$43% 10 T bES
2021 4F 10 /1

Haiyang Xuebao

2 e Vol. 43 No. 10

October 2021

T2, T EAE, 5. BOKBENLE S TR B 50 R E S [0). MRz, 2021, 43(10): 81-89, doi:10.12284/hyxb2021159

Fu Ruili, Ma Yuxiang, Dong Guohai. Researches on statistical properties of freak waves in uni-directional random waves in deep water[J]. Haiy-

ang Xuebao, 2021, 43(10): 81-89, doi:10.12284/hyxb2021159

ok BRI 51 R BT i 5 v R RO BT

frEm', ZE#", E£EE

(1 RGE B TR 2% g R AN g TRE [ R E S L=, 7 K% 116023)

#E. K U T Longuet-Higgins F AL 3% 8 4 A fu JONSWAP i, #£4T 7 A 8 % A KL AL A2 #L, 3% B
TR REERERENEAKT, AT FNE R HTT 2. EREU, BH KK EWN
BE & N T 4 T Rayleigh 2 fF MM £ R, LM ETENRATHE A, EEEE RN, BB KK E KT K
iGNz N M N T O NE - i I I e D AN DS 7 - N 2 B B &
KA Bt e R FR 3 A, AN K RO K B ALK P R B, BE R T W IR DO B R B AE, K —
NEBFRLSLHAINEHR, ERERL LB B R, AT WM ER A, MEE TR
N, = ANRBFEE L BRI E . B, WA E TR B AR K E RN U A

IR T = AN = 7 ) - RN 2
KB w0k B R AR A
FESHES: TVI39.2 XHkRER: A

1 55

W2 I, AR A EIR © IKUMITR, 246 IS AN /)
T2 M5 80w (H = 2H) TR Y, X 28 IR P
Wm B R H R AR, WX PR Y A A a2
3 ™ E N R BRI I B G T R AR A AR AL
PHAIF 5% — T2 6 I TR S0k A 9 A0 A )t 3 i
KEHHR W GE o3I 1l BT R 9 OB, AK 1T
F T W TR D 1 28 1, R A O A5 3] 1 5 A AR R
> 3R R W TR B RRE A R T B ORI Bk K . P B
AL R 0 2 B 5 WA U 1 B R AR, SR AR HRUK 2 2K
i 7 B IF R R 0y ) BB ALK 5, 3 BORA R L
B, JF H 32 20K RO i BRI, B80S 7T sk 5 32 21K
TR 320 BE ISP 14 5% )

PLAE KB WF 5T 2 W, Longuet-Higgins [ L I 1R 51

%5 B #5: 2020-07-28; 1&1T H #: 2020-10-29,

XEHS: 0253-4193(2021)10-0081-09

RV A] DUAR G i 4 A U TR A e T AR AR, Tz N TR
T TR A I D YR B R Gt DR A BT A N4
P2 A AR D5 ™, K N ] Longuet-Higgins Fifi L
PR 7 A R (0 B 7 BB 2 T e IR G2 3
AR F 5T B0 27 5 . Gemmrich Fl Garrett® i@ i
Longuet-Higgins FHLE TR AL, F| H WAFO T HA{1,
G3HT T AN )% 5 0k 0 v R TR D 1 B, R RO
AN 515 5 A OC o 5 H A A Rl AL I VR B 1]
P A T3 A L, 32 T LA AT PR AR i 6% K I [a] Y
W& Bk YR B (] P 4, Hk i CHE & o B S, Gemm-
rich il Garrett™ 7387 1 A7 BR 7K & v Wi JE g 114 2 300491,
KPR 2 K VR AR Ve, % Y R AR AR S R .
Ghane % F) HITZ AR B HE S 1 K T4 [8] 38t e 190 {1 1Y
PR A5 252 5] [B) RO B R G 40 A o R R A0 R
Longuet-Higgins 5 75 315 1 I 2 —JR 300 B 5 A R %

HEEWH: B% B %R 4 (51720105010, 51679031, 51979029); iL 745 24 1L A A i %I (XLYC1807010); H sk = A% JE A BE #F Ml 45 %

(DUT2019TB02),

TEE RN AEW(1993—), &, Hiff & Em i A, EEME W IRAKEH H 58, E-mail: frldlut@163.com
FEEEE: SEAE(1981—), B, WM A TSR A, #2, £ 2N ARL Mok i 3 1 22 BE MBUE F % %98, E-mail: yuxma@126.com


mailto:frldlut@163.com
mailto:yuxma@126.com
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

82

MHEEdy 4345

G3 AT, I 5% T A sl S0 ) S 78 X0 Vg R 1 1A A T )
L, A A B I e 5 R BT 43 A g S I 0 A
#HIA . 3T Longuet-Higgins [ HL ik IR &, F 5 40
AT T R BENLUE AL, e IR RE DL 1) r i 20 A ey
T WP TR o A 75 & T B 43 4 (GEV 43
Aii ), W JE il 8 300 EF ) 8] B A5F & 4 200 A o AR O
W, i X2 o 72, W 0L A S 8022y, — i
FE — ™ [ 2 B [A] Y, 40 3 h, TR A S BN AR, FEIX
BLIFIR] A, W I GBS0 58 % [] o B R] 1) 53 A 1 AN
HRE . IRZ R, BIE BT A R R Y,
KA 43 I D RE B 4 v B I R v v Ak H SRy e
I, B 5 MR U T 7 U A PO 2 AR AE R RE £ 43 A1 2 TR
AT B8 % ) b B3R 42 . Osborne 509 i 57 3R B AR
FL KU W I I AR 23 T8 BUBR 43 5 Clauss™ & 3B I 1T
DAL A B, 78 BRI S o2 I 2
KU o A2 BLAFRD S AT T BRI SR 0 N e o, R IRAE
WA % 2B R L S5 304 o R R A K
ARRE I, PN 2 AL R T 2R L. AR 22 T 7 WL N e
F 2, AR A S R 3 AP
Wy o SRR E A 1k, XTREAILE 51 B B
W B8 ZS AR 9 3 A TS SRS W, 3k 1 245 % W T
PERERAE UL | VT a7 B PR 45 4 45 T A9 o

R 3R FH Longuet-Higgins PR ¢ i #L I 1R AR AU, 3
T JONSWAP %A= 5t Kt (9 B LI 11 )5 51, JF 4347 1
— 5 5 [B) PN R T 105 1% & A A 24 TR (1] i) g 1 93 A1 4
ik, Ko 5 X Ho oy A 52 e o B S 5L TN RE R 40
B I 118 2 24, 45 B AL () 5 370 e i ST 30 A 7
A, HET A3 AT T BRI I A v A B AN (] e T I8 1> 5k
T A7) 01 T2 T4 A ST () 55 5 1) 2 AT AR 6

2 PR
21 BRI RS

Longuet-Higgins B it B AL % 1R 45 284 {F 15 % 11
R 22 PR 0 ) B I A, FE T 4EPIL R, B R AT

n(x,) =Re (Z ane““”’k”“*‘””)) neN, QD)

K, a,. . ko, 735905 n A BEIRITR AR IE . 45
B OWECRPI AL N R BBIRITTR B BN
ESI SR TR I 28 JERUN G
w, = +/gk, tanh(k,h), (2)
A, h KR g A Ty
22 KIRBHIERE
A CFIF WAFO T HA§019, BE#% JONSWAP %29

Az B B ATL U T Y A, 1 g O e Ry A1 R 7 AR Ak,
TR BEMLIE TR E £/ 1 1 4F— B A I IR S50, BIA 5K
PR H=6 m, 1% A T,=11 s*, 43 20 W} (7]
JEFHNL S 150 J7 AN IR, B [a) () B R de=0.1 s, 721
IRECT, B B 0 & AE R O TRRE, A ki
(R Vg o = o N N i B N R LTS 2 R g
150 5 AP IR AR B [P B BE 7, L3R 1.

£1 FETEHE E K

Table 1 Time series lengths for different spectrum widths

T E] 57 PR WP R

o BT Ty/s L S
1 0381 11988695 1499724 00184  0.0075
2 0367 12565184 1499739 00174  0.0093
3 0355 12959049 1499760  0.0160  0.0107
4 0343 13257563 1499719 00187  0.0121
5 0333 13496085 1499696 00202  0.0133
6 0324 13693145 149981 00119 00143
7 0.315 13 859 826 1499 880 0.008 0 0.0152

FEASCH, WL SRR T: 2 A8 20
75 CH=2H,) B IR, HEof 53 i T B 40K 50
e Cbv

L (3)
my

A, m N R T - A
m, = LDO 'S (w)dw. (4)

F 5% 2 B, AN TR] % 9 0 W I I8 1) % A AR /N 3
F Rayleigh A9 4 7 00 25 5 (0.033 3%) . 5 52O
WA I 0 R A SR A L, S g T 3 DR =1~ 3 B, X
L 1) W T U kAR R 5 BV B AR R P, T Y
y=7 B, X o7 P W T D & A AR 5 VL U I 1 A e
IR0, 3 I O 1 W T D R AR SR BN AR | B
FE BN NI R B ]I A e LR

3 WG REIE o A

3.1 BREME LR

M4 Rayleigh 43 1ii 19 G0 1145 &, WV Il K 29 78
3000 IR A BE 1 ke, HE FEOE ST X TR K
AR 3 A IR FEATH SR B D o AR SEBRIE I, — 3 K
i ] 72 A 500 = AN AR B R IR — 8k 3 h( 7)1, [ I,
SYMTAE 3 h W, BRI R AR W oy A AR R L
i anr

U=




101 A e 45 VROK BEAIL I 1) v s T I 8 TR AT A AT 5% 83
(U)K EmF 6] Ry Ty s B B ] 7 8] 4 3 2R n B[R] BR2E WL 2, HorP AR X R 22 R

< Sl i T — Bl gh

KA 7(10 800 s) Ay ] 751, B mﬁﬁﬁJumm ﬁm,%hdm%' (8)

mod (7,,T) = n. (5)
(2) 53 B £ WF (8] T P9 W5 1 6+ BT IR 1) 40 A
fiF, B JRR T y=1, 3, 5, 7 I, W IE B & 2B 4000 9 4
KM, & ¢ K%, & Ao, B
MDA SE L G510 0 REME R R (K 2), B
LI, YRS 53 A SER P RRAR, By
A=-1.290+0.59. (6)
L, XY y=1~7 B, 7E Ts N, & m IR 0 B E D%
HIHEZE P(m) R

P(X =m) =

B2 3 (7) B R P, R T I O =2,
4, 6 RYMFIA]FHI AT . 24050, 2 p=2, 4, 6 I}, B}
(] 77 DA Wi 12 982 119 A A 30 U R4 Al DAL 23 A1 o AR B
DR A 1R 2 W IE SRR, I 5 WAFO
TR A B B 8] P 91045 3 9 BE 308 LU, A X

M (1290-0.59)
m! .

D

1.0
y=1
S
<
00 1 2 3 4
Wi FE e N
1.0
y=5
S
<
0 1 3 4

2
WS T 35 2N

EUIERSE S

2% 2 A 0, 5K (7) T ARA5 3 09 TR I & AR K
M 23 5 55 (1 25 R R 25 AN 3 2.2%, BEEA 0 (7) AT LA
A Y T A OB RO S5 A T AE 3 h N R AR BT AR
FIMER . FE— M, s i iE) T, 5 3ETA R 20 A B 8
fEREME . 3908 T T=6h, 9 h, 12 h NIRFIE % (0 &
AEBIIR, e BRAEA [R) B (1) S5 oA W T2 08 114) 2 26 U B34 il
MAAFA 5345, HAARA 5345 R A A PR R A S, 136 B A 31
T BEALBIR AL, W JE A A U B A 238 0 A AR
JE , AN B[R] A2 4k
3.2 HE4BEE RS IR B B i 18] B

HE— 25 43 AT FH &R WA T 1 22 18] 1) B [ i) Bl A, G
e JE I8 A9 B TR) 1] o AR A1 W TR 35X 7 Y T B 0 Y
BFIR] 2ZE 80 2 o ANIRIRE 50, AH &R T 5 1) JC 15t 20 A ]
V) B (LA 0 130 7, SRy b o) O M S5 43 A L] 3, 218

1.0
=3
S
~
0 1 2 3 4
W T3 BN
1.0
y=7
g
S~
0 1 3 4

2
W T BV

Bl 1 y=1,3,57 05, 0] T AU TR 36 6 A 50 256 14 M 58 2 234
Fig. 1 Probability distributions of frequency of freak waves for different peak enhancement factors (y=1, 3, 5, 7)
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Fig.3 Probability distributions of time intervals of freak waves for different peak enhancement factors (y=1, 3, 5, 7).
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Fig. 5 Proportions of each characteristic of freak waves for different peak enhancement factors
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Researches on statistical properties of freak waves in uni-directional
random waves in deep water

FuRuili!, Ma Yuxiang ' Dong Guohai !

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: Numerous random wave trains are simulated based on the JONSWAP spectrum using the Longuet-Hig-

gins wave model, and then extreme waves are investigated based on the wave trains with stable probabilities of

freak waves. The probabilities of freak waves are smaller than those of based on Rayleigh distributions. With the

spectra narrower, the probability of freak waves increases. During the fixed times, the frequency of freak waves

obeys the Poisson distribution and time intervals satisfy exponential distribution. The most probable occurrence fre-

quency of freak waves decrease and intervals of freak waves are longer with the spectra wider. Wave groups are dis-

criminated based on wavelet spectra and their characteristics are analyzed. There are no more than four freak waves

in wave groups. The probability of wave groups containing merely one freak wave is the largest. Numbers of freak

waves in wave groups are increasing with the spectral narrower. Furthermore, time lengths of wave groups contain-

ing freak waves satisfy Generalized extreme value distribution (GEV distribution), and with spectra narrower, the

most probable lengths of the wave groups increase.

Key words: freak waves; wave groups; wave models
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