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NUMERICAL SIMULATION ON WAVE RUN-UP AND
AIR-GAP OF SEMI-SUBMERSIBLE UNDER FOCUSED
WAVE

ABSTRACT

With the development of marine development from shallow seas to
deep seas, semi-submersible platforms are increasingly used in marine
engineering, not only in drilling, pipe laying, production, lifting, etc., but
also in offshore wind power plants and offshore Factories etc. When it
operates in the working sea area, it will be impacted by waves. Due to the
interference of the semi-submersible platform column group and the lower
floating body, the wave will climb up along the platform column, which will
have strong nonlinear characteristics. The phenomenon of waves attacking
the lower deck of the platform, that is, the phenomenon that the air gap of
the platform is zero, will cause serious damage to the platform structure. Itis
necessary to locally strengthen the dangerous points of the waves on the
platform. Therefore, the wave climb of the semi-submersible platform is
studied. The problem and the accurate prediction of the air gap of the
platform are of great significance to the design of the platform.

In this paper, the self-developed internal solver naoe-FOAM-SJTU
developed by the research group on the CFD-based OpenFOAM platform is
used to simulate the wave climbing and platform air gap problems of a
semi-submersible platform under focused waves. The article firstly carried
out the wave making of the focused wave, and compared the wave height
time history curve with the physical experiment, and verified the feasibility
and accuracy of the solver in the wave making of the focused wave. Then
the article carried out the numerical simulation of the wave climbing of the
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vertical cylinder under the focused wave, by comparing the wave height
time history curve at different positions in the calculation domain, the wave
height time history curve around the moving cylinder, and the pressure time
history curve on the cylindrical surface with physical model tests. , Verified
the feasibility of the solver to solve the problem of wave climbing along a
vertical cylinder with focused waves, analyzed the source of error, and
explored the influence of the cylinder movement speed on the wave climb. It
was found that the movement speed of the cylinder has different flow fields
near and around the cylinder.

Then this paper carried out the research on the wave climbing of the
semi-submersible platform under large and steep regular waves. The
numerical simulation results were compared with the physical model test
results to verify the feasibility and accuracy of the solver for the platform
wave climbing problem. The influence of the column spacing of the
semi-submersible platform and the wave direction on the wave climbing
phenomenon was discussed, and it was found that the wave climb height of
the semi-submersible platform in the heading direction is higher than that of
the front and rear columns of the semi-submersible platform in the
cross-wave direction. ; And the smaller the column spacing, the greater the
wave climbing height of the front and rear columns of the semi-submersible
platform.

Finally, this paper conducts the research on the wave climb and
platform air gap of the semi-submersible platform under the focused wave,
and discusses the influence of the wave steepness and focus position on the
wave climb of the front and rear columns of the semi-submersible platform
and the platform air gap. It is found that as the steepness of the focused wave
increases, the maximum wave amplitude of the focused wave also increases,
which in turn leads to an increase in the wave climbing amplitude of the
semi-submersible front and rear columns; the focal position is in front of the
platform's front column compared to when the focal position is in the center
of the platform. The wave climb height of the front pillar is greater; the
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focus position is at the center of the platform than in front of the front pillar,
and the wave climb height of the rear pillar is greater; when the platform has
zero air gap, the corner position near the front and rear pillars under the deck
Is At the dangerous point of wave slamming, the structure should be
reinforced at the stage of platform design.

KEY WORDS: focused wave, semi-submersible, wave run-up, air-gap,
naoe-FOAM-SJTU
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Fig.1- 4 Focused wave simulated by HOS method
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AUV S, LI v B WA 1-5 P, DU 1 R & Bl A8 i o+ v 4B DA &[5
FER R I -
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Fig.1- 5 Experiment set-up of interaction between the vertical cylinder and focused wave

FERUERAN T2, YanPUE A 7 T 58 2 R M B B0 1K QALE-FEM

(Quasi Arbitrary Lagrangian Eulerian Finite Element Method) F13&F CFD J5 k[
OpenFOAM V- & AT 1 [E 5& B AL R4 DL s 3 [ 4 4 5 28 A I AH ELAR FH I
T8 5 Y3 6 A 00U T T v (B AN R B R B A & B, QALE-FEM J7VE7E
5] 4442 BT R BN L S E S IR b A, HR R A S Bl B ROK T,
TSR 7 VA TGV R A 18 3 7 A i I v, B A SIS e (0038 T v A s
JMEA R ZE S XU S 1 TR ) 00 B A SR AR X M 4 A
BRI b AR R 2R, I DA A Bl g A R AR M B AR S
() 7 VR A DIX A 1] f . Hildebrand™I5 ] FNPT (Fully Nonlinear Potential Flow)
BRI N-S (Navier-Stokes) 1581 5548 & FIEUE R BY AT 1 SRS AR A BAE
FH R BB ASEAEL, (AT ] B P 9 v s AR [0 A 36 T 1) s 0B S P B SR 3l R 17 75
== Il SRR iDL R i 7 DY) T

