
I, e T B e S AR HIAR BRI

] (ol ) o[ v [a(voslon v 2

Forr, W, ARER T IR B0 I A A4 A4 AR

i E BRI, T AN R R, B R A AN AR P S R R AR AR AR
Iy 5T N B 0 2 A A 1 R I [ 3 8 PR T AR AR Gy o A BRARBURAE AT 4R ) A
AN SFAE TR BIAR 70 B B I 5 25 DR i 397 72 BT 428 F1) A4 AR P 350 DA AR 2 e e i
HARRR AR 7 BT IEEEL T, FmE SRR b, I%fﬁﬁﬁ%
3 IS P 5 PR T A7 38 s A O B B R AT U B, ARYE TSRO VR RIAN A,
AT 2R E RO, 2. WKES . WK ZES. TVD (Total Variation
Diminishing) /5% QUICK (Quadratic Upstream Interpolation for Convective Kinematics )
TG [FRE, RN Al R b, 7R BN A R B AT B, W RO E A A
a7 Crank-Nicolson /155 . fEARMFLH, it AN E ALK DL K &
HOELBIERAE, AT ORI 4 HOm S 5 fois a3k 2-1 Bros.

k2-1 A5 B HHE Xk

Table 2-1 Numerical discretization format table

F AL TR B
ddtSchemes CrankNicolson 0.9
gradSchemes cellLimited Gauss linear 1
div(rhoPhi,U) Gauss linearUpwindV grad(U);
div(phi,alpha) Gauss vanLeer
div(phirb,alpha) Gauss linear
div(phi,k) Gauss linearUpwind limitedGrad,
div(phi,omega) Gauss linearUpwind limitedGrad,

laplacianSchemes Gauss linear limited 1
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interpolationSchemes linear

snGradSchemes limited 1

FEANT] R PR ARSI T AR T, T IE ML R 1R g 77 1, PRI =5 2 it
77 RE I R I SE I TH 2 375 A 73 1R SR g - £ naoe-Foam-SITU K25 K H T PIMPLE
BV SR SN G B I AR S35 @RS . PIMPLE 5022 PISO (Pressure-Implicit with
Splitting of Operators [/l SIMPLE( Semi-Implicit Method for Pressure-Linked Equations)
CIEERIHE, & BfES G SIMPLE BIER & HEF1 PISO BLR R, H T K
i A AR S BT R 48 AR 8l iR . PIMPLE Sk U vFE RN R R 2 AN
HIEAS, I BRI B A& AR A R TRy B I ) - R A T SR ) RS . X P T VR
i) i FH I8 e AR AT ok JUART T IR AN 53 2% 200 S S A TR A8 FH ORI [) 25 K BSR4
W TRERLH

& 2-3 PIMPLE # ik i7A2Z A
Fig. 2-3 Flowchart of the PIMPLE algorithm
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PIMPLE S BARSEI A : B 58, BLRT—NIN 2008 R 7 R B2 3 A DRI a6 26 1F,
TR SR AR Bl B R SR T — AN T FE 3 o IX AN TG 1R 3 BE 37 1T e AR R 58 480 I =
SPEJR N B3, 2% SIMPLE Bk S, FH XA Al ok i — AN R 12 1k
JitE:s JE, PRGBS AT 2 I, KHE IS R 2, DS i i
R BURSPE IR s a2 T PISO Sk, fEHR - EBIEE, vl AT 2 ik
RIEFR, FATH—PREERE IS RIE, DA R0 & S E A3 S8t . PIMPLE
AR KA 2-3 FroR .

fiiH PIMPLE S0VgbATvHSRIL VIR B 7R 5 I /) 7 IR AR, Rk SALHE LB
FER AR AR G B AW o) D7 R A Dy 7 2t DT R A A AT B S W Sl
2.1.4 IRXHR

AT BUE Kb T B R, TSR A s AN BEAT AL BE, N SRHB AT SR B A% Hk
BUFREIEIA A, PR R A RYT, R FR B H A IR AT T P AL PR . naoe-
FOAM-SITU 46 R FH B2 fa it X GELRZ) JHPEaESY . X Rl 7 210 S5 2 1E
FENTH SR SR A IR B R DT R N N — NI £, XN IESGR S 7N
JEWITER, ZEBRJE MRS, THIIX PN I8 o B 2B M S R 22 2 o s ot DX Y v )
R EE 2-4 Fros.

f, ZRIE AT LG Dy

f.(x)=—up(U-U,. ) (2-8)

Hh, u FNBJE R U, 7 naoe-FOAM-SITU RARZSLETF Kt FE #2151
I, FH ) A Fa ot X B A T R RRR S 1 B s e

LUK x BhJ7 %0, 76 naoe-FOAM-SITU [ JE R %, 3 HULR PEBH R R,
IS h

A@@D={a$x_xﬁ/L‘ $e % (2-9)
0 x <X,

Hor, x, BB XGRIGALE K x BAbR: L ACRIRSX IR R¥a, ARH R
REEM RS, HADBOR, THERE /IR
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F2-4 A3 K 7K T & B
Fig. 2-4 Schematic diagram of wave damping in the relaxation zone

2.1.5 BT HBIMEZN S AN FIRERSTESE

A 584 FPSO EJF KA & 2K A R FFER E AL E F, DMESEHFE&.
F 1 BRI AR 7 Wit DR R . BRI RS RS IR FPSO HI23)), # R FARX T4
PP RIERALE . Rz Ah, RIB RGO 24, Kl FPSO 75 23T
HAREEMEML N, B TR EORRR 208 RS UL B Ris i Ae . Rk, ZER SR
& 284 FPSO Hyiz e B e g, R 37 I R IE SR g 715+

H a0 s WH R AEUE T & vk 2 B A2 Jvk (Catenary Method). &7 &=
% (Lumped Mass Method) 77 Bt #MfEV%: (Segmental Extrapolation Method) %5, &%
ok AT EBSEFMH THRARS, BB EHESKMH XN TEOFE RS
&R0 R GRS, EAEH TES . EEPREEY, RIALET NZ
MERERE, AN B A TC 2 s A B 28 AH e, HiE & T3, w
DARSEAPLIE IR « S AN A SN shaS s fmr T ) R VA LM B, (H RSB R RAIC, HANZ) ab 28
LW A . Sr BOMIERIE IR RIS R N RFBL, Al A — B2 it
O, RIEHEMNAE UM EEANRBRARN 14T RN, HagENARIZR, KA
Mo RIBL, LRI . BT AR KRB Z A5 RiE, Fiik
o Bkt AT

XFER i 5T RIS AT B 2-5 PR IHERES 2 1501
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B2-5 pBob ik by st L2 )
Fig. 2-5 Force on anchor chain segments using the segmented extrapolation method

IR RIARG & SR I B, T AT, ARRAE RIABER A5 R K
AN BT [ B 5K s TRk ) 5K BRI R A . X BN E A2 )
Ji 115 R R AR T 7 — SRR . dI AREREER T EIG KR, ds REERE
TUAER TG IRKEE: w FoR A KER RENRE. D R ffi K EER A2
AR BN A A I T B T3 ) ) 20 o P20 3R B K B A R B 0 2 B AR BT
JIER AT TR R B 0. U SR T i R ) &, T DURIEBE R T i)
TEHS VAT RHNU, MU,

G 0T ZR A BTG LK T [ AR B 1] R ) S P A R

T, =T, +Fdscosg,,
\

zi+1

. (2-10)
+Ddscose,,, =T, +Fdssing,, +wdl

Horp, R AR RIAF T T
H i v AR AR S50, P LUon] 3 B R 28 s S B i 1) Ik Tl A
DI ERI AT
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1
IZZZEVDCbNdV]N“]N

) (2-11)
F :EpCDTﬁd|UT|UZ

Hrp, pRRFRMINEL; d AR BRPITIIER: C, M C,, 73 AR H
TG A A D) e BE A R
R BRI W] iR 25

ds:dl(1+£J (2-12)
EA

Hrp, EAREKRARBHIERIEL .

£ H ARG 2 5 RS T, AR 2 ey R DOE 2 R B, 1o
AR SERBIVE AR o a8 2-6 Fira, 5 WL R 22 i 28 1A 1) TOUBE AT B H AN 2R 4Lk
111 FH ) B B 2800 F R BRET 4R SR AL, N 1P i D 5 87, AN SE R0 BRI
T BAC R

B2-6 %o A iaw & H
Fig. 2-6 Schematic diagram of multi-component mooring line

73 BOYMER B 1 % BT RO BN, AR BRI 5 SR BB AN A T IR R 2
HRITT S 2 8 R I BB AU o 2~ RTC EE BR T AL Tt 8 B 76 52 AL 74 A
Em e E AT
2.1.6 Rk XBHEZNHTE

KA G R DAL IR A AL 7 ) RS BBl 7N B 2 3 Bl R SRR il L £ 77
RN H B sht e, HA2 BIRITR J1 v BAR AR a5 F PR 3R 1 1Y) [ 70 A0 5 4l 1
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RIPATIYIN ). T2 RMAMRL, HILZRRMBENLR T WA SIFILHR
FIRRIBEERIPRTS H HEEE A 40 1. A40 77 H 2400 0 18025 B3 37 SR i B T 15 1)
naoe-FOAM-SITU R f##S EFEAT 7S H B BEIE S AT K IR I I 4 2% R 31 22 By
HAERRR R, Kk, Wk 2-7 AR, naoe-FOAM-SITU 7E#E4T 7N H H I8 3R i
R e ST PREARRR R, F il KB M AR iR 5 A0 A A (1B P AL bR &R

K2-7 KRR R AR LIRR TER

Fig. 2-7 Schematic diagram of the Earth-fixed coordinate system and body-fixed coordinate system

HITURAAR T« BRIA I BIAE AR 22 T SKAT, TR RR B A A BR e ok Kt AL A
R TR AL AR AR R o
F=J"F,
M=J"-M,
Horr, FATM 73 AR RS ARTR R T U )5 F, MM, 73 AR B A AL bR 2= TR
TIRUTIHE s RT3 T R e 45000 A 450 A o ) TR
FERERAL R b, AT DU SEYR NG MR 7S Bt s 3 77 1810

(2-13)
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u=X/m+vr—wq+x, (q +r2)—yg(pq—f)—zg(pr+q')
2

v=Y/m+wp-— ur+yg( )—Zg(qf’—l'?)—xg(qur’})
W:Z/m+uq—vp+zg(p +q )—xg(rp—Q)—yg(Vq+p)

p:L{K_(IZ_[y)qr_m[yg(yi;—uq+vp)—zg(\>—wp+ur)]} (2-14)

g= {M—(Ix —Iz)rp—m[zg(d—vr+wq)—xg(W—uq+vp)]}

1
i
Iy
1
I

F= {N—(Iy—Ix)pq—m[xg(v—wp+ur)—yg(d—vr+wq)]}

Hif, X, Y, ZRK, M, NP BURERBE (AR R FIRAZE 0 = kR A7 0 )
FUAIHE: %, 0 v+ 7, 2 WTR A 0 3 B H o O Al = A7 [ L R 5 B
fEAIBIGR, % FPSO MEL S E L ES, Wity . v,. z, WEHHA
%y om FRGEMIR R 11, 1 RIS A BRI v p.q.r
B UK ARR 2 R HLEE R AERE . 00,0, p, g, F R BRI I P A
ik

