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NUMERICAL STUDY ON VORTEX INDUCED
YAW MOTIONS OF DEEP DRAFT SEMI-
SUBMERSIBLES

ABSTRACT

As the production of ocean resources gradually extends to the deep sea,
the semi-submersible platform has become one of the most popular
platforms due to its excellent sport performance and economical advantage.
However, the problem of vortex induced motions (VIM) in which the large-
scale reciprocating movement in the transverse and yaw directions will
occur due to the alternating vortex shedding of the columns is also serious
for semi-submersible. VIM will cause fatigue damage to the mooring system.
At present, the research on VIM still focused on the transverse motions
while the vortex induced yaw motions about multi-column floating platform
has gain little attention. Therefore, in this paper a numerical study has been
carried out on the vortex induced yaw motions of the four-column deep draft
semi-submersible platform to further improve the theoretical mechanism of
the vortex-induced motion of the multi-column floating platform.

The numerical method used in this paper is the self-developed solver
vim-FOAM-SJTU which is based on the open source platform OpenFOAM.
The solver includes a turbulence simulation module based on the SST-
DDES method, a motion solution module based on the six-degree-of-
freedom theory of ocean engineering, a spring mooring simulation module,
and the moving grid technology, which can handle complex large-separation
flows and three-dimensional motion problems as well as accurately simulate
the vortex-induced motion of offshore platforms.

First of all, in order to figure out the vortex regime of each column at
different current headings, a numerical study of the fixed turbulence
characteristics of semi-submersible platforms at the current headings of 0
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and 45 degree is carried out. By comparing the moment results, it is found
that the vortex mode of the platform at 0 current heading can provide initial
excitation for the yaw motion, while the vortex mode of the 45 one does not
meet the condition.

Furthermore, numerical research on vortex-induced motion of semi-
submersible platforms with the same current headings are conducted over a
range of current velocities. By comparing the transverse motions and yaw
motions, it 1s found that when the vortex frequency of each column is equal
to the sway natural frequency and the phase of the vortex is consistent, the
transverse motion response of platform is the largest. When the drag phases
between the symmetrical columns along the flow axis are exactly opposite,
which can be called the “transfer of the drag center”, the response of the yaw
motion reaches the peak. Compared with 45 current heading, the platform
of 0 current heading has a pair more of columns that are symmetrical along
the flow direction. Therefore, the moment due to the “transfer of the drag
center” is greater, and therefore the amplitude of the yaw motions is also
larger.

Finally, the effect of motion of different degrees of freedom (DOF) on
the yaw motions for semi-submersible platforms are also studied. By
comparing the results of three combinations of DOFs, it is found that within
the present measured speed range, the effect of transverse motion on the yaw
motion is dominant.

KEY WORDS: semi-submersibles, yaw motions, VIM, vim-FOAM-SJTU
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Fig.2-4 Drag coefficient for a smooth circular cylinder as a function of Reynolds number
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eddy simulation, DES)
7E RANS J77iE9, N-S HRE& S T A PR E15 2] RANS H18, XF7iE
W EEAGIA I I A M AR FH 4 — BB AR BT 3K, X A DR /IS SR ARG, 6
TS TR R /N RO T i 45 44 AR AL AT D0 o SR T SR 175 00 A& RRUFE i U7 45 4
AR Z VP Z R R m 2% m e, 8 P33 Ja AR 37 stk R 2 5
B, B0 TR =YERKSh, 186 RAE E R AR BN 2 & TR AR S S PRI
WA ZE LT . LES J7 925 )38 5 2 [ 1 VR R 80K B8N UL 2 O K RUBE /IS RUBE i 5
R, PPN [E] ROBE I 46 74 R AN R AR B D7 3 o6 KRB IR i AT BB SR A
PN iR 5 RANS AL HIIE IS A5 (Sub-grid-scale Model, SGS) AT
k. DRIEAHNT T RANS 1 & LES 764y i T 5, fevs i 3e 2 e i 500
UM ES I o ARAZTTIE RIFEARAE BRI s XTI FRUBE T A0 1 AT B A 1) B ik 75 22
AEFEREMAIPINE, BESFEHRE R E T, k=) 2 TN HME. DES J7
ENLEE T RANS M LES BIHL#: SRA RANS 7732 b 3w BE [T X 381 7 55 i3l
o] @, [RI KA LES J7iEie R S sl X 8 4 =4Eim4iie . RIGAE DES J7i%
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1, I RANS AT LES 38 i) 56 12 KA A < B
£ RANS J5 R o T 1) BB AR AR 00 PR #8 5« I 8] P B3 THUBR Ak 34 33T - RANS
IR ERIE A E .