E CFD J7i%H, BihsoMifi fH I CFD X6 REEF3D A{E #5540 T R 5 B

SEIE AR A EAE A Level Set 7775 DA HE H BT, BFFC 1 AEMEAF I SR AR U
5 A A4 AH ELAT 30 TR) DL R AE SR AR I BRI A R 1 B R TR B AR AR, BFAE T
FIRHIE B ReE, JHd T T T = BE I R k. B A8 STARCCM+
AR J7 TSR AE BEAR T BB 1 W N AT 1 oMbl i, BT I A A Oy i
ERT O REBEIR I B B Ay FE HOR S AEAEAS RIS BPIRA T B2 IR J1ANF]
Hirtl>15: T Open FOAM 1 & Az 5 T A [R] A DU 98 FH SR g, SIEIRL T 38 YR P A BN
B, R T IRIREA R AR 5 B A AR EAER, A VOF ikt ir g
H I I . Chen?8EET- OpenFOAM V- & FF & T 8 IR Bk 31 i B 7Kk b i 9
U HIRE ST, S T R A SR A8 1 A A AL, 40 T B IRAE AL FR I
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5B A BAE A S 20 B BT R, B AR R T v S Y B )
& RIF, 45H K OpenFOAM F fe y 4l E 45y SRtk A EAER, JF
A LLIEBRIE SR PR i . HUPIZEJE T OpenFOAM JT % ) waves20amBoIsR fif 2%
IINT FE TS0 SR T Bl oA, 34T TR AR R, IF 5 B E R AN
SNARERAT TAHEAER, SYESZIGT T s e B IS S s A R A
R HIE A LinBUE R (LES) BRI 1 5 3 B 7 R A4 i s i A
TAER, T IREM YA S B R R, P340 B AR Z R0 IR RS B DA O
Liul2 i ] CFD >R f# %% naoe-FOAM-SITU FUE AL T R AW 5 R IA B R A0 BAR
i, W BUE R R R T m e s S EE . NG ISR L
RIZENE DA K RIAEMHE S B ARG B 45 R AT b, 85 156 R AT,
BOAE T SRARLRAESRAAZ A R AT S8, ol T B BEXT R 98 [BATE 3 e 8L 5200
H XTI 3EAT T R 34

A =S, 8 IE T IR CFD %4 OpenFOAM I R ZH P 5 5K firt
4+ naoe-FOAM-SJTU 4Ll 1 B AR Hig s AR 2 M B BAE T (s BRRAEN
1370 54 N 5 10 23 BBORIAA 5t X B AR K 32 Y0k RIS 8, Ao PR R v R g 9 ok P2
T LRI R A, T B B S A R R SR AR IR K AR By, U AU 56
TESEIR I E . B8 T EAARR A A EERE, DAt SR AR Ik an T 538 3 i [ A
AR EL A FH DA B 3 P A0 2 5 %o 4 SR AR ) o g - SRS 7 A7 5 14090 T - v AN
FER T S A S5 RI6 25 R AT L, IRIESRE S T St . A SORTHE T IR
&5 B R Z KR,

1.2.3 BN L ERRIRCHMEES SRR IR

R ACT G AR AT TR, 2 WIBGRITE T & LA A BT
MELS, T GAAERA TR T, ZMILR & IR R AR L VR,
ARG AR RO, B MBLGREED T & T HARAIELR, BN BT 638N
PR, X1 6 EMER™ ERR, &2 G 840 LR fER ST R
TG, B AT EER 0 AT G BRGRIETE BT & SR AT i e . HATR T
i 20T B BARIETH AR T 7 i 2 A B VAR E T, K2 M
JUB AN TR, 9% T SR AR T A8 30T B BURIETH AT TEAR X D

T AW TR TG M AR BIFK I A SR A (] B, 2T GBS AR A B
T ANEENSHG T aSRR RS T S AEBIREEPIRE T & MR E
P AR R RN, W EI1-6P, RO TP B BRI L R N AR S L, X B
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PR 22 2 BATFR PR S 2 M BLF e 03B, BB 908 (e R,
W2 AR PR T RIS AL, ATRE BRI AR B, HERINET & R
SERBEIAANT & BAR IR . DR T S 146 TR A IRTEX T B B HE B L E X
T HRER SRS, RS E AR, TS ESEh Rk R AR A
W E AR E BRI, T H s3I0 & BRI R e s R B
BIFFRE D AZK, AR AL/, ART G RRRE M. B A3RA AT Pl v 2
WISV BRI o M 5 VA s BUE AT IR AT & R TETH A= B R E 7T
T & BT ml RE LT TSNE SOW T G FE T O fE R B, BRI g 20T G 46
FEAT SR BN TG],  38E 4 T2 SR S B BR PR A G i 1T & a5, BRI
R RS hESe ot i

B 1- 6 -F & £k P E B i a9 AR
Fig.1- 6 Page setting graph of pape

YIEEARIS A, SimosBEIfE Brazil’s Campos Basinif 2 i 201 & A 75 4 51
AZWPIRE T IEAT 17U, £ =R R RO R VAL T M RAS [F A7 B
SRR, HAG L RS SCER AR AR R B — e BT AT TP ARG, BT
SR LE IR, ETHE Tk BER R IE R RIS S REE X RS R EH .

Chatjigeorgiou BHRIGWF 7T T TLPF & SRS AR FLAEFH,  &FX%EF & i e
REFIRIIRE, W8 T NGB A B IR E 2, 45 SRR BLRIIRE TR
T EWIRIEHA BT F S R, HEEF G M ERMERE, P&
KI5 12 B3 A B FR SO K TR P B4R E) . KazemiloI7E 41 i 7R oK 2 B ITR
KT T 56T B K278 0T 4 GVA4000 2 411 “IRAN-ALBORZ” 1: 100



AT R A A S

FARLALS, WEL-7RR, R EAIR TR, A1 6 )5 LA i AR IETHH
T NS R EOR 131, B HAA B OROR 1268,  HBAR M 7 A 7
BTG N FAR I A B AR K

(b)

B 1- 7 ¥ # X-F & GVA4000 ()4 (b)EA!
Fig.1- 7 GVA4000 Class (a) GVA4000 Class (b)model

NaessloUf 28 0 & “Kristin B8 AT 7 A BRE0, Bk af SR 194 PRI
PP EAE, T2 RESIRE, FOYRREENLE NSRS
SIREE MBI, (HRXFONESFERRERATIN T, —RAFHIXF
Jiids 8BS IR BB S I A DR B B 6 SR Gt it E. N T BIER
PO, Naess(EH T FMEIE Tk —FETH A MEATBIE, XM
TELEAC I FR A R 2 (W R R LS R (R AP R IR &, N TBIER)
MEFE; — T Gumbel M M TIEIE, ¥HUS 18T 4

TR R BILE G RIE TR R 2 T RE /K ith SLI6 =3 T 72T 6B &R
FIWTTE, et VA SR RERARER, HAREI, FEBAE N
BBEA SGIE 57 & 1 =B ig 3l R AH G .

PR FE BRI A B RS R K b AT ORI P A R AL, R
XG0 238 207 & BRI BT T RE I, 34T T ARIBIRSE
MR

PR, Kazemil®IR B0 5625 IRAN ALBORZ 278 201 & 17 B
M TR, ZIA I IEF R T RIS e At ES . PRE L,
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R R 2 R S AV ) B 208, BT 6 S A B U X 380 i T v R A 2
T-WagnerEE 18 75 V23 R ot 7 B AN HER

Sweetmant“1%5 A xVeslefrikk{ 8 30T & J& Bl f /N B 20 A N FH 2 2k 14
HUN B AT T, SRA T IR ARG I PR v B A, N S B — [ 20
RGN T NS B RS, TRk FE LL 2R MR BT vy, (ELIR D il
RN 2, I A e AAh 45 R B A F S ST HE, S BRI SR LY
PSR IE 45 B AmAK . WalkerlH2E 5 Ff NewWave J7 04T T BRI AE AL, IFRET
ZRPERN NSRRI HEAT T AN FVUSEA T & 1950 /125407 Rajendranl*2E T
g BB AR AR VeI 307 VAR AT 1 SRR N AR AR R NG T35 12 B e L ) B (B AR AU 43
M, SR S5 AT XL .

SimostEIE H Hii BAFWAMITHEA T T GBI R 44T, 152 17 9125 B Al
i SR FAT X . FERUNE T RS KRB, T 4% MR EE T
2 RAEE PR R, U R AR FE I ST I X8 TR IR IE T B 508 B
[Tt . StansbergZs A FIFERI FHWAMIT 5% i) @t 47 T BUE AL, R L
WH B AR AT T AN, 53] 7 5Simos— B I Fi s &, BRI
B AR Z2 1t 7 VR B AR B AT B TR T B AS RIS B R T v, (X T30 B A R A 1
B, BT VESARAN YA BRI X 3k 3 YR e o

Claussi® X FPSOFI 330 S 1E “BieEik” il Nk T 17 F G igsh ¥ g
P TIW BB, [R5 7 A A i s ) 5 5, A 4 BT o 1 SR AR U
JF AN AT IR S S A BAE B, AT DO BUE 0 B VPl B OB A B, I
7~ 6 AR LR 18 sl S ) AL

22 ARV FH 3 5 7 G DY SEARE LR R 38 R B3 0 I BT TR A
TR T NSt 388 AT 2 56 53 Ak 9 YR TC R [ A T 52 () VA% o R s . 3 519
X238 AP B AT T AERUUE BL S R B 520 R SR DL BB, S8
BRI BRI, AT E T DA B T S B s AL B, (R — I B 45 R —
Wi 1= 45 I ARAG P & Ji B R TCH A, HURBEBOR, (KA ™ 5, M
f i UL, 1 ALV SRR, A R I T30 Veslefrikk - & B IR TE T 3R 4T 1 A
W, R T =FASFE S J7 AR T =g AT TR A A, AT LA R
RO PR B & P

Fr SCWIATER B B3k 20 M 7 VR 5 T B BRI AR RNR A S8 TR A RA T
HIZ Bl e SARE AN SRR, FE5 s Rt AT Lhisss DRSS 17 AP 7 50 T BR
WA Z S, SIS RIS R &= . H 55088 FH New Wave 7725281 T
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R, EN BN EE T G183 7 BT 7 RERAIEH FTLPT & Bk
M B 3BT o SR TLPF S 7E R AR DK N RS SN AT T 00, W T =z
S R IR ST S AN R E B IE S B R, R T RN B X G 3
paLlISAiN Al

KFCFD 5%, lwanowskilSo1%5 A B F 3 F Rt B 18 (1 ComFLOW 3K 4%t
A AT T BRI TT, %07 VA AT DA HSE UL ] S S 5 S R R VR TG T A
FESBIME, BV EEaRAE BB ARER LR, FEHE B IRAE &
Z A AR LR R A

BRI T FLUENT 8568 W ] 5 1) 2 08 2T £ 78 R0 388 o f TR A 28
MENCT: [l AT THEFS, e T B BEXT IR T IS, 35 AT T R IR BER
FUIPRS T 6 3E A SR IE LR IS, SR A RGP 7 2 AR 2 7 /KR 7 55
BIRBE AR AE LB IS o LiangPARIFE K FHFLUENT X 2238 207 & 1t i 0 T
(I IR ICTE I R AEAT T b, 45 RIFIRE R ILAE T 6 J5 SEAE AT 23 7= AR R IR T
NN

% NI B3l I Flow-3D 3 H-REAT T BIRIE T BB 73 B, 158 T FUBAN R
BIRECG SHOFNP BERT 18 20OF 6 B IRICTFHRFE S, o4 7 -F & [ 2 1 &
TR NI O, e T K FERIT S R, SRR, SR
BRI JE SAEIIBORIE T R, FERS S SRR K. Zhuang Bt 2 T
OpenFOAMIH] P 3 3K fift s naoe-FOAM-SITURE L 1 1 F £ [ 5 FPSOTE MK L 1) 5
FEBE . IOAE T BUE RO IR S A ELAE F R RE ST, R T NS A
J5£ 0% G P RS2

I3 XFENRSETRA

ARSI 2 ZE N F TR BIR M AV AR LA A, E e AR I LS
BEROR BB X A AR L MEAR 98 B IR XS e B SR PR YRR, B E
SLIBENRFE AR A AT G . BN S R AR SRSV IR AR IR E
TH i) I FE I BB T G BRI AR A . ARSI AN A CFD U7
RRATBUERN, BRI S, WREAN R AL B X AT G BORIETH A
T EABERIFENT, R HBORIETE . BORBE . BARFEDL TG N FAREE AU A1
AL WHE 7T B R S 2 BIBOR R 2L SRR A B, e CFD J5AsK
R ATATYE, s CFD Jrid iz R AR 5, FFAEA SO 78 AR B2t B3R
T ARARAEAFARNBI FE I 1] R
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N IRICTE A 2P CT G BIRIE AN 6 AR 7] A ST 9% 5
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M) o e Y0 T v LR [ 3 T ) I 0B 5 SE B 0 AT LU, DA TIE 5 AR 7K i )
AEEEFOAER T, ETHR T IRBENLTE S B BRI AR R

S VU FEAE TE =8 20T G AR B BEROR BRI T AR TR IE T e, 9 J T 38
e BEFII TR IR [P0~ 65 F1J5 A I YR TG T v L 52 ), K 117 i S A R 1 9 T
N DA S AR 25 FEAT X L, BRAIE SR AR 5% 78 SR MR 8 YR TC T [ 85 14 M 5 2
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5 REEA TP 0T B 7 BRI T IR AN & BRI R, e SR AR
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F_E BERZE
2.1 naoe-FOAM-SJTU K ARSS 1

AT SAE ) R 2 T HFJRF & OpenFOAM H 1 K& AR TRE/KBh 1)
B At naoe-FOAM-SITU Kf##s, KREZRIZEM B 2-1 s, 1ZeRgasadEs
HHEEsh. BEBERKMLL R RIARG . B MRS, REfIuinin. e
V-5 SRS TE IR IR S M KIEFEIZ 3 . MR e & 55 2 s 3 PRI 2
PURIR A SE% AR PRI DL IR AT« IR BNP. JIRICT S5 am AR 2 M I G
(1) o A SR FH 21 R R AR 2% BT 32 B B B RS FI B 7Kt

naoe-FOAM-SITU

OpenFOAM 6DOF Module Numerical wave Tank Mooring System

[Defom'mg meshJ [Overset meshJ

B 2- 1 naoe-FOAM-SITU 4 B
Fig.2- 1 Framework of naoe-FOAM-SJTU

I DR S W EUE AU 78, SRR 3 5 M DU TR (v i ) A S R A
YA R TI0E. toan, SH S PR HOR R RIS 2 AL R T ) B ik
RS [a] g Il L, % SRS AL YR R AR ORISR, IR SR T IR AIZ 3 5 AL R IR
N RIS & W, R RGEUE S HraERTe8, 25 50 8 g AT T %
beortir, 133 7RISR, Sk RS I PTATPERERET, OV ASSCRIRE AT
WAERIITEBE | R4 i) HEA

R AR T A BRAR ARV B =6 772, BL RANS (Reynolds-Averaged
Navier Stokes) 7 #2954 7 #E, VOF (Volume of Fluid) J5i:3k3E4T 1 H i A4
P&, T PR AR HUE T AT R B A 4
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2.1.1 #BH 512
X TR AR AN T s A RGP IR A4 RANS J7 R AR g2l 75 74
V-U=0 (2-1)
%§£+V-QKU—4%)U):—Vm—1}XVp+V-QNﬂD+(VU)Vy+f0+fs (2-2)
Horp, U RWARERE: U, MRS s B3 p D9 OO & i Y 35
p, = Pp—pg-x NFASIE S, pARIE: g NEAMEE: u=py+v,) AEITI#
Kt R4, v ovisstE 28, v TR SRS BT R B2 s £ 9 PIARTAR
BRI e ) e AR T TR I f, D9V i XTI R, R AE 2.2.3 T kAT
ik .
2.1.2 HHE#HR

FEASC, B R R RS T S AR VOF Tk, Hba
BITREN:

%%+V{ﬂk4%ﬁﬂ+V{uﬂraﬁﬂ:O (2-3)
Hordr, AR E a ARERBE— AW FRAR BT b5 AR AR 5 23 L
a=0 ot
O<a<l HHME (2-4)
a=1 7K

ST IRE IR p M1y, £ VOF JiiEA ] FoRm N
{p = apw +pa(1_a)
H=Cl, +:ua(1_a)

Hrb, FhrwFla s RKIZE S,

(2-5)

2.1.3 BRI ENMEE E NEB A

ASCAE AT BRARRNE (FVMD BEAT S5 RE R B AR, 428115 R P 25 308 A A9
B 0 R 3R 2-1 s AR [RGB kb, ASCEH] 1 PR A R B 0T
B R A% G2 — B ik, LT B ik CN A% s UR e M 224y, (R A RUERE
AIUBO™ 5, A SCER DY B AR REAT BRI BE L ) BB AR A RE A, S B SRR
UL T ROR R BUEFERL, P AR SRR 7 CN A3l FARSGIRIES % A 3L
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4.1.3.