RECITE 5, e RIS TS — AR — R A . (B, f . He
£ P R IR AT 28 2 [P e TR S 5

2.1.7 BhEMBERER

TR RESHBEIZES) )G, BTSSR ERAE T 5CE, FIEZE
B A SIE N AR 25 . #E naoe-FOAM-SITU Kfg#sd, 5Bk i & 4G w
Jiik, H—REMEAREAR, R RESMEHA. % E R AT FE X1 H bs
SER AR K 8] R0 5 PR P T & HARERARE TR TOL S, KA E
AL AR EEATAT IR AATT 5 80N, 326 F Bl AR T A% 35t A 0% 1A 21 BRAE R HURG
wnpE 2-8 B, (EAEHZha WA SEAT B E T B, TS R RS PR O RAAE,
AN 075 O 1 05 140 A7 5 R S I A A P A (1) AR T o A IR T A PR 3 oz i 7 7% 7 R T
u 5%[66-67]:
V-(WVX,)=0 (2-15)

Horb, X, NIRRT RIALRE s y BT IR L
PHREL y 5 MRS o 2 ARG S B B K ok R UE O
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y=1 (2-16)
r

Forb, WK ST R B I S B

(a) MIRALTZHT (b) MkARIE)E
E2-8 [ 5 & FPSO #) & F A% T a1 & 2 b
Fig. 2-8 Comparison of cylindrical FPSO mesh deformation before and after deformation

2.2 EFRER T ABERNGENE

2.2.1 FRBEER R BUESSI

Kl 2-9 Fir7, naoe-FOAM-SITU R4 5 S5 A i NiZseBLIE G i, 2l
FEU AR )3 T N 5E (1320 57 2% AR R A SRR AR AT, AR A T B33 5 It 1] A2
WRSTRAA I R AW WAL, AT s N . AL TGS B, BEARGE
PRIUE P E BAEG W57, LM NERA TR GIT, EHRMKAE, 55450
EE A

B2-9 Ao R am N g SR T & R
Fig. 2-9 Schematic diagram of wave and flow generation at the inlet boundary
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4k

PR A AE FII TSN 171320 A R 7K 5T R B2 T DA p P TR 34 7 B 14 v ) ik
AT 2> RTG: AEIAE T B N 110 K o AR SCRIE TR 5 — B TG v AR U A el A R 22 A — B
Wb v W MR B it s B AN TR o BF 7E P AN RS BIR AT [R]— A5 Tl A% 4, R4 LA
IKTEAZ 2, R LAHE S B AT AN RN S5 TR 10 384 1 5 R «

FII 35 - 77=%cos(kx—a)t+go) (2-17)

2 AE n =i%cos(kix—a)it+(p[) (2-18)
AT, KT 18 5 EAL & 7 M AH R, DRI K~ J7 0] R B2 DA 55 e i

iE=YIE

. 7H coshk(z+d)

FII 9 7 — cos(kx—awt +@)+u,, .. (2-19)
sin
. wH, coshk (z+d)
NS =3I i kx—wt+@)+u,, (2-20)
% )J& u IZZI: ]: sinh kld COS( z'x a)l (01) ucur}ent
HEEHJT RIS N
FII % w= ”7{_[ SmhI];(le; 9 sin(kx — ot + @) (2-21)
si
AN - w3 2, sinhk(z+d) sin(k,x — ot + ;) (2-22)

~ T sinhkd

b, HONBGR TONBGRBIN: kOB d KR o NEBGRIESR ¢ y24HT
Zl; N ET 2R N EA TR H O A RUINRR S SR B R TN
P DR B MBI kN | IR BRI, o, N5 | BRI B
IR s 0w PRAERE TS RIS s w ONTE BT BRI R R s u,,,,,, AR
P

2.2.2 ERNEREHBIBAFYE (GABC) FEENT

X AT B ) B P VH B A (generating-absorbing boundary condition, & #X
GABC) HEBETR AR 54548 naoe-FOAM-SITU RAAZEAA, SR L A4 4F
B ONSZHL, AR AR
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SEFHWETE, HTES naoe-FOAM-SITU RAZEZFAT X LS, FAhX &
W7 —E TR, IR T E MR, BRAC ARG, ART TRENM. FH
INf, A5 XA FE R R M R A B 1R, A B E N 1 AR AR 5 XK Rl 2 LK
B BN AR R PTREZ IR AL, B B WA B D THRE 15 KA b IX A A
RERFIH R ZEoR o BRI Z AL, A STIRBIE F0 0 DR B RGN , AN D g Fr) A AR
A, RASIX K FER R 2 — KA. N T R IR — A, AR — Mo
F B TT AR T X T B, DAAR TR 5t X 38 I B DA R A ot DX A B HE LU 5E 1)
7]

GABC 3 771 B T Am B 0 2l Sommerfeld 171 514254 . Sommerfeld 171
FAAF MBI TR S5 R R iz, T DL B BN 2 T e i o 4 H AR R 13
AL AR, AR TERS  BARIELFFA S R

%, .9 _, (2-23)
ot ox

Hrp, o OCRBORIIMIERE ;¢ AARBHRAETH IS DAL E AL 3 5.

M3 (2-23) ATLAE H, Sommerfeld 4 5 56 A 00& I+ BB EE AR I, X
B R SR AL AT HDURA — BUR R DK, LB RO AE LAAS 238 L2 1R 53
Borsboom &5 NI KIS AR, B RIA AR R R BB B HUE co U
KA AT LS O

op ol
9, [eda()22 -, (2-24)
o TVeda@ 2

Hrh, gREEIMEEE; a(z) 2 — N SERMEMHRCPRE: d KK,
YAREE ¢ B Jeda(z) BHE, FCREUE I AOTE B IR T2 — o, T FEl
$7 K. Borsboom F NE T AWHIZR S, a(z) RIE XL EN:

3 m
a(z)=>a, (g +1J (2-25)
m=0

Hev, o, NEFESEL HBUENAER (2-26) AR R 50 NS f/ME
1 k.d q
Y j |R(@y, a5, 0)| d(kd) (2-26)
Hrh, RAERWREG kb, Ak 43 AR N IR I B R HOR e /N R
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N TS ARBPIRER S N-S HFERFR, GABC i H 2R M AAZF] T FEA 18 J 34

JiE5 N-S T FEER Rk
P=—pP8—p % (2-27)
ox

RHEA R E T, Borsboom & NIt T 28 o, MISFEHUE, ZHEHUET,
TR B 5 AR T 5%,

T GABC 7AW MR EEECNE AR, kT GABC HiEMHE Z 4T n] L%
Borsboom 2§ N*31)i8 SC A1 Chen 25 A S8IfF)18 3,

2.2.3 BHEIER k-omega SST i ift iR EY

FEALFRAEEAR BN, T AR FOE AR, IR T8 3 E R AR T ek
77, RIEACK HJZE AR Y it G5 18 21 LU e BR AR T FORE B, SR T 24 A0 BRI IRt A 5 1) /it
[, KRB P T 2 2 1) D1 B R R— 8870 ok B AR FORPEAE A, PR A5 22
158 & 38 B U B R A2 S T R RCRE A SRAE T R RS

T PN 4E- BT w7 RE (RIFR RANS HH2) & H TR T i sh i v i) 5%
AR J7REON  FEIXAS BRI R AN F A I S R 1 A A A N 8] ST 350 A Bt AL bk 50
P A . 8 T 5, KA T Boussinesq 1515, &R € it 1 8. /7 5 B AR 2 B} 1E L,
RERAE T W BN R LUAE, BITm iRyt R A A A T DUAR B 0 2 i AR S A0 7
FEEERARE, 78 UMRE, BT FEEA, — 7 PR — 7 B8 . BT RANS
BRI ASRER TR B P A RSN 4E S, IXAE L TREAIAEE R A& — AN BRI . thah,
BRI A PE o — Ak, oA E T ReANE H T I R AL S

k-epsilon Ji it AN IE B T AL EE B A K W) K 786 FE 130, T k-omega Jifi it i
RIMIAES . #R1MT, k-omega it A7 — AN B R A, B2 B dim b BT i 5 e
WS AR, A R KA RIS, SEEIERHEAGHE. T4
PRI AR AR A, Mente ™2 H T %+ k-epsilon #i% 5 k-omega R AIAHZE A 1Y k-
omega SST AL . 7EALBE P AV M) ), k-omega SST i A5 8 1T LAZA H H 4 1)
ik,

7E OpenFOAM ', k-omega SST it 4 i) A 20 AT 5 oA

ok duk o
o ax, ox,

J

|:(V+Gkvt)8a—k:|=fi - B wk (2-28)
x

J
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Ou,
90,9 _ 0N vrow) 22 =L G- por +2(1-F) 22 K02 (5 59,
o ox, Ox, ox, | v, ® Ox; Ox,
| Ou, Ou,
Gy, Q| O M (2-30)
ox, | Ox, o

Hrp, 0 (2-28) FoNIshREHIIZ 7 #2 (Turbulent Kinetic Energy Transport Equation,
fEFR TKE); X (2-29) NI FEHUR Omega MM T 1E; Zimslfe k s 2 B
PRI, v MRS ERGEE, v RimitisshkhiEE, F2%—R&awE g, g, o, o0,,
O,ps ¥ FE T IS Y o () 0 2
K B TR, iR B g
y ak

= , (2-31)
' max(ala), SFz)

Her, SREMEIFENAER, FREZIRGREG o SEEH

IEANATSCHRERN I, ARG THPIAHR SRS, KA k-omega SST it i 47 — 4>
ANTTEE G (R AR AR A S AL, B I SRR AR 3 BUBCK IR LR S, 21T 3
Bt sh R IURS L 1) 52 8N, SEBORMER, BOREE =R E. N TR
RARUE k-omega SST it iR A (3K — 8 i, 75 2L TKE J5 R FFids InE: T AR Ers 23
HifBiix (SGDH) I /3370, DASRRE it Ak % L R S AR AR

T EiRHRE, XHRE k-omega SST it A () TKE J5 fE#E4T3F 121G, 7]
LATG 21

Ot Oox . ox .

J

J

Opu k
%+&—i{p(v+akvl)§—k}=pl’k+Gb—pﬁ*a)k (2-32)
X
J

G =Y P, (2-33)
o, ox; "’
Hep, o f—MrEEH, RE TFEIERIFERE, 54T/ 23S A I i g
HHCN 0.85,
X R AR TR, £ BHRE, BT B RN ORIEE N, Walhe
IR il s B a2 . EAMH B AT S AT R, TS EMERN, G oNE. I
I, MBI k-omega SST i #5 AU 4R A bR iE ) k-omega SST fii i Y .
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2.3 GABC /3252 2 1E k-omega SST iR iR B M (HIEF

2.3.1 EFNERGERIAEEY (GABC) FWiIEN RS REHEMNEEER

XL ) GABC J7v%, W T MR T 12 B IR MR It A AE i R BeE,  Hn]
SETE A RV PAG o an SRANR F 2 3 0 AR X — = 3 2 BT I 1 S SR AR X T 2
SEPR TR G SRILILIZE A, 7K H 1 5 /907 A B B 2 T HRN SR, XX i 7t
FAFR N IR I BE I FR T SR . O T BRI T, AR SUEFRAE ITTC
HEAT I AR AR A 50 R AT [ A AR R B, 22 GABC 5 iEAIAE G fa sth X
THBOTIERAT I BT
THEEE RRRSH

FEASHIE G, S [ AT AR 7R R MIOERI Ft 88 07 (53] A3 A 7R a6 o i Frp A 7R 1710,
IS B AR 8OT AR 2 BN BIRZEN S AL, Rl RN
1/16 BIPIR AT IR . M I 2-10 s,

B2-10 757 B A AL A
Fig. 2-10 Truncated cylinder model

T AT RN IR ) S B3R 2-2 A .

& 2-2 AT B AL HAR A Ao BUR A ROR
Table 2-2 Truncated cylinder computational model and wave parameter table

SR /5 # E AL
A B AR D 2 m
[FIAEA R L 4.5 m
(7 A KA b L/D 2.25 —
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PR JE A T 3.182 N
A H 0.9873 m
K A 15.8 m
W BE H/A 1/16

N T IRUEISE P S TH BRI RCR 75 2O R AL R BB a AT I, e SelR

FERI OB, BCE T = AN A, A E S FRREE A AR R o W A A S AR R
RNE 2-11. 3 2-3 iR,

BE2-11 AL B &0

Fig. 2-11 Distribution of wave measurement probes around the cylinder

%2-3 B AL SN B MR G AR B AAR

Table 2-3 Names and coordinates of wave measurement probes around the cylinder

I kA4 FR A3 (m)
WPOI1 (-0.707,-0.707,0)
WPO2 (0"130)
WPO3 (0.707,-0.707,0)
TR E R PRI

DA T8 MV ST — AN RRARBR &, H S AU T B AR Y 57K SR TR AS RO G
GABC R il DX 38 Y B v S8R o AN [ AE T J5 38 A2 H I a3 n 17— /it
HIEERPEX . Bk, GABC HiERITHEIERI 2 X HJEHE £&-16D 2] 16D, Y
()75l f&-10D #) 10D, Z KIJEFE &-5D 3 2.5D. mixd T sb X i g i, 5y
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JEAN: X BV Z-16D 3| 22D, Y 1 Z FIVEEREFF A . T8I A6 R~ = i
2-12 A7

(a) GABC JjiEitH s E

(b) FAIX Tkt R E
B2-12 GABC 7 ik 5 K 7 kit A= & B
Fig. 2-12 Schematic diagram of the computational domain for GABC method and relaxation zone
method

TERBFFR, MR 454 T blockMesh A1 SnappyHexMesh FiFP T H. B4,
FIF blockMesh )55 5 M, Bf)5iET SnappyHexMesh HEAT )14 2% H FF) L EUAIT
Ak . A T 3R S ARSI B EH T VR RS B, R D IR R AR ) e
A, KRN B HH BT 0 XS 2R AT 1 N A3 (RIS, Dot ORABEHLSS SR Bk i 1,
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[ A4 i 3 R A5 3] T s Ab 3 . T GABC &I TH I T EAN AR 4R W Ik X,
HME BB 410 Ji; BT, FAs X B TR I X, KRB ECN 470 15 .
A% an B 2-13 BT

Ca) [G A  I PRE I P

(b) GABC & 752 A T WA Kl 73

(c) AT DX a8 I 7 v b 5 T PR 1) 0
B2-13 R BT 7 A2 FA5) 11 H 3 B A& %) o

Fig. 2-13 Mesh division of the computational domain for the truncated cylinder example

LR
5 L& PIHEAAUAR I A 1 A AUERST AR B LA 2, Syt DR 1] F0) T B
Bk, AT T ICRNBIA T B OSERREI R A S R 5
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B HHE . Ak, BEINT TEREMEA] %, 5 SRR ] ¢ 5 980R KB A B K E
& u A EAZ D FILE.

Kl 2-14 &7~ | GABC &I VHIE 75 #3378 3 07 32 DA S ) B AR AL iR 08 A
376 28 [ AR B THD (1) = AN . (o AARIEA “WPO1”, “WPO2” Al “WPO3”™) [T
6 1 i o [0) 28 A (R 0F bE ANER I P (8 B AR 4 (FFT) 49 2080 7 i . BT )
28 T L, TV A BN 5 i 280 S AT 28, 3 =R g vk 1 4 SRR R B T ) — B
WA DERZER. £ WPOL B, GABC 754 R SRk gy s HA Frimat,
T A AR T 2%, 3% — 5 i 5 A ot X i AN B 06 225 SR — B3 72 WPO2 Wl AT,
GABC JEFIFA it XL BRI R RIS AR G T 8T, #E WPO3 Wl s B P B4
RRIG, BRI IERAE H*=0.02 i SR T RMIB T, HEILiR2 GABC
AR TIX 7Y%, #A AR Al B 20X — AN AR A, X T RE S BT RS A
A2 BREE FE B 52 e BT S

T VPN IR S5 KA TA P ACE AR AL 1) AR A 2 G5 A W 7K 2 BB IR T
RIS . ik, @ X TR REC,, THHRARXNC, = F;/0.5pU%A, HHF,#R
G AR R IR 77 1) 52 BITRIBE FT 5 A IR T [ 7K T 35070 TG A ) g KA A T A

K 2-15 fE R HIFE GABC I TH I 76 KAt X 3 Y T I8 5 15k DA R A A AR 4
DA A BEL 7 ZR 3 C (It 7 o 2 AR L P e B I 3 2 A P o AR Pt 2 ] AL, >4
CaiT I BR IEER, X =Mk RAEw B0k, JUFRA T ILER . 1EC,H T
LR I A AL, GABC J7 i Mbaith X A ik 45 AR B =, EERIE s TG E . X
F e RS PR AR BUE AU A R T 2R, S8 thiieim e T R I BRI A
ANTARES A R o EAE BB 3 i B A, o] DAL SR 3 = Fh oy V515 B 25 A VT AT
R LT.
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(a) WPO1 il 535 vy [y il 28 (b) WPOT I 538 e {8 L AR 6y 28
(¢c) WPO2 il 535 ey [y il 28 (d) WPO2 I 5.3 o {8 L IR 6 it 28
(e) WPO3 Il f5ik w7 il 28 (£) WPO3 il y5 355 v {8 FL 240 e il 25

F2-14 = ANIE & 698 2 B 5 A FFT b 4%
Fig. 2-14 Time history of wave height and FFT curves at three wave measurement points
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Ca) BHAT 250 il 28 (b)) BH77 28 K fif HLIH- AR i i 26
B2-15 B AL 7 R 20/ X R FFT 4%
Fig. 2-15 Time history curve of cylinder drag coefficient and FFT curve

Kl 2-16 I T GABC & JH I 7 A AE — N SE BRI N U 38 Ak . B IR IR
] Xl OE 5 AR, Uk U BIA A AT I (R /=0.4T B ), IR 52 2 [AAE 1
BEAS, 51 A A B AT s . Mg sed A AB 2 15T (=0.6T 1)),
—BERTIR T AR R, M BIRIESL T IR B, T ARSI U A S84 T 2 5
77> ARG u PSR, TR AN KRGS . BB B IR SERTAT, IXLERT I
BB, HE T —NEIEER . X — N S Swan 2 AR
I g FARL . HEUAETT DAHEWT, GABC & T I 5 AR I A 40 7 T RS FE A2 AT 5211

E R HR I I U T VT SRS FE AR 2 At b, B Gt h i S TR AT kN, 3% R RE
SR 2 85, BB EAR A I, R BN SUE AT FE H GABC J7 72 FEF 219558s,
Fanth X 3G 5 7 1L FERS 302247s, A& HLEE L T 27% MR H . Fit, GABC J7
RSN B, A RO AT T
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E
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(a) t=0.2T (b) t =04T

(¢) t=0.6T (d) t=0.8T

(e)t=T
B2-16 GABC & BB 77 ik A — AR AN B AL L A B @A & ($42: m)
Fig. 2-16 Changes in the free surface near the cylinder over one wave period using the GABC wave
generation and absorption method (Unit: m)
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2.3.2 BIHEFFHZSMEE k-omega SST Fim A= 3Y KYIE -

T BAETF 1B IER] k-omega SST i i AL TP IR & 0 JR 10 & 3Pk 5
HERRYE o AN 3K P AR UE k-omega SST it b B AT J34& 1E ¥) k-omega SST Jii it A 4
3 AR [E] () 75 S Al & LT VH 8, BB R ROA r) L, SR F e s T Fe e
o
THEERL, MRS KBRS

THRIKE )y 18m, &N 7.25m, HHK RS> 5.25m, A E7 2m KiHE
BOHATIONE o THE AR F 4IRS, PIRIER— T Stokes FLMIM:, HFRIEHEY S
Pio I 5520 BB F JF AR SR 77 3m b Hodr, dHEEOR R KA 2-17 Fis;
THE MM R B 2-18 fivr; RS EUNER 2-4 fos; M SARFR N 2-5 Fis.

B2-17 + H R A M & & B
Fig. 2-17 Schematic diagram of the computational domain and probes

F2-18 i H B AR 5 =& E
Fig. 2-18 Schematic diagram of grid division in the computational domain
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K24 RS R
Table 2-4 Wave and current parameter table

ST HfH
B 0.12m
JE 3 1.8s
K 5.05m
&1 1.24m’!
g 0.2596m/s

£2-5 Mk S LB AIRE

Table 2-5 Table of names and coordinates of wave measurement probes

R AR AR (m)
WPI (-3,0,0)
WP2 (0,0,0)

SR

& 2-19 FIE 2-20 73 545 HY T bRdE k-omega SST A AL ATE 7715 IE ) k-omega
SST Jii i B AL/ E BN FIAH D H H T sl e = B B it B e fh 28 AR3R B Bl W=
B ATCUE Y, SRAIPRHE k-omega SST T M A 3% 1 TR 2 FE I BR 1 52
e, FECE B T AR T R iR shRe e E R A, X2 T8 E sl FHE R R
R S 900 HLIGVEFEHL, AT BB AT, AR [ IR IR 2 fE i FERG PR I 520 T PR
T A, KT 1B IER) k-omega SST i I AR 2 (3 7 70 0 B A R b B, 3
WP SRR S AE I /N T AR k-omega SST IR A o 3 5t 2 BH 3 P 4e sk 1) 3 7
FRALRAE T PIRTE A BT AL R IERVIRES, 85 T 5% I AL

E2-19 47 /& k-omega SST i AL A 692 % % # it = B
Fig. 2-19 Turbulent kinetic energy contour of the flow field using the standard k-omega SST turbulence
model

43



it S N e A e O PR TR R AR T ik

g
4k

B 2-20 ¥ 77 1% £ 49 k-omega SST % AR A 4y A % % e = B
Fig. 2-20 Turbulent kinetic energy contour of the flow field using the modified k-omega SST turbulence
model

MHEHETER K, bk k-omega SST i i A5 AU IR LA fE TSI HH 11 P
(R e BB B T IR AR, TV JME IE I k-omega SST Jifs LA RS HUL R YR 3 U8 VR
IRLARFFFR AL, A W SR 2

ME 2-21. B 2-22 Patgdse sy i ZE i Re s A, BRI S EH2, ARifE k-
omega SST A AR HL 1) 3 1y I B 2 KT k-omega SST it At AR FUL )38 v 5
9, FF HER ST BN TR, e B ) S . DL B IR UL T AR IR A A I
AR, R JIMEIER] k-omega SST it 45 ) BE 18 A 50k b i B 1) T i bl 5 iy
R S B IR I ok, S8 B AL B T

| | T | T | T | T |
trifEk-omegaSST- - - - %11 1I_.?’:EEIﬁk-omegaSST‘ ]

YR S S S S | S B!

