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THE NUMERICAL SIMULATION OF EXTREME
WAVES OF COUPLING MODEL BASED ON
HIGH-ORDER SPECTRAL METHOD AND CFD

ABSTRACT

Extreme waves are strong nonlinear waves with unusual wave heights
and asymmetric shapes. Encountering extreme waves has been one of the
most important causes of severe damage to ships and offshore structures.
The numerical simulation of the formation and evolution of extreme waves
could help solve the problem of interaction between extreme waves and
structures better, which is of great significance in ensuring the safety of
people and property at sea.

In this thesis, the efficient simulation of wave evolution and extreme
wave generation is based on the high-order spectral (HOS) method. And
the extreme waves are reconstructed in the CFD calculation domain by the
construction of coupling model. First, the control equations, boundary
conditions and calculation flow of two models based on HOS methods are
introduced which are HOS-ocean and HOS-NWT. The accuracy and
stability of these models on the simulation of wave propagation are
verified by standard calculation. Then in the existing HOS-ocean model
the function of wave field initialization simulation based on ITTC
2-parameter spectrum is introduced, which has been verified by spectral
analysis. Then based on the HOS-ocean model, this thesis simulates
extreme waves in two method. One is by the adjustment of the phase of
each wave component at the initial moment to form a focused wave at a
fixed time and position. Another one is by long time nonlinear wave
evolution of large-scale wave field to obtain extreme waves. After long

time simulation of large-scale wave fields with different directionality, it is

I
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found that the stronger the directionality of the wave field is, the larger the
mean lateral wavelength of the extreme wave becomes.

This thesis realizes the construction of the coupling model based on
HOS method and CFD calculation, including the setting up of relaxation
zone, the selection of interpolation model, the design of interface module
and whole calculation process. The various basic types of waves calculated
by the HOS model are reconstructed in the CFD computational domain,
which could verify the accuracy of the coupling model. Then, based on the
flow field information around the extreme waves calculated by the HOS
model, the coupling model reconstructs the wave field in the region. In this
way the focused wave, as well as the extreme waves in large-scale wave
field are reconstructed in CFD calculation domain. Finally, the thesis
applies this coupling model to analyze the velocity distribution of the
internal flow field near the peak and trough of the constructed extreme
wave. It is found that the velocity component has a strong concentration in
the main direction of wave propagation at the moment of extreme wave

appearance.

KEY WORDS: coupling model, HOS method, CFD, extreme wave
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(A UL DA S FFE TE &S 7284k . b4 R T ik — D4 m B i 7 iR BT L RCE,
Ducrozet!?*155(2008) % i i BL - o1 B3 4p 3047 1 IFATIZ B, Bk 7 AT 8 HAE R
B T h B R B AT AT

Ducrozet??*)(2012)7F 5 [ #4511 () LHEEA 256 % (A BLIBIR /KB LA K 2 /i
BB I BUE A AL TAE IR R R, SR 7 AT s v = 4R AR A A
BRI, ZBERIAT DL AR LR Is e A, AT ARG R ARGE . @i g
3 AR I B DS R A, DA R P R PR ) 3 TR A A R O X3, S T T HOS
TR EE I IR K, X e 1t 8 A 5 SR S8 = ) B K ) B SR EAT 0T B
33 7RG IR, (H18 —3&/2, HHT LHEEA SL30=AE Github EAFF THA
FFIEFE 7 HOS-ocean LA HOS-NWT, i34 nJ LLA i+ 5T F s 0 JE 26 P i iR
RRAEL, T i 2 DU AT S A S 2 B 7K R PR B TR A AL

ME TR T HOS J5 i T IR U AT e i TAE Y, nTRLE s, H AT
W VAR B AT DLIE DL =M s R 3 R -

(1) ARt i3 1) AH A T o o 35 5ot 2 Il VR 22 1) R B A ) i
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ortr, WU e ERER R, AT =R AR B, DASEIUR R IR I
BB . HhAh, BT RIS IR, I VS B B (R Ak, 3B AT BA
WEFE EARIRAS N B W T A s, B 1R IR B ST A - 76 1% 418 Brandini A1 Grill¥)
(2001), Tanakal®! (2001), Ducrozet®” (2007), #XPGH051-32148 i o AF N (1) TAE

(2) JELRMEBIRM AR E W FC . 16 2 BB IR ARt 3 VR (T L3 v, 3R
LNEBIRMAT B ) O R — A E R, Wi [FEFEE HOS #8Y, R HUE
1ET] LAY Benjamin&Feir (BF)ANfaE 4T 704t Dysth (2003) £ Fernandez!*¥
(2014)F1 Ducrozet®™! (2016), #RIE T =B ik 7723612 DR 2 5T W i o YR T B 4D 52 i
BT T

(3) ARLRAMEBIR SV A EAE BT AT X T2 R, — B 2%
M A, RN AT DUIE 0 R 2 i VR G W T 5 A A ELAE F Rk A o AT
KT I HRAL, BRI SR FEH Wz —. SRIMEET =iy
ERF R RIRBIRAE R, AGTEEENH TR RIRER T, A
5 H A R AT RS A 1 7 sOR BT B IR B BT, Zha A Yue 250637@ S HOS
5 BEM 454 107735, SRR BRI 7K 35 M0 P44 5 2 1 0 VR 0 A ELAE
F 111 Luquet®®! (2007)i8 i SWENSE(Spectral Wave Explicit Navier-Stokes Equation)
J5i%, % RANSE HFREHETENE, 51N HOS +545 BAE N NST I, M@ &
R

SR HOS 8 BAG THEEU I FE A A BE v vl DA 383 o B AR 2R M IR I 1 T
I FR, A AE R U7 TH H AT 1R K J5 PR o DR A e T 37 P A B T K 3 el g
AL B BN T R B (RO S MR DL R i 2 51
(7K B 338 Tk, AEE St 77 vk B S A mT AR T iR -5 S5 M A BLAE
Ty A0 BT 7 20 T AN R R A% PR e T YR TR TR A DA B R TR AR S il I A
LA LASE I . (A2 VR 2 CFD AL AT DAR A7 #4730 IR 5 25 ) < 18] A A LA
FAREAL,  FEXT AT AT HERR TR, REUE I BT Hb R N 5 FiE B, R R
W= YHTD, REARS R S5 M LE IR TR B DL AR TS . BRI T
I FH v Ml 7 v B R v b Y A R T2 R A R, SURT AR CFD X T IR
PRAH ELAE FH AT AR 3, K it 771k S CFD 1 50AH 45 A R AR UL T2 8 1) A= i e
R B X

1T e M 7 VA AR 7725 CFD TR AR A AR R I v B — e
B RASCK A H AT A 755 CFD 5SS A 1 R B BUIR 5 32 AT 7 1n) R ik
ITPEIAZH, SRIR T HOS J7iE S CFD SR & B 2 37 () ] 4738 4%
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1.3 M mia e E A MR IR
1.3.1 XE S AAEMB e R PN A

XoF TP AR T SRR A SR, H AT R ZE R R R X . PR XA
It HA SR T A S 6 R U AR E AT, (R MHERA
(T, FEXASFE B RE E R M RN N Xk, MR S #G 7
s TSt ERE B 0T LR AN AR NS, PSR XS SR s e S ) 17
VU)K g R 1) 8 79

Campanal®!(1995)>K 1 T XUl # & (1 X 387 5 3%, AT kAR A & Bl 1) i 3%
SR AT REAT TR AR, VAL AR E I N T R A R Ak L O
38 I A BRI SR AR A B (A o] FE 46 RANS 5 #2, X2 8 T/KF 05 s
B HME . lafrati®(Q003) M2 E 37 7 3 B 4 W N R SRR E 24, PSR
B TR B 1 TR 8 =R W 7 K R 2 Bl i ) E B SR T R sh i oL, 7
THEIRE F 07 O3S B R R A TR RS, T TR J7 B AR A
KR T BRINEFAT R, X T B R HE level-set J7iEH T RERS 70
VR U S0 AR B B B U 5 0. Grecol*2(2007)N T 58 A FE LR P (1 XL
[ R B DX R0 7 1 SR E e — Ak PR R R IR R, 6 TSR R T otk
BEATSRME, MRS EE 2 SRR N-S 2. BEJG, Kim™*(2010) [FEREE S T XA
R AREAY, D TR e R AR AR A 1), RGP O 2 SR A N-S 72 H
THEAT AR AN BIR AL, HR B H R T R PR A 102 VOF 4,
ZAR Y 2 i Hirt A1 Nichols MI7E 1981 4E @ AR 1. Hamilton!! I 7E X i) 4l 75 45
RUSCT Z YRR R G In] @ ) SR i A 7R 2 s T .

