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Generation of Freak Waves in a Numerical Wave Tank
and Its Validation in Wave Flume
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Abstract

The freak wave, also known as New-Year-Wave in the north Atlantic, is relatively large
and spontaneous ocean surface wave that can sink even large ships and destroy maritime
structures. To understand oceanic conditions that develop freak waves, we simulated and
generated two versions of scale—downed waves (1:64 and 1:42) in a numerical wave tank
and compared the results with the experiment in wave flume. Both of the breaking and
non—breaking waves were generated in the simulation. The numerical simulation was
implemented based on the finite volume method and a genetic optimization algorithm.
Random values were assigned as the initial values for the parameter in the control function,
which produced signals representing the motion of wave—-maker. The same signal obtained
from the optimization process was used for both of the simulation and the experiment. By
varying the object function and restrictions of the simulation, a best profile of design wave
was selected based on the characteristics, height and period of simulated waves. Results
showed that the simulation and experiment with the scale of 1:42 agreed better with freak
waves in the natural condition. The presented simulation method will contribute to saving
the time and cost for conducting subsequent response analyses of motion under freak
waves in the course of the model test for ship and maritime structure.

il

),

#Keywords: Design wave(&H ), Optimization(Z &3&}), Genetic algorithms(S& X102
)

“
Numerical wave tank(==XII} =), Freak waves(=2XI1}), Model test(2E A E)

a2 20084E 118 25, £021: 20094 9& 9
TRAI XX denkmal@nfrdi.go.kr, 051-720-2592



HLYTES0ILE &BH0fl DIX
olst =451, 3156H'\*01|
B0 o A 2sde AME
2tCHDavis and Zarnick 1964). HP
S+Z0A UE=4=THtransient wave)S 018t &
AR Jsh= } ot =J|IE Jt
OlAT 2 Al

Jl= & ZotH, &AL MAS= fIXIEH0
olel EEHE USBZ & 1 AXIN agotd
A ote FESO0ILE LEHS ARAPILD SEH

S jPooDﬂ off == &0l ULt

=Z0AM 2S0X= u%% Ctefet BiALISS
JRE ZODIO SlohA &80 2E0E = U2
M, ZUPDIE Mok = | O yoItH 22 =
Aol SclHQl ol X2 458 st
e 440l dME0ior ettt & HA%ME =
XIS MAGD] A8t 20| MK &SSOl Mt
#=X1I =XE 0|88 AlEc0ld & S HIo
HSE 0188 =Xags St 8352 UF1 U
Ch. OIZ <ol =Xt ===0A Mgt Al=dl0l
& YYs

M%SPS?";OD#(Jeong et al. 2005,
n—breaking) 2t AISdI01&A = M

TIHbreaking)? %*éﬁf‘_ AA I THol AlE&
DteF HIWGHACE. OrsE US0M 22 HEX
ol XLl New—Year-WaveE O|Z0tH =X[|&
Ol UM &&= Z0tet AEZUE &S Hlw
ot CHHaver and Andersen, 2000).

2. HIMIF &AHmel M-8 Hiw

Ciakst TH0l CHst MARAMSEEES 018 Al
SY 0|82 MIISACZ Qlgh S JIXIA =
Ct. Olefst Mtz QIgh =XIHAUHAMS HEtsS
=250 Volume of Fluid (VOF)Q 22 2
Ol ®=2g AL AU ALES SEAXL
(moving grid)& Olc> st /\IEPJIOI&S Mtz ol
St £2IX9 NIKREHOZLEC| 0|22 HEGH
T&6HR 261HK12H XY Hc> JAI0] 2EEN FHE

Journal of SNAK, Vol. 46, No. 5, October 2009

489

Table 1 Characteristics of non—breaking design
wave

Time domain

H, = 0.6[m]
T, = 2.0[s]
t, = 350[3]
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Table 3 Characteristics of designed
breaking wave

Time domain

H, = 0.55[m]
T, = 3.0[s]
t, = 40.0(s]
Local domain from Wave board

X, =40.0[m]

