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A study on ship motions in irregular waves
using OpenFOAM

Moon, Seong Ho

Department of Naval Architecture and Ocean Systems Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

The main purpose of this study is to validate the accuracy and applicability
of CFD in seakeeping analysis. A solver called ‘eomFoam’ is developed by
implementing the EOM(Euler Overlay Method) in OpenFOAM for elimination
of wave reflection. In order to optimize the intensity of reflection wave
damping, a parametric study is carried out for setting the appropriate
damping intensity and damping zone size according to incident wave
characteristics(wave steepness, wave length). Furthermore, the irregular
wave based on the whitenoise spectrum is simulated using the eomFoam,
and the RAOs of ship motions(theave and pitch) is calculated through the
response spectrum of each motions in irregular waves.

KEY WORDS: OpenFOAM < 33Z; Ship motion A1¥}-&%; Ireegular waves =3
3}, Wave reflection 3} ¥HAL Euler Overlay Method;
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Moon, Seong Ho

Department of Naval Architecture and Ocean Systems Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

2 dAgte ARk JAd EA40 Aol CFDe] A= 9 &8 7tsds
AES7] 993 7% AFoltt. @Z 42~ CFDZZ7131¢ OpenFOAMol HHAL
- ZHa2Ql EOM®¥ A& F@ste] eomFoamolet= £HE 7idstal, whAL
9 AR HAAsE A SEHGE 1€, 3 doDoll e AHA A
T g I % Azl gk sEWE" AFE FHEAT dolrt
eomFoam-S &3} whitenoise spectrum 7|¥+e] B 9E FHsla, &
THI F AAle gets8(Heave) B F52(Ptich) &5 7 2HEH

KEY WORDS: OpenFOAM < 33Z; Ship motion A1¥}-&%; Ireegular waves =3
3}, Wave reflection 3} ¥HAL Euler Overlay Method;
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AlA A E

L1 d7413 3 53

Aol kA (sea keeping ability)S 3 7}stol] Qo] XA % 2w} 3150
3t e 23233 ¢jEo] Strip method, Panel method 52 ZelA
Z1§ke) Fx A A H S e s o gty ey HZole tiy

Z &5 AY g 2T WdAEeH 7 F83% a4R dFY
CFD(Computer Fluid Dynamics)E ©]83% Aule] a4dsald #dA A7
ke MePE 3 QokPark et al., 2013; Chen & Yu, 2009). &4 o=
Ao AAEE ZIRolv Apel| o3k A4t T FAS THAHA, &
SH7IE 9% CFDY &8-& I AHIEEE NP3 HAESH S Ao At

= A5
1 Azl 8% H 2~ E(grid convergence test)E Eaf 3}
o] WE ASsta, A o mE AL A 5o A4S WA 7S
o ¥k, dbabgl 7] 9R]ol= grid  damping  (Kraskowski,  2010),
solution-coupling (Kim, 2013) ¥4 & Th&d 7I¥o] EA kL olo #3 AT
T 43 Wy Folrh

solution-coupling #2] Z<] shbQl EOM(Euler Overlay Method)®]& 5} A)
B 4 FEE 2R, 49 Yol 2'lAE Znke et CFDE §3 Al
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A e el FHFAE Fof mHlE HE WHA 9 VOF o5 A b
ol F7}st 2lolt}, E3 EOM "Hale] A% wialg 744 Zxo] HUzke
AAY F Qo WA g A o] AUk 2Pt PHEES A3
@ oglvks Aol Adrh U EOMYAel glof A% 4] 4= 4
B ATE UFFE AAolr EOMEAo] TAH yREel ATE A

AcuSolve (Kim, et al., 2011), StarCCM+ (Bockmann et al., 2014; Kim et al.,
2012) 59 A4 CFD &XZE{olE &3] 35}

melA B AFE CFD Z=wRive Agst s mALE 93] whAbgl 73] 7]
¥ % 3l EOM(Euler Overlay Method) W2]-& OpenFOAMel 27 -§-3}o
eomFoamo] 2= £WE /Masly, AAS 74 #A=o] 44 2D 73] 99 37]

A4E 9% shol=ekl e AASRA T} Yoy} eomFoame #-g3ked, A

o] 254 Aol 9ol CFD 7ol Aee 9 #g7heHde AEstus
white noise 2% sjgko g Avlg zA(following sea)ol A Aute] £5-&
FAstE L, 5SS FUst A 3
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A 2% 244 A 3 BA

2.1 A4 3 AR

E AFodME dde BAR] fE HgEAE f5

35 RANS(Reynolds-Averaged Navier-Stokes) 7]Wk =X

A2 o2 A 8 ad BEAS A0 F 2)9F EE}.