B A ) X I 4 iR 2 B Guignard P01 (1999) $EH ), Lachaume*” (2003)
FIFEIE TR, 703X B (s BAUE MRS & N Wi — P& #& 5
3\ Biausser™*(2004) ) 1 FJ 1% 45 B4 BEAT 7 — 4k Je = 4 f U TR R AR AL
Drevard*}(2005) JU] 52 7| FH 5 171 5 G 455 R SR BHF 52 35 7K U (140988 A, 1) R DA R IS8 PR
fE A &% . Christensen>/(2009)%% 5542k 14 1) Boussinesq #M5 N-S 752 & VOF
BRUARZE A, SRR ARAETT I AE H S5 KR LA B3 K DX 3 Hp (g3 1 B 0] [ A AT TR
E

FEIT AR — T T AEd, Paulsen2(2014) 38 i 7 37 56 4 AE £k 1k 1) 4 070 A Y
OceanWave3DP5 OpenFOAM [PIRGR ff 2 21T AT #E 5, HF Open FOAM 1)
IG5 Jacobsen W it T waves2Foam KA, o BBIR AR sl nT LIS
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st X PN R B B AN SR SE 3 o Paulsen 1% 52 () # S BB T K S BUE B TAE
SR TAE, A3E RS 1K S PR iR L AN SR AR I 0]~ SIS /K 3
PEREHIVE R, B 1) AN DN 0T Ak T RS R R A AE VR, DA 22 ) A R0 8¢
Sof A R I PR AR A A F 20T« Paulsen 3 H B30 SRS URE & X I B T
waves2Foam 7€ SCIIFATIX, #A 5t X A B 75 AL # i A & m) LB IS R SRR

l//:(l_z)l//target +/1/l//com’ V/E{u,a} (1_1)
Horfu ZoRMIRRMAEE, o KRR ERDE, , IBERE, PRS-
L _exp(g”)-1 _

x(&)=1 exp() 1 (1-2)

X Ee[o;1] )@ T JRER AR 2R, FERR S IX AL F 5 A FEALEL 0, TAERA
st X AR FEL 1, teAh p—HUE N 3.5,

HI P& 4 AT HO TSR0 AR S, R IAE AR T S A L R 505 1) o P2 5 5 N
— 8, RE VAR RESE, JF HOREMAIE R AR N, BRRAT RS RA S
P BIFR A o LEAMA TSR T R SRR X RIS AN R e RIS
I HIEAFAE MRS ORI, Fir LAIE 5 ZEREAT 1 (E AL

1

0.8
0.6

ap

=
0.4

0.2
/

B 1-4 A E B IAE T W 2
Fig. 1-4 Weight function distribution curve

B i) 15 AR TR AR BRI I 5 (R R 1) I 354 T8 45 1) S B 3 Dl
BB R g G 1 AN AR AR AR X e R A T R KR IS AT S T A AT A
Mo AHF—J5IH, B A A BT G A A BRI S A AT R W K A LA [X
CIRCE R e/ GIELE
1.3.2 SMi&5ES CFD It ERE RN RIVIK

HLH AN S HOS Jjik5 CFD iHEAME &R Se AR Z, AR —
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S T/ESEA F#R23ET SWENSE M RIELRE - R ITH

Ferrant!**(2002) 15 St 3 H 7" SWENSE B8, #1535k 43 A% A\ 3 (incident field)
LK R 8 (diffraction field), % NI /E SRR AIIEAT [, 1T &R S 30 37 70
PRV E AR B, £ SWENSE J7 i thf NI (Rl fE A mn 5 B v s, 77
2R TRERR S P R g, MR HmRATH RS R SRR Gk, fEE
Monroy P¢/(2010) il SWENSE #5044 HOS J7 23t 5 (A 45 AR g NIk, %
T RANSE ARG B R Gei 58, M R 55 BT 5 58 5 ek A 0 2 Jen Sk SR A
B, SCILEET HOS J7A5A80 A D98¢ DA A AN FIN 382 5 7K Aok 4 A B AR FH )
215

MAEVE I TAEH, Gatin®(2017)F] & IEf SWENSE #8485, g 1
HOS 5 CFD HIHEZLE: TAE, X HOS #%Y, HOS 5 CFD 245G 18 vh AR il S Ak
ANKIR R IR VS BEAT T 30E, JEERME T — DS B TR S, KCS AETERS
P DX 355 P 1 56 A AN RN TR H I8 Bl B2 T . AEAS9E B2 SWENS TfEEA
HESL) VOF 3 HIBAUR A AR, Fril R B8 Level-Set H HHIHAL,
FR#EIFIH SWENS HHERKE HOS FikS CFD 456 1R, wisfnl LLRIH 2 ff X
WG TR HOS T 45 R H M S] CFD TR XS, P A R 2 [A] B
AT, B RAETIRE T TE I, S FH Y Bl e K K $2 iy

Nellil®%(201 7K m B i i AR A N-S 7 RER A 2% THFOAMCUFHEIT 1 Ly
WA, R FUKE BIIRIE T (overwash) i) /. & SGid i HOS-NWT v DAAE B Fr 76
LBIR, 2 — BB AR GRS, 7T LAE HOS-NWT AR b 5 2 H
B fE 5, TR P B AR e n] DL S S e iR B R . . A
&5 R, X E(E B 0T DU RAE N N S50 %16 3 ITHFOAM Hhid i A v AT A=
FAH B IR « THFOAM I AR EUR 25 55 N IR 2645 BAE 4k fF, X2 H 2
sz —, MAMEZAE A BRI RR SIS 7 VOF J72k X B R AT
Fgd . XMITEIF A HOS IRkt R MBIR g AR E R AR CFD &8,
M2 e X N IRIEAT T8 5 A3 5, T IHFOAM (138 P AR ER ok i YR 37 34T
HA, RAKER B ARG B IR A TH R PR AR A R X e, DT A T e 7 B 1)
BUEFERG (AT BIRM EA M EOR, I HX T omAR LR M BIR A5 18 1 22

ChoiZ5 021K 3t F HOS-ocean 5 HOS-NWTHE B fr i+ 52 (1) I VR 745 A F AR 5t
[X 3k 8 3ot 4 {4 22 5 % N\ Bl foam Starkli PRI SR 28 1, INIMTHOSHE Y 5 CFD U511
G HABdE s B DL R (A TAE 3 3452 7 Grid2Grid 142 L S .
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I RPN [FE AR X KB . B ED . RS, KA TP CRD U 535
WIRTHESE RFEAT 7 o0, e BE & R SR A T R SR T IRIF IS bR
e, FFXF FEAR i VR ) S S B A S5 SRt AT T b, RIS FE AR G HLA
PR 7 S A I BRI AR

ZhuangZ5 N HOSHIE Y 5 OpenFOAMEE & HEL T R AR R A 15520, LA R
H T Waves2Foami& I B HR I FA X, FFHOS-ocean 5 HOS-NW TR A Hh LU 1) —
gt = ERUNFAS T3 2515 B BICFDR g a5 v, #EAT IR AL, JF4
THE AR SHOSHE R 1+ 5 45 gk T b, 158 TR BI58E, UE] T HOSHR
1 5 Waves2Foamid 5 15 U A 18 ¢ 1 AT AT

OpenFOAMAE I [ G VSRR AR 77 222K P, SR TR B AR Bk ke i 2
BN EM. ©ASEEERKERMES, WicoFoam, simpleFoam, interFoamZ%
A DA A UM A WA R R BN SRR 1) R, 1T EL A oAt SR S A5 S AN W kb 78
UWaves2Foam%s . F|FiX L8R iR 4%, 1EOpenFOAMH AL A] DI 2614 I TR 1)
A pe, T BLAT PABEAT IR 5 YRR EAE 4R AL, FEBOR ARG . B,
THUL R HR EIRSE R RSN i T T, #A HEEN .