Table 4 Maximum and Minimum of
parameter

0.7 < Py < 1.2

0.18 < P> < 0.3

1.8 < Ps < 2.1

0.0 < Py < 0.08

Ps(constant) = 0.15
Table 5 Calculated parameters by

GA-optimi zation for non—-breaking waves

Parameter  P; P> Ps P Ps
Solution  1.0959 0.2569 1.8979 0.0749 0.15

ZIHSO BUZ AL A R0 P
Ol0F & IHO0IEE Table 501 =2RCM, =,
=40[m]O0lIM oHASH et F=I1E Fig.70 LIEH
LHACH &E0IA 22 2FZ00 = dd=

o= z,=15[m] ¥ 25[m]OiIM 22t SRt
SHAHGHALE
SUIE oIgt A= S+totd AWl
LUNEHUAM =0E £HE SZADE SHE=*
o St XN S2HH= F2EE AX00 JI
Qlck= AlE2dI0l8e HESACZ 2l & Z2
OlA 2ol Zite =g dkz & YXlote A
OF LIEHRCH
X0 =Z0IA AlZellold AR = ¢=40(s]
< ddE IS Fig. 80 LIEHHALE A2
clojgel & WEUA ddE 2HIDE 32t
OZ ofAZE I =X} +=x° 0t RUAME
Fig. 80l LIEfH 20 O =2 Al 24
OHXl 4RUCH

tetxdstsl =28 M 46 @ X 5 = 20094 103

ie



Time registration in x=40{m]

=
=

ave height [m]

W

=1

= =

)
—e
—e—-

w

Period [s]

]

= —
-
-
-
.
—_—

()
Fig. 7 Comparison of registration between
calculations and measurements z=40[m]

Velocity field (1= 40 5)

10 20 30 40 50 60
Isoline P flpg H/2] (1= 40 )

x [m]

Fig. 8 Distribution of the particle velocities
and dynamic pressure at t=40[s]

4, New-Year-Wave M4} HlwZ W

4—-1. New-Year-Wave 1:64 =& AI2d0|&

Haver and Andersen(2000)0fl (23 SCHAL
ol &xIE X2t Z3E 'Draupner' It H0HsH M
2 oI5 &AEICH 01O AUIIDE A4,

A
=25.63[m], H=B0IA LISNXIS =0l= (=

Journal of SNAK, Vol. 46, No. 5, October 2009

493

18.,5[m]oll OI=2XLCL F=Dl= T,,,=13.33[s]0I0,
EZE0| EXE Rl oliX==A2 70[m] OIACH
Fig. 90l Ol mt=el &=)|=2 LIEIHAL], 0IA
2 New-Year-WaveZ HYEACH

Elevation [m]

L

L 1 L |
] 200 ] B0 = 1000 1200
Time [m]

Fig. 9 New-Year-Wave in Jan. 1, 1995 in
Nord Atlantic (Haver and Andersen 2000)

it

-0

New-Year-Wave Off CHEt AlZdl0lA 2

Jl 215t 1:642] FEHOo=Z It =J|

2ol 7=0.4[m], 7,=1.67[s]E& SE&=>2

H2o=Z [HYUOIRICH SHE=o AXIHE2

IPDIZ2H 25[m] Y& R0I0, AT M-

t,=42[s]Z2 HFSIAUCL A2 O0|E2 =
i

=3
gt CSdt 201 F-6HALL

A
o
At

(i)

0% - o
=

X > B g @ o

2 2 2
Min _ ]-"li‘[{z :Tzi]jz t77tz
saRf(”_( 7 *( I
+ o, —H,;, 2+ Hi+1_Hz,i+1 ?
Hz,i—l }[z,i+1

Al (3)0IlA index i—11F i+12 ECHEAHT} ¢
o] M0 XISt OIE JI2I2ICH Table 60l= A4
Aoldd= el S48 Al & /XG9S =2 LIEHN

QAT Table 70IAE EXSH IHOIA BHEHEH=
Lol BQIE HBEHOZ F S 2ACL I
Bt MISEASS T3 IHUN SFGN 24U
o, AIB0IES 5089 BH=QiA & Fig. 10
O LIEFH 200! RBIT 00232 Z2EUCE O
Y ZHE XM 27 Y DALES 93 X

NSE MSADIE Al (22 EDHIOESS



494 X0 =Z0MS SXIIH HAD ~EAE

Table 6 Characteristics of design wave for
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Table 8 Calculated parameters by GA-
optimization for New-Year-Wave (scale: 64)

Parameter  P; P, P3 P Ps
Solution  0.2550 0.2751 3.5004 0.0525 0.15
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Table 9 Maximum and Minimum of parameter

0.1 < P = 0.4

015 < P, < 0.4
1.0 < Ps3 < 3.0
0.0 < P < 0.05
Ps (constant) = 0.5

Table 10 Calculated parameters by GA-
optimization for New—-Year-Wave (scale: 42)

Parameter  P; P. Ps P4 Ps

Solution  0.3684 0.2911 2.8999 0.0484 0.5
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