) 2- 1 HiE M e Bk
Table 2- 1 Discrete method used in calculation

B H BEHOT %
0 Wiy imolici
i 1] e Ui & 20 (The implicit Euler scheme)
/ CN #%3 (Crank Nicolson)
‘ — B TVD #% 3K

sHR I
MR (The second-order TVD limited linear scheme)
— B AR S

) (The second-order central difference scheme)

2 1) 7 R AR () P R T RS A R T 1ssal®E ) PISO (Pressure Implicit
with Splitting of Operator) HiAKRfE. 75 OpenFOAM Hi, PISO kil # & il it
PIMPLE 535528, PIMPLE 5%/ PISO 5L A1 SIMPLE Hikgs &, A L2
7F PISO Bk fEmt_E38 0 1 25 TR LR Mg AR, DARACRAE Al i il 3 rp AN I ) 25
PRI I3 B A3 2 78 40 B A IR ISR

2.1.4 mintsEsy

OpenFOAM it A 2 Mk #t, H AT A SCRH im i 4L 2 Menter #2
H K — o SST RERIS, {Z 4 71 3@ i SST(Shear Stress Transport) 2 2ok k — o 157
Mk — e B ZE SR IR, 455 7 A RLIA0 A, JFESe 1 =3 BB A,
A DA R 1R Ak BT BE TRV 4 5 R IR sh Aze 3 1) B i 8l . Rk X S s

ok X
E+V-(Uk):G—ﬁ ka)-i-V-[(v-l-akvt)Vk]

(2-6)
%0+V-(Ua)):7/82 — B’ +V-[(v+awvt)Va)]+(1— F,)CD,,

Hrb, kOuimahfe, o AR ERMFAERIR . F 245 K- oMk - B

RERE. ERGRBIENT, EIELK-oBRAR, Erhlbk - B
B~ (2-6) RS AR E AT

- 16 -
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4
F, = tanh {1 min| max \/E ,5020V : 4a:]2k2 .
pwy yo )CD,y

CD;, = max(CD,,,10™),

cD, =20 vk- Y2, (2-7)

ko 2 o
G =min {G,c1 ﬂ*ka)},
G =v,S?
H, G AETL, SRR R,
BEETIRE (2-6) KWESERHE, TRk EE v, AT LAl R AR A5

v=— (2-8)
max (a,e,S F,)
Hh, FBAFEZARAGRE, 2 WH:
2
F, =tanh<| max 2*&'50201/ (2-9)
oy yo

Ak, JIFEQ-6) ISR R, AL IR AR, 13 3

p=4F +9, (1_F) (2-10)

Hrp, g ARTTETZIRE RN ARG ¢ M e, 0HEK-—0 TREAK-¢ 7

R R T R2EEE 2-2.
%k 2-2FREHK
Table 2- 2 Coefficients for turbulence model
124731 Apz | Ayl 245 B1 B> Y1 Y2 B* aj C
0.85034 | 1.0 0.5 | 0.85616 | 0.075 | 0.0828 | 0.5532 | 0.4403 | 0.09 | 0.31 | 10.0

2.2 BEERSHEXIE

XHEE T & AT EARICTH BT I, B 56 BER DR TSR N A I BR HE R AT 2K
AR naoe-FOAM-SITU (IS SFARBRIEATIER, 3G B A 280 B & 2-2 fr
Ao ALK AR AE TSRO 0 R LR AN S S AT IE . T
X SCAE I BIR RN R, LS BT VA AT A A 4
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[ Numerical wave tank J

{Stoke; F'\rst] [Stokes]Second] @ [focuseiﬁ wave] {irr’gelarr wave] {direct\'omal igregular wave]

B 2- 2 SR AL S R A A
Fig.2- 2 Framework of numerical wave tank

2.2.1 Stokes —P/\R

1 =acos(kx — ot + 6)
coshk(z +h)

=aw—————~cos(kx—awt + & 2-11
u=aw Snhkh ( wt +0) ( )
= aww cos(kx — wt + o)
sinh kh

Horpe o eR AL u A w 23 S i A o A ZROT T AN (R s a RN i
s h K o RBGRIUR; kRt 6 Ronhi. PORMEHEOR T IR

@’ = gk tanh(kh) (2-12)

2.2.2 BER

AU AFRERE, TR ARER: WSRMALAEM, BS5KRMELE
FH 5 55 ROAR TELAR FE A B R YRR LA OO, AR S v S U ) 2 it T 0 S5 O
MIAHEAEA, BIASR S B e B iR 2 B AL GE IS R o X MR IR 58
ML =Rk, R R, R (U BOE AAR  EE, ARSCAE A
TR, FET BER B2 A IR R B S A R A%, A AL
HH LB B 9 TR AEAE A R E

AT B (430 T T AR 7S B

N
n=>Y a;c0s(kx—at+p,) (2-13)

=

FEREEP, N T ETAT AL AR E N R RAERF E B — =, o, T
i /2
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cos(k;(x—X;)—a, (t—t;) +¢;) =1 (2-14)
o, AT LIS 5y
@, =—(k,(x—x;)—o;(t—t,))+2nz, n=0, £1, +2,--- (2-15)

B n=0, JIFEREERS 8] t, FEEEALE x, RAEMRERN B m A FEN:
n(x,t):iaj cos(k; (x—x;) —o; (t—t,)) (2-16)
j=1

Forr, N NH B ECE, a, 25 | MR RIENR, o, % j AR AL,
o, =27 f, N5 AN IR, K ORE AN AL, x, AEREALE,
t, NI EEI [H]

& 2-3RBMSHK
Table 2- 3 The input parameters of the focused wave
IRIEIG K S | Aol | ApipcE | REME | FRErTE
250 fin < T < frm N Xy t;

FEREEROS R, BN T SRR S AR BRG], 1, <f <fn a, ]
DAAR R 5 B 1% R BT S5 % A5 BR80T CWA, CWS LS JONSWAP, A
g F )52 CWS (constant wave steepness), & ILER A :

N
S=>ak, (2-17)
=1

Horf, s=xG, AEEWGE, G, REIEEKSAL.