0.08 F |
0.06 [

0.04 |
0.02 [
0.00 |
0.02 F
0.04 [
-0.06 |

0.08 [ . 1 . ! . ! . 1 . 1 . 1
0 5 10 15 20 25 30

Time (s)

Surface Elevation at WP1 (m)

B2-21 P AR AL WP ] 204 i A
Fig. 2-21 Wave height time history at WP1 for two turbulence models
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T T T T T T T T T T
0.08 trifik-omegaSST- - - - i# /112 [Ek-omegaSST

codf TRy

. = 1 iy oy T
002 | EI

om} SRR

0.02 [ .
0.04 [
008l | VT RS i

Surface Elevation at WP2 (m)

Time (s)
P2-22 P AP i AR AL WP2 I &0 = i /7
Fig. 2-22 Wave height time history at WP2 for two turbulence models

2.4 KB/

X — B EE T A AR A BE T EROR . Bk, MR TR EIBNEAT
W B SR %5 naoe-FOAM-SITU, FiiR 1 it E Az 71%% (CFD) HE Sl i 5
REE T, AFET N-S ARSI 5 FE . VOF H R EAR, DL 25 B
W RAE T T FER AR P IR B, B T EUERIZ B RIAM 7 B MR 772,
BT KM AL bR R FIBE AR AR RIS H IS 3 TR, DLRGE M85 FAE Bl I 3 245 I
IR FET K, VEAHPHE 1B G n] A SR AR I PR TG R AR . E 3G Wl
WiLF (GABC) JFiEMiN NIFE B IE ) k-omega SST ¥, fix)m, i xR
YER T AT AT 34T EUE RN, Wil T Ehi&E A S (GABC) JriESHASMIX
Y Y Y U VAR L, R B A B T BRI [ R 9 TR 4 T DA R R BH 77 38 5 ) BB A F UK
FEARY, HEES RN BRI, $ETH R . 85 B A ARAE k-omega SST Jifs
A BFNTE JIME IEH) k-omega SST i A BUHEAT S0 bk, I JME IR k-
omega SST it It 15 28 BE A% M B HH T % 9 i S BEAR 28, 2R T el /DN I8t v P e s ik o 2%
4 KFE, GABC J5ik 5% /B IE ) k-omega SST iR B AH 45 & A 5 IR i s A FL 2 24
PR A . PR ER S IR fa S AU E A A R T B S
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B=F HORRRABCRIEA TREE FPSO HE ST

3.15|5

FEX AR R 5 8 FPSO Bt & LI HEAT BUE AL, 5 XS ELIRUERT, & B0 AR
] B ) B TR I AT SR IR 0] 70 AT T U SR 5 0 PR BRI, DA DR SR e s 0 7T
SEPEARE R o 308 FH A it v 46 Bl A i AR A A BR 2 =] (Offshore Oil Engineering
Co., Ltd) #EAT I M) B RN IRER (1) “ Ve 1227 [ R FPSO 4 RS AL AT HUE 1t
= b 15 U g D iR d Bl Wb b NG O P Y NS R A=y ) PR B UR & L
i BEE RS RIR L AT L, RIS UE SR AR 2% 1 ] Sk

(a) “WgFA 1227 g50 4k (b) “UFrEAan 1227 4 REER
B3-1 “&&F 4 1227 £ 5% REEAR
Fig. 3-1 “Offshore Oil 122”physical model and scaled model

AT S P ST ARt R O AT B AR, 2 PR T AU S R
A i 54 FPSO FHAxF L, JF45 iz ot = e SRJa 4 7 B T~ B 5 1535 8 H
HI EIZ BN 4 R I Py Zexf b, AR FRA EOTRE 1 i23) RAO KX ELIRIIE .

32 WARBETIRATREE FPSO B{E{ER S X ELISIiE

3.2.1 RBESHEERLR
N T SIS RAEAT FB, AR AT BE AL LT R 5 e i TREA BR 2
ARG A P OB AR R, S SERR G I LD 1. 60, SRR PR
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—HG B 3-2 o 7 HERREAL I AL A AR . B A O s b AR
ARG R A R FPSO SERRENLHT, iid fEh it Lol Pk, maK. ik
R EHIRSHATRE, BAESHINK 3-1. TN 7 28 = H 5 FPSO K
NHHEES), NSEERAT AR T OCEUE TR, BO N 3 B B2 shidE 1T 5e R
il o

(a) EMA (b) ALK

(c) JEM
B3-2 “#&# 4k 1227 B H A FPSO # g4
Fig. 3-2 Fig. 3-1 Numerical computational model of “Offshore Oil 122” cylindrical FPSO

A3 1HQRIAT “BF L1227 BHA FPSO £& 454
Table 3-1 Main parameters of “Offshore Oil 122” cylindrical FPSO under uniform flow

ZH PR R SR <R VA
wz K 0.142 8.5 m
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HE 0.188 41630 t

O 0.331 19.86 m
X J7 524 0.395 23.96 m
Y J7 R A 0.419 25.12 m
Z J7 R AR 0.419 25.12 m
HE 375 [E 4 J5 3 1.691 13.1 s
TR [ A R 3.382 26.2 s
N [ 5 3 3.445 26.7 s

1 FH =Pty SO R BEAT B AR, TOLR IR 3-2 Fror .

(32HHRINE
Table 3-2 Uniform flow condition table

ZH HE
ThL 0.5m/s. lm/s. 1.25m/s

3.2.2 WEIEIE E R MRS
i 3-3 fias, B0 TOLE , v B S AL T /K 26T &= A 5L FPSO [ LAk,
IR T A X WIE T R, ALbR RIETEATF . R TR, tHEE s H

N-m<X<10m, -4m<Y<4m, -Tm<Z<2m.

B3-3 3 RT AT i T & B AR LR L
Fig. 3-3 Schematic diagram of the computational domain and boundary name definitions under uniform

flow
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T30 Lo R R A FPSO Ak AIZs), Hih A 441k R TH SRR — 3%
T AR THRI N TE R naoe-FOAM-SITU %y 5 AH A In] 78 TT % 1)
“waveTank Velocity 7, I 5 2644 AT F XA [R] AR AR 20 53 ol 6 B T 5 103 e il
Fik R FEIN TS O 1 S v S8 T8 BN H R SR s, v SR Ao 1 SR
10 FEIEBE R IRIA T AT s R T AR T R AU OREREE , THRIRE T
BUR R G5 vHE IS F AR B8 WK 3-3,

%33 M QRIAFLRAR S
Table 3-3 Boundary conditions for the computational domain under uniform flow

54T AT KAF
inlet waveTank Velocity
outlet zeroGradient
atmosphere totalPressure
bottom noSlip
hull noSlip
left symmetryPlane
right symmetryPlane

ISR R IR o - R SO ol = W 1T S N @) == 177 B P s v Wl I i s L P O
snappyHexMesh X/-6m<X<10m, -3m<Y<3m, -1.5m<Z<1.2m 7=, Xt
om<X<8m, -3m<Y<3m, -Im<Z<I1m #H47 _ZN%; *f-2.5m<X<6.5m, -2m
SY<2m, -0.8m<Z<09m FHIT=HMN%;: Xf-1.5m<X<4m, -1.6m<Y<1.6m, -
0.35m<Z<0.7m #ATPUZ % $F-0.9m<X<0.9m, -0.Im<Y<09m, -02m<Z<
0.6m HEAT MBI . Ui 78 7 BN 55 20 mT LTS B it 58 2 i 4l . w2l
TR T 1B IER k-omega SST Tt 24, B 147 SRR HoRl P JeC 2 A U
JE R FHBETH R BOSANL, PRI ER — R P& =1 09 0.0013m, A MBI AR 30<<y+
<100, M EN 280 /7, MK 7REEWE 3-4 B,
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(a) THE RS ] TH (b) 53 WX R R 1) T B I 28 2 2o
(¢) A% FPSO K ik (d) [AfEH FPSO Mk 4%

F3-4 [ & A& FPSO /234 5 i AR A T &9 M A& X 2
Fig. 3-4 Mesh division for cylindrical FPSO under uniform flow

3.2.3 HHERMEL SR

R 3-4 RN R RIE S 7N 0.5m/s A1 1m/s I, FEVRIZIE BIFE TS OL T, [
R FPSO Pz IR Aixs b B 3-5 feom i B/ s Ext be o X LE AT A Y, HlE
THE YA R S TS B AR M, IRZEAE 2%, IESE T HUE T AR
2B FIHERAE .

k3-4 HRMERT A A FPSO A 2Fb &

Table 3-4 Comparison of resistance for cylindrical FPSO under uniform flow

Tk (m/s) BB N) CFD HARL(N) R%E
0.5 19.1 18.8 1.6%
1 72.6 73.1 0.7%
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AR IE KA AR

F3-5 ¥ 4 FAE R T B & A FPSO [E7) 3 b h £,

Fig. 3-5 Comparison of resistance for cylindrical FPSO under uniform flow

K 3-6 o IS TE Y 1.25m/s I, sk B IR N i B e 7K. A
RV, 15 878 FPSO AEHENTIRZS N 13t 5 B ARATAT I -0 AL, A2 /KR AR A
HIttds &, [ A FPSO Ji5 75 I XS A 7 R BAARAT B e 80, Bl LU 4
BB LT .. Bribz 4k, TR FPSO XK MBRAS/EH, £ FPSO HiJ7,
TR T AR K

B3-6 39 RMERATHEER FPSO A v @4+ (¥45: m)

Fig. 3-6 Free surface elevation of cylindrical FPSO under uniform flow (Unit: m)
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K 3-7 Jeon Y& HE A 1.25m/s I, Jfidzidk BRI N iiimiE K. K
ATEVE R, B FPSO )5 J7 it ££ 28 BE i FEL AN CE 3 B 2 A R 73, Iide B i
BEAR,  HA B R L

B3-7 9/ ERATHREEAA FPSO A b @ikl ($42: m/s)
Fig. 3-7 Free surface velocity distribution of cylindrical FPSO under uniform flow (Unit: m/s)

K 3-8 JEar IS HE A 1.25m/s I, Jitdsik BIRGE RS N i E . HoinEom
FEIR Loy SRR B AL O, Hlieis 255 i R X R [ 5 Y FPSO JERHR o iliEibs ) fie i
7 IR IT TR RR oA . FAERHTUIRES T, BIFAL FPSO RNz KAR ., BILBch
FRAERTTRE IR .