a(uj):o (2-20)
J
u, — u ou | —
%-Fi(uiu.):—i@-kiiﬂ%-F—J —puu. (2-21)
ot ox, ! pOX.  pOX ox,  OX, :

W21 5 N-S ITFEX LU KINZ 1 5o — I, PR 8 v B I, XA
RO TR B T o A5 ER 5 R AT J DA 5 A 34 50 T 12 N ) T A TR 3R AT A
O, AR BT VR AR A A< (Turbulence models). Hi 175 i W 71 7E 5L
2R ES N sk =AML, T2 Boussinesq™ 1 # HH TO8 T iRk % (Bddy
viscosity ) HIRBL: TAJYTE VA N 7 1E TP By B2 (AR 4 BT MB i, RANS
T RE I SRAAAZ O V& BT TR AL BE g, R AR b, —RME 2 9N S HAA RI Y B &1
BT, RIS ANEEREMEMMARGTE T ARKRMES (Eddy
viscosity model).

AR A AL BT Menter M2 ) SST k — o A BNEH], X2
— RS, Bk - o B iRk - RALE BTV Jy iz (Shear
Stress Transport, SST) AXZi&IMK, HimiaV)HE 77 nlZimslHe k Alim it FE
o, SST k- o BHELREANHKH k-0 B8, EUFZEUSNXIEKH K -¢
B, AR L VR A eR B 45 B S P AR R SR A HEAT e

£ LES 7k JE R R o N-S 7 dus J5 159 218 & 77 14

o i(ﬁ):—1@+i 0 [,u%—r..] (2-22)
o ox ox

S ERVE R IUAREL,  J7 R i fa — WU EA% TR0, I BLFIREIE A LES 1)
P 7R IGVE S T, DR R i T PR R AR AN 7 FE AT B P . WK
I, RANS 751540 LES J7iE M ah& 77 IR e B B s b0 AL, DXOAE T 5 R
73130, T RANS F LES %1% 5. 7 T Ab 3 5 St o A —— 3 S B ALy FR 3
. RANS A LES KR AR 5 RSH S 35 1) ek B ik 2o i) o -

TF?NS = f (%,k’glcj (2_23)
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7 = f (a—“ A, CJ (2-24)
' OX
Fo A A R B XA /N T 5

A=(A,A,A,)" (2-25)

FRLEIE T2 O RANS I LES I G 18 G R %4, T2 DES HiE%
HJAK, & RANS JiErh BB R RS Bk 5 A A R I R R,
RANS 5 LES 2 [AI V)4 5 A4t — eI XA RN

B 6T RS FRURE (%) W il i, SpalartDO g L4 H T SA-DES 7792 (BFK DES97),
ST SA BARIPUMGE T . HAERIGR A KRB T SA Bl
(1) B TH] 2515233,

d =min(d, CpesA) (2-26)
Hrr,  CppsA R HHIMIE ST d ¥ RANS HHEAF B KR RUE

M5 Strelets®* 5T Menter ) SST BAY4E H | SST-DES J5i%. SST Hi%YidE
T VR B R ESCR A TR TAURE B SR B T TR IR B AL R B,  DAAFAE X i 5 E AL
fil, HUERT P H S DES A4 6 LAX 4> RANS #1 LES BB HEH . &1 SST
P DES Ji5AEH BLU B IE: ¥ 50K k 5 FEHF FIFEBOTR L — 1 R Fo 1551
b PRt

ok ouk) o oK
E"' 8Xj ﬁ koF, bes T an |:(V+akvr)6_)(j:| (2‘27)
a1 BER P € W
Foes = max( L x (1- FS),lj (2-28)

Hor, Fo2RG AL nTUHUR SST BB KRG MM FE BEF,, L =vk/(fo)N
WK ERE, AR TFKERRE, RECo SCHRHECN 0.61, HALSHH & X
ANEUE AR T] 22 M1 TR . 513k R B Fogs SN 1 i I K B RS 5 X A RUBE
PILLE, it iXAMEIE SST BEIARUEER 5 1 WA% RE 5 T i B I e ALl o

{H DES JFiEHAFAE—ANGRAG: 2 in BE I RS AT B A Y, W< HE K X 35k
(Grey Area), FEREANFZE D EBIYZMEEMIEL . KEXIRS A%
fFH RANS 77758 X 3808 AL B LES 77k 35 A G 42 BEIRAS /& LASCHE LES
TR BRI ARG e, NI A AR 3 45i#E  (Modeled Stress Depletion, MSD)
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B iR A, 3T AT e RS AR A% % S 702 (Grid-Induced Separation, GIS) )45 56,

B X MSD 118, Spalart®*I%f DES97 it TAEIE, i & ek B R i e 3
TR SA BRI IEIR /3 B i /7% (Delayed DES, DDES), Mfif#sk 7 MSD i
8

AR B 72 Gritskevich $2H 93T SST #74() DDES J5
VEBT), B R R R T, 2R RANS H4u LES (X, HRIiAXN:

f, =1—tanh([8r,1*) (2-29)

HhZ4r, B T )R SA-DES J5 A AR (1K B2 R 5 BE TR PR B9 1) LU B 24
r, HRE08:

=t (2-30)

szdz
Horv timshBEwaRhtE: v 2 TR, R, o REEHIE; « &2
RITER o XX T 1, AL TR RERN Y 00 4L 8 n] LLORIESE BBk
T ) X AAE SR LES Tk (e de, LA/ IMEAL B 45 A A I mT RERE o B i
VAN S UROSE

IDDES = IRANS - fd max(O, IRANS _CDESA) (2_31)
232 BERIARSR
R RGN T G IR IS R ) — DN E ARG 5. BALKI

FIH ARG E H TR AU PR AT R A R AL R Hoh AR R T S
BN IRFIEACT N, AT FOBC T B B A 2 R Ao stiE
H S SR RR A 5 DU ) DLBR B 1m0 (RO O S5 8 E DR AP G 1 AR i 1 2]
A7 A ST B A A o 38 R RO IR A S A YD AT R, T AR 1A AT R 1A
A7 & 391 53 53 -

M
T.=27 i (2-32)
K
Te=2mn 1+, (2-33)
K

Horp K ATK A RO R W EEATE SRR NI EE . mAT 3 23 53l 9 25 A0 D Jo e A0 4%
Benh b, M NI S R DAE SR R BROIN o S AT B N e s 5
AR SORAE 4 (1 2870 R SRR ERGE B 25 18 R VA AR GEAF L VERFAE AN NI JEE % 7] 7

- 19 -



BB ARFMTFAIEX

PERESR . HATEIE A 2-6 Fron: DUARGS 2 R 5K SR R 55 386 PR o A 42
B R [ E S SRR T B R AL, SR E T Bis
A . 1% ZR ARG AT SLHLEE RN EE R T 6 282 R85 0 S AR 2 3 n i A2t e
%, XORE T ABORIBE AT AL KRR, R IH R G0 N 1 81 2 ) REde =
HT S I 52 PRl vA 2R 48 P B A P ARFALE

Current

Linear spring - Anchor (Fixed point)
® Fairlead (Moving point)

B2-6 34 F 7 B X
Fig.2-6 Mooring system layout
EAT BAR B ETH R RS, B EN M RENVIGESEOE T IE, B
S KRE, TSI SRR . B S WL AR, TR AET 6
Bt REd, SWRILIARPR B 2 o, R R R R Ik S KR, R
B E U S PR AL B SR Ty, SE RS R AR AN BB TR — B
18] 5 B3z Sl
233 NEHEENEL
ASCR fifas 2 28 TN S TAE 2 R B9/ B 183 5 FE F g 8-
%N B HEEIZERAERH T LERR: KiAkbR & (Earth system) FlFHARALFR
% (Local system). KHbALER REEEMBRS % R b, 80 PUE EE AT T Kb
M RTR B, Bl AL PR 2R 8 8 7EE sk b, Ay S S o 78 e % Hh O B A B O
I
TEREYIRIZ BN T FERS, B FEMIARSR TR Bk B J1 kG 7 T 1R 77 p 4
B, WA TH B e AR BR R R HI/K BN A
dF, :r-d\sf \+ pds, (2-34)

F oMWk T ¥ B TC T AR, S, S — AT b8 17 A 3 1T 1A 00 ) v 1
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T € RoRTE R HARFR R I
e E Jnt, AR AT AR 2K AR bR 2R AR R AR R T 1R AR T
F, = dF, +mg (2-35)
f

M, :Zrcg xdF, +r,, xmg (2-36)
f

b, reg FORTEMIR AR 2 b Jie e v o0 31 EE 0 (R R g 101
M e v] LS B BE AR AL bR R T I A0
F,=(X,Y,2)=J'F, (2-37)
M, = (K,M,N) = J;*M, (2-38)
Hf X Y. Z. Ky M AN AARER AR RN =ADT5 A2 2N E M E
JIHE, RHBARRR Z M (A AR bR 28 22 8] BB BRG] P L[62]. #E— 2Dt AREAH K
IS} Z R WA 2 B0 5 R AT DAAS L BE AR AR bR 28 T B0 BE AN A I B2, PR P e 8
AR AR 2 T T, 20 VR IR [R] AR 7 B AT 453 S0P 44AE K AR AR R 1)z
ABiR%, HARIZE) 7R R v v L [62]