{HOpenFOAMAE ARG SR ff A%, AEREAT BRI ERES . KIS A AL AU
R, SRS ILPI R FEEL, JF H 2R X0l Ry, A T ORIETHA
FEEE, PSR R B REOL T, iHEELERE, X1 X PG HLE47T CFDis H N
IRAILSE . BRI, an 5] LU STHOSE A 5 CFDH R R S A8, 73 T-HOSTT
BV AR R T g AT I TR B R 2R PR R AL JE P fa S A IR 15 B A%
B CFD RN, T CFDUFRI A B AT IR M BOR S &5 MY I AR,
BERE I AR A B IR K I TR] i ot 5, XA AFECFD U BN AT IR 5 45
Y RIAR BAE RS, B B Bm R B . N IRAS SOR A 2 TAE
N AT

14 AXEETIERES

ASCHET HOS 77, B IFEFEF HOS-ocean, HOS-NWT, Grid2Grid,
Waves2Foam, SEI 1 JEL A KU JR BEAT 17 RV Rl e TR ABEAUL . AR i 2 VIR P 9
AR, #5727 HOS 775 CFD it E ARG AL, HHm i H 4 R AE CFD i1 &
BN AT ER, HXNZARR AT TRIE S R .

TR —FR, 1 eIl 0 o Sk R i i VR T B S8 S AT 0 A, I T
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TR S TR P 2 o 5 A S e ) 0 B o 3 T S VA VR P ) s A v S R
R AT RE DR 2R T T EE A 4 o d X P AR I U IR AN R 2 07325, A0 T R
TEAE N — A RO BUE B i IR AEAS [F) 26 A4 R A AR R AR 38 . AR08
N T HAERVEHE . IR IR B R s, DL S IR S5 W44 A AH LA
(R PR, 3R T AR SRR B . 7EXS H AT O R A AL 4
e, ASOR E SSE T HOS A 5 OpenFOAM H[H AR & [FIWT 7 U7 [, Bk
T AT, IR T AR AT DR ST I VRS A A ELAE T R R

55 & FE g HOS-ocean PL A HOS-NWT WA T8 R 7 1) 32 42 1) 7 2 DA 2%
HUE T FRAE AT R TIT, Wb B i 77 iR A A A J S 0 5 S8 A1 DA S R ) i 5 S A
N EAT T AN, HIE T A AT

=% R BRI T HOS-ocean 8 7AY, W} T4 K = #E AR L I JRAE T R K s
AT 7 A TE) R BBl I A AT, 0 FLrp AR i VR T SR B S AT . FEXT T
FEZKI IR, D T BRI AL BT E AR G, IR T AR A S TR Y
il BhAh, ISR YIGI IR A AL WA DL RE A, X = 4E T R R A
WtAT TR e, ARSGHEAT T AR DT S EC R BENLASELI 3 26 T 7K 38
Bk, SEERBAT T oM, BEET 7 RYES BT T IR TR R DA B AR R
R

FIFE A, AT HET HOS B8P & OpenFOAM [FAE A LAY 1) 7o
o @ EET HOS kit B B IRt T4 E, I Waves2Foam 114
S X I, KERAE S5 AR CFD T8I, FRAERG PRI AT AT, ST
) R B AR A o R FZAE BT 7 4k = 4ER RN 5 AR FN fARL, ket
R R GRS R IAT TR ISR, BAL, BT T AR R RE BE X TA
AR R S R

5 TR FEIE TR G A JE L 2 ) AN KU R SR AR B AT TR, IR
THRE RS HOS J7iE B R AR 45 AT T X504 o i85 TR SRR 7
HOS-ocean HiEAT K INF[A] R0 B BEALL J5 45 AR Al o 8 VR AR B EATHR I, H A
3| CFD v, WA IR AT T B, BATR I BIR G B T AN BRI
BE AL, AT UE AN A 452 AL 7 DR L Y h W i B TR B G IR T AT M LA XoT
IR NS S AR T VEAN I 43 BT, XoPZ  AR A  YR TR R R AT A O R 4

SN AT TAEHT T R4S, XN TR R g kT 7R
SR, It T BTSRRI T A, e AR SO AR By Rk, YRR AR
JrEAT TR,
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AL TAE) 3 B AR TR AL TITRAE 7, B B T 5 B2 AT A B ek
i, W7E HOS-ocean B2 (W44 51N ITTC XS HE, i 3= E F 5 FH T
FER SRS R b, I 787 B RE F B Y DL ORGP SR A 2% 5 E DL 3 B A PR
i, A O SR R AR T S, B T A FER S < [ 1E B
PR, A SIIL T ORG B AR A AR 2R 0 AR i v T PR B (EAEA
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e P RS
BT SMERERESARHEXEIE

TEARTEH, 15 WS mB i 572 R AR TR A0 PR R AR B0 5 72 DA KSR A 2
BTN 4. B ¥ HOS-ocean P K HOS-NWT 33X AN A S48 F 4] v e i e TR
BR300 T 2% At AT AR AR S5 07 T AT VAR U, FEXTE F BAE S BUE T
W, WD EE . VRSB P AR e R S N AT T AR
35S X PR B (R TRARADL 45 A — LS R M B

2.1 BMERERFRIRELKRERE

RIS T VERE FEN GO TORE . AT AR AR B 2 R TE e e [E]  Bi »
e T AR 1 o AR R SR T /KT b, Z S B ) b IS 3 O (x, p, 2, 1)
KRB, HEEHWE Laplace /7#E. S8 Zakharov?!, 5] NFRTHIIHEFE #:
Q°(x, y,8) = P[x, y,n(x, y,1),1] (2-1)
WAk z = n(x, y,t) o~ E T, RE R ES A PE I . FRIHEEH O [
FUIKF 1 2% 18] 00 -
O; (x, y,8) = D,[x, y,1(x, y, 1), 1]+ D_(x, y,n,0)1,(x, y, 1) (2-2)
VO’ (x,y,0) =VO(x, y,7,0) + P _(x, y,17,0) -V 17(x, , 1) (2-3)
XTFFHIBERTRETATPHE. T2&HBRILRIZsEMs) 200
AT H @ . Al D FoR:
n,+V0* -Vn—-(1+Vn-V)d_(x,y,17,)=0 (2-4)
CDf+77+%VCDS‘VCDS—%(1+V77-V77)®§(x,y,77,t)=0 (2-5)

PLEBA T BA— DTG, #id R R AIE 2 J7 R
S ®_5 Laplace 7R FIHAMMIIL T &A= AR R . MAEREE WL M T, TR
¥ @ _(x,y,m,0) D Jn BERR R, WML BBt 7 iR s &
P FEL . IXFE— B8 E W HIWIE @ (x, »,0) Fln(x, y,0)» BLAT AW T %,

SHEE S o (ERsEIF, EMEE: © Mnos) R, ¢ REEWENNS
B, JHE O BN e ML

M
O(x,y,z,0)= Y ®"(x,p,2,1) (2-6)

m=1
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SR I — ARG —AE 2 = EIAIY 0 58 2 = 0 {RBNRTE , FE R FIHI
M. TR,

D’ (x,p,t) = D(x, y,7,t) = ig%a_k@(m(x’y’o’l) (2-7)

T =M Z] t, o Myl A2 esnn, A (2-4) (2-5) W
FFRTF NI 2+ Ar YT B ©° Flp o RS WHAT B 2 @(x, v, 2,0) Fil
D_(x,y,m,8) o 2 (2-7) FECEND (x,y,0) FIELL T, AT DL 6 Hodk 47 R ISk i

HD(x, y,z,0) WEPL KA. TR (2-7) 5N

1) 25 () 34 (D)

q)“(x,y,O,t)=<D”’(x,y,0,t)+778? (x,y,O,t)+7728®2 (x,y,O,t)+773aq)3 (x,,0,8) + -+
zZ
(2) 24 (2) 3@
030,047 T~ 00 02 o (10 7 (100
zZ
» op® , 02p® L 0%0®
+ @ (x,2,0,0)+7 o (0040 = (0 0.0+’ (1000 4+
+ O™ (x,0,0,0)+- 4
FIH FER AR S, B A& u RIS Z 0, nI15:
DY (x,,0,) =D (x, y,t
(x,,0,0) = ®*(x, 1) (2-8)
m—1 k
" (x,,0,1) = Z o a — cp“" D, 9,0,6)  m=23,-- .M

—RINE z=0 LRI T " 1 Dirichlet i1 F 26 4F . i X A AbHE 5 1 H
Eﬁﬁ%ﬁ’ BN b Laplace 77 FEAIE 4 IR G SR A AU TR 2517 58 X T — RN
O™, m =12, M WA, H FRRIX — FR 02 E 0] 8 7 VA A, R
ZUKE m=1,2,...M R FPAEREN I [RD KA M AN LA A L

WARIMERE v, (x,y,2), z<0 51, HijiE Laplace 77 F2 & HR &I F %A,
{HANIH 2 Dirichlet B H B2 F, IXFEFRATAT LUK ©™ A M AIE s B R T, I
TR MBS EUN b7 AT, RBP4

N
(D(m)(xny’z’t)zzq)n(m)(t) W,,(x,y,z), z<0 (2‘9)

m=0

k+1

[F R (2-9) UAT R4S 5]

ch(xayanat): o (Dnm (t) "
1o Ko oz

l//(x,y,O) (2'10)

m=
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BHAAAR (2-4) (2-5), HEHEF]:
M —m k

7, +VO Vy-(1+Vy-vipd ST pr
k=

1 0

w0
CD( )(t) ak+l

Mz

l//n(xayao)]:() (2'11)

m

—m

R P b i/
]+ VO VO ‘E(HV’?‘V”)[ZZH

m=1 k=0 n=

k
O (1)

81‘“ V/n(xvyao)]z =0 (2-12)

P%ﬁ

._

DR (2-11) (2-12) {5 2% I THI 38 5 34 @ Al 1 o AR ZSHRIE © SRR sk T 2
T I 0 12 7 AR B SR M T DA B (] 28 T 3 i p S 3R T BE 5 o OC T I [ 1) 3
Ko, Fe s, MG AT DB (8]0 3E 1 777205 20 R — AN %0 (0 35 1 15 DA S R THT R
JEH . B 2-1 R T BLASYRIE O FHER H H B 35 o Sk i n HISRAAERE 14 &

G T B
' | PRRMEAINT -
3 ! Vn,VO |
70— s
i D,
t=t+dt

B 2-1 & Wik kit iRz |
Fig.2-1 The calculation process of HOS method

ﬁ%ﬁﬁﬂPEﬁfﬁ%D%E@Hﬂ‘l‘ﬂmiﬁ%ﬂ%E@%ﬂ%mﬁﬂlﬁﬂﬁi‘%ﬁiﬁmiﬁ%ﬁ 11y e
I A W RSB AR 7 SR A5 o U4, RIS TR0 3E A A ik N AT K IR B AL B

2.2 HOS-ocean 28!

HOS-ocean fe& Xk i W10 26 AR I AR LR BRI, iy 30 57 1T I
P, HASASBAGEAE, Fr LR BEIE Iy A B BT A6 e LA SR B E B
ST FERIRIAE . T HOS-ocean H AL A 26 I2 M, A al AT T
KA BT R 7K sk T 48 e = AR VBRI TR AL R, BT ifa T Tk A
iR VR R 2B B o
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A A 2 i
2.2.1 BEAM IO R &1

BN E — N RIT R RR A D, HoKFHE BRI % FTRIRN Lo Ly.
THEURE SE D bty z ARPREHSE B b, 2= 0 B RIDAZKPIE . i A4
WFFR RBE J9K, FRBEH AT S48 H A SR . Fsh iAoy 2 T e .
FELL RSB T, EE Y W] RS o KR

V(x,y,z,t)=VO(x,y,z,1) (2-13)
H SIS D R 2 Laplace /7 %
AD=0 (2-14)

Fe TR F5 2 SCRUIE D i S DR R (T SRR A o E TR
BT A SRR RS A, LA AR A O T A BRAKER, AT LMERATE L —
HFLRKFR (2-9) (2-10) (2-11) (2-12) FRIARMERE y « 1855 TP 1HJEH
Ry A T AS

0.®(x,y,z=—h,t)=0 (2-15)
XEE h RoRPEIKER, AT B EUE /K S G U HOAE TR, 1 T AR
WFFRERKERR, HOALIR K. ok, 0. Rk T z 7 m iS5

BT X3 D s x Ay 7 ) b9 R AR, 80 JHC Tl A D e T v FE T

PAZRIN N

(©:m)(x=0,y,2,0) =(P;n)(x =L, y,2,1) (2-16)

(@;m)(x,y=0,z,0) =(D;m)(x,y=L,,z,1) (2-17)
F RN LS BIBE# 2 Laplace /72 (2-14) S R AL A &4 (2-16) (2-17)
AR H y,, -

W, (x,y,2) = exp(ik,x) exp(ik, y) exp(k,,,z) (2-18)
ok, =2ma/ Lk, =2n7 ) L.k, =k} +k> FF MR (mn) 0 F AL T
ST ERERUL, T LG —MELI KA, JEEATESEKRE M, H
FH 2 THT (1738 v LA B 3 T B 34 ] DA 3R

+00 ~+00

O(x,y,z,00= D, > A, O, (x,,2) (2-19)

M=—00 n=—0

+00 +00

n(x,y,0)= Y, > B, (t)exp(ik,x)exp(ik,y) (2-20)

m=—00 n=—0
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~+00 +00

O (x,y,0)= D, Y C,, ()exp(ik,x)exp(ik,y) (2-21)

m=—00 p=—00

XH8 4,,B,,,C,, 3HRRIZE O, o FIBEIRIE. AREEHILRZEE 2 =0
AL FETT IR, 28 TR AR TS B BE AT DL T B A e

2.2.2 MR EHEE

A9 HOS-ocean B A1 14 SN BAYE, ANEAMSLRERIAT, FrLAWIiG %
A — FBC A T8 O W) AR U T 1 B DA R el PR A P iR AT TR R B e 1Y) o T A — S8 2T A
W G HOS #5238, 9 m] 8 e 2 AT AR IR 200 138 T 152 5€ i 13 K AT I H W 46
o HEUI7E A H) Dommermuth F1 Yuel?O) TAE A, w2 i ff R 5Zis 3l 1)
JEJJTH Cpatch)  SRATILLA I 352 ) A2 o

X} T HOS-ocean A FEAE (R IRE T, HAIGG KA 2@ & 2R 3k 45
(1o 9 7 AU AE S AN KU A2 TT i ¥ 30N R A R, — FBCR PR 1S 3R 479)
Gt MRE Tanakal® 1) 28 76 & B 5Lk S N IR B, 5 TR 5 %% 2 oR 3
S(@,0) Z IR FRN:

S18.,

2
Ak Ak, 733308 x 5y J7 1A RS B EUE . 30 (2-22) MAS3RATTA] DU i 7
STFR R IR U 2 R B S (@,0) SRAT5E|B,,, (1 =0) ,  BUAPEHIIAI A ES IR R . 455,
X T EEMESTRAE B, (1 =0) FIAHALBE, 7T LA IS [0,27] Z (BT BEATLECR €
CALRUEDE TR A6 A4 R BEATL A o 170 XT3 98 T 18 52 3 D) ] o i 8 ey B - J P 1
C,, KiATKRME, C,, 5B, ZAHWTFRIXR:

2 Owl
=——S(w,0)Ak Ak -
s (0,0)Ak Ak, (2-22)

C =-iw B (2-23)
XH o, REV%IEE O HUER R RBAT KM, LR K A:

., =gk (2-24a)

w., =gk tanh(k, h) (2-24b)

Hep (2-242) NTEBRKFEED, (2-24b) A FRAIRIEI o AT X I LAk A5 1 1

(SR, T DAE i {6 R AR R A 21 U I8 T ) RN RS 2L s 43 ) P A
FETR ORI A A T A D0 R 38 38 1 PR BN LGRS o AT e tE 2 D, A

R CHAE HE ORISR LT H . ERERYE Dommermuth®If TAE, fiif
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BT AL TR R AT SR LR PR, 2217 REUE A TR E 1% . Dommermuth
fath, HETARUENIIR R R #AT I, 20— CRBE 5-10 AMRFAEE D
Ja, PR WERNERAL N e e AR eSO, (B TR it T, BERA
FEME BRI R. N T HRIX—13 8, Dommermuth 7£ 4] HI PR TH 5
SINT —Akastk e B5E, HBRmAILAFAT IS NN

o0

—+tgn=F (2-25)
ot

9 _yo _g (2-26)
ot

Forp O 2R VE R T (A RS, T F R G A BFROR T B )5 KR IE B E T
A FFATFHIARLNE R 7 o BT X SR U AT USRS :

o t Y

4+ gn=F|l-exp|-| — ]

o +8n exp{ (]—;J n (2-27)
on t)

w0 =G| 1-exp| -| —

R4 Dommermuth* 3 1) 4518, 7F HOS-ocean 8 iha] LA & W1 N S B0k 3
T,=10T, kn=4, ZH T FoRPEIEA, 7 R M2 BARE A RRFE )

2.3 HOS-NWT 158!

HOS-NWT 1E M58 2 AR M BIREUE /KL, 4 5256 =5 W) B BUE 7Kt i) i Ay
Rtk QG BR THX 1A% .

2.3.1 FEKtbn A 5

X T ARLRPE B IREUE K HOS-NWT, Hifidg D BUNK 7k, U S RETHA
TR, MR, AT RS T DU ) S ) 32 R [ s e A T R
FATrE SCTH SR SR R A 7K 30 32 5 T 1 b0 91 KPR Al x VRAE 7K It iR R
AERE T, z SR B A b YRR &R R:

0.P(x=0,y,z,t) =0 O(x=L_,y,z,t)=0 (2-29)

0,P(x=0,y,z,t)=0 ®(x=L_,y,z,t)=0 (2-30)
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NI R (2-14) (2-29) J (2-30), FRATAT A SZ AN BIRFAE R £ L R 4

V.. (%, y,z) = cos(k,x)cos(k,y)exp(k,,2) (2-31)
KHk, =mr ) L.k, =nx | Lk, =k} + k> FRIRALS (m,n) e 02 FIOBEH s
%o LUK H HITHR R p BEWE AU R 2RI ROR -

400 400

®(‘x’ y’ Z’ t) = Z Z Amn (t)l//mn (x’ y’ Z) Cos(kny) eXp(kng) (2'32 )
m=0 n=0
n(x,y,0)= Y B, (t)cos(k,x)cos(k,y) (2-33)
m=0 n=0

[Fi] B A e B i AT DA T FL AR

(EAF — B 02 To 1R XS T T il 7Kt Py Jo 0 1k 5 00, 30 e B3 U TR 7K 1 B T
A FAE DL, W RS AT BRI S A, A 75 4 = [7) 1) 48 20T exp(k,,, 2) B 6
coshk,, (z+h)/coshk,, i BIA] o £E FIR A IMEIL T, 35 35 DL AR = BE AT /2 58
4> HH BB (B 2SI R 4, (0) 71 B,,, (1) FTRE .

2.3.2 HBUE/KBIERIRR

£ 2.2 JiH ) HOS-ocean JA JAPEZ SRR b, 51T AW 4644 2 8 I 5 H H
TR 34 D R e T v P R SR RN o B A IR T VE AN, SR AT DA ST [F A B
HOE KT RE P e A, 30 3 I AR 1032 B0 SR A 38 T A L SR AT TR 2R
SN . R, ASOR 28 HOS-NWT A5 1 3 5 Ji 22

[ERB Rl SR L e U G

0.0 =204 (V.20 (V,0) (2-34)

Hrpv, =(,,0.), EEHKIAF R RAIRR A x=X(y,2,1)

X B 2% Agnon 1 Bingham(®1 5] N\ 1 B AITH B S5 k&, ml LUK SR E 34 D

CELFR IR S AR BT 20 73 R LA AN ER 7
=0 +D,, (2-35)

Hrh @, IR Z B TR i) 5 AT B B e TR EUE K it R A T
B TT SR AR IR I L, T @,y S T R I U 5 FR) BRI e B 4 o 3 =it i %
o, O, Ko, #iHE Laplace J7FE, (HZ @, i85 R 25 R IRAE [F € TR I 2L
B A AL RS M, 1T @, MR RGBT %A (2-34), HIANHEHEXRT
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H R il A 4514 7E Bonnefoy!®®1 2 Ducrozet® i TAEH, @I X —F 6 EIX
BURARE, RAFRIMIEEH @, TR D, 1 KBS RBRFEA S i
(1) s BB 5 v SR AR FEAH R, ANRE 25 58 b T B T B 35 B s SR 308 43 41 7 T Y
Al

2.3.3 JHK X

X FRR AR A R ZE 51NV DX IORBEAT BB T, DAORAIE AN 1R 3p VR J8
HIFEE . HOS-NWT 1 BV i o 3 i 0} 5 e i 2 5 2% A HEAT R B A2 1R R S
(K1 FEIX B B R P 51N 9 ORISR K it AR S (1 AMERGR %%
SEIAT LRI N p, = pv(X)0,17 , MTIAE RLE) R 77 AT 3R

T:_Lpfgﬂsz_pLJ(@®;ﬁ' (2-36)

HAp A v(x) RIERKFETE CEXES, HNE, HRXECAHZE), o, Foni
RS, Pr bl S T By fE . X BB FBH JE eR Hw] fi] BN
v(x)=vu’(B-2u), Hlfu=1-x/x,.

2.4 fRBUGGIE ST AR

ARIBFET HOS-ocean VA HOS-NWT #EATFHIIGE, PLo T iz By o 5 4%
R AL B R 1

1 Je /5T HOS-ocean AR [FIR ZI0E . XF T HOS J5iAS & (kR 1k 247,
ST A AT HOS MR ) — 4k = 4N 005, B West!125 A1) T4
BT T IRAUE, ASCAFEH . H2HTARSON TR GRIR AR, KT
HOS-ocean AL, HEAT ATt BB IR 8] 8 T R /K S AN 00 30 VR DI AL AL, i DA 75
PRUEJLAE BTN AR RE, THEARR AR E M. R = 4EB0IR S 5 =
£, FET JONSWAP MRS AT A6 (UL 3.1, mBri%k4 m oy 5 (W
2-6), HHERKA 1000 MEEFEI (T,= 10s), Lt K AEL S KRR AR
DS BE B R ZE I LU 2-2 s AT AL 2-2 (b)) B HBEE THE T IR Y
AR ZER ETHES, (FR R IREFE —ME/NBIKE (1x107°(%) ). [RIFESE
Bl 2-2 CF) aTRAKRIL, BIRZMGERE (AR XBhEea D) MiRZE A T E T
—HAERIR, 20d 1000 MR IS J5, ZRER R ZEWRIRDN (Z124
0.21%).
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12640
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8E-11 | [

error on volume(%)
n B (=2}
m m m
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-

o
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'
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. -1 1 | PR { T |
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e R NN RN [N N o N S (M R | - T R T |
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B 2-2 A F HOS-ocean B A &9k ik % K aF UG R4 (L) feht= (F) g £
Fig.2-2 The error on volume(Top) and energy(Bottom) after long time simulation of wave field based
on HOS-ocean model

ACHET HOS-NWT 8, @47 T 48 L =4e NI AR, —4EpaRAER
N 0.5469Hz, =4EPIENIHEN 0.5588Hz, KIEHN 0.01m. FLSERuE 2-3
Fi7~, BT HOS-NWT B2 gk b a6, FrCUREE IS 20s LG, W3 s
WA ] DR BN B e FERE , A HOS-NWT F{E iH 548 R iz e B 5 1t
ERXTEEA, BTG 2 4R =4 IEOL, NWT fiit B8 R 5 EY & 15
AR

25



o532 1 = DAY

W 5B = HOS-NWT
645 L THEORY

B 23 =% (&) A=t (&) AN RALIE L 20T b
Fig.2-3 The comparison of simulating 2D(left) and 3D(right) regular waves with theoretical ones

2.5 ARz

AT EBEANGE T HOS B HUE 515 DL R BE 551 45 R b . % HOS J7i:
ARSI, =bri T, HUESKRMHMAE. HOS-ocean LA HOS-NWT #5%7Y
(30 5 2% A AU A 7S N R AT T B . ERIE AT o e T
HOS-ocean AR ATH5 T KA [ AL 5 1) = 4EBR A AR AR DL R iR 22, BRI T
B A e e, JEXT HOS By 8ont TS 4 SR s i b AT 7 R 2007, AJmmid T
HOS-NWT 8 — 4 2 = 4ERUN B IR AT 25 RGBAREXT LG, BolE [ i
T HER T
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e P RS
BB A TSGR AR mEREIL

BET B U592 1) HOS-ocean 1AL AT DLIEAT i RORAN AR LR AR IR IR AE T i 7K 42k
A TRIEAL, DA g A AR S AT N, 3o DRV Bl (4 T el e i AT 2
RIS AN BT . 56, /4 HOS-ocean AT TR IEHEAT W14 1L,
FFXRSASCAED 78 HOS-ocean I HIHEIR 1 (I AP ST T EAT e T . B R BEAT 1 b
J7 SIS RE IR AR, — o 3 I AR AU TR AR I ) 2 ORAS BRI B, o — R
A S I ] AT RV B R AR, 3l 5 Z 0 A 49 B AR o i VR A
FEARTENIRJA, BEXTER R iR AL, A A 1 2 AN IR 3% (4 5
e 1 oF A T TR A K R DA SRR T A5 B T