(a) ALK (b) LA
B3-8 9 RMEA TR A FPSO A HER (£1z: Us)
Fig. 3-8 Vorticity distribution in the flow field of cylindrical FPSO under uniform flow (Unit: 1/s)
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3.3 MNE TR TEFEE FPSO #{EEIM S ELIEE

331 EFERSHIERTIA

SHFRNB RS, BT HEEERES FPSO MR sm N, HANH b
BENESANTT ) _E RN R 724 . VRN FE A FPSO — B iE kb T sk, A
B T D AT 15, 3R 3-5 5 T LRI B FPSO M A REF RIS R, W% L
N

£3-5 HBIN “EF LN 1227 B EH A FPSO £ &245%
Table 3-5 Main parameters “Offshore Oil 122" of cylindrical FPSO under full load condition

ZH R R SR AL
K 0.38 22.8 m
HE 0.4497 99573 t
L 0.331 19.86 m
X 77 A 0.354 21.23 m
Y 77 A 0.354 21.25 m
Z J7 s 0.386 23.13 m
355 [8 A A 2.07 16 s
MR [ 45 A A 3.97 30.5 s
INRE [ JH 4 3.97 30.5 s

FESEAT U AR B R EG I, O T 5 2RI plAS, R T I RV, B R AR
=%, BBV ER 27 R, SR8 7 DUR BB R yA iy o 78 R0 ) 98 5 E.
HE, RIARFEZARE P R R AL TR, RIARETLAI RIASH00 B0 & 3-9 &
3-6 7o

*3-6 WAL 7 A5 H
Table 3-6 Simplified mooring parameters

WA B REE SR
PR NIEE EA 94N 20300kN
sk 7y 28N 6090kN

KA 2.5m 150m

S EIEPS: 90° 90°
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4k

SN

(&
g

B3-9 Rk R iaT &R
Fig. 3-9 Schematic diagram of simplified mooring

WU N 0.067m, PRI 5129 0.91s. 1.5s. 2.05s. 3.8s. 12s [RIHFE 70
— BB AT BUE AR, o I AR ) B e N T SR E R A FPSO 7EAN
IR IR RAO Ml .  BARH) T8 W3 3-7.

& 3-7T AN T A&
Table 3-7 Regular wave condition table

ZH BUE
PR FE A 0.91s. 1.5s. 2.05s. 3.8s. 12s
] 0.067m

3.3.2 WHREEIE SRS

i 3-10 Fros, ZERRNE 0T, TS IR s R R T /K 2T 3 2 Y FPSO )
Rl Al BERAEAR T F 9 X BIIETT 1), ARAR S A T . TR R FPSO 4k
BREAH—FERARIC A, 9 T AT BELAS, FEPRUEIG N AN 52 45 Ky 1) 4 SR e 5 Vil
HZEAl b, RATRRIG SN B REUTE AN L, DA NSRS, AT R AR . K
G5V PRI I B KRR R — 20, 208 Tm.e &%, TRV E Y-6m <X
<12m, -6m<Y<<6m, -Tm<Z<2m,
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B3-10 B & % FPSO &AM A A T ikt 3w &R
Fig. 3-10 Schematic diagram of the computational domain for cylindrical FPSO under regular wave

S5 5 B — B, VSRR 0 3 FH TG B B BETHI A0 5% s G5 AR TR R T JE L
N REMIN T 5 THRI A i RN A T T8 B BRI A5 THRI TR i
BUS R 55 . 551 AEHIA AR Z, BTIEA GABC ikl 7is ik il
W, FHEBEA N DA 1238 B naoe-FOAM-SITU 1 GABC =3t i 8 i i3 % il
Rk TR A B E LR 3-8,

%3-8 MLk T3t HRA R4t
Table 3-8 Boundary conditions for the computational domain under regular wave

Ui A5 FAF
inlet gabc
outlet gabc
atmosphere totalPressure
bottom noSlip
hull movingWallVelocity
left symmetryPlane
right symmetryPlane

BOIRAE R YE 53 5B R AN [F], DR A Jail 53 77 s0 5 38 A1 g A X o #i
T3 A b, AR VR A blockMesh T E topoSet I. H . refineMesh T £ .snappyHexMesh
TS T A% % 4. Heb, blockMesh T B AR 571 A& BB R, HoA
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£ B E T 0.05m, EI-0.05m<Z<0.05m 5 E N X B BTN, iz
[F1) 38 3 1) 00ty R R S0 B T AR , IX PR IO ETE T L R IR b, PRIEPRIRTEAL 45
AR AN R AR R IEFE S gk X TR THL &, THR IR R R A TS5 iz 3
MAERH, FIAE-6m<X<3.5m i Bl N IS REFIS 5T, 7E 3.5 m<X<12m JE [ N,
DRSS ) A ok P o BT BB IRAL B 7 H), -2m<<Y'<<2m 5 K94 J&) 6] 1 P9 s DR R 32
5], 2m<Y<-6m, 2m<Y<<6m U [E N PR ZHT A AR AR L . TS SRR KI A0 5 R
J&i» FH topoSet I B A refineMesh T EXf-1.2m<X<1.2m, -1.2m<Y<1.2m, -0.6m
<Z<0.6m HEEIFFINE . (EFFERIIAE, B ST ) RS gl LR, W it
17 Z J7 RN 5o BUE TR AR e, RIS I 284N AE X T Al Y 7 )it
IT—R %, 7 77 RIS SRR AR . B )5, {41 snappyHexMesh ¥ 0L 45 #4)
A, FEEAT RS AL G o RS B 300 T3 UM AE T A &I 43 s =
LK 3-11,

(a) TSI A% P\ T (b) T X R A I
(¢) A% FPSO BT & (d) [AfEA FPSO Mk 4%

B3-11 [ & A FPSO /&AL AF A T &9 F A X 5~
Fig. 3-11 Mesh division for cylindrical FPSO under regular wave
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3.3.3 HHEREL SR

HFHETHxZ, K 3-12, K 3-13, K 3-14 BRI2EEE FPSO /R AN
0.067m, PIREWN 1.5s BTSSR . AR Y FPSO M5 /X Fr ik, 50404
SR, HESG% (Sway) 183, BHE (Rol) iz3zh. fE#E (Yaw) &3 FAZE, Frbd
A HBIRER TR (Surge) 23, Y (Heave) iz#l. HhFE (Pitch) a2zl
I [73 i 2 LA RS 7 ()4 L I AR A 45 o PRI e %) € SR R 8 FH BB T B 7 A5 B )
g, WA B g KRR ARG A R . B LT BAE Y, BE BRI B
IEE R E B, THERZELE 5% . @ Yol B2k (FFT) BE T LA H,
T 518 BN AN FE IS BN H R A0 278 K T80k 1) 1A A e el 82, (E{EL A3V E =
&, ENHIEE) FFT BG ] LA H, BRBR B 1 /IR IR 3 5 7 (0 Kilg e
SRS B FRATNZ I 5, 3% 3 B PR 9 I YR 4 Mt n i AR 26 P 0 S 5tk R 3t (R
TER 45 R

(a) PG st bl (b) 9\ FFT XfL
F3-12 [# # & FPSO /£ AN B AE A T 89 M 5328 3 3F 1L
Fig. 3-12 Comparison of pitch motion of cylindrical FPSO under regular wave
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(a) FE3 M PIxt e (b) TEH; FFT XfLHL
B3-13 [ 5 & FPSO AL AR F T 89 & 358 5) 3F 1L
Fig. 3-13 Comparison of heave motion of cylindrical FPSO under regular wave

(a) RIS PIxt L (b) Y% FFT XJ L
B3-14 [ 5 & FPSO AHLN AR F T 89 A48 ) 3T 1L
Fig. 3-14 Comparison of pitch motion of cylindrical FPSO under regular wave

Kl 3-15, B 3-16, Kl 3-17 J&rn 7 ARSI A EUE R 3RS Y . T
PNRE e SR RAO #IZR. i THLAGAIG &5 Rk B B = 5, Rk IR RAO
UG N —IE 2L 0l 4, T CFD 45 5k BN A4, DR HE 30 A5 0 8 72 IR B4
U BB s . MBS SR AT LA Y, CFD 45 R 5 HRALE RAEH W) & . 5 FPSO &
FOoTLLPT Ry IGEGE A FPSO HHE Y RIS 5 1) B AR IZE AR /N BB A,
Wi B E AR AEH /N, N 0.0076Hz. XA KN R IA R GAE KT 7 ) _ERIRE
JIBINTT S EL
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E
4k

FE3-15 & & A& FPSO 4% 230 RAO Lt
Fig. 3-15 Surge motion RAO of cylindrical FPSO

F3-16 [ # A FPSO # %2 3) RAO *f it
Fig. 3-16 Heave motion RAO of cylindrical FPSO
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E3-17 B £ A FPSO #4152 5) RAO *f L
Fig. 3-17 Pitch motion RAO of cylindrical FPSO

3.4 XE/G

A naoe-FOAM-SITU KRfEZE, 40 HlxF 3551 AE A T B A4 FPSO F4k
BIRIER T MR E 5 FPSO 43 AT T HUEAL . 38K B 2 ) FPSO 7EA RV i1
BIER A 2 BUE 25 RS RIG45 AT/, KD 1R 2 FIREE 5%PLA, BRAE
TORMEAERMITE A FPSO 51 FAEH @ i HERf M [RI3E, i (5 fa A
FPSO TEMUUBEH NG T35 IIRIZSNIK J7 it 28 P4 L k254 (FFT) A
St 28 LA JOE BRAE RAO FIBUE T 45 R S AGAIG 45 T b, RIS E B
BN FIBUE S R 5 R0 45 R R ZE1E 5% LA, B83IE 1 SR AR s /5 it S5 215 FPSO
SRR AR FH 0] 0 AR 1 o X R RN A AL v B A 1 B UE R S T R R R AR
I R B T S B e T SR

XP¥ATRAE T I E A L FPSO #UE 7R, BT [ 58 FPSO WZ/KEH%, it
R FPSO RN AL KA Timtr. ERRX, B 7 BT, Hh
B LU, BRI L PASAT L, TEHGR R 2 18], A W PR i i X, X2
FiEBE 1= AR E R &R
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XHAERGRIE T MR A A FPSO MIKE AT AR, B R IAAEH RIS, 5 & 2
FPSO M3 123l . RSB A SRR A T/MESAE . B R B RKE R E 77
B, A 7 FPSO MIghG 2 sh [ A ARAR /N, 5 50RO 7 7 A 33k
R KRR F S . AELALFGRIEHIN, B FPSO Mig sh o NIz sh
EESpIE ST T sl ibE =y
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><\
(&
g
4k