2.3.4 HMAEHAR

77 2OF B RIS sh ATk e i Rk RS hids F il @, fERILl 2R il 5 i)
N T E R BIZ MR . Lefevre ZFZEff ] CFD #{E 5 Spar ¥ & iz 3
48 RN, 3230 T Star-CCM+3 AT R4 IR IS 2 I AT R A ) = Fh ) A& FeoR
43 e MK . DFBI (Dynamic Fluid-Body Interaction) A8 A% . B8 5 P 4% Xt
G AR R 7 KSR BE Spar i83) i3, 51 RMIEAH L IRE, fEM
B A G 1 7 3 I A SEIL RS BAR IS . X BRI AT DLEE AL R IE 2 12 3))
)[R B ERAIE P A AN A A2 A2 T o DFBI U 2 A5E4DL e 8 M 252 350/ ER) A A 45 8 3o TR i
I ) — R Bl A EOR AT CLORIE S SR BT I IS AR TE . AR TR A
F 125 e AR 3 T A8 i [ & 0] R/, AR SOSR A28 WK F OpenFOAM HH Bl
AT WS BOR AL A9 A S IO N N 12 3 . X Pl P& SR TS G
RAAZ RGBT I R AR AT IS B TR AL BE M 15 B, PR ) dE Bl i K g
BT AR ICH Laplacian 77 #2158 21046, Zh A H AR I 8 Fi&E H TAET A, HiX
TNEAAE— DRI EYRISEhIE R, AT e B WS o S AR T8 Bl i,
FENME R EARZE, AT EA UL
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FEZTBRFMEFAEX
2.4 RKE /NG

A FENG T IRHEE s HEA R TR ) 2 A B R SOR i 4
FITi K BME TR . eiBas 2l B P b B R IR 32 SR 20 B I R AN i P
B, A TR ST T I B S TR SRR g, R
PIMPLE SLy06 275 REAN ) & U7 RE AT S E AN I o Ml s #6042 U7 R kAT 25
IS, B TRV IR B AT —Bieis B R e 2 1R 22 70 B Al 2, SRR ORI AR
HAT B B2 A 30 X RS 58 s o aUe FEBUE T A 4 TR SOR ARER vim-
FOAM-SITU )1 ZAHEL, A5 BB iUBiEe . 7N B sl RS #5% &
T 2R G HUN R AR, e ) B R BB BRI 2 T SST k — 0 134 [ DDES
T
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BRI SR X
FZE TEXRAAETHFEXNFESEESRINBER

50 3R B 2198 30 & I ioE 302 t AR (VS IR IR AR ELAE A 51 2 i, e T I
IR BOIS Z I FURT, A L EARDF & B8 Seii LU T & A s il Bk
AFEFH vim-FOAM-SITU K230 2 F e 8 R 1 B2 1) i O S 78 4 P!
SR TE B R AT [ E SRR BUE AR, FE AR I IR R S R i E R
JIo3 At SLAER A 5 A JE AT VELE 73 BT

3.1 HERE

3.1.1 FHALK NS =

AR SCEAE A ) % 37 2 34 T Houston Offshore Engineering (HOE) 4 F] £ 2013
TR TR 01 G iR BOs sh B 7 5 0008, FE 24 &t SO0 RS TR G
F& (PC Semi) FMES Y A& (Conventional Semi-submersible, CS),
W T IR ARG AT CFD. H A ARG E ff = 1) MARIN JKitEEAT, K
T 1:54 4R, BHE Lol 7 3 FORIME 3~10 & EEH . &
FIEH T H AP EME GBS (CS) EARESRM AN R, HER R R E
'kl 3-1 fos

B3-1 % F#H X-FE R AT EROT
Fig.3-1 Schematic of the CS models
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312 FREHMSY

ASCEAE R 12 O R R FIRER A 1054 ZEREL, R 3-1 450 1
BERENJUTSE, R B LLSE RS . B 32 J&os 17 S

AN AL B

k31 4w sk FHXTFEEMAHK

Table3-1 Structural parameters of the Conventional Semi-submersible

e s (BRADD ESNEDN)
nz 7K H (m) 44.2
HEK & A (ton) 128823
SEFE RO EE B (m) 71.9
SLFETERE Beoi (m) 21.9
S Heoj (m) 33.5
SRR EAR s R (m) 3.7
AN Bpon (m) 20.4
EAE=TES Hpon (m) 10.7

T IF] I Ky (kN/m) 210
A 1] I Ky, (kN/m) 210
il Iz (ton/m?) 1.953¢8
H NI K (kN-m)/deg 35396