223 HE A

N R P IRAE IS S, AT 5| AR T SR PR S ) S S T 3 N T AR
2E BT IREE & AR ) G R EIR H O AW B A st X 3EAT T . SEE
ERRIRT f (x) i B E TR, HRIEAN:

X — X, ’
n(m==‘p%[ ] ] (U=Uw) x> (2-18)

S

0 X < X
Horr, x NRRIXEGEIGAIE; L OV EIRKE; o WA THIERE, M
TAEHIH PR AXEE U, 7T AR BT S BT 1. TR x 2 x
X LR IS R B ey By 7 Dk R ICASE B y 7 1] AR 3
ARSCHR BN T, an k] 2-3 B
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...................................................................

B 2-34EMERXTER
Fig.2- 3 Schematic diagram of rectangular sponge layer

2.3 EBMIRTTIE

AR =5 TAEY, BT RIEERE3), R 8 i 7k,
A RS S B 22 R AS R FE AR T, ki et EA RS TE OL,  Br AFE
AL T ES MM . B SR TR R TN BRI AR 3 R
JUEM, R H GRS — B R MR, R s 2 8] B S0 i i 4 e
JNEHAT IR IAE BAZ#, MM Rt B E . fEARHE =5 T/EH
KRR T — M, X EMNE RS SRS, ZXREMIME
[ A ASEIE L) R AR 2 8l , A SEBL 1 A RIRfE 12 5] .

A SCAE A ) naoe-FOAM-SITU SRR EMN T S M H 2 S5 Tl 1 3K fil
2% naoeFoam-0s-SJTU. 1% DCI (Domain Connectivity Information) s, | 2 &
B MR 2 A HEE R R AT ) DCI #dis /& i@ T Suggar ++71 (Structured,
Unstructured, and Generalized overset Grid AssembleR++) F&F it 5 A4 i) . DCI
FEH MRS B ERBAE . WS HRITE RS IR MG 2hleZ
5 IEH T 5 05 30 5T A% (Active cells), BB B SL PTG s AL T 535
ZHNEE YA N F A S 5T R R R (Hole) ;s A7 - 58 X 42k, I8 i 1 i 7 20
He MR ESOR 15 B I8 B ot (Fringe cells); 454 E S oL 15 B 1 5Tk
H.oa(Donor cells), T o1 #k 5. 70 I (B AH B 4B 3 E AR A0 58 B Adi{EL s
A R B TR B T B4 B o AR 12 9 9K 5 (Orphan)
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Fig.2- 4 Schematic diagram of overset grids types

JE I A SR AN ) 7792 5 R B B RN DT R B G TR R A
9 :Za)i ¢
= (2-19)

Hrp, gFRoR# . K FERBER: o % i Mok W RS ERE: ¢ N
T A @ 25 | AN TR S ITIAE B ANEE R o, 5 E LRI,
2 LR %A

3w =1 (2-20)

KT HE B RS TR LA BRAR U7 7 L SR,

2.4 KEING

AT EENE TP B T RONE, SR A S R TREK B
1%t naoe-FOAM-SITU SKAFZFHEAT 1161 921, AL SR AE as R fa 1 LA L
DIESE 2R ARG 0T 70 AT, FFXSEARBUETNERAT 7 e, Sk
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Z e, ] PISO J5iARAT IR L I F MR, SCELEE R o BEANRASCAE A A e
IKMEEAT 7, EBENE T ASE R R SRBBOR . AN R A=, JF
IR T TSR D SIS RSO TS5V o SRR R AR SO ) B B R
JHEHAT T RN b, AENR NG SEERI TIES0E T #iR .
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B, BT ANE RAE IS B RS 30 5 AR B = R M DL i I3 A
IR NE T B R AN B AL R 1 (14 [ 77 o0 AR bl R 5 A 5 R A I8 R AH B A AT B
RGBSR EEES R R, DAL T RS SRR €T i i B 7% S5 idE
JREIEEI o

31 RB 5N
3.1.1 =B FnHE Kt B E

AT BT HUE AL 5 B S R T B E DG B Franzius-Institute SR 5 12813E
TR EEA AR . WIERBAGALS —AE SN 2m, KRN 0.7m, K8 110m, FEA
2.2m BRI BEAT 9, FE 7Kt PR e 0 5 00— i 2 A T SR ) (0 R B 2
G AR EYERIGH, BRI MG IE W 2 AT SiE 3l T — B s 4 A 1
BEIEE TR, SRIEIEEES I LL 0.25m/s AT 0.75m/s P Rl 5 76 9 ) x 7 [ 3k 4T 4
HEZIZE), JMTRIRIN R N IR .

R R, AEERIEE) — BRI R, LA T
B AR T B AR A A P T B3 5 | T DX AR R A I R, A 38 R AT T S BT AL,
W 7 BUE K, (ERIFEIS S E N 0.25m/s I, B AMSECN: & 2m, K
B9 0.7m, Ky 40m, By 2.2m. FEEUE A I A v N H AR Jyid i B, st
N B VR T SOV B FEDE, Avi  CAR R E T WX, Ko 5m, HKET
AN, B PR R S G e . R R AR 0.22m, 5
9 1.055m. HE /Kt E W E 3-1 B, B LL 0.25m/s # FEEATIs s, &%
BT 0.5 MMM [], =5 5E ) EAE B 7E R AR R AR M BB R B E, Bl
[ kE (R BE A B i il P BE B N 32.4375m,  [RIRER 5 % A T-c & LA 0.75m/s
TH I A I R A SR AR A EL VR F B AUE K . BRI DU, FE KA TR
MEEE T LR ECH T B KA B A7 B s A i o, IR %
B[R R 5 B 8
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A 3-1HfaKieTER
Fig.3- 1 Schematic for numerical wave tank