BOE FHRWESHEBRSERTEEE FPSO HE SR

4135|8

78 FPSO 12— R85 AT S0 A7 T 6, e AR B A0
STFRMMIN TR E I, R, {65 A B, T2 FPSO [IH %
BRI TR T B B SRR 3 I T 3 A s s A . (0L 5 = 28
SRR ST o BT A% S0 5 9 5 28 O L) e R 2 T Bt 7
WA ES R, BRI EGE naoe-FOAM-SITU SR /A.45 4 HE 52 4+ 1 S
HEBRPE S TSEE, SERM R FPSO 72T UL T HIE SR MRl KUK R 45
B7 . AUA B TR IUE FPSO B %A M RIT§Ett, ok kb i T %
Bt IR LR 0B

R S T BN S BRI B 7 E e 55 B I 4 i 1
FFASH (FFT) M4t e, B T FPSO MIZNAIR. B, A &40t T i
Vi sri . FESCHERI L, VRABRDS T I B FPSO MAE R K A, FEEIE RS b
ST T SRR R T A A R, S0 = R 2K R AN
BEPEEAT 7 B AT . 35— 543 B 1 B TR T R IRt L T3l 1924
PEROAS AL, DA S MBS (0 FPSO 0450 R AIS: Mo 2 4 E RS

4.2 BRBS YR RBETTE IR

TR I R H R FH ) LA AR L 5 2 i R U0 T SR FH PR Y 5 4 — B, A AN
Bk SR TOARRRZ, AT ERFESEER, AR A AR 5 ik
F T 5 525 R I R 22 143 ZR 1A 4, DR e BB Fu e A m [RD A FH 22 4143 B0 &R A
B AT 5

IR A FPSO KA —MZ R ZHr RIARE . WE 4-1 FiR, RIAGHLS
BN 12, RRRAEES NI A, GHZRIMFEMAN 120° . AT 4 RARIA
i, BRRPBEZEGAER 2° « VIEERET, RPLATIERE, LRET,
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THE S18 2049.68kN. HHE R IA TR ERANSE, RESLS, H 7, AN 4 Rk
SEREE N RAZ A A RS HanE 4-2 F13k 4-1 Fios.

B4-1 ¥ A ATER
Fig. 4-1 Schematic diagram of the complete mooring system

42 FARZQE RS T ER

Fig. 4-2 Schematic diagram of individual mooring for each component

k4-1 B R QE B SR

Table 4-1 Parameters of one individual mooring line

No. Moy KB (m) HE (m) BE (kg/m) NIFE (kKN)
JE A 200.0 0.160 4495 2.070E6
B 1.1 - 2950.0 1.958E6
P 700.0 0.274 13.5 2.706E5
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4 R 15.6 0.283 684.1 -
5 #T - - 46 t -
6 Pl e 1371.0 0.274 13.5 2.706E5
7 HEH 1.1 - 3500.0 1.739E6
8 TisE 220.0 0.160 449.5 2.070E6

A FE A 5 8 FPSO RNV A HUAR T T B R i . B s RS S
JONSWAP ¥R 1% HA IR, BI B A B — i HAPF AR 5 s . 7 RWT
BB SR S BRI, K] L B AU R ASE TR 00 357 1 6 1E e M IR L 1) JONSWAP IR
. JONSWAP IR (1) e 2 JE R E anzl (4-1) Fx0 (4-2) Fow:

2
2 —(0.159T w—1
S(a)):319.34%exp - 19484 ¥ exp ( 2 ) (4-1
Lo | (T0) 2o
007 ifow<o, (4.2)
71009 ifw>o, ]

Forb, Hy RSB A s T, R AR I 3]s o, 2 8 U6 ] S0 ML)
Wy RSB AR S U DR 7, ASHIE 7T e B BB O 2.2

BEAT R S BUE TSR, M LOON iSRS, RIS HIR 4-2
I

A2 WRARETK
Table 4-2 wave-current coupling conditions

Z ¥ (JONSWAP) Vgl
A S 0.228m
U 41 1.95s
IR 2.2
IE 0.2596m/s

4.3 VHEIFR E K AR5

4.3.1 it EEGE

e 4-3 pros, fEREARE LT, BT R )5 /KIR BN 5.25m,
E T B e R 2 N-em<X<12m, -6m<Y<6m, -5.25m<Z<2m, HIfG/KF
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ANEAL, B IAR A RS 2 5 RN TR — 3. 2% GABC 4 5t 5% 1)
VAR HEAT et , A AL RN e S s A T me, DRIkl 5 2 A0 0 SCH TR 5 00
R S OR A — 2, LR 3-8,

B 4-3 BRAR S TOUT o SRR & B AR A AR X
Fig. 4-3 Schematic diagram of the computational domain and definition of boundaries under wave-

current coupling condition

4.3.2 PRSI E

ASFRN P AT RE A T AR — PP 2 BRI T, AR s K B2
ANE, MIEERFEICNEE, Mgl /DR FEHERE R, HSET
2 N2 FEOFE AR KRN 8 T ERIETT R AT T, Rl aebR RSk
A, BT A WS BEIE

XA ARG B 25 37 SR R AR R T FHE N 0 A6 GEAT 1 IR WS SR BRI o U
Ry RS EEEARE 8, BORA MR 0.228m, WEAEB AN 1.95s, WHimis
0.2596m/s. PAKISHIELAE S, B4R =HAFRST CHL H. 4D rmsg, =4
PR B BN 4-3 FTR. N ARSI, Ax. Ay Az 53 ER7s MU AE IR
B = AN A BBl 7 1) (R

4-3 MASHCSC IR E T 69 A& S K
Table 4-3 Parameters in mesh convergence study
A A% Y N, Ax(m) Ay(m) Az(m)
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FEL A% 132800 0.128 0.14 0.04
R A 1056000 0.064 0.07 0.02
2 R A% 3556800 0.042 0.047 0.0133

K 4-4 o TR R AL B AN BORIG TN P 2. B Rar DU H A RS R 45 2R
L5 R R AN WA (1 45 RAFAE S 22 57, AR PR BILAE I = IS0 BT I 22 57 A SR
FHBIIRAZ o WA AT A% 1 285 R AR F AL, EATRI rth £ LF A, AR R R
MRIEOL M AN ZESR . EIREERRW], BB ML, Bommt P, Hig
AT o5 WAt BRI ] 38 K 2 25K

B 4-4 FAS M SIOPE B0 I I 2 B A 3T b
Fig. 4-4 Time series of surface elevation at origin

4.3.3 PIIEXRI 4

FEXT IRAS WSS AT IR J5 3% FH R XA AT D T S RS 24T A Kl 43, IS
(1932 %5 5 F )38 T 00 R BRI R — 2, BPZERIH blockMesh *f-0.12m<Z<
0.12m FEUT E H T B4 34T 0% BRI topoSet T H A refineMesh T H.Xf-1.2m<
X<1.2m, -1.2m<Y<12m, -0.6m<Z<0.6m & [ P /)M #&FE4THELL I XL Y 7
A EAT I s fe )58 H snappyHexMesh #EATH2FL XA AR . BRib 2 Ab, BT
A LU R BIs2m, [R5 B0 [ 2 8 FPSO FIE BN Z, 052 5k
W& = FE A 0.004m, [EFEEANBUEREH y+~=50. PR 2 320 . [ A FPSO
FEBRAN G TO0 T B AS KI5 Wi 4-5 BTz
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Ca) TSR (b [ FPSO FHEE Bt

Cc) THEISIN T ks
E4-5 [ & A FPSO £ AAB 4 TILTF 89 A& % 5
Fig. 4-5 Computational mesh of cylindrical FPSO in combined irregular wave and current

4.4 EEE FPSO ERp4FMERT ELIEME R AR IAH 54

4.4.1 SIHERIEREGRIIE

naoe-FOAM-SITU (£ AT HAE AT RE T, 25 BRI AR I3 9 BEATUAE 57 Frg AN L
B, PR PSS B, AReIEHIHIN . 8 i X LERE 2Kk, Ry
TR R AL 8 v S P i 2 S5 TR0 45 SR — B, ARSCR AT “EIHERm A 1y ik
AP Y R, RIS B BEAR A6 [ 2 AL FPSO HIJ5 om 7 B AL CBUE THER R
AN By a2k, IR BT Pud i B A2 e (FFT) AbEE DIRISNEr
R IEEERARAL, K MR8 (BIHEA R 1 2 2 AR | i AL A BB 5
BN R AT AT I
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FEPAT 58 k3R ME )5, Oy 1 ORUEZE O BE SR AR R HERR I, 75 20T 53
JE AR B T AR BEATRSE o SEBRRAEIERE R, D TR LN 8], HE b E R
A SRR — AE TS B AT o AERRR I AR 3 T I R R A R BRAE R
KIEABE N BIR S H B2 2 UGRAG, R A B e 5 1 = R Re g 5 1
W6 P I = B DR — B 1 4-6 P B2 SR Rl AR B HE = 1Y) CFD Al EFD 38
WL E H T s i P g, 2 R4 .

B4-6 & B4k 244 G 89 CFD 4= EFD 498 iA486 T & & @k & B 7 ) &
Fig. 4-6 Time series comparison of surface elevation at origin

ANTIER & 500s-1500s P AU e AR 2EAT PRI ( FLIH- A8 A0 ke, 45 516
ANPREIS NLHIBE, A (4-3) KPR Oy IRe s . FIH MATLAB i
“smooth” B HUN PR AE B 5 1S il ZR AT PR AL BRSBTS %iE#E “moving”,
I ZE “span” GEFE €997, 1] 4-7 NEUMEAIAT B S5 RBOTR RE R T 4 ST
IS RPN L ATRAE Y, BUERSA R SRR G0 A B & 8. 18
4-6 FE] 4-7 Firos B 25 AR AR STHEAT il 5 BB ARIDURS 2 & PTE Y
A(w)’
2Aw
Jeobt, o FEUCIRIU A R DU ORI S R BUSR T U AL
Aw FE R

S(w) = (4-3)
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B 4-7 & B4k %k A )G 69 CFD, EFD A= 32 i8488 A8 5% & 3t bt
Fig. 4-7 Wave energy density comparison

4.4.2 ERIFFETHEEIES 534

H T [ & AL FPSO 454 iy BEXT PR, FLfE % . BadR ) L-F % . XF YR E AL FPSO
iR, WIS EERE, HAEBIMAR S L0 I 3 L] 2 iR 30E 38
WA, Bk, K 4-8, B 4-9, KB 4-10 VR T AEAMMBIRHR TH T, FHfE5 FPSO
I\ B FINRE (IR g el 4 An P (i B A4 (FFT) k. B, Wt
LR B HEINGE B, 4R REHEANRG LR,