=

R3.7m /

~—

WGz

20.4m

71.9m

44.2m

10.7m

J

a) PRALE b) AL B
a) Top view b) Side view
K3-2 4 #H XF 6 LT+ & B
Fig.3-2 Geometric Sketches of the CS in prototype
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13 HEEHEE

AT IR K /NN 12.4Bx6.8Bx4.5H , 1M HIWE S 5 F&HO0ES,
i R E RN BN TR SRR N 24, N AL T B 55Tk
TS, IR OIE R R T USR5 4, Hm Ak
JEJ1% 9 0, T FAFBRONEI R BT AHE A s, Hiiigih st
TR A R A4 P RINER AL A&, B 3-3 AihEEoR
=H.

B 3-3 i H 3%,
Fig.3-3 Computational domain

PRI, T SR L~ 6 2 A R I DX A 3 PR 4 A D) A
ZfHH OpenFOAM [ B L HA . Hrh s 5 W% H blockMesh T HA R, BA
PISTR MRS TE] B, fE b FEAE I, @id snappyHexMesh T E IR A 10 52 FE 54 =)
X AT . FEIIFEREEN 8, HhERELRINE —ZEERN
0.00106 m, HifR 1 y* <3 LIRS IRIA T ZE 73 B H R IR GG, 167 & it AW
AR X, HAE S 5N 6.6Bx4Bx1.4H f14.8Bx2.8Bx1.4H » &%
(SRS B2 309 5. 8] 3-4 5 T S RI R = 8
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B 3-4 F 46X 5
Fig.3-4 Grid Meshing

KREHZFET 4 PR, SR AR R K/ NMIE 32 Fiac. Riff
JEMERCT 0° A1 45° JEATRRTL, FEX PRSI BN SoAE BRRE K D 43 312
0.406 m A1 0.574 m. “FEVAHEE LA coll, col2, col3 Al cold, FHAEBFkK
WAE TR 3-5 Fios.

£3-2 RIRBEIN
Table3-2 Current velocity cases
KIMIEE U (m/s)
SERE 0.7532 1.5063 2.2595 3.0126
BRI RE 0.1025 0.2050 0.3075 0.4100

Linear /

‘ Linear‘_‘«"
Spring | Spring
—
\
el
\\

a) a=0 b) a =45
B 3-5 T B R A Y AR5 A X

Fig.3-5 Column layouts at different current headings
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ERRBAFHE AR
320° kuBEENFEEEFRBERE

3.2.1 FBBASHh

Kl 3-6 Kon 7P R EPEE AR A R . NGER AT LUE H, BREU
=0.1025m/s 4k, VG AERADE S RE ~UFREFE 1.2 24, B
B A LF4ERFAE 1.0 AL, JF B2 IR R FRdE, M R ifSLAER R u =0.1025m/s b
HAbFUEAIBL I R BT LFN 0. PR RECN 0 R R LA L Ab e _E i or
FERIE R 2 T, R B RS LA R I 7 SR DX, T T 9 LA R A AL A% 32 2
5% b SLRETS iR SRR, P AR A R ORI B SRR R A R AR T
Al . NS AERE S AR @t n o SRR IS T & B AR E AR,
RYPT 6 BARIH ) R B AL E R T N SLAE R B 38 1k

1.8 -+- Coll
Col2
16 --+- Col3
1.4 -+«- Col4
12 -=- Pontoc
’ —e— Total
o 1.0
[€)
0.8
0.6
0.4
0.2f *=-—ol
SR
0.0 i ettt -~
0.1 0.2 0.3 0.4

U (m/s)

K3-60° FE&AmE& AL BIR SLR-F3H M) R A

Fig.3-6 Statistical mean drag coefficient of fixed platform and columns at 0 current heading

Kl 3-7 Jeon 70N E T B M SLAE B 7 B A R A5 R . #E U
=0.1025m/s I, b RHFLAE R PR RO, RIE A 25 BR s e B A7 R AR 2%
VERFAEEGSR, B SIAEIA B B B, R WIS % SO AT A Bl s 4 20 A
HISE B AL R R o AR BE A I I, BN LA IR DL 4. — 5 b
WAL B AL FE B, 5 R AEAR L L R IR 4, SRR BTy
FRSAAL, RIS AR 45 A b EARIX S8 HiE 2%, A X T U = 0.2050m/s 11 5
AL B SRS RRE s 53— O R SLAL R B e sh AR R 2L, A
GG RR R PG K, F P0G (R SN EE  FIZHT R R AU
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ERBARFMEFAIR

---- Coll
Col2
Col3
Col4
Pontoon
—— Total

R
:,‘\5-.