3.1 B RIERA AR A Bl X iE iR
3.1.1 SERIEESMIEER A EFHISIA

FEEE 8, AICX HOS-ocean (R34 57 26 AF S mHT A AL AR IO A4l v, 7T EA
TR, BT R, HOS-ocean FEAIA G AR EATE WL, HEEiE
A O TG I 20 FRT 9 T v 88 A R T o B2 4 AT TR, A4 PT LM IR 7 S8 IR AT 4R AL
T ECE BT Tk, KB PR, o I O 5 S e oRoxt
BT I, 55— R B TR A AR S i A S S B R AR,
145 2RI 46 20398 /2 HE IR G A NHIBIR Y . AT EEGHEEE —MUE, B TRER
VT I R 7K SR AR VR S 3 AT AR S PETR AL 70 7

MBI X € SCHR AL I 2 1A 5 e S (0, 0) JEAT I, HARIB AT KR
N:

S(@,0) = F(0)G(0) (3-1
Horp Fo) 3R T HFIRE TP RS0 5 B 0 A R 50 1038 1 BARAFBR o 1R
FRAE REA TN BT 5 B EE, 123008 QR SR X 0 AN R A 2R iR s, LR TR
AR R IABAT A . G(O) BT AT AL X 1 2 A RUURGR
s e, Rz R, AR SCRAE S = /N AT PR . TR G
Tanaka'> ¥R 72 AT LAFG 21 2 (IR S0, 0) 15 5 AMNRIRALSGH 73 78 B Bl it
SR IRAE B,, Z TBI AR, WA 5 25 A0 (1R TR 2L RSG5 0 P 4
FEPEIE A AR, P I I e B I AR A5 2 2 (R N A5 S, SR 2 R B i R AT
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SRAS UG B 2] () Jp T e B DA SR B 3R o0 A o BUAR VR O SR B Fh AT T VR4
4,

TEILA I TFIE HOS-ocean i H, A DLIEEE IR IS H A JONSWAP i, 1%
RO ALIEECE IR R], ZAE 1969 FEHE i, 2 A LU kARG L

FRE R4 PR B3 X T~ JONSWAP B [R5 4% FE BR AU F (@) TT RN A

F(0)=C,0° exp(—%)ye"”““”““” (3-2)
4w
C =3279E, y =33 0.07(w<1)
=J. 5 =235, 0= -
’ 4 0.09(w > 1) (3-3)

Horby AIBEIRTN 7, —BBCN 3.3, ERRKEHIRG NGRS, n LIS
KRAZNH, ~ WE KBATAET, B AAZBIRHIE L. EAERRZ (32
FE G I R AR R I % B BRI, 1S U BTG B IR B I AR o, D K% B T IR FE g #
WOR 1, AT SEEHE fARAELL, AR AR I 4 N H 5 HOS-ocean F2)7 H1 [ 2k
THRIRE AT B T B A A

PL AT HOS-ocean ' JONSWAP 1115 FHRAE, {H2 BT HAME 1
W IR IR AT 2 AR, AU — R IR G 032 R AR, BRmASC 7wt 7
ITTC XSHE . ITTC NS HIE A 15 Ja E e Rkt 2 3 (1978 )
(1), % E A AL S AN S B, s VG R, BERT DA SRARAL,
RIEFIBEIR, O] DLASRIEU A 73 K R IR . ITTC MUZHi i) 3 25 FE ek 4
F,(w) 1] DA~ HI08):

W - T’
Horp 1 AR TE G R, AT DLOE I AR 1) — B AR B A X T KUREAS 32 PRE Y
I, MR GUIHOEO I T 5k A W T, Z R/ IR N T, ~ 0.78T, , BEAMR
AT TR B RE RS L E -5 R H BIRR, 1] AR F (o) AT M RiE
SUSEEE

173H } 691
k= exp (3-4)

173-(16E) 691
F (@)= _ i
(@) (0787 )’ 7 ( (0.78Tp)2a)4J (3-5)

TS ARAEAL AL PR 5, ITTC XS0 n] LR Sy 5 {3 5] A% HOS-ocean fH] 45
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et , M SERLIE T ITTC XUSH0E AT 4R A k. EK] 3-1 thal D& B4

ST ITTC WS HAEI WIGEE 5 N ERE Y, BEANEI £ 1347 HOS-ocean
13T JONSWAP 1 (Y13 € WIUR I AR 0 R o 38N SRASCRE XT3 1 P R IR
T AR A AT R o0 B, USSR L T FEE

! Directional spectrum : phi(omega,theta) = psi(omega) x G(theta)
| Here G(theta) = 1/beta x cos(2 pi / (4 beta))
|

IF((ABS(theta).LE.beta).OR. (ABS(beta).LE.tiny)) THEN ! To allow the use of uni-directional case (beta=0) in 3D
phi_JONSWAP(11,12) = Cj*omega_n2(i1,12)**(-5.0 rp)*exp(-5.0_rp/(4.0_rp*(omega_n2(i1,12))**(4.0_rp)))*qamma** &
(exp(-(omega_n2(i1,12)-1.0 rp)**2/(2.0_rp*sigma**2)))*DD WW(i1,12)
ELSE
phi_JONSWAP(i1,12) = 0.6 rp
ENDIF

! Directional spectrum : phi(omega,theta) = psi(omega) x G(theta)
! Here G(theta) = 1/beta x cos(2 pi / (4 beta))
|

iF((ABS(theta).LE.beta).DR.(ABS(beta).LE.tiny)) THEN | To allow the use of uni-directional case (beta=0) in 3D
phi_ITTC(i1,12) =173.08_rp*16.0_rp*E/(((TWOPL)**4.8 rp)*(omega_n2(11,12)**(5.0_rp)))* &
exp(-691.0_rp/(((0.78*TWOPI)**4.0 rp)*(omega_n2(11,12)**(4.0_rp))))*DD_WW(i1,12)
ELSE
phi_ITTC(i1,12) = 0.6 rp
ENDIF

& 3-1 HOS-ocean ' A& F i ik i #4738 @ A0 46 L3R 5 A2
Fig 3-1 Part of codes for wave surface initialization based on sea spectrum in HOS-ocean

3.1.2 ETEMER EZRERERIULIE DT

— BEE TR L TR RIBR T, (8] DAEAT R A AR 2R P i A AR AL

N T S UESE TR IR R (R AT FE M, ARSCHE HOS-ocean AR TH IS N B E —
[ S AR > AT PRI e 20 3% I 38 T B D0 Bt b AT 05 oo o D 17 3RE 405 1)
oA BT B RELAE AL 55 R A TP, ASSCIE I T 500 GO0 H e = 4EAS LU
Bl B SEXTEET JONSWAP i (i 545 Rt AT 70, E B S E T

JONSWAP %, 15 s Ho=2.8m, #5IEE ] 7,=10s

Li=Ly= 112y (G JIRFEEK 5 30 i I i A k1D
ALK T= 1007, = 1000s

W% K2 Ne= 256, N, = 64

ISR E M =5

M L8 X,=5.54

223 100 ANk U JE HARHK AL 2 5 DU a5 BT ie S5 ()8 T g s 4 [ 3-2

Fios o X et B s 3t AT 0 0 b e nT DALAS BB LR I s 2 i 4, H 5
JONSWAP FEI$ 3552 BF o B0 EL B 30 3-3 A A 3-3 Fa] LLA B JONSWAP
WA S HERONHEREE, X 5HEERTN AR R TEANE S HE S i
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LLFIFEAE @ = 0.62(rad /| 5) ILIERIEAE, JF H EZ101E

[ R=S VA8

WS JEE O A A AE VS U B AL

) — /\ftx/J\El’J/lzlljﬂ we(0.4,1.0)(rad / s) 1EETU\%EH1‘%M1EH’JW1E%$E S

o =

TR,

}msﬁﬂ¢ﬁ%xm$mywwﬁwmﬁﬁ%ﬁ
E—EHRZE, fhEE o] LT 10 41 DA B0l 45 52 0 22 0 1 i 4 1

A RE RS T BRI AR L MR A RE Pt R A 22, T Gatin> D65
Wortha, [FFESfEIEEANMT

BRI

ERTTE, DMEREE R R T H AR S, AR T Gatin BRI R, 430
HIRLAL S5 R S HAME A B R BOW) &, B LR BT 2808 KB IR AL 3 .
2 T T T
( I
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< Of »“H‘ ‘W w\“u\w AR ‘H‘m‘s‘\ch\w i Ju‘m I M‘”““J““Ju ‘\Me‘u“w“w il “‘ h
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Fig 3-2 Surface elevation record of wave field based on JONSWAP spectrum
8 T \
— Mk
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Fig 3-3 The simulating spectrum compared with the theoretical JONSWAP spectrum

[F)RER; T ITTC AZHOk t a] DL I o) 88 i) = 45 AN R 38 AT — B[] F)
S R IR 40 S B T e P2 BT 1 il B RdhAT 3 23 i, BT R B B SR8 2 4
0t

® ITTC XWSHL, A XE Hy=2.8m, EIEEH 7,=10s (T/=7.8s)

30



o532 1 = DAY

Le=Ly= 114, (G NEHEBK)

B 7= 1007, = 1000s

W& KI5 Ne= 256, N, = 64

ST M =5

M AL E X,=5.54
éﬁﬂ%%%#%ﬁ@%FT%ﬁ?Wmﬂﬁﬁ%%TﬂWﬁﬁﬁF%%m
Bl 3-4 Bz, d AT 500 5 v] DS BEHME S B E R b (B 3-50. MOk
bedr DU EL, BME SERRAE 2 18], TCR7EP N B LR /N5 TR — € 1
7. ITTC WS i %A B B W T R 7000, B DA 35 B i 4R R e
JONSWAP i IBHEH] 2, FEAE 0 e (0.4,1.6)(rad / s) Z 1A 734, TR — rUBDME

FEFEAE AL o X T RAME A e f 2R A, EEELEIE ITTC 1A 5 1€
SCGRBETUG R Ty BEAT (R, LSS TS AR HE AL AL B, S I e T 5% AR O
JAS Ty S50 S T AR R, AR ST AL R R AR LA
MR, FTROERR T BRI AR RS, A E S ML 6.6% 2% . Bk
T RAE A B AL, FATIEIOXS T H AR A S S B e 2 15 7T BULE
BAUGE R AR K . RS ITTC XS HE € ¥, Ar433E i Z W m, 56 X
BewmiH,, HRANH, =4m, , TARTERAPEDT, TR m TR 2

B 3-5 i) S 2 1A X T AR, AT T RASR RSP Xof 2 P 7 S8 s
2.68m, ZMET HARE 4.3%. HARMERZERIF0E R BE S0 5 SR b VA E 58
BrRbR e Friem, W2 A S m iR T 2 2.08 5 S, (Ha2 BAIRZHEUD,
I H TR GRTE TARE, A2 IR EaR 11, %HTU%?F S 1 i
BRI S e
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Fig 3.4 Surface elevation record of wave field based on ITTC 2-parameter spectrum.
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Fig 3.5 The simulating spectrum compared with the theoretical ITTC 2-parameter spectrum.

3.2 BEEIRIEL

T TR AN ROV IR TR ) 8 2L 0 73 CE A E ST 2 DA o B EAT SR SR A,
iy USRI TR AT B IR o X P e A 8 & AN B 0 AR AL, DAASE AR
5 RE BRI 2] 5 7 5[] A I8 BV WA, AR AR 2 1 25 o Jir BEASE W DAAS 30 SR AR Ik () 7 0%,
Wz 3a FH T B S 56 K s DA R BB AR AT o TR g SR AR IR 1 A B T DA S 7 2 T
DAFE, i a1 0775 0T DLE 5 25 M YA FH B /K ISR Bl m iR, - AT AT
AT (53t WA 5 Wi B TR R AH B

%2 Ducrozet!?”! (2007) #1 LA, 7F HOS-ocean £ 7Y Hh [ 5 w] DLIE I X 35 T
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O(x—L, y—L,zt-T)=>> A4, ()exp[ik,(x—x) - a,T,]

o -exp[ik,(y - y,) — @,,T, |exp|ik,,z]
RAE LIk 2%, AT SRR, KBS HuR P T
JONSWAP M Z#itk, A P Ho=1.2 m, iR 7,=5s
Le=2 Ly=212, O, NFFEBK)
REERZ T = 10T,
REME X=05L, Y=0.5L,
KSR 2> Ne= 512, N, =256
EEN s M=5
AR EMZI 1, =107, , JF HUCE RE fUONTHREH L, BRI AT AR
PR T A R S . fEE] 3-6 thRATAT LUK 7, =77 I, fE B O
X3 AT DAL S S W] 2 R IR SRR IR, TIAE 7, =107, I, AJ AL T B538 oOo B 0
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S, AR IR AR

5 =

t=7Tp B; t=10Tp B\
X X
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Fig 3-6 The formation of focused wave in the middle of domain
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X
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Fig3-7 The simulation of focused waves in different positions
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Fig3-8 The maximum wave height record in the long time simulation of large wave field
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Hroel-p.8], RaNBIRF LLAGTHIVEE], 10 ge[0,7], NBIRMITIEFSHL
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Fig.3-9 Wave direction distribution function value maps
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Fig3-10 The top views of wave fields with different directionality
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ITTC S, H L E Ho=6.5m, I 7,=12.8s (T:= 10.0s)
TmEZE: p=0.65,1.04,1.57
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S AR T 2.0 BRAE N Z B IR AR IR . Gt BN BRI AL B,
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Fig.3-11 Statistic of extreme waves in the wave fields with spreading parameter B equal to 1.57(Left)
The shape of an extreme freak wave(Right)
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Fig.3-12 Statistic of extreme waves in the wave fields with spreading parameter § equal to 1.04(Left)
The shape of an extreme freak wave(Right)
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Fig.3-13 Statistic of extreme waves in the wave fields with spreading parameter B equal to 0.65(Left)
The shape of an extreme freak wave(Right)
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LB, [ R I A TR SRR BT M 3 AR, P DU AR B B 1S
OUN H IR SRR A AT REVE R, B SR T 2 4

& 3-1 B 75 @) S RCTF BRI AE P Mok R A St
Table 3-1 The statistic of the number of extreme waves during wave fields simulation with different
directional parameter

Ji S 1.57 1.04 0.65
Moot R R N 187 233 120
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Fig.4-1 The schematic diagram of one way coupling model
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modFourier_r2c_FFTW modGrid2GridType Auxiliary/bspline-fortran

* FFT wrapper of HOS * Program parameters * B-spline module (1~6D)
* HOS mesh base class
* Auxiliary functions

modsuf2Vol
+ HOS Mesh Pointer :: ptrHOSMesh modVol2Vol

¢ Multiple surf2vol Class

modOceanSurf2Vol modNWTSurf2Vol |+ Interpolation Class -
+ HOS Ocean Mesh Class + HOS NWT Mesh Class * modV2VSplinelnterp —

* Construct HOS Ocean + Construct HOS NWT ° Constructi_on Data
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T Other Language
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Fig4-2 Program Structure of Grid2Grid
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vector HOS::U

(
const point& x,
const scalar& time

) const

{
/1 RIBZENEEHINER LITIBIEE, MorMBAIRHITIER, FHSHosSIT—

vector xx = OFtoHOS_ & x;

/1 BAHOSIERIAUFPZE (ocean/NWT)
int HOSindex(hosLabel);

/ 1oF it B L A FTIR BUR R AT ERIHO S T+ B AT i8]
double HOSsimulTime(time);
HOSsimulTime += hosplusTime_;

/1 #hafkeridacrid
Foam::Grid2Grid::__modgrid2grid_MOD_correctgrid2grid(&HOSindex, &HOSsimulTime)
/& XFRETREMIHO St PO G A 4R

double hosPositionX;

double hosPositionY;
double hosPositionZ;

hosPositionX = xx[0];
hosPositionY = xx[1];
hosPositionZ = xx[2];

/1 EMHosEHBEESE
double hosU, hosV, hosW;

/1 Bideridzerid#iTEER, FEhosEHANRHITERER
Foam::Grid2Grid::__modgrid2grid_MOD_gethosu(&HOSindex,
&hosPositionX,
&hosPositiony,
&hosPositionZ,
&HOSsimulTime,
&hosu,
&hosV,
&hosW) ;

// BAHSHANITEEER, BFEETFHosiTEL IR

vector U(vector::zero);

U.x() = hosu:
U.y() = hosv;
U.z() = hosW;

/] TEsERAREoriE

U = HOStoOF_ & U;

1/ EBEEEAEY

return U;

A 4-3 30 AR 9AL T
Fig 4-3 A part of program of the interface module
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N T SRR B I [RIASE 0L ) g 3 b A o 8 YR AE. CFD TF S b AT =, )
i HE VR Rl i AL B AR R ZRHEAT 1R, DRk X RS 5 PR A S TR SR A 2% 20 i) Atk ST
BTG TT 0. SRR 4-5 Fox, B %6/E HOS-ocean 154! 5, HOS-NWT
B AT AR LA IR I (P A B T 5, 45 BRI E B DL A SR BN
3| Grid2Grid A EAE A, R (8 B AR R b B, KR IR FE I AT A, X
I} 7E Wave2Foam H1i5 B T 75 22 B A XU AL BAE S, FFaEAT IAK R 535 T S5 ]
BRI EL, SRIEA O, X Grid2Grid fiERAEA TR, X HOS #RAIR
FR RS AT R A, TR BE A 5 BT B, X159 B IR VI 46
A CFD 53800 T LU e 568 458/ I 2218 5t DXOF I (R 98 R S i A 7k B2 3 B 5
A5 TSR LA HOS B8 546 B M BRI TR S A4 o

Tﬁg@jﬁgﬁp Grid2Grid Waves2Foar
START — Wik Kl G Bl PSR R R CFD il 5k e &M
(modGrid2Grid) %4 (BlockMesh)
WS B g || PR l
Ceta, U | | PEREE Lo pmammiis
(setWaveProperties)
S 4t ) 2 4t o 3
F iR
BRI A5 > (setWaveFields)
3576 %: 5 (Vol2Vol) l
T BT
HAZ X CFDMR
ﬁmmﬁ%%g——_amﬁwmﬁﬁgfﬁﬁﬁﬁﬁ > (WaveFoam) — > END
u (o]

B 4-5 AP RSB RAZMRE
Fig.4-5 The framework of potential-viscous flow coupling model calculation process
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43 BEENIETE
4.3.1 FEIXBEMNERAMBRBEREPHHELER

ACXF HOS-ocean Az HOS-NWT KA S HEAT 4k = HERUN B S AR Bz

B, R THR SR B CFD tH R, R it DXk B 1] S5 v 545 R ke

AT BCECE R BOT G, B AL T B el . RS RCR CFD TSk N

APATEE AR 70 50 A%, Ve BBl A R 23 30 SRS . HOS SKARH T TR

SRR 1 Pox, o AR EC JONSWAP %, T, 2 ig A1, Ho AH
SO,y RRIER TR T, HE — Oy 3.3,

% 4-1 HOS K% 25 Uik AR B AR %
Table 4-1. The selection of wave parameters in HOS-ocean solver

HOS-Ocean HOS-NWT

R e 5%
BRRT 25 2D 3D 2D 3D
. T[s] - - 1.79 1.79

N I'l[ v

A H[m] - - 0.068 0.1
To[s] 1.0 1.0 1.0 1.0
ANF Hi[m] 0.04 0.045 0.05 0.05
v[-] 33 3.3 3.3 3.3

Kl 4-6 2Kl 4-8 JE7R T ISMIANEIBGIRERMN, 0 =48 =400 5 A
FUUFE HOS-NWT [ EE 5, DA S =48 5 7] J 22 [a) AU IR 7E HOS-ocean %
RN SE AL, #E-G AL CFD RSN 1) TH R 5 Fmt s A S N\ B AH LA AR
E =B AT = 4EARN S ALK 4-7 CRD, #86 XIEA TR 45 1A
BN = A R ZAIIN 2, TR ARAE BN RIR 22 o W AME — AN B R
W& BRI /N IR BE, P 4-8 (R t=16-17s BT, SF T IXFhIEett th s sm 1
BB, ATRES AR RN ZE , Ha Tt ER A NHE. B 49 HER
THE=EAFNE LT, HOS-ocean B THHIR DL #E & B8 CFD 1IN 13
AT LB, AT AR B A XA BT AR AT DO AR B B B X P
TA AT AR 4 b B H
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Fig.4-7 Comparison of wave height in HOS-NWT and the CFD domain of coupling model for 3D
regular(Top) and irregular(Bottom) wave simulation
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Fig.4-8 Comparison of wave height in HOS-ocean and the CFD domain of coupling model for

Unidimensional and dimensional irregular wave simulation
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Fig.4-9 The comparison of wave evolution in the HOS-ocean (left) and OpenFOAM (right) domain

432 FEIMBRETHERBESERENHESER

X T AN R RS T RS AR SR AR 1) — B, ARG T anER 4-2 i =
RS R . i (coarse) 1&E H (normal). A& 4ll(fine), I8 I Xk — 4EASH I 7E 4
X AT B B, R B —15H HOS-ocean 7E 4 A K H 15 A6 45 RAE
NN (B 4-8 1D THREEE RN 4-10 fros, AT URBUE M 5 B RSB LT
TEP R ZU A DL T S B RS A 22, 110 HoAd YRR A& 15 Ol E B85 R & 15
1REF, I Hoad i) s R S ARG A% I T SR ah R B AR — 2, AT DA 2 vH R 22K

%42 RRRAERETEKEES @RI HHF L

Table 2. Different discretization used in wave length and height direction

PIRS REE | BIRAL AR IT ) B AN B W Rl 40 HE [r) 53U v A Rl 2 B
coarse 30 15
normal 50 30
fine 83 60
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Fig.10 The simulation comparison of CFD coupling model in different discretization
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RAGAESTTRE VA S HOT AT A . NG AR G A S A T R T, @
i XT HOS #3688 A Grid2Grid BT, 7T DAKE 3R T im o il 07 v oK A (1) I IR I ik
TR E BRI IR, FFARYE 75 200 AH G XK (5 BT R AR B, 164t
A UAE RIS 5 A MBS, 11555 T Fortran J /& 1) HOS BAYAIZE T C++JF
RITRE PRI AR 2% B RENS SC I fr & 1A%, R SRR N4 T T 22l BEJS,
AR HRPEBI R A 8 75 2 3 E R B DG AT N4, i i H e T
A A A T 55 45 SR e % LA e S e N BRI R AR s (R R A b o iR S
LA AR Z o AN RIS T B3N 1) 58— DA RO ol X 5T 5 i A\ ) B 2R T 5
NEEDIRE, LIS B PR, AXIINT =MEAHAHE, Bf
AN E] R 5t X AT B B 1 TRk oE, DA BEAFBIR BB N . fEAE IS
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XTI SR AU LB Ky L4k P Al S B YR BE AT CFD T SRR r (1 FL A
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B0, ARSI Ry 2z K TR I P 35K P B AR i R AR L HH T SRR I %) 22
A B AT LAE ], B DL T B DL R B IR /Kt b, R SRASRADL B i B TR X T
S5rrIrER .

ASCH ] HOS-ocean SRHEAT 2 (M ASHL g 0 SRSV, F a2l e k4
PEE AL I PBORE BN BIFE & XA, @ fasthi S, 7€ CFD A [F
BEHEAT AR LR MR 1 AL 15 2 L G B A2 . HOS-ocean A% 7R T S35k AN A0 U 98 2 0k
BN
JONSWAP i, iEIEHeFIE ¥ 3.3, A s He=0.1m, 150EE I 7,=2s
BR TS E p=1.30, FHIPEE 0.035
Li=L,=212, (J,=6.3m), %N 17500m>
K& K143 Ne= 512, N, =512
EFS R M =3
Mg i B GRIREETI A X=Y=11.5},
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Fig.5-1 The evolution of waves in the HOS-ocean (left) and CFD (right) domain at t=6.7s
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Fig.5-2 The evolution of waves in the HOS-ocean (left) and CFD (right) domain at t=8.5s
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Fig.5-3 The evolution of waves in the HOS-ocean (left) and CFD (right) domain at t=10.0s
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Fig. 5-4 The evolution of waves in the HOS-ocean (left) and CFD (right) domain at t=11.4s
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Fig.5-5 The wave height recording of focus point
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Fig5-6 The zoom version of extreme wave in large wave domain at t= 26.4
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Fig5-9 The comparison of the surface of extreme wave in HOS-ocean domain(Left) and CFD
domain(Right) at t= 26.4
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Fig.5-12 The comparison of surface elevation of wave field with slope equal to 0.14 in different

models
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Fig5-13 The velocity cloud chart of wave field at y=630m
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