FERME R AT B T 8 AN A& kA FH ke e I [0 A3 2 1 A [] vsp FEE AT R A )
JIME, EEEESENAmE R 3-2 B, AL B R EARE S % 3-1 fras. PP5 /EH
FH T LA 0.115m,  FH R W W9 YR ME T+ 2 6t (5 b s B (R Bt 77, PP4 7E 1 HH 32 1 P
i, PP1. PP2. PP34;HIfE/K FI¥) 0.285m. 0.185m A1 0.085m, %) & 1E [ A1)
1ERTA, IR T, PP6. PP7 1 PP8 5 PP3 fE[A]—FE AL E, [F7E/KF 0.085m,
AL T SR TT A 200 RARIAE . BEAERMIE (SR 7 A 90° JefhL
B) INBRAFMEE (CGERF A 180° SMALE ), FHk W AR A F AL
B AL T AR A A BT 2 1 5 B0 [ A 2 18 Hs 77 1 X1

z=-0.085m

PP3 PP8
PP6
PP7

B3-2x)EEETER
Fig.3- 2 Schematic for position of pressure probes
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A3 1RAERBENERE> AR
Table 3- 1 Position of pressure probes on the cylinder

Il 3§%ﬁiﬁg <@§§%2ﬂ)
PP1 -0.285 0
PP2 -0.185 0
PP3 -0.085 0
PP4 0.015 0
PP5 0.115 0
PP6 -0.085 20
PP7 -0.085 90
PP8 -0.085 180

FERUE 7Kt AT BT DA ] 52 VR v SR J I DY A7 B (5 T = 1B L, TR
PN TEAE AN 0 2R b, FEBE B AN A B AL, R IS A 7K
T AL, N3 3-2 . TEEIAEJE AT E T AN EREE AT — 12 3 TR
ASCOR B WO [ : ) ] D8% T FF v 17 VO DA B U [ AR R T PR VR TE T O, e 3-3 il
N, Hot WP5, WP6. WP7 5430w & — 5, & B0 0.26m A n)
FEES, HH AT R ETH 57 M, WPS 5 RFE F A G 7R Rl — 2k 4l 2k I,
WP6 {7 TR HT 77 0.57m, WP7 i T-[#4E 57 0.705m; WPA-WPG JE A& 3R | i
FUH T 2 AR A R TR IE T 5 250 B 8 T A A J5 A [ B s s T s s oL, AR
B 3-3 frs, SUEARRAERAE AT, BAEIERT 7 RIRTT M), WHR S WPA
AT BEFERT 0.1101m Ak, Sb T [RAE O Fl 28 L.

% 3-2 BRiRSMS A
Table 3- 2 Position of fixed wave probes

B i AR RS x| Sk R Ry
TR =X
(m) (m)
WP1 4.975 0
WP2 13.928 0
WP3 14.178 0
WP4 14.428 0
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% 3-3BARHMSAE
Table 3- 3 Position of moving wave probes
HEMFFOHARMBEE x | SEASORBERES y

MEN=
- (m) (m)
WP5 0 0.26
WP6 -0.57 0.26
WP7 0.705 0.26
WP A -0.1101 0
WP B -0.132 0
WP C -0.143 0
WP D -0.176 0
WP E -0.22 0
WP F 0.1101 0
WP G -0.1101 0.26
Ebéé{ii:::::>F
.6 (.3 § 7.
l 3- 3 & 3R % U B
Fig.3- 3 Distribution of moving wave probes
3.1.2 PF& %I 43

AT T RO BUE KA B R, 78 20 5 47, [RGB 6 F AR,
IR HUE A R BEE 114, G0 SR F 20 WA SE L EAE RIE 3l , DR B A K 2
IE35 RN B RIR BT, SEOTES R AR T RIEEE T
FoE e, A TESMKE, SARA T —EE RN —EE S, A
T2k, b T XA 2 1] % TG B AE RE Bl AN 2 32 B s (003 B AR T gk T
51 S R A T B R P ) R

A& 75 RS R4 183 OpenFOAM [ 7 1) blockMesh 4= B i), N T 4R1iF
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ARV A R BRI A4, 75 B0 B EH i BT AT A BN, & eh i PR
f) X K/ 0.035m*0.037m*0.005m .. 3z 5[5 F5 () X #% Ui i OpenFOAM iy
) blockMesh I snappyHexMesh SK4Efk, blockMesh 2R T JERE RIS, B FEREA
FRAE R BRI L2 A i 258 5 snappyHexMesh S23 . 4 1 56 5 2 [ A% 1] LA
BT RUFIEE L3, R E P E RS KNBIRAE 1L At BEMNSHE
638 /7, TRk ANE 3-4 FR .

B 3-4+H M
Fig.3- 4 Mesh

3.1.3 REKAVE AL IE

AR EE BB K B TR IR g B ) SR AR, 1 R AR 32 N DR AR, AR
PR /IME 1, = 03aHz , FKAEA 1 =102Hz, RIBIEK S %G, —0002 . FfE
B R AT A 38s, SRAEALE N 23m. {3 FHAH B vE S I BRAE R K SR A, IR R
HOR A CWS 3, SRERBE A BT EEVE N, 2.2.2 715,

N T BRIEBE RS HER Y, X H PR SRR AT T RS ICSERAE, R T =
FRASEIZERLI A, 2 Al — A SAE R STE B A 10 AN AE AR S, fE—
AR EVEE NG 20 ANPRE R SRS, AIE— AN R S E R N A 40 AN
FEHIRE GRS, AS SR R 3-4 BvR, 7ETHEIE RS, B RDKE RN 0.002s.
EYEAERNRLG T, BT WPL I B Bis s A, FRn] LAy WPL JER |
A2 BT AB BRI, WO 25 I 3 i A BB A AU 45 2R 5 P R T 50 1) WP )3
AT T XS