Sty

a) U =0.1025m/s

2.0

15§
o

Aa A A e p

SRS

Coll 020
Col2 018
Col3
Col4 0.15
g ---- Pontoon
3 A
Aﬁ}:;»’.f;‘;ﬂ( 3/ —— Total 012
S 010

2.0
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b) U =0.2050m/s

== Goll 0.20—
Col2 018! |
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-=-- Col4 015{ |

---- Pontoon i

—— Total 01z !

i
i
i
i
|

20

200

300

i n
W i
‘}‘ on ¥ )
¥ AR o
VS N 5%
350 a.00 0.05

—==— Coll 0.20
Col2 o018
---- Col3
-=-= Col4 015
---- Pontoon
— Total 0.12
G o010

d) U =0.4100m/s

E3-70° FEAE 2 AW RRT B L LIRS 00l KA F 4L

Coll
Col2
Col3
Col4
Pantoon
Total
fosway
fayaw

Coll
Col2
Col3
Col4
Pontoon
Total
fosway
fayaw

Coll
Col2
Col3
Col4
Pantoon
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fosway
fnyaw

Coll
Col2
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Cold
Pantoon
Total
fasway
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Fig.3-7 Time series and frequency results of drag forces of fixed platform and columns at 4
current velocities and 0 current heading
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FEREASM LSRN X
322 H A9

Bl 3-8 5 T F IR RAE AP I (E BRI AR I 45 SR . FH T35 iR 2
R, CSFEMEATEI7EU =0.1025m/s TEFI5 K, Bl G 7E Bl TS Jsk /N I E 4+
RAE . BALFEIGE R E B4R U =0.1025m/s R IFSIATE RO T AR R RE ROk, (it
I} B SEAE R T AR SN, AR U =0.1025m/s )R i SL A 2R T 6 K S ARk
FIZ, TSNS BRI A AR — . WPIMES R E . R
R 177 M da I S, R SCAE SRR S0 A /N T AR AH R SAE 1T
JIF8 A AR o

0.6 -+- Coll 0.4 -+- Coll

col2 Col2
-- Col3 ’,»"“\u_‘_‘ -—<- Col3
-+~ Col4 02 B L + | -%- Col4
-~ Pontoc ) o -+~ Pontoc
041 —e— Total —e— Total
5 IG' 0.0
021
0.2 &
- S k——- == =——=—= A
PR I e R St
00 0.4
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
U (m/s) U (m/s)
a) I+ AR T ARE b) 7 AP
a) RMS lift coefficient b) Mean lift coefficient

K3-8 0° F&A& it Bl 2 RIAN N RZRKATE

Fig.3-8 Statistical lift coefficient of fixed platform and columns at 0 current heading

ME 3-9 FHATHIE iR S R AT B, fEU =0.1025m/s B, SSAERIF )
Ak ELA B R A R I, LT A R B A A 6 45 R RSP 6 PR 1) [
s 5 — 7 TN D3 B AT & H S AR AR A AR — 8, RS a5
W BRI T 7. WA R FE SN, & STAE T ) i B B BN, (RS
SRR AR AR AR IR TG 0, S WA AR AR AR A7 22 S 151 & B A
TH1 R IE IR IR

20 ---- Coll 0.6 T ---- Coll
15 Col2 P Col2
05 ! 3 ---- Col3
H i Col4
0.4 i 3 ---- Pontoon
VA ---- Total
] o .
S Rl T ey

0214
H

i
011}
\

o SOl
) no"’“[ L I e T o S e ST
150 200 250 300 350 0.00 0.05 o.lo 0.15
T/s fiHz

a) U =0.1025m/s
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20 ---- Coll o.8 T T T ---- Coll
15 Col2 ! ] i Col2
- Col3 o5 i i H ---- Col3
| ' !
== Cold ! | ! ---- Col4
A | -—- Pontoon 04 | | i ---- Pontoon
(5 fAR| — Total | | ! ---- Total
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I ' ! — fuyaw

-15
“29% 200 250 300 350 0.15
T/s
b) U =0.2050m/s
20 ---- Coll 0.6 ---- Coll
15 Col2 Col2
’ --- Col3 a5 ---= Col3
--- Col4 ---- Col4
---- Pontoon 0.4 ---- Pontoon
st —— Total ---- Total
ol
o3 — fpsway
— fayaw
’ 02
-1.0
-15
285 200 250 300 350 0.10 0.15
T/s
¢) U =0.3075m/s
20 ---- Coll 0.6 T T ---- Coll
15 Col2 H ! Col2
) - col3 05 i i e Col3
1.0 ---- Col4 1 1 | ---- Col4
; ---- Pontoon 04 H 1 ---- Pontoon
1 ’,\,: Total ' H | ---- Total
| Go3 § i — fasway
H ! — fuyaw
’ 02
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E3-90° F&fo& T AWARRT B &SRS )0 h iy KA ELER
Fig.3-9 Time series and frequency results of lift forces of fixed platform and columns at 4 current
velocities and O current heading