(a) PG st Ll (b) 9\ FFT XfLt
K4-8 [ & & FPSO &M A8 & LTI T 49 K% E 33 b
Fig. 4-8 Surge of the cylindrical FPSO in combined irregular wave and current
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(a) FE3 M PIxt L (b) TEH; FFT XfLHL
F4-9 [@ & & FPSO M iAABE T IUT 69 235853k
Fig. 4-9 Heave of the cylindrical FPSO in combined irregular wave and current

(a) RIS PIxt L (b) Y% FFT XJ L
F4-10 B & & FPSO 2B iRABE TILT & 4E 15 3) 3 1L
Fig. 4-10 Pitch of the cylindrical FPSO in combined irregular wave and current

Dy sh R W], CFD 455 EFD 45 R —3, (NAE/MEE IR 3+
WS B LR 2 o X AR ZE 2 i T R A 7 FPSO 7ERE ARG 5 BUE AL AP e i o
WA RS BT /KREREN /1, DGesh PR EMN R SR E T 034 2K, Mol
B2 FENRE SmE T 0.92° o fEdEGEshF, HRAIGTE 205 RIRIE N
0.131 K, MHEBMMLE RN 0.138 K, IRZEN 5.3%. KLU, NFHREN 9.8%,
PPERZEEN 8.7%. AILLEH, =ANH HEE RN h S0 iR Z A 8T 10%.
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Ay BT 45 AR 7R T CFD Al EFD 45 2 810 R4 — 8t . T 1l fE 2R
FELCIR T RFAE, TESUS b7 s A (P R Ao B AT b 3 . FENG MY RRIE B
W, AT LUE R AR 2 R B B A IR — MR FE g, X R E G AL FPSO 7EEIR A
WRIBCEER T, HSshgoR B TIA T 0. EW N F 12 3 (1 [ A AR,
IR 2 VA XoF T30 RS AL R S R AR o ) T 358 B 5, Bl T 3% 1 [ A AR 5 i i
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Fig. 4-11 Vortex structure around cylindrical FPSO

72



AR IE KA AR SEVUE AP S HON & AE T B A 8 FPSO i 573

E
4k

(a) ¢ (b) t+0.25T

(¢) ++0.5T (d) #0.75T

(e) T
B4-12 iR ABE4E AT H & 2 FPSO RIA K HEXH
Fig. 4-12 Vorticity contour of cylindrical FPSO wake region
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Fig. 4-13 Distribution of vorticity around heave plate
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Fig. 4-14 Sketch of pressure probes on the cylindrical FPSO hull
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Fig. 4-15 Time histories of impact pressure at different pressure probes
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Fig. 4-16 Impact pressure of different pressure probes during one typical slamming event
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Fig. 4-17 Impact pressure, relative wave elevation and relative wave velocity time series during Type A

slamming event
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Fig. 4-18 Impact pressure, relative wave elevation and relative wave velocity time series during Type B

slamming event
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Fig. 4-19 Impact pressure, relative wave elevation and relative wave velocity time series during Type C

slamming event
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Fig. 4-20 Local streamline and impact pressure contour of Type A slamming event
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Fig. 4-21 Local streamline and impact pressure contour of Type B slamming event
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Fig. 4-22 Local streamline and impact pressure contour of Type C slamming event
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Fig. 5-1 Mesh division in the longitudinal section under wave-current coupling conditions

88



it S N e A e SR PAN A B Y FPSO 18 3l 52 m i BUE Wt 7L

5.4 SRR SR RABE N E R FPSO BRI IERIXI L 54

TSR A ER T RN 0.904s. 1.807s. 2.84s. 3.808s. 4.78s. 5.74s,
APRAE A T AR S E A TR A2 FPSO 7. Y. AR Prih 4.

B 5-2 AT LA H, SR YA 0.904s B, YR RE A 1F H 5 4 bR E R AR L,
[ 554 FPSO ¥ FGaNMIREZE AR, IGiashiEfbm . BiassarER T
A 5 2 FPSO MG A R T 4EBRVER 3837 3G /N T2 R IER, PRRIIE /D
TALBIRIER

(a) Yhziazhint i ih £& (b) g izl b £k

(c) HREIZNIS Py ith 28
B)5-2 BURJAHA A 0.904s B 4R8Ik 5 BUAAR & R 5 A FPSO 230 i i ) &3 b
Fig. 5-2 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
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Fig. 5-3 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
current coupling conditions with the wave period of 1.807s
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LA BRI B SRR A TR T M AR A2, I ELARR I (EAR bE T+ 2i50R
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(a) PGB h2k (b) g izt b £k

(c) PRIz P2k
B 5-4 R JFHA A 2.84s B 4hdU iR 5 LA AR A H £ A FPSO E3) i/ v &3 b
Fig. 5-4 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
current coupling conditions with the wave period of 2.84s
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3 0 2 (R AL 5 AEBIRAE R R BN G Wi S BRI, PR (B IR TH v T 2ER AR Y
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(a) YNIHIZ BN ph 2k (b) FEHIZHNMT P4

(c) PRRIBBNIS o2k
B5-5 iR B A0 % 3.808s Bt 4h g ik B i A 486 IR £ A FPSO &) B 7 dh & 3 b
Fig. 5-5 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
current coupling conditions with the wave period of 3.808s
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Wi IS W AR A TE AR, P8 ME e T2 BRI - B & 1F T 1 3R i sh iR e A {E
AN TAUBARIER, (HEFRIFALE . BRI 4.78s It JEIEIREIS 7 i £ n]
LAE SIS & 1 AR IBAEAE SR AR A% . HLARRIR(E /N T 20 B0RIEM, (2
FRRCTBOR A9 3.808s, IR & X A8 i (L A 301 4 FH A P BAIR

(a) HZIB BT [T 2k (b) FEFIZ BN LR

(¢) YFRIisBhIT P2k
B 5-6 LR AR A 4.78s B4 id iRk 5 LR ARSI £ A FPSO 23 i i ) &3 bk
Fig. 5-6 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
current coupling conditions with the wave period of 4.78s
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(a) YNIZIZ BN h 2k (b) FEHIZHNMT P4
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Fig. 5-7 Comparison of motion time history curves of cylindrical FPSO under wave-only and wave-
current coupling conditions with the wave period of 5.74s
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SEMARTEL o RASVEANSI TR PIRER] N iz shigla . YME, LRSS & 1F A
X T AR IR R E A E B AR . HrpiREZ R DLE B e gt
fa 2 LA E I ST

WL 5-3 MK 5-8 AT LR, AR RATBIRIE THLE RS T, HAGIE
{E B IR A S B 1 Iy S IUHE KK a %S, (H 38 BN A B0l T 2k e e L
T8, ERWE 2%UN. ST GIEshSET S, BRI T RN G EAN
XF T AR bR R R A% AR/, (B TR & Lo =, T B2 FPSO S22 /1
TR, HAGEMERAE T REFEN LR WS, £RIRFIRT 1.807s I, XA LA 2
It 5 U TR O R R /) o

#5-3 BB B0 5 A T B R AR 5 LRAR S A A AL 15 3 69 % oh
Table 5-3 Influence of wave-only condition and wave-current coupling condition on surge motion under
different wave periods

ALPEARIER BARIER R 2EpGRER BamIERE

ﬁﬁf% FOGEY  AGEE %ﬁfﬁ FoGED NGB w%fﬁ
MEfE (m) H (m) PHE (m) & (m)
0.904 0.00751 0.0075 -0.13% 0.0652 0.143 0.0778
1.807 0.04055 0.0407 0.37% 0.0646 0.154 0.0894
2.84 0.0498 0.0489 -1.84% -0.0034 0.080 0.0803
3.808 0.0570 0.0565 -0.088% -0.0042 0.067 0.0712
4.74 0.0743 0.0751 1.08% 0.0003 0.065 0.0647
5.78 0.1149 0.1137 -1.04% -0.0011 0.063 0.0641
(a) WEFIREA (b) GIEHEA

B 5-8 7~ B i B JB) B A AF T 4R 8 iR AR R B AR AR R AT AN 2 B B9 RS R
Fig. 5-8 Influence of wave-only condition and wave-current coupling condition on surge motion under

different wave periods
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I K 5-4 FE 59 ATLAE H, B TR 1.807s, HARBIR B G
T 5 AR T A e IR AR AR — B, 22 JAE 5% AN « SITR A BASY 1.807s B,
BomAAEVER TR E Y FPSO 7z ANMEEMIIUKR 1 22.3%. HT 1.807s EeiiHzi
A 5 28 FPSO T3 [l A J& A, - BRI 2 30t VR J) BACE [ AT AL FPSO &5 i HA B 3 b
PR AR A A X R 55 FPSO 3512 3 HA B R RHORPE A, HAt B VR SR R
T A A 0 S5 MR B T RE BN o S5 AN [RITR A BA B T H B 25 BT 256 43 B vl i,
WA VER T RE A FPSO M IRAEN “BliE” XA haipiRIEA T “Bie” X
[MBENTEIZ, X5 DengP'CHEHP ARG L —8. Rtz sh, WIEZERET
AT, PR S TOUM LT 2iBR Tam s, HEgMEMm/S 0.002m A 45,

R 5-4 R BUR R A AT S BURAR B 5 URAR A R AT 2 3 2 B AR
Table 5-4 Influence of wave-only condition and wave-current coupling condition on heave motion

under different wave periods

AipaRfER BamRfERE ALpRIER BARAERE

/EZ/(ESJ)Q W THEGies) HEGIEEE mm{(ﬁo/fﬂ THEGIsE)  #EGiEshi iﬁ{(ﬁmzfﬁf
M (m) £ (m) PIE (m) £ (m)
0.904 0.00085 0.00082 -3.5% -0.0077 -0.0097 -0.0020
1.807 0.0503 0.0615 22.3% -0.0074 -0.0092 -0.0018
2.84 0.0658 0.0654 -0.61% -0.0079 -0.01 -0.0021
3.808 0.0612 0.0607 -0.82% -0.0085 -0.0104 -0.0019
4.74 0.0567 0.0564 -0.53% -0.0081 -0.0099 -0.0018
5.78 0.058 0.0577 -0.52% -0.0082 -0.01 -0.0018
(a) B shIEEXS (b) MEFHIEBNIIEXT

B 5-9 7~ B BLiR S8 A A A T S LR AR B B LR AR A AE R AT £ T 12 ) 69 R0k
Fig. 5-9 Influence of wave-only condition and wave-current coupling condition on heave motion under

different wave periods
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LR 5-5 MK 5-10 s0Hrmr 50, BamnAs & E X EE 2 FPSO AR iz sl E 1)
SO LUAR B %, S IRIR R AN, AR AT [ A 28 FPSO BBz 2R e HL 47 1
YER, (HBEAE SR RGO, Bmaia Xt B 7 284 FPSO IR iz Sl B (1) 52 1 F 417
TR IEAR IR o BEAE SR S I R 2R 3G K, SmAR & H 5 8 FPSO AR 12 53R
L) 52 M) P 2% ER OR8] o HEI0 7 A 3 I 5 %) JiR DRI E T IR i & A FH e
[ %58 FPSO M iAsh H3ss, MHM NS EESHOKA 1T, sk
THYRERE A . Btz dh, BT 32 BIE € 07 A e i J15E (s, A
A LS A R THAR, HAREE T 1.5° 2 2° WA RRHZE.