>
E
u:E
_,_.
ofo
ol
O
hac
kl

D

v U=0
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Au) w2l o] Aol el 23 A& xe| Crank-Nicolson7]H S A

[e} |
g3t AEsIR L, R gaste] A9 2z 22k A8 =] linear-upwind
274 AE 71¥H(Gauss linearUpwind)®} A3 zH& 7]1*H(Gauss linear)-S 2] -8-3}

w3t AFFE f%5 A e g A A A H(Volume of Fluid, VOF)
o] ArgHUY. £=-¢+8 AAd&= PISOUssa, 1985)¢+ SIMPLE(Patankar &
Spaldmg, 1972)2 A%3F PIMPLE &arg]l&o] 2% Inner iteration 2 Outer
=0

iteration 31 71% PISO ¢aelFol FHHOE AGHIL A S Fol
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Fig. 1 2D grid system
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2.2 Euler Overlay Method

Kim, et al.(2011, 2012)3} Bockmann, et al.(2014)ell4 A7 R¥ Euler Overlay
MethodEOM)E &% @ A ZH] o)% A2 o] 4£23S HIPAA wAlgE 7
A7l ol 71& &2 Se)s ot A ) 2ol HFgich

S, =8, — pulz,y)(@—2) €)

A71A, o3 ¢*= ZZF CED 71t 3o} ZAA A FojA= ZelE 7]l
&= vepdity =3k Overlay parameterzt E8l= uxy)= 2 @) 2 2] ) 2
o] F3Hth.

1(25y) = i A1 — 0 () 1o () } @
13 T < Rzn
) 7(z— Rm)
/’LO (IE) COS 2 (Rm,t _ Ri,, ) in z out (5)
03 T2 R{)’ut
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woy)eE A O)elA  Hole uiel o] FIe] xHo-0¥)
Cosine-square 3+ FEHZ WASIAIZ|= 7F5 ol ©, B A7+ 2D =4
Sk =

°l 7|Hlto g2 <3 & o /10(}’)( e H8E5HA &
(o1

relaxation zones’ 2o A= Exponential g+ & g+ FHY 7t T
£ AR&shAIRE (Jacobsen, et al. (2012), ¥ AFolM= 4 A= F4% W

shol mE R S WAE] fls AdAHeR 71er)7h ks
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Cosine-square Fej2] 7} 45 AL 2 5)] R ¥ Ry EOMH2
o] AL&HE, & WA 7L o] F A= FIHEOM zone)d F+ ZAAWS e
W mEbs 5 BAE Abololl A &L=y A FH| o] 247} Fig.2ol A Kol Hiet
2ol 0o A HE Ar&A7F AAF 4 7tA Cosine-square FE| 2 7}EX o o}
gt W3tetA Ao

in out
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Fig. 2 Contour plot of overlay parameter, u(X,y)
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2.3 B ES A+

2.3.1 WA} Al

B AR E FawE ¥ viAlg 722 §88 AFAHo =z Hyelr] s
AARo gk whAbRe] BIE YEld = WEAL Al(reflection coefficient, CR)E
AT (Ursell, et al.(1960). A CFD Z=w|¢le] A oA whAlw}r} whAy
st Fig. 3ol 4 yehd ukel o] JAkakete] <3 (superposition) e = <Qlaf
A AlZkol Aym, x7] A% Iapo] EZehX(wave envelope)S 7HA|= T4
(wave packet)= FAste] FEZ Q1 ABFvHpartial standing wave)e] FEjE Y
A At (Peric, et al., 2016). WA 7} Ho] REASEE A o] HEjo 717t
AA = olHF TGS o] &3 WAHAITE 4 (6)F 2ol 7 F UTh

CR: (H _Hmin)/(Hmax+Hm1n) (6)

max

714 Hmax ¥ Hmn> Fig.301 4 Hol npel 7o)
az et d(wave envelope)®] Hof a9} H4 o E 9

47y FRoZ Qs A
H
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Fig. 3 Wave elevation over x-location
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Fig. 4 Captured wave elevation over x-location

232 v EY AT HA}

g EY Aol AR F g B E Table 1o Yeblide =3, 4
o 4 m&<& Tyl A AW EY A+ dake Fighok 2ot

Table 1 Test case parameters

Parameter Magnitude
Uma1/8] [0.1,40]
Wave steepness[H/ A ] 1/20, 1/15
EOM zone sizel A ] 0/025/05/075/10/ 125
Wave length{m] 12.48 [ 6.24 [ 3.12
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Umax € [0.1s71,40s71]  Steepness(H/A) = 1/20

A = 6.24m EOM zone size(1) = 1.0

1. Selection of optimal tax —

|

2. Effect of wave steepness

Umax * Optimal value

Wave steepness(H/1) = 1/20 ; 1/15

l

3. Effect of EOM zone size

Umax : Optimal value

EOM zone size(A) =0/ 0.25/ 0.5/ 0.75/ 1.0/ 1.25

l

4. Verification of scaling law

Umax : modified according to scaling law

A =12.48m,6.24m,3.12m

Fig. 5 Parametric study procedure
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Fig. 6 Cgr(reflection coefficient) over i max (A =6.24m)
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Table 2 Principal particulars of KCS (MOERID

Description Magnitude

Scale 1/31.599
Lpp [m] 7.2786
D [m] 0.6013
T [m] 0.3418
Displacement [m°] 1.6490
Surface area incl. rudder [m?] 9.659
LCG [m] 3.532
GM [m] 0.019

Fig. 18 Hull form of KCS
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Fig. 20 Comparison of wave spectrums
Table 3 Variances(my) of wