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NUMERICAL SIMULATION OF FREAK WAVES AND
SHORT CREST WAVES

ABSTRACT

In the 21st century, people have been gradually turning their attention to the ocean. While
people have gained great amounts of wealth from the ocean, their lives and property are
threatened by frequent occurrence of accidents at sea. As a special kind of short crest waves, the
freak waves will cause great damage to ships and marine structures once they happen.

In recent years, researchers begin to recognize the significance of research on freak waves.
However, since freak waves may occur in any territorial waters and on any conditions, as well as
decaying particularly fast, it’s hard to observe and record them in actual seas. Currently, scholars
in this field generate freak waves mainly in the way of numerical simulation and physical
simulation. Based on the CFD solver naoe-FOAM-SJTU, the graduation thesis will firstly develop
the two-dimensional viscous numerical wave tank and investigate the properties of
two-dimensional focusing waves. Furthermore, the thesis will present how parameters of the
two-dimensional focusing waves affect the generation of two-dimensional freak waves when they
change. Because three-dimensional focusing wave is one special kind of the three-dimensional
short crest waves, before the investigation of properties of the three-dimensional focusing wave,
the three-dimensional short crest waves should be generated. Finally, the thesis will find out what
impacts the parameters of three-dimensional focusing waves play on the generation of the
three-dimensional freak waves.

The thesis succeeds in developing the two-dimensional focusing wave, three-dimensional
focusing wave and three-dimensional short crest wave. The investigation shows that in the process
of wave focusing, there is nonlinear interaction between component waves. Based on the focusing
wave model, the thesis finally generates freak waves successfully.

Keywords: freak wave, short crest wave, numerical simulation, focusing wave, nonlinear
interaction
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B-F A fasE 4% .

o BESE (2007) M2V 53 b 1 Wy TR 35k HH 3P SR e 2 — B R B R AR ) SRR AR, E
T G AN [R5 O W T R A2 JUZR B LR, AT TAS 500 s 3 2 1 IR0 W TS 1D 7 A
R HAER 7.

1A VG 48 (2008) 30xt Ax 22 HifF 7 3 $ BT 38 A RMLIEEAT T VA 40 A 4 RO VE AN RS o A
T 7= A IR 32 B A 0 R R 2K

(1) AR RIER

a.  VRFERHW SR AR LA I A AT AR 5 S R K T E P DR R TR A, T AR I TS0
BI: MR/K RN 7 R AR ) AL FR I, 0 R 2138 () Y B2 25 i 2 O U e T, b 3%
HE R R AR, BT 5 — XA s, BT RERNEN, BRI
Reo S, 5 T X — R TR X BT
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b. 55 XU F 2 W TR U A B — A BT A A 2% A s N ATTE 3% P SEZ 0 e T2 5080
BoR, s RVER T RIE B R AE LR TREF T ER TR Z . sEbr b, 458 K I,
FLATE 0 7 R VR AR PR TR, R e 2K B N RE RS AW IR AL B IR P, FEUETE
DU s IR I 6 52 B KM 77 A B FE U o T T 530 XVAE P (19 9 S35 R 4 R T 8 S 45 e
S 2 e W TS U8 e R R 0%

(2) WTERITEAL: P50 2 (a4 G A AR ELAE FH X B T 98 A2 e PR 52

a.  ARIEBIRMEEER, £ KRMEM T, WRBRBE A, I EkEE
FK o Rl RE— B A R W B — 07 AR RE S, WAV RS T, KEEEmEEZ 5, K
A B 1 T A AR AR, TR A B I R 4ERS, fER—mzIff 8, KiaiE b
W, FHFRERH BN, FEAERERTLE, MIA R .

b.  TEGRMGIGIE, XTI 2 5 i A BEN LB IR T S, BRI RE RS E MM AR A
FH R P EA RS 2 (R 568 o MRS — RS R = S Kk Re, AR RS P AL
TRA B2 X0 P 85 T 08 o

c. TR NRBN P2 AR AR, T K I M PR VR U e ip o SR e — S T AR A
P 2 R A Sk AL AR AR, Lok R R0 I 0 2 B 1 K, T A I () e i )
SN, X R BRE R P ITE MR AR E R R, A AR A A E FFRIE, B
“Benjamin-Feir eI R ” l “F—RKAREIR .

1.2.5 W T3 Y

FH TR TS 9% P S D050 A B 5 T L Sz o 0 e 2 388 6 — R RO 70 1T o T R A, A
1 E AR 22 $00T 78 35 B 90 IR PRS0 3 0 5 S 56 = AL ) SRS B o SR AR 43 A P ER AL
FEAERIAPI R 720, Zabir 20 MR E, B TR 3 1 P B PR BB AL S Tl
apsid=

(1) YpFEd)

TexasA&M KZE[1) Kim 5 N FE SEI6 5 1 47Kt K it b e Th A2 R 7 — 4ERR R B 7R, At
IFTR 5 R AL vk . FLRAAOD IR ikl , wobamid sah At —Aa B
AL R RIR, BB G IR R KR 1 AR AL 3, TE S KA B R B IRAE S, @ A B A
TR IR A ity A B MU RUR AR B IR AE 5 T4 3G AR I 15 B 18 I A5 5 1 TR
FE3E BN S AL B, 2277 AL BE R 1 B i A2 e e BRI o (ER i I 7 20 R 5
56 = (PR TR K 7E R 1 0 28 158 B S DAL, T K 22 B i3 T R ST 6 5 PR 8 YR /Kt R 7R
T U LB IE PR, PR X P SR i 1R et v AT, A A &

Chaplinf1>R F bb 555 B 77 378 B 1R K it b AR 1 T B BRI TR o Ath 7 Sl ik s e — A%
B, B HAE0 N n i, SRIEHRYESE 0 0 B0 n+1 ANELRIR, 8 HAH S b0, X el ik (1)
RE RS E PR KA I 3 — AL B, A — S K .

Schlurmann 25 A (2000)IS1AE 7 i 7K b F i o S §if A 5 305 i 2% 424 P VR ARG A2 48 0 1% 2%
PR IR IS, AR R T BRI A, IX BRSPS E T I T R AT K

Clauss 25 A\ ST S 75 2] () B T2 i 9 FEL A 3%, 200 - 2856 08 2R3k A7 300 ) AR 8 A R i %
UGS S, AR T WO o LA R . R SR I BEAR 20 B Sl i s T2 08, FF 0t
SEDU B[] 5 A0 R A — NI (AP AT AR AL, 25 R 1 2H G T 41

RIEH TORZ M 2S5 N (2003) 70 il A R 1 4 AN = 2 5 A0, TEAIT 70 SR AR I 1A 26
J7 AFNFEARFE R IEAE b, P2 T B PRI TR AR A v

35 1 [H (2007)MEGHER T T S0 = M E AR A s T DU AR T SR, JRER T — A
LU RS FE 98 P00 7 9

A ARV SEBR B AR I 1 A G R U R AR T LR IR, 7E S 56 = R TR K
W E RN, I R TR AR PRTR Kt AR R AT R . BRI R I, R B E A T RE
AP R IR L AR A W T IR o (E R R T ()7 A TLERARAR,  H LA, 8 RO [R] A2 BE ALY, A
ZSEESF AR . DR, X R T A BRI 7 BRI, A DA SE = HE) R

b, RABONE I T AR T, BBk ) RE R 2R . RS0 & R Kt F
FH 7K 5 i PR3 % MLAE R IR AT 5 KB N AR RRE B B 41, i 210 SR A2 1/ 34 A 1 WU AH
REAETE, B2 BT 20 Rt 70 58 AR I A2 A i) 3R AR I8 1 RE kg KRG o, T DAAR K P 2 v W T2 38
A IR LR o (A A 2 — b A7 R 0L My TS U8 RO ABE 20 2L, X A TR R R R T2 i B AN e
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C. B =R BRI ik () R H Kriebel$2 H 10 W FE S AU 7 2%, ARt e — W A&
WAL RE R T DL LRI AW, B “BRASHEA17 A “EEARB A7, TEM IR,
CEEARPEIN” LRFFIUN B IS, T BRSPS TR e WS ML E S« AR
B0, FRAEREILE, MR BE . BRI R 77 2R UGS f 42 il W 388 1)t L7 B AN
W2, (ERET BRSPS M CFEARBS)” PR BURZERAN R, BRI R IE A 0 2,
IR ax Fl oy AR AFTE AR RS EG, BT e,

d. FEREFEH AR S0 DL Kriebel (B BB 7 o AL, S H T RN “ =3
G| DAL (R T 35 A B 7 3 Ik X U AR AL R« =R AR AR kT
b, 2R, “ =P AIEAL Y BEAT DASE BB s A B R ZI A s, i ELR T
LRI, PR AFIE B R, DRI I P i T2 A A 2R A R B8 v 1 W T2 5 A A 3B A0 A
B, SRR AT I ) — S B KA

(2) FEB

Trulsen 1 Dysthe(1996)18HA N NLS J7 #2 /% 457 56 PR Al T 4%, f8f NLS J72 5
FLSERREIRIG Z A5 K. I TR NLS 7R AT THBIE, 85 T A i iR i, M fa
NLS 75 F2 5 i S TR 1S

Osborne A.R.(2000)0*13= ZL W ERIEH /3 NTF, 00T 1 BUE IR 9 (1 AH SCHLEE . fihSr
AT NLS 7R, 8T T 8k AR A BAE R, AR 2R ol B v 2 SORM 30 S AR T 2 A i
T A . AR a0 T #4518 : Benjamin-Feir ASFa5E M S5 SO 27 4

IR A AT LR M w03 23 9 K 22 0 A 4 PP 1 3 K DX 3, TR L APF 0 3 e U o 2 i
F A= B B RTATAR B 2y BB L. HlIt Pelinovsky.E %(2000)201%: T KDV 258k T
B TS 30 7 A 7K PR OB, R ) A B T R R B FRL 00, 30 Ko G T o A e R 1 () T 7 3 S
EN

SERREIF RIS R = 4R, AR BT = 4R, DR, EERUAT A A N AT S PR I
e, CEECMAFIN, DAZ0A B =4k BT o Brandini A1 Grilli(2001) 21U 58 4= AR £ M 3405
iR, BT ORI, A AT R R FOAS[RIYR ) ) SR AT R I A R R AR, A R
T

T [E 4(2002) P2 R A 7 HR 4 HT 1 J5 3OR A AT I R 5 A BB R P, ftd e K )
LIS HTAS B T A0 N i« EL AT A [RIAE A A 2E R R R )Xo R T 9t B 2 1 5 ) 5
7, IR T AR A E bR

#7675 55 N (2003) 1R H 5 11 A 58 AN [F) W TR 8 BB R0, 7 v, Al S ReiR A%, 4R3I T
— P B A T 8 137 75 3o FEPRIR IO 78 TAE T, S K& R AR 1 4, ik
PR 9% A EL I stokes O T+ Feilt o [RIARAT A AR RE 75 R FH TLB stokes J5 A% JULMA FEZ 0%
T 3k K ) SE 6 RN 3L A AT TE M W B0 T ALY stokes i, 15 BN S WHE B VI A
TR T IR PR AR A B T IR L

TKISFKEE (2007) PATE BB A R B ), R IINLS T FE FE AN RE A R L8, N T
R A5 2 TR W E I, A AT DR NLS 7 REHEAT T 3& 4 B IE , SR Ja i ik 512 56 36 11F e 2k Fr 25
A TEENLS 7 FEAS IE A DU BT, AEA0LAS 21 e 72 8 ) 8O RAR

FEX 7T 4 25 (2008) 25V 3 iak il N7 4 TR Ul A TR ASEAUL R 2 9 IR 0 AT T S ZER TR U IR A 2R
PR o e 4 SR AR AR TR 1) SR TN T A iR . A T IR IE S AR AR TR () IE R M, X G B A K
MR E Baldock(1996) 43 s a6 4 kAT T X, RIG RELEWIA, MIWRIET
HBEE R T 5EE . ZELATIR T, 38X Loguet-Higgins LR ES ks B3E4T THEIE, it
ATHEH T DUFF AT AT B SRR AR Y . B0 HE “A PR it R AR A Y + AT LI A 20 7, < MR R e SR A 7Y
R AR 7, “REA A 43 A 0 R R ) SR A AR, O R A A7 A 2 s A B0 ) SR AR 7

X 5m &k 7)1 (2010) P H T 4 PSSR TR 38 (W B AR Y - AR TR AL 7, AH A
SR AT 7, < il ALY o A s AR DA R et P A 7 1R il S 7Y

AR A T 1180 S 5 R 0 4 0 %o W T 8 T 9 17 5 0L DB FOU A3 380 1 R 2 9 5040 (K
3%, AR MR 3 () B 37 W 75 T2 A 0 1 B A I L ER 0% 55 TR SRR R R B8, 45 21 (1 1y
TEBEBIE A AER, Rk A7 Zl i S0 =0 R . SUEE B S W EL G A L,
FIr T A L AN L HAR R R 0 LR e, R0k H AU i i oA s i == i R ) £ T B
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SRS, B2 HATNIE, TR T8 A 1K P BB AL J7 2 R T2 5 1Y) 77 92 3
FE M TTIEAE G A TTIE M K o HR TR 2 J7 VB H0AS 21 (1) W T2 3pk B8 I il 2 s 1
1, D] B A S 56 = ASAUL IR A 98 5 22 SR AR 2R T vk o AR 2R M D VR R B RS At 2
ARSI AR ENME”, XK “Benjamin-Feir A eUE 7 M “ila AfE . W WK T REA
“Zakharov 527, “AELRMEEEE L, “KDVAIE”, “KPHIE” Ml “5g 4Rkt i fE”
o WHINEA “mbrig k" M SRR I . ARG T BARTE R BUE
PSR 7 TH) Ll 26V 7 V20T, (B R ARt vt L Bk, JEZR A 5 ik T 5 EE I 26 AR L £
MW Z, BbEr it EEIER R, M H I E AR k.

FET “Longuet-Higginsti 28 7 12 1 B in 5 vk SR ATHDL My TE U8 R s R A AR it T v B
AR, R TEMEINETE RN, HEIERE, BRI A R 2 780 ik S 2t 77 %
BE ARG T, 3 2 S0 = A i 1) — Fh i F 7

EE AL AR AT LRI AR, $R B R, (H0R B e me I E B A I n] SE 1, 1X
i T B S LG SR AT LR EDIE o PRI AE MRV A A1 L, BB BN EE B SS AN ]
B

1.3 naoe—-FOAM-SJTU SKZ2E /43

naoe-FOAM-SJTU #&—3K CFD (Computational Fluid Dynamics) >Rf#%s, ‘&2 L
K22 T B R A T T B 725 /N LU IRAR 7L OpenFOAM LRI KA. 1%
K AR 23458 1] OpenFOAM $ At [ BHfE 459 A1 CFD $3E %2, 11 FVM, RANS, VOF #1 PISO 4
% naoe-FOAM-SITU DABAHI RANS iR NG 75 FE, KA o] DLALBRAT & 2 1) 4544 )
A RARRE FVM B EEHIT7RE, JR46 T I R4a H5oR 1) VOF Jiikaife B M. 1
RS IE T LA H] k- @+ SST k- & &5 i it skt i i 77 72 « SRR R PISO
TPESRHEFERE R G R E . BT LA BT, A#ERSTUFH) CFD NI K T AFiE
TR AR BB PR, FFIF R T 6 B H IS S s B AT M M 15k . 72 F
TF R B IBIR KB (R85 R G 3t 1 22 s B O 205 an 477 HE AR SRR A is 3 i i Al s B
AN 54 N &, P LASI I A 2 A I 381 v B AN KU 8 gk I I R 90 DL % Wi T2 38 (1) S 9 =5
EE AL

AP Wi TR AR e 0 AN AT (RS UL T 2 kT 7 2452 1) CFD /INH T R R B R TR 7K

1.3.1 OpenFOAM Tfij 41

OpenFOAM (Open source of Field Operation And Manipulation) #&— T ) CFD it
B, R —NE linux #:4F R 48 NIZAT R CFD 28, A R 584 H CHHBE S %5 . 1993
L A E PTG AR 5E R T OpenFOAM HIHT S FOAM [IFF A . ) 2004 4, H#7[E
T 22 BE 181 Henry Weller /571144 9 OpenCFD A &% FOAM LLFJREACHE I ok A, IF
¥ 45 OpenFOAM, OpenFOAM Mt #E4: .

OpenFOAM KA BRARFA S Btk 1977 3K, T 2 AR ks, wRess A28 2% 1) J LT %
IR, H B W1 BlockMesh, snappyHexMesh w] PA; &5 %1 40 75 THIAK 15 5 RS 308 47 J53 350 X+
s, kiR, MAEAEC L ORFEAE, A& BiE S . /£ OpenFOAM T 2 /Mt SHim A
IZENHKR RS, 10 icoFOAM, PisoFOAM, pimpleDyFOAM, interFOAM, interDyFOAM %5,
AR F R fif 25 24 naoe-FOAM-SITU .

1.3.1 =il 2

naoe-FOAM-SITU SKAZLF K TR A AT [ RANS J7 F2:

VelU=0 (1.1

%w.(p(u U =-Vp, —geXVp+V e (s VU)+ (VU)o Vi + 41, (12)
Arh: URREEY); U ZORMRE T R HEEL:; py = P— pg @ X Fomsh ki3, dEsl
BEFRKENHER . pRARTRMAKWBRAANIREZE; 9 RKaEITNEE;
Uy = p(O+0,) BRGNSk REL Hdh oRoRiEEMERE, o, Bk 2%G 5
FoEH K — o WA R, f SRR A R B A0 f R T B X YR
P17 FE R PISO Sy 18 B2 Ik AT B A 3R A« SR A Rhie H1 Chow #& H 1 [7) o7 I A 54K
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1 I*P SHANGHAI JIAO TONG UNIVERSITY ST S5 14K RO (B 7K AL
EW?Q}E FAI S X ARE AT 148 T R DR A R A I A5 JE T VR R ) A
1.3.2 VOF J7¥%

na0e-FOAM-SITU ST 1 LT FER M VOF J73. S RRAbI LT 4b 2 A ety 4
B, DU MR R B T
VOF 4132 7 #25% 3UA:

%—fw.[(u U )a]+Ve[U,(1-a)a]=0 (13)

Her, a RERDEL RS ITR AR & AR, BT 0 A 1 2]

a=0 75

a=1 K (1.4)
O<a<1 Htm
[FIy, 25 p MBIk S5 w T DL o KE7R:
p=ap +(1-a)p, (1.5)
w=oyy +1-a)u, (1.6)

LY NI 7 By R R
JitE (L2 W RIS £, wE SO
f =oxVa (1.7

Hof, o RRMMNIKE, STHFT R o =0.07kg/s®, x ZRMEKHE, TR
g

K:—Von:—m (1.8
Vi
Horpr, VRBITHIER: Thr f RoRBoC R TR, Rt — AW R IT R 5
H2 M S; RFIJTRMmAER AR, HBUES TR N FHHEE AL A &,
R4

\%
Ve (L9
(Va), +9]
Hor, & RFaER T
8
0= & (1.10)
>
i=1 1/3
SR

Hrr, N ORI E T S AR .

AR (1.3) PALRI PR AL S VOF RIS, 58 =502 M i) A L E46 5. i
T (- a)a BAFAE, SO ERITE A At e U, %8 S iy . ook
FRT 3 FEE 37 T AR 3o A DX i R T P A R

U, =n, min{C, |¢|
54
He, ¢ RHIURIMARRE, HAafERET PISO Bk Mg EERE; C, &EKYE
RE, RORWARRIRT RSN, 25 C, =0, WX H HEA =BT MR % C, =1, W=Ak
THIESE . HAEBOR SR 5 546, 7F nace-FOAM-SJTU F2/7H HX 1.
1.3.3 EHTE
RANS 772 (30 1.1 fiizt 1.2) 1 VOF #rig 7 (3R 1.3) #R A FRARFE R BT

4

max(‘ ‘)} (1.11)
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B TR EOR — RA/NETE, T ETIAE BAE AR RS F o0 G, AR B e O A
T A1 B AT A5 3 BT T FOME . Ao MR Gauss T8, 108 ST T AR A D0 sl v DS 3] B A4 )
PR o WA FRIITUR AN [F (0 dE ik, JifE (1.2) Wi Ok —Fr TVD AR 2k
PR, YEOICR B B A 243, VOF 5K Van Leer BT E, IR [ )
JE I T

1.4 RigXHEETE

WAER, W %52 4% ERHL TS el . B WF R 2 DL IR I 25 AR 1 5 2042
WA TS R AT 90 B TS I8 PO I R W T2 38 5 W 5 M M AR o ER T S Bm A 000  R 7E
BEr= A RS PROR EE LR, TSIt S BE B R EEE IR, DR e B 38 () RO TR

[RIE, iR TS 9 PR AP 5 3 S i B T R S B, BB RO 38t TR SR R I v 7 A Wy
T . A0 5T OpenFOAM K naoe-FOAM-SJITU 3K fift % & 37 B e e Rk it A TR
RAEM 7 E T I o

AL B R R 2R B 0 L AR M A ELAE FH A i o SR AR I SR B, R A
LR IR K, 25 FEAH [F) 7 17 AN [R) AT 26 2 R 8 1 23 s Ak 0 4L R N s 2H AT 5 96 B A
R TR £, BUE MR AR R IIE A S g R AR AR, DR e AR
P o BRI TU AL I AT R 55 BE AR, AL R £ DL R AR O SR AR R R I A K AR il
YR U B, FF A R RO

B AR T S AERUE A IR BT RN D o DR R = 4 SR R U A A A
T () — FlEE R A A, RAT 1E A B 06 AN T 388 it b, A BEARAIE 5 2 AR
FITF o

5 = F M — AEBUEPBIR KL, B REAN TR T R AS [T AL R i B, BF FTIR 1) £ i
o X = AERER IR, DR = E R AR AR . 5 I FUIR R G o Yo ARl = 4
TV RIS, FEAE B = dEmT Y
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i ET ZHERERA — 4R R R

2.1 ZTHEREFIEREN

FRAE IR BT, B — B IKIREAE T, PRI, 35 TR A% 8 30 58 e
T FR—WFNMNE, PIRES FTREETEE 2, BT KSR TE, BEENE
FIHERE TR I R R, KIS ERE— A BN ZE EREY:, WM M e L EER T
AR SR AR o AN R RE A, BN F 7 AN (R (1) A R < 1) 2 7= A A e 1t A HLAE
H, JRAEETE R0 SE B 0 bz 2 M B ) BV (B AR = A0 Bk R A A0 B TR AR 28 o AH R IR I
LR A0 ELAE FH AN AR BRLTE S o 5 AR B R U B 2 M 8 I o 1140 e R U 0 K, AR A SE f
(SR AR I 1 t, AN SE PR AR B X, LEBIRAE T S o ARG (1555 52 2R E 3R A B R
A, BFGERE AT FIOSE R

2.1.1 &S hnlE e

MR YR LR MRS HOS, = 4R (IR B T (X, Y, 1)

N¢ N,
n(x y,t)=> > a;cos(kxcosd, +kysin 6, — 2 t) (2.1

i=1 j=1
Horb: ay ToRARIE IR, KRR, 0, TR R, | R,
Heo® = (24,)? =k gtanhkh, h Rk,
TBUEBIRAE (X, Y, ) AbATt, ISR A, A8 QBRI T 77(X, Y, t) ATIEIE A

N N,

n(x, y,t)=>> a; cos[k (x—x,) cosé, +k (y - y,)sin 6, - 2af, (t—t.)] (2.2)

i=1 j=1

cos™(6,/2)

Hrr. q; :Sa(fi)G(gj)’ G(QJ): Ng
> cos™(6,12)
i1

TN AR R KB, S, (f)) i@ g, AR, KA =M R R i
(1) ZFPME» A (CWA I D:
7] — 77 el RO ZE RCIB  R A 4, AR — W B S, () WRRN:
Sa(fi)zA (2.3)
Nf
(2) ZEPbE A (CWS HE):
BB BEAR S, R RS, () WTRRA:

A
S,(f)=—

1
k> =
i=1 ki
(3) Joint North Sea Wave Project (JONSWAP i ):

17 B ITTC 2 BURBUE R b« At IR A v 7 W &=15 2 1 JONSWAP (Joint North
Sea Wave Project) #E/EAE R XIPE, EAMNEEMASE, HiEAXN:

2 expl 1015 2/ 1)1
. LIE =exp[- 1948 7133 ' 20 (2.5)
T, 27/ 1) [T, 2=/ )]
o hy R SGHE: T, ke .

N0 O - s FoRFEIVE REL O,

(2.4

S, (f,)=319.34

010 7T 3k 42 00



VY FXAAY

\ o %7 suanchA JIAO TONG UNIVERSITY ST S5 14K RO (B 7K AL
_ 007 ifo<o,
O =0 ifoso, (26)
K, o, WHGHEE, o, =27/T,.
T AEIAEA R KGN, BR0R A Z AR &R
T, =1.073T, 27
T, =0.834T, (28)
T, =1.287T, (2.9)
FEHEREPRIFIE T
cos* (6. 12)
6,=0,N, =1,6(0,) = —— =1
D cos®(6,12)
1
NIE
N
S.(f)=a,, 7 (x,)=> a cos[k (x—x,)— 27 (t-t,)] (2.10

i=1
B 2-1 45 7 =MARI A, Horb £ R R 4R A $ie 70,
AR — RS 2R S B0 70, MEIF AT DLE Y, SRR A ATE (CWA) 4L R I R 2
S GE AT ARG (CWS) I SR E 2 A, o TR e B /N, SR A f 38k it v T
AT S . % T JONSWAP i, HAE & 5 B4 b T iR B

0.035 T T T T
m CWA o
CWS
L * * _
0.03 * * JONSWAP
0.025 | -
0.02 | -
z
r:ﬁ:"
0.015 |
0.01 | -
0.005 ]
0 | | | | |
0.7 0.8 0.9 1 1.1 1.2 1.3
if,
B 2-1 =Fhykik R

B 2-2 45 T =R R FIATE B SEhr i A B X, A R I 2 e, 6 b i e A d ks
Pl A=0.06m, i £ =0.83HZ, WA TEE Af =0.46HZ. EEAIZEEN %I T, =165,
] 2-2 A LLE H = s R 1 S bR SR AR S KRR 77, IE AR, HIH KT 0.06m, SEPrE4E
I Z 5580 158, AR B H 4 Rt 2 18] A AR £ A ELAE o et CWA AT CWS 1% 1) S B 58 4= I
ZIUTLLAASE, JONSWAP i (1) 52 bR 58 F2 0 ZI i i J5 . JONSWAP i, Toit & i KK gL
R AR /N [ U BE SR i CWA BT CWIS 3% T (st I e, L 5 R Jat W A AT 7 A1 ()
AR CWS B2 CWA B NI A, Ui JONSWAP i [ it 0 M tb i 2], REES
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MF S T A L — FRAE
0.08 T | s
E cws ——
0.06 - |j-5 JONSWAP 7]
i
0.04 ||| _
0.02 |- . e H lﬁt i
: L A
= o f: 4 EE AT %/ \ X
o e arGNE YA REEIALF PR s
gL J
.02 | |I'§ [ ||'-E i _
II':_ ||E' [ ||
HENRY: i
-0.04 ,I&.:.. I;-!'-"
-0.06 ! ! L
5 10 15 20 25

t
& 2-2 SESERER, SEhREREN B RAERIRKIN Fiih s
2.1.2 JEZE M AH BAEH JE 2R
Y RS AE S bR SRR, % ) 22 % AR AR 2R A HAE H - Longuet-Higgins&Stewart(1960)281
T XA PR ER 3 -1 AR 2R VR AR ELAE FH AT T KRR At 7. R Stokes(1847) & Hi I —F
Stokes fiftid, A AIT5 R P AT IE U B A AH ELVE F R4t R B 1T (X, t) o B X IE 7 )
BORAERE 1), z 1E 7 1A BT ) b W R AT E e AR LR AR TR R &5 7Kk 7 7%

n(x,0) =3 coslk, (x—x,) - 27f, (t~t,)] @11)
n=m+n,+ el —y,)—Dcos(y, +v,)] (2.12)
Hv¥ 24 C, D M Loguet-Higgins&Stewart(1960)FT 7 3, FFFITEME A o @, RN R
HIPENE, K, RN, X, t RN S B R AR B AR EER 2, w, Rk
W IWIAAL o
TEARWSCIEERB AR R, ARSIV v, 8%,
a
n=m+m+2;m—Dl (2.13)
2 B A0 N I, 777%??‘7
n= Zn(l)+z Zn(m n) (2.14)
n=1 m=n+1
n(m,n) = o (C-D) (2.15)
29

2 Baldock! PV HrE6E, &I Longuet-Higgins& Stewart(1960) () FH 14 140,45 31 it 55 A2 Ik
I — AL, (A5 55005 2] ) RAERTE —E 20, KA R TP 5%E.

2.1.3 F5UE 7K I X A UAg S Bk

P 2-3 T/ AL R A AR R IR K AR R, KK A 18.5m, = B oM0.8m, Ak i
7J</71<730 4m, ZE50.4m, TAEXAKEEL4.5m. KB M A i s AKith A A s i
Fts K EJTORRAE A, WERRSHEE S KRN AT R EE I 2% 1 . £ R/K
AR RN, ALK S O T4 B H TH -5 70 (3 i 1 S A8 s o SIRTEZC A A B, HFX
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ZEME KR H T IR S EOR A, BIARER T8 B AR L Ao £, DL E R 4
TR e AR S A At 24 T IRl R A ) S M R s A B 8 A PR B2 . R SCAE IR IR IR = AN
IR SEAS AT — o T A R M 140 52 Wi ARG 35— o SR AR DR AR 1) — i ey TR 9 A i PRI B2 T T
X T BT R FH 98 TR AR /K B AN Tk

SHANGHAI JIAO TONG UNIVI:RSIIV

z
v _ "/
ii ~ N ﬁﬂ(ﬁ v | 3 / I:E
0 X |if
# [].4 |§
y s/ A
* 14.5 " 4
A 2-3 UE B IRAKME R E E
BLFAT PAS USSR IS UE ) B bR IR S 5 3R 2-1 B
x2-1 BREBFERSH
foin . Depth A, ampl _Type N
0.6HZ 1.06HZ 0.4m 0.06m CWA 70

BEXT E AR, K A A A% HEAT AR USSR B0IE . 36 2-2 ZHE 1B 5t B AR =B 15
*Em‘%%ﬁﬁf , IFEARER ] OpenFOAM 2 £/ T A blockMesh #4815, Pkl
Hiﬂﬁ’]ﬂ*ﬁiﬁjﬂ/\ﬁ%W‘%o HARHE AN A L=18.5m, D=0.8m., =M H&7EH{HK
Tt X AT Z A ) R SR U e 7 i (20 12) ROV 3 O ) BB B 1 S AR AT B
ST RUEARE IS R ALK, AU RE i R B R BN B A AT L
xR 22 HEMBEAERRL

Mesh | Mesh I Mesh 111
X AT B dx=L/200 dx=L/400 dx=L/600
dz=D/24 dz=D/32 dz=D/40

PR A L dz/dx 0.30 0.44 0.64

FEN EEE PR K i FE R, R T A snappyHexMesh 5 B Hi I BRI 1) ORS Iin 2%,
5 )5 FH extrudeMesh ¥ =2 A% fai 40 Sy —4ERIAE , AT DLGRAIE S # LA MR g b, =&
WA EERI WP 2-4 Fizme S TSRS KERUN:  At=0.005s, =% MR X ) B oK e BA
H(C,)pmax 770 0.36. 0.54 F1 0.65, i /2 (C,) pux <1> FTLACRUFBUE B RIRE FE, 1 E]2D

K A FEAT L ER

(a) F—EMW#
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(b) BE-EM#K

(c) FE=EMN#K
B 2-4 BAEBEWI=EMH

* 2-3 MK 2-6 gyt T = AR RS HARBGEATRA 45 R LR X T R AR
o MNMTERIE IR LR R BN Z t TR AL, S 2-5 LA =MK% T SLPrii

I %) t, BT AT SR AR, 3R 2-3 RELLAL = RIS TSk br B AR B X, FEEEIT 2t FISERR
ARSI 17,10 ARG AL T 2 (AR

0.08 | ,
, Mesh | --emeeer
P Mesh Il ——
0.06 i Mesh III
0.04 - {1 -
£ 002+ VAN f N\ .
= / ! f 1 / \
E i h,
= 0+ \ —
-0.02 - A .
0.04 [ A4 .
006 | | | | | | |
-2 1.5 1 0.5 0 0.5 1 1.5 2

tt,
& 2-5 R =E M52 i) R AR BT R
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e 3R 5 R LR Y BUE 7K AR 1L

B 2-5 45 Y =R Rk AT BT 1SR RO B T R B BOES R, WA, =ERE T
REPIV LTS8 A d A o Ul ] =2 RURS RS B 1R 32 (R BB A ADUAS 20 F) SRR A7 B PRI AR R R

B I TP AN LR

R 2-3 RA=ZZEMHBEKRERSH

RS Mesh | Mesh 11 Mesh Il
BHLLEIm 7.80 7.98 8.00

B AR [A] /s 15.44 15.53 15.54
BHIEE/m 0.0687 0.0690 0.0687

K23 T =B MR T SEPRREALE X, bR IR I t, A SRR IR AR AR RN 77,0y o
ATDAE Y, =W TR RS R IR, AR S 2R B AXCRI J5 i a) AUA BT D, {3
REEVE 17,0 JLT-AZE o BT Mesh-1 R B2 A1 Mesh-11 AT Mesh-111, 17 Mesh-11 #11 Mesh-111
FHEL, REMZIt,, REAME X, FIRRER KBE 1, ZARAN, 8T A s A
I 18] A DL ORAUE B ARSI RE 2, AR SCR 28 B MRS 247 BB, B Mesh—11.

2.2 Z“HEBRERFEMR

TEARATA, AW SO T 4R AP B AR, R0 sk N4 n, S (CWA,
CWS H1 JONSWAP), ARG 0l £, (5R0E 1SR AR ORI A FIZEL G A 56 T2 Af
XF YRR P REN . EARTT A W Z4ERE WA, SR =R AR A, /.
CWA iff, CWS A1 JONSWAP i . 7EIEH — 4 5 FE B IR S B, 75 536 2 2H st 1)
WK ABEANTTEXKEL, B A>L =14.5m, M5 AF RUEE IR 5K BR
A TR BRIEBR AN, 25 B8 BIA SCEUE BRI IE B RE 7T o IR IR BIR 2
R e R AR R IE A=0.043m~0.067m, SR 5 Af =0.46HZ~0.71HZ, D4

f,=0.73HZ~0.93HZ, — 4k 5 R HE B SN 150 30s, BRI REME X, (7, 0), &
€ RAER ] T, =15s.

Baldock (1994) 1A A7E 5 A i U W AE AT 3 I Ry ip 28 WA, LB IR DA AR 7 0 £ 2
Wt TR, 84 PN g 2 RSB 7 A o R W 7 8 Ak 56 4 SR A o (R AE SEBR BB T AR
2 W B A X TR T K DR 22 ) A T TR LG A1 SCON g 22 SR A 0 e A e 6 79 0 (1) 78 %o R
B, ZH A RIA B R

2.2.1 B AFON —4E R AR 0

THEREPRIEBGE R T 2 AN H S R A, TER T 4R AR R, B R B
PRAE e TR 78 70 R R 2 B AN 2. IR B A 4 43 il B4 s 1~ #8 n=10,30,50,70,90,110,
ST R R BRI TR 4 R R R A R e AN

WA NI R . 4R A% n=10,30,50,70,90,110., #ii=ul f (0.66, 1.06), EE
B KUIE A=0.06m, 4. CWA, CWS Fl JONSWAP it & B EAE X, (7,0,0),

e SR AEIN 2] T ¢ =15s, ARAPLEL I [A] 2 30s.

R 2-4 HBEANE 0 NN REREEBRANLERERRERKREM
HEEA O n CWA CWS JONWAP
AX Miax AX Minax AX Minax
10 0.66 0.069 0.46 0.0669 1.66 0.0706
30 0.8 0.0687 0.62 0.0668 1.76 0.0704
50 0.82 0.069 0.64 0.0668 1.8 0.0705
70 0.84 0.069 0.66 0.0668 1.8 0.0705
90 0.84 0.069 0.68 0.0668 1.8 0.0705
110 0.84 0.069 0.68 0.0668 1.8 0.0705

K| 2-6 M| 2-7 £/~ fE CWA, CWS H1 JONSWAP = Rl ~, i 2H AN n 3
I, Toil 2 S Br B AR I 5 R B AX I A2 S R SR AR B KUK 77, B T RS o JE I WL 52 AT LA
RIL, n=70 A {EAARBEA L n G FAE, 24 n>70 B, ARG EUR AR AX Fl 7, A
TR AR
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0.08 T T T T T
n=10 ——

N=30 -

0.06

0.04

0.02
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-0.06 | | | | |
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t
B 2-8 HAREE n St SEBRE AR I B

HiJEl 2-8 ATRLE i, 75 CWA i T, n=30 55 n=50 ) APV P d A, 4
Bl 2-6 I 2-7 %618, A2 BN S0 n R 3E— SER 2L B A Bt — e B e
NP A B BRI A SR e A S K, B n=100, AT LLRE 2 B 1 7545 B 4k

2.2.2 AT B FE Wt ok SRR I B

V& 2-9 B FUHI G BE AF 6t e B He A S bR AR 20 €, B SRR . B
CWA i, B 1) T AR I A=0.06m, HhLi % £ =0.83HZ, I 98 [ Af =0.46HZ, 0.66HZ
F10.86HZ .

B 2-Q FIEoR » HOARADAAS 21— e S bR S A DI 77,0 W) 700 TR PENE IR A, THTDESS
e TV P T B Tk o 22 ML PR 2 S R e A A AR B AR ), S350k
RS2 2 T (S T e A I B B R 4 R

B AR G AT BRI, P RIS, X R B AT (R, AR
1 A 2 AR A PR 55

1.5 | | | | |
linear(Af=0.46HZ) ---------
Af=0.46HZ ——
Af=0.66HZ
ol Af=0.86HZ —

Nmax/A

t-t,
B 2-9 RANE S FMEREFE KBS R
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Bl 2-10 FE] 2-11 23 JVAFF S0 A48 B B AR T SR AR I 2 2 AXRI S o 5 A g KU 7, T
SN . SHEEEC CWA, CWS FI JONSWAP %, e iSRRI A=0.06m, HO8R
f.=0.83HZ, Wi TFiJ% Af =0.46HZ~0.71HZ.

1 2-10 fizr, E CWA, CWS HI JONSWAP =Muliiits 7, Bt 4 iz 56 Af 13

K, REERGEEE AX B2 gk, Ut BB A0 P AT (3K, 2H B 2 Al AR 2R M AR B
YEFHRSS, 5 B 2-9 ISR HHTRT  ZEAH R 903 58 52 AF T, JONSWAP 3% 1 58 23t )5 i B8 AX
K, CWA Rz, CWS i/,
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CWS AT CWA 5 B 77,0, LIRS A BT/, JONSWAP i 77, WS TSR, (ELEATN 5
SRS T (R S B SR AR R RN 77, FEADRIFRS E o RIS TEE AT A4 X 552 s 52 s 2
FEIR KU 77,0 TIREMAAS 25 . JONSWAP ik T SR 5% £ e KU 77, TR, CWA S IRZ,
CWS i /)N

35018 Ul 3L 42

=



B ZEPS

SHANGHAI JIAO TONG UNIVERSITY

0.072

I I
CWA -8B

CWS --m-

JONSWAP ----©

0.071

0.07 -

0.069 -

Nrmax™M
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WK 2-12 Fros s, B iR £, SRR PG ARG T b

5E, XM 1R HAD
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LA
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JIB AT B B Af =0.56HZ, ZH B LA £, =0.73HZ~0.93HZ.

19 7 Ik 4201

e 3R 5 R LR Y BUE 7K AR HL



> r A W /
X AEXAL ?
*/ SHANGHAI JIAO TONG UNIVERSITY lﬂﬁﬁ?i&'—ﬁ%Eﬂl%i)ﬁﬂ’x]ﬁ{ﬁﬂ(ﬂﬂffﬁ?u

ks 2-13 fizs, fE CWA, CWS F1 JONSWAP = FiAiiis ~, Bl 0% f 1K,
SRAR IS B B AX HBEZ 3K, UEBIBEE LR s8R, A sk < 1] i A R A LA
158 . JONSWAP 1T [ J 288 AX AE ] — el f Mk, CWA Bz, CWS il
/N,

1.8 | T | T
CWA --a-- )
16 - CWS --m-- e i
JONSWAP ---0-- e
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&l 2-13 AEHOHE T HRENEES
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fiE A=0.043m~0.067m.
U0 2-15 o, BEAEBUE S8 P SR AR R A IR R, SRR 0 SR R KR 77,0 5T

e 3R 5 R LR Y BUE 7K AR 1L

B AERAL I o IR TEIRAG S PR BA SE B JE R KM 77, SEPR IR BRI KB H | AMEE 2R
FERCORUETR A BUIEFHR K R -
L2 ' ' - | " A=0.04
1 f”\\ A=0.06 —- 7
0.8 - flo3 A=0.07 _
0.6 | -!E \ -
i IEI -\ &
" I M lr_'-' A,
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PR 77,00 FIRZIR . LA ARG HL CWA, CWS A1 JONSWAP i, #15R 95 % Af =0.46HZ, .0

i f.=0.83HZ, A=0.043m~0.067m.

W 2-16 iz, 76 CWA, CWS F1 JONSWAP =Fisiit ~, BEE R E B ER KR A
FIHE R, SRAE fE B AX HBE 2 3K, Ui BEE B SR A i KR TR A 3SR, ARk
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WKl 2-17 frx, £ CWA, CWS 1 JONSWAP i =Fh#iit ~, BB & B R KIRE A
R, SZBRIR R KIRAE 7, tBEEZ 3K . JONSWAP i T S2hr s B 5 K 77, Bk
CWA ik 2, CWS il fz/N.
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|
cWwa ---8---
CWS ---m--- L
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0.05 |- W .
0.045 '! ) 1 | 1 ] ]
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B 2-17 AN AR SE R AR KBNE T HISERR RAER KW

2.3 BT ZHRERN HERIEER

Klinting&Sand(1987) ! # th W i i 0 3L, SRR IZ IR A 2 2% % . Hob
H, > 2H s e i £ 240, H; 22H,,, H;22H ;. 7,, >0.65H, Al
PEHTE WK B AT o ST SEBRRAEALE X AW BT, K A I e 1 K 2/ it 3k
FHEF, IO U3 3R EFEEL, BAEE e H, . BT Klinting&Sand(1987) 1 42 g
RT3 ST WO SCRIE H T H > 2 (F T il e ple, T 2 Hy > 2H
Hi22H ;s 750 > 0.65H; =ANRE R, EiT Matlab G KIS S22, R el
f PR % B

AR EERDIRTEEE AT, Ol £, BT SRR RO A 172 X — e 7 3k
EAp il A 0

2.3.1 ARG LS 2 W TR U8 AR R PR 2 )

H oA f=0.83HZ, e IR RRHEIE A=0.06m, Sk CWA, CWS Al
JONSWAP =, S %5 i Af =0.41~0.66HZ. 2% M4 n=100. & 2-5 FIfE 2-18 45H T
TE=AMAE T H TH B AT (281500

Hi% 2-5 ATLAA H, 7E CWA, CWS Fil JONSWAP i T, H;/H BIKT 2, BIZA
TR AR TR .

R 2-5 SR 5 B AR B TR IR R R

A Af CWA CWS JONSWAP
H, /H, H,/H, H,/H,

0.41 3.359 2.736 2.758

0.46 3.703 2.935 2.609

0.51 4.725 2.933 2.541
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0.56 4.78 3.574 2.806
0.61 4.856 3.553 2.847
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2.3.2 HCo AR AR R 24 W S U8 ) S
WA GEE Af =0.56HZ, 55 i 3R £ B K iE A=0.06m, 13 HX CWA, CWS 1 JONSWAP
W LB f =0.73~0.93HZ. 4L n=100. % 2-6 F1I&] 2-20 4t 1 B HLHi f,
ARk, HjTH AR L.
H#% 2-6 A LIE H, £ CWA, CWS Fil JONSWAP i, FTA: i A — 4k 58 A I 4 2 W T
P, Hj/H, >2.
R 2-6 H DTN AR il A MR U R 5

el CWA CWS JONSWAP
Hj/Hs Hj/Hs Hj/HS
0.73 4.39 3.234 2.673
0.77 4,381 3.32 2515
0.8 4,689 3.934 2.767
0.83 4.78 3.393 2.806
0.87 4,289 3.234 3.011
0.9 4,527 3.055 3.158
0.93 4,367 3.236 3.211
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clear

eta=importdata ('***"');
eta=eta.data;
eta=etal(:,2);

n=length (eta);

flag=1;

for i=2:n-1

if (eta(i)>eta(i-1) &&eta(i)>eta(i+l)) || (eta(i)<eta(i-1) &&eta (i)
<eta (i+1))

et (flag)=eta(i);
flag=flag+l;
end
end
H=abs (et (2:end)-et (l:end-1)) ;
HO=H;
H=sort (H, 'descend') ;

H(2)=[1;
nl3=round(1/3*1length (H)) ;
Hs=mean (H(1:nl13));

Hmax Hs=H(1) /Hs;
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NUMERCICAL SIMULATION OF FREAK WAVES AND SHORT-CREST
WAVES

In the 21st century, As the terrestrial resources gradually fail to satisfy human beings’
requirements, people have been gradually turning their attention to the ocean. But as the old
saying goes, every coin has two sides. While people have gained great amounts of wealth from the
ocean, their lives and property are threatened by frequent occurrence of accidents at sea. For
example, hurricanes, storm surges, giant waves and ice may cause great damage to ships and
marine structures if these disasters happen in the sea. Furthermore, oil spill and red tide will
greatly pollute the ocean environment and reduce the amounts of attainable resources in the sea
for human beings.

In the past, people did not pay much attention to freak waves as they thought that the freak
waves, though powerful as they were, almost never really happened, not to mention that they
threatened humans. In recent years, researchers begin to recognize the significance of research on
freak waves as there are unignorable occurrence of accidents caused by freak waves in the ocean.
Freak waves mainly happen in these territorial waters, such as waters near Taiwan Strait, southeast
waters of South Africa, and waters of Mexico-Caribbean. However, in reality, freak waves may
occur in any territorial waters and on any conditions, as well as decaying particularly fast, so it’s
quite difficult to observe and record them in actual seas. Currently, in order to study the property
of freak waves, scholars in this field generate such kind of waves mainly in the way of numerical
simulation and physical simulation in laboratory. Compared with the physical simulation, the
numerical simulation costs less time and money. What’more, the size of wave tank is limited for
physical simulation in laboratory, but not for numerical simulation in laboratory. So a large
number of researchers choose the way of numerical simulation to generate freak waves. The
numerical simulation can be divided into linear method and nonlinear method. Researchers need
to take many factors into account when they take advantage of nonlinear method to generate freak
waves, however, the nonlinear method can generate freak waves that correspond with the actual
freak waves better. Linear method is more simple and convenient, though less accurate than the
nonlinear method for generating freak waves. Many researchers use linear method for numerical
simulation to generate freak waves since the simulating results of linear method can nearly meet
the requirements of numerical simulation in laboratory. Before generating freak waves in the way
of numerical simulation, researchers have to firstly validate the accuracy of the viscous wave tank
by comparing the results of the numerical simulation with the results of the physical simulation.
So both the numerical and physical simulations are necessary for the generation of freak waves.

With the development of the field of freak waves in recent decades, researchers have
accomplished some achievements. However, It’s far behind for researchers at home to begin to
study the freak waves than the scholars abroad, what’s more, the freak waves are quietly elusive.
So up until now, the scholars in the field at home have gained a small number of both measured
data and analysis results of the actual freak waves compared to the foreign scientists and don’t
clearly understand the mechanisms of the occurrence and actual engineering significance of freak
waves. So it is necessary for researchers at home to try their best to explore the mystery of freak
waves and breakthroughs of research in this field will mean a lot for people who will work in the
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As in the process of numerical simulation of freak waves, many researchers choose to
generate freak waves in the way of wave focusing. The graduation thesis is based on the CFD
solver naoe-FOAM-SJTU. The CFD solver nace-FOAM-SJTU is the combination of the viscous
numerical wave tank and the six-degree-of-freedom motion solver, as well as the mooring system.
It was developed by the CFD team leaded by Professor Wan in Shanghai Jiao Tong University.
Besides generatinga lot of kinds of waves, such as focusing waves, short crest waves and so on.
What’s more, it can also simulate the interaction between waves and ships or offshore platforms.
But the thesis is only involved with viscous wave tank. the numerical wave tank is developed on
the viscous fluid theory. The three -dimensional numerical wave tank is developed by integrating
several wave generation and wave absorbing approaches, as well as programming lots of wave
theories into a module. What’s more, the viscous wave tank is developed on the basis of the open
source code library OpenFOAM. The fluid field is modeling by solving the Navier-Stokes
equation or the RANS equation with the finite volume method. There are two main approaches for
wave generation: modeling the movement of wave-maker and set the wave profile and velocity at
the inlet boundary. And the wave absorption is achieved with the wave damping zone set at the
end of a wave tank.

The graduation thesis generates freak waves in the way of wave focusing as many researchers
do. The principle of wave focusing is the dispersion of waves. The dispersion of waves can be
explained as follows, the wave velocity increases as the wave length increases for single waves. In
the original state, if the long wave lags behind the short wave, with the development of the waves,
the long wave will catch up with the short wave and superposition of waves happens. Finally,
there is focusing wave come into being. However, in the process of wave focusing, there is
another factor that cannot be ignored, which is nonlinear interaction between waves. Because of
the effects of nonlinear interaction, the actual focusing amplitude is bigger than assumed focusing
amplitude and the actual focusing point lags behind the assumed focusing point.

The graduation thesis will firstly develop the two-dimensional viscous numerical wave tank
and investigate the properties of two-dimensional focusing waves. As the results show that with
the increase of frequency width, the actual focusing amplitude and the shift of focusing point
become smaller, which means the nonlinear interaction becomes weaker. While as the central
frequency and the assumed focusing amplitude increase, the actual focusing amplitude and shift of
focusing point become larger, which means that the nonlinear interaction becomes stronger.
Furthermore, the thesis will present how parameters of the two-dimensional focusing waves affect
the generation of two-dimensional freak waves when they change. In order to generate freak
waves efficiently, the large frequency width is recommended. Because three-dimensional focusing
wave is one special kind of the three-dimensional short crest wave, before the investigation of
properties of the three-dimensional focusing wave, the three-dimensional short crest wave should
be generated. On the basis of short crest wave model, the thesis develops the three-dimensional
focusing wave model. As the effects of frequency width, central frequency and assumed focusing
amplitude on two-dimensional focusing waves have been investigated. So the thesis will focus on
investigating effects of the angular range of component waves on three-dimensional focusing
waves. The results show that with the increase of the angular range of component waves, the shift
of the actual focusing point becomes larger, which means that the nonlinear interaction becomes
stronger. Finally, the thesis will find out what impacts the parameters of three-dimensional

%200 3K 3



3 by 4 4 WY
) YAEXAL ?’/
' SHANGHAI JIAO TONG UNIVERSITY Eﬁﬁéi&‘—ﬁ;ﬁméi&E"]ﬁ[{ﬁﬂ(ﬂﬂ*ﬁ?u

focusing waves play on the generation of the three-dimensional freak waves. For the generation of

three-dimensional freak waves, it’s recommended that the angular range of component waves is

far less or more than ninety, which will make the generation of freak waves more efficient.
Eventually, the thesis generates the two-dimensional and three-dimensional focusing waves

successfully and achieves the intended goals.