XX Tl T 114 9 T v ] P 73 e 2 R0 A 356 45 R xt B an Pl 3-5 B
Ne M 3-5 HATUIEH, EREMEZ G, Wi BUE I AL R
AT P RIS A B SRR A Z AR, SRR RN 45 R & R AT
TERFELT B 2 A, A8 EE 7 kAR RN A 1) SR AR T8 R D (/N TS 368, e
FRAEHPIRE RS I EE R ZEAK, R 22 T RE 2 B T B A A e i
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% 3-4RAEHKEL
Table 3- 4 Table of grids numbers

FH &5 k&4
W s B 2 37350 149400 597600
0.10
Experiment WPI
===efing
medium

coarse
0.05 4

0.00 +

SurfaceElevation (m)

A A

-0.05 A

T T T T
0 10 20 30 40 50
Time (s)

() im i 2t e
(a) Time history of surface elevation

0.10

Experiment
- ---fine
-+ medium

WPI

0.05 4

‘i 7)'\
\
v 1
0.00 —/

-0.05 4

m)

SurfaceElevation (

T T
26 27 28 29
Time (s)

(b) JEyERTBOR I i i g il 2t EE ]
(b) Partial enlarged view of time history of surface elevation

8 3- 5 7] A T 490 % 07 oy 250 1L I
Fig.3- 5 Time history of surface elevation using different meshes

3.2 ZEIEES RERE B ERNBERI S
3.2.1 BERIBEIERBCRIEH 534

T8 43 %oF [ A B A0 8 T 17 1, DA B SR B B i [ A RO B YR TE B L 3E 4T T A b i
W, KRR BT B T S L S BRI 34T TR EL,  BRAIE T S2ES s YRRk
fRZR AT AT M SR . REATHEAT T M2 8 EE 7 5 A 0.25m/s #1.0.75m/s
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s Bl 5T 5 3R AR AR Y B BB AR AL

M 3-6(a)- () li] R TR ey A PR 98 T 1 vt L B e 1) 22 A0 X6 LI ] AR HY 5 J
BUE T3 AT BT SIAN R A7 B R i T s (B4 R S B SE R 4 R 5 R
4. AL T RN AT, REEN 25 MBotas R SV P Ia 4 R T —
B, X wlRE AL T R AR AT AR P

M 3-6 HEATATLIE [ IR s A IS N T e, B T i B R
FRI TR Z A, i I VA PR A 5 1 30 e 0 i o 2R AR AL B T A K
M WPL-WP3, A5 {35 e B A AR KT, T 22 AN Ve R S A /N, 32 ph T 2R 4
PFE AN [FI AR B AL RS R AR Z Ak D Sl AH 7 B e ), 8 SR AR A Wi
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Fig.3- 6 Time history of surface elevation of fixed wave probes (a) 0.25m/s (b) 0.75m/s
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I e AR LS /N T WPS, i PR S AR IR 1) 5 A o FLAE SR AR I 1A I 1 7 - 13 A
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Fig.3- 7 Time history of surface elevation of moving wave probes (a)0.25m/s (b)0.75m/s
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Fig.3- 8 Wave climb near the cylinder wall
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—0.25m/s Focused Position
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Fig.3- 9 Comparison of time history of surface elevation of two case at the focused position
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Fig.3- 12 Wave climb and wave velocity cloud diagram around a cylinder moving at 0.75m/s
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Table 4- 1 Main parameters of semi-submersible platform model

ZH Jf(m)

MK 1.54

R 1.33
SR> 0.21*0.21*0.327
EA LR St 1.36*0.24*0.13
WItERZIK 0.26
HILE SR 0.197
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Fig.4- 1 Computational models of semi-submersible platform
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Table 4- 2 Cases of numerical simulation

Case SR IR BE R IF]
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Case 3 1.1m 90°
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Fig.4- 2 Distributions of wave gauges
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Fig.5- 2 Distribution of wave probes
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Table 5- 1 The input parameters of the focused wave

RER N A | AR | REME | RENH
clm 0.055 0.34< f; <1.02 32 0 15
c2m 0.1101 0.34< f; <1.02 32 0 15
f2m 0.1101 0.34< f; <1.02 32 -0.415 15
c3m 0.166 0.34< f; <1.02 32 0 15

5.2 BEK THBAA TN T ESEREMTENR
5.2.1 REFESHXI A B B HRCR IEA #9520
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- T HAR CA B FEAR R AL R IR, R R I e AR i

IO ARZAT R E A FPRER, St TR T 380 G 05 oAk
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% 5-2 RKMIRIRF & At &
Table 5- 2 Statistics table maximum wave climb height

R [HIDA =S JEA S
clm 0.0654 0.072
c2m 0.149 0.16
f2m 0.1503 0.155
c3m 0.2568 0.196
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TPAR, 5 ETSCAEAEAE e — B AR, 5 SR B SIAE BRI A ROET
HUSE R IIBIR, ARZEn BT HE, B35 SIAEBRASI ,  SE R BIRIYE 5 AL
EI€T, BrelJa SLAERIBARIETH 2 & T R AL M BIRIETT .
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B 5- 3 (a)AT ZAEF=(b) & AL IR IR I 5 B AT & Ao 2
Fig.5- 3 The air-gap of semi-submersible and surface elevation around the columns
(a) the front column (b) the back Column
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Fig.5- 4 Time history of surface elevation around the semi-submersible
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Fig.5- 5 Wave climbing around the front column and schematic diagram of wave speed
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Fig.5- 6 Waves climbing, slamming and breaking around the back column and schematic diagram of
wave speed
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Fig.5-7 Wave climbing around the front column and schematic diagram of dynamic pressure
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Fig.5- 8 Waves climbing, slamming and breaking around the back column and schematic diagram of
dynamic pressure
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Fig.5- 9 Schematic diagram of dynamic pressure
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Fig.5- 10 Analysis of wave force response of front and rear columns
in the (a) x direction and (b) y direction
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