3.2.3 HxESTHR

Bl 3-10 45 1 1 Jo35 7 ARAB AP Yo (8 Bl T8 A8 5 51 . S 6 R 0K
B AL AN B, JIRE RBAILE 0.3 oA, £ 0° “FEREIES TSk
iRt T AT DR & 1S RS 3 R UG - 75 % SEAE B35 5 R & SR ]
Fih: u=0.1025m/s NP6 FISAE R )RR A T HAdRE . 45510 3o B ]
ST S SR R TR D1 B FR Y B R, BRI SI A SRR H B A7 ) FE T )
RN o VU N i et e | BTG5 E St N NN SR b b N Y PP (DN |
AL AT BE A E AL R IR 22 5 v HEWT, S & A R RN 2 BN SR B T AR R
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e, 3B 5 &SRR AR ZE A K. H— T AT ER S R ORI, RSz
FE IS 3E 5 ) R ILIE 50 A, T R IESLAE RSP IERR U =0.1025m/s AR
i 0, JIHESFIAMESY 0 ULEARE ATt J1 et T th 4 Bl S 0 H3Esh. X RFT St
PRSI TR NIRRT B AU =0.1025m/s IWHE KT 0 24k, HAb ARk
JIBT IR L T FUE S —5 i, RIEL A BARTEU =0.1025m/s BT
HIL T FAEDSN, (H R I HE P A R TR K, B ER A HEWT 7E 745 DTk
BH 73 T B RAY

16 -#- Coll 1.6 -+- Coll
s Col2 | e Col2
h -<- Col3 12 R ——— == » | -=- Col3
I -%- Col4 -%- Col4
1.2 e 0.8
e V| ': -+- Pontoc -=- Pontoc
- —e— Total 0.4 —e— Total
3508 < & 0.0
M IR pA 04{ *
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(basedon T,,) (basedon T ) (basedon T,,) (basedon T )

0.0820 5.6 2.9 4 2
0.1025 7.1 3.6 5 2.6
0.1230 8.5 43 6 3.1
0.1435 9.9 5.1 7 3.6
0.1640 11.3 5.8 8 4.1
0.1845 12.7 6.5 9 4.6
0.2050 14.1 7.2 10 5.1
0.3075 21.2 10.8 15 7.7
0.3485 -- -- 17 8.67
0.4100 - - 20 10.2
0.4510 - - 22 11.32

42 BERHERER

N T ISR A AL 5 R R e S A A S EAA AH A B SR RS, R N
Py & RAT B B EEARLE . I RRCE & R e B B E IS e 6%
Jia FAIGERE, eSS ER KT W LRSS 2R, B 28 4 A
RN RT3 B KRAAEZ 7 0 EE A S YD . fEAR R, FEEfm
WA R IAECE A LR R XS BRI, R AR T FOGHE ) A 8 U7 R 24T H
EPRARSG, LR i e A sy M 45 AN 4-1 Fro . 3R 4-2 845 T CFD Al
WIS A, SRR R ZEE R VPSRN, BUESI RS A A MHE R
ERVE

- 46 -



BB ARFMTFAIEX

0.30

0.4 0.25
0.2 0.20
=] A
0.0 =, 015
< <
0.2
0.4
0.6
0 50 100 150 200 250 300 0.00 0.05 0.10
T/s flHz
8 6
6
5
4
2
o
3
50
EY
<
-2
-4
6
-8 0
0 50 100 150 200 250 300 0.00 0.05 0.10
T/s flHz

F4-1 Hhe o v B & RORIR IR 8 B0 5N E L

Fig.4-1 Time series and frequency results of transverse and yaw decay test.
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d) t=4/4T
B4-230° F& £U =71 &—ANBHBAGBEREH 5 H R (Z/Hom0.5)
Fig.4-23 Evolution of vorticity and pressure contours of platform in a period at U,=7.1 and 0
current heading (Z/H.o=-0.5)