& 5-5 TR B IR A T Sk B R AR B URAR SR A I WA B ) B R o
Table 5-5 Influence of wave-only condition and wave-current coupling condition on pitch motion under
different wave periods

AEPGRAER BORAERTE AEPRAER BORAERTE

Sk R [E A 2 B Ef e EL
’&‘i’?ﬁﬂ VOGS RS mﬂ”ﬁ /fj* FORED  HIREAN 19150;;#
MEfE C° ) B ) Y C° ) H )

0.904 0.185 0.158 -14.6% 0.4663 -1.34 -1.8063
1.807 1.38 1.5 8.7% 1.1634 -0.759 -1.9224
2.84 0.355 1.54 334% 0.0148 -1.586 -1.6008
3.808 2.461 0.53 -78.5% 0.0564 -1.479 -1.5354
4.74 1.07 0.64 -40.2% 0.0138 -1.482 -1.4958
5.78 0.86 0.81 -5.8% 0.016 -1.550 -1.5660
(a) (b)

B 5-10 IS B i iR B A 25 4 TF 48R AE B B o iR AR S A 4 L AR 2 9 69 %ok
Fig. 5-10 Influence of wave-only condition and wave-current coupling condition on pitch motion under
different wave periods
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PN S ) S A I, 5 FE 2 5 IR AL R B S N, T BUBIRAE R
J7 I AE R TP . X PRI B2 AR Ak 2 S B RAR & 00N BIRLNR KR, HA 2L
PRARBIE I BRI Z 4h, BT BRI 1.807s I, Xf A 5 8 FPSO I Z iz sh A
AICRVER, IR ISR, B & EH T AT SO T 20BaR B W .

(a) ALPIRAEH]

(b) WA E1EH
B5-11 uB0RAF R Ao d R AR 4F F 69 B B i@ 467H 3T (42 m/s)
Fig. 5-11 Comparison of free surface under wave-only condition and wave-current coupling condition
(Unit: m/s)
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FPSO [JHEZ AR BT =4 T i &it, Tsmas S EH T, BRIEEZ R Em s,
[ 5 44 FPSO BIMIEE, JE&HS, FRIXImA T RERBERE . XK ARG
LT WA EE ) 2 8] B A LA SN2 2 o IX IR AT e B0Bh e S BE AL
AT E LRGN o

(a) APIRAEH]

(b) WA E1EH
P 5-12 2o BLIRA R AL RAB S AF ) 22 3 38 5 MUK AR B 20 6 5 AR I 2038 0 23 A
Fig. 5-12 Vortex structures near the hull under wave-only condition and wave-current coupling

condition
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FPSO 7Eiz B3 72 HH 72 Az 1 e 12 1) 4 Hp 78 1 5 A P ﬁﬁm%AﬁﬁT%m%ﬁg
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(a) MEHIH & = K (b) HhH R E =&
B5-13 il R R TARF @ E A @REZE (F42: 1s)
Fig. 5-13 Contour of vorticity in the transverse and longitudinal planes under wave-only conditions
(Unit: 1/s)

(a) MEHITH & = K (b) HhH R E =&
B5-14 BURABSAE A TH S E S48 @mExE ($42: 1/s)
Fig. 5-14 Contour of vorticity in the transverse and longitudinal planes under wave-current coupling
conditions (Unit: 1/s)
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(% o f ARG A A X BB 5 284 FPSO 748 1Y Z Bl i 7, fdi45 Hoa 7
A BA PR BRIbZ 4k, bR e iese 0 BU R, B, B/ @78 FPSO
BRI N8 5E B A TR AL o

(a) ALPIRAEH]

(b) P&
B5-15 B R R T AR AREERATRS X Trtyiidsfi=m ($4z: m/s)
Fig. 5-15 Contour of flow velocity distribution in the X-direction under wave-only condition and wave-
current coupling condition (Unit: m/s)
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(a) AhreffmiR (b) AR

(¢) A TEAEA AR (d) Hli =
F6-1 % &k Ae ey [ & A FPSO A =& K
Fig. 6-1 Schematic diagram of a cylindrical FPSO model with liquid tanks
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RIFEHCRN 74%, LAY B R AR NS 2, NN B B i = A = N
0.034m. HEBBAR IS ERFA KRG W& 6-2 TR .

(a) AEPIBIARIERTIL

(b) WARANERTH RIS AP AR L
B 6-2 13 igA A ST 30 49 46 AL
Fig. 6-2 Initialization of internal liquid tanks and external flow field
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Table 6-1 Table of wave-only conditions

ZH i
PR JE A 0.904s. 1.807s. 2.84s. 3.808s. 4.78s. 5.74s
A 0.1167m

& 6-2 HAME TIK
Table 6-2 Table of wave-current coupling conditions

ZH(JONSWAP) EALIE]
DT 0.228m
U fE) B 1.95s
UG [R5 22
I 0.2596m/s
6.2.2 RiAER
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SRR FE 4-1.
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RIREE Ik, X AE P ANERE DL B MRS BEAT 0 A H . % S8R0y 380w. K] 6-
3 g AR e+ VR T 125 R& e 1 [ 3 2 FPSO BUfEL 5 R & 7

Ca) BRI b BT (o) GG % FPSO Wit f
() HHEHABIE (% FPSO I RHIT K (d) AP AR R

B 6-3 FAABEAE AT # EikAG | £ A FPSO R A& X5
Fig. 6-3 Mesh division of cylindrical FPSO with liquid tanks under wave-current coupling conditions.
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Yo B REACH, HEMEFTLAE H, R RAO HIZ F I XUIEAF AR Ty 1 Bk,
(YRR A ML, RAO BBIFBRA B AR, U (R L B = 3 [ A
JisaL, BAEBEBORMIER T, % RAO KT A% & BACH K2 #E RAO.

B 6-4 & & ik 5 A B iRMAH Z3) RAO # 1t
Fig. 6-4 Comparison of surge motion RAO of cylindrical FPSOwith and without liquid tanks

B 6-5 % Bk 5 1% & kA £3%55) RAO 1k
Fig. 6-5 Comparison of heave motion RAO of cylindrical FPSO with and without liquid tanks
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B6-6 % & ik 5 T4 5 ikA A Z 3 RAO # it
Fig. 6-6 Comparison of pitch motion RAO of cylindrical FPSO with and without liquid tanks

N TR ERIG = E MR, Kl 6-7 T 6-8 43 il il T IR AN 1.807s #
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T EREE B TR M, AR TN . M, HBER AN
3.808s I, VBRGNS AR S AR B AR AL AR FIARGL, A AR A,
—ERRREIOR T A RR IR o 5 AN B S T LU B, AR B R Jy fE [
AP, J3En RO EAIR 2B, RIARZ =R«

B 6-7 BRI A 1.807s B4 A 5h A/ 4507 o &

Fig. 6-7 Time history of internal and external moments at the wave period of 1.807s
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£ 6-8 IR HA A 3.808s BHAL M Sh A 4587 o &

Fig. 6-8 Time history of internal and external moments at the wave period of 3.808s

NN E RS TANEBGR A, B 7 FPSO I A AR B KN R H BT R T
PN EI T Pl o AR a] AR H S B 18R A 0 3.808s 1oL, HAR# LoL FIE fE
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BLG . FEPGR A DY 3.808s I, ] LLMLEE BN AR L FF b WA 2, I HL B st &
2B T WE R AR L R AE

(a) H IR =K (b) M H =K
B 6-9 MR A 0.904s Bt B Wik @ =& B A g3 @A K= B
Fig. 6-9 Schematic of free surface and phase fraction contour at the wave period of 0.904s
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(a) H == (b) HAH =K
B 6-10 BRI A A 1.807s B 6 b ik @+ & B A F @ Aa o = A
Fig. 6-10 Schematic of free surface and phase fraction contour at the wave period of 1.807s

(a) H s ER (b) M=
B6-11 BURJE A A 2.84s Bt B Wik @ = & BAs3 @0 K= E
Fig. 6-11 Schematic of free surface and phase fraction contour at the wave period 0f2.84s

(a) H W= K (b) M=
B 6-12 iR 214 3.808s Bt & ik d 7 & B A3 @A o K = B
Fig. 6-12 Schematic of free surface and phase fraction contour at the wave period of 3.808s
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(a) H IR E K (b) HPH =K
B 6-13 BRI A 478 i A & ik d & B A s @A o do= B
Fig. 6-13 Schematic of free surface and phase fraction contour at the wave period of 4.78s

(a) H IR E K (b) M H =K
B 6-14 BURE I A 5.74s i 6 B ik @ = & A AU B REE
Fig. 6-14 Schematic of free surface and phase fraction contour at the wave period of 5.74s
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(a) ¢ (b) t+0.25T

(¢) +0.5T (d) +0.75T
B 6-15 iRk B A A 3.808s B —ANBUR A A A9 A 7 B & & B ALIE L
Fig. 6-15 Schematic of free surface variation inside the tanks over one wave period at the wave period
of 3.808s
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EFEAR T 50%. LGS AN 2 45 R — 8. Uk, EditidfEd, M
AN RS B R BEAT 7K 2l 73 BT A% A2 15 B LA PR~

(a) Y\t %t b (b) 2074 FFT %Ikt
B 6-16 HiAIBASMER THERMAES IF BRI FH BT

Fig. 6-16 Comparison of surge motion with and without tanks under wave-current coupling conditions

(a) TG F%tE (b) HEy% FFT Xt
B6-17 iR SAE R T X EiRA L IF Biri £33tk

Fig. 6-17 Comparison of heave motion with and without tanks under wave-current coupling conditions
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(a) YANFEET %t b (b) Z\#& FFT Xttt
B 6-18 HiAIBSAE R T X ERMAE I# BRI EFh 5T b

Fig. 6-18 Comparison of pitch motion with and without tanks under wave-current coupling conditions
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(a) HEWE (b) AHEFEWAE
F6-19 177.9s B % & Ae 5 1% B A @i =H

Fig. 6-19 Phase fraction contour at 177.9s with and without considering tanks.

(a) HEWE (b) AHEFEWAE
F6-20 187.7s B % &k Ae 5 1% i A @i R =H

Fig. 6-20 Phase fraction contour at 187.7s with and without considering tanks.
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B 6-21 177.9s Bt [ £ & FPSO A W sl @ X 7 @ik = WAt K 2 B (E{2: m/s)
Fig. 6-21 Velocity contour and velocity vector plots inside the cylindrical FPSOtank at 177.9s (Unit:
m/s)

B6-22 187.7s B B % & FPSO At W 4@ X 7 @iz = BA k&2 H (£42: m/s)
Fig. 6-22 Velocity contour and velocity vector plots inside the cylindrical FPSOtank at 187.7s (Unit:
m/s)
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