a)t=1/4T

b) t = 2/4T
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c)t=3/4T

d) t=4/4T
B4-240° F& £U =141 5 —DNRAPA B EFE ) 5 TR (Z/H00.5)
Fig.4-24 Evolution of vorticity and pressure contours of platform in a period at U,=14.1 and 0
current heading (Z/H.o=-0.5)
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Fig.4-25 Pressure distribution of platform at the maximal displacement position and vorticity Z on
plane of Z/H.,=-0.5 at 4 current velocities and 45 current heading
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Fig.4-26 Pressure distribution of platform at the balanced position and vorticity Z on plane of
Z/Hco=-0.5 at 4 current velocities and 45 current heading
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d) t=4/4T
B4-27 45° F & £U =5 1 — AN BN G REF RS 0 A B (Z/Heom-0.5)
Fig.4-27 Evolution of vorticity and pressure contours of platform in a period at U, =5 and 45
current heading (Z/H.o=-0.5)

a)t=1/4T

b) t = 2/4T
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c)t=3/4T

d) t=4/4T
B4-2845° F& AU, =20 5F—ANRE IR YR EAE S 5 TN (Z/H0m-0.5)
Fig.4-28 Evolution of vorticity and pressure contours of platform in a period at U, =20 and 45
current heading (Z/Hco=-0.5)
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ghig, BB G A Bl E NS S EAS R N A A A O

5.1 HEHER
5.1.1 it E=#Y

A I SO GG AR BT S = B S, HouT BB R SR A DR R —
B, PR R RAWINIEE KA S LR E . XAlET, AERPFENT
REAZMAE EHHE (degree of freedom, DOF) 44, H HEY AN EH =4
HHE, HFERESE®RAREHITHES, BAEnT W& 5-1.

5.12ETR

S W BRI BIS eI &, 0° P& 45° P H¥I7EU =0.1025m/s Flu
=0.3075m/s 73 A LK HERE [ iE s M E #Ria8)), PR IHAS F DI 9 A4 38 2 73 ) 4R
FARH S HCR MM, HE A RS e sh AR B b E AN R 5
T, Bk TH9 5 a3k 5-1 Fios.

&5-1 F#H X-F 6 B A & ERBEE ) KA T
Table5-1 Test cases of VIM of CS platform with different DOFs

. HE U (m/s)
KT () BREME BE U (s

0.1025 0.3075
Yaw Casel-1 Case2-1
0 X + Yaw Casel-2 Case2-2
Y + Yaw Casel-3 Case2-3
Yaw Case3-1 Case4-1
45 X + Yaw Case3-2 Case4-2

Y + Yaw Case3-3 Case4-3

- 82 -



ERRBAFHE AR
5.2 REFR THEBN T AN EBEREEFRBERM

5.2.10° RRMBETHEBRT AT S b EORRED

R 52 Gt T 0° SKRIAT GIEMEET =Fh [ B & O R 1 e R AR FR e
PR . X EE = aE R R A B R, AR N ERizsh s
TPV RO A . B DR GR ) E R R IR R LA SR, TR R ]
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%5-20° F&6£U=0.1025n/s T ARFE 8 & K 698 #EARFRR L&A
Table5-2 Nominal yaw motions of CS platform with different DOFs at U =0.1025m/s and 0 current
heading

T g Casel-1 Casel-2 Casel-3
Nominal Ayaw (°) 1.58 1.57 1.1
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Fig.5-1 Time series and frequency results of yaw motions at Casel-1
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Fig.5-3 Time series of yaw and inline motions at Casel-2
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Fig.5-4 Time series and frequency results of yaw and transverse motions at Casel-3
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Fig.5-5 Time series and frequency results of dynamic forces and moment at Casel-3
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Fig.5-6 Vorticity contours at the times of maxima yaw motion for a) Casel-1 and b) Casel-3
(Z/Hcor=-0.5)
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Table5-3 Nominal yaw motions of CS platform with different DOFs at U =0.1025m/s and 45 current
heading

LT Case2-1 Case2-2 Case2-3
Nominal Ayaw (°) 0.12 0.16 0.55
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Fig.5-7 Time series and frequency results of dynamic forces and moment at Case2-1
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Fig.5-9 Time series and frequency results of dynamic forces and moment at Case2-3
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Table5-4 Nominal yaw motions of CS platform with different DOFs at U =0.3075m/s and 0 current
heading

T Case3-1 Case3-2 Case3-3
Nominal Ayay (°) 2.83 3.12 3.03
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Fig.5-11 Time series and frequency results of yaw motlons at Case3-1
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Fig.5-12 Time series and frequency results of dynamic forces and moment at Case3-1
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Fig.5-16 Vorticity contours at the times of maxima yaw motion for a) Case3-1 and b) Case3-3
(Z/Hcor=-0.5)
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Fig.5-19 Time series and frequency results of dynamic forces and moment at Case4-1
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Fig.5-20 Time series and frequency results of yaw motions at Case4-2
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Fig.5-21 Time series and frequency results of dynamic forces and moment at Case4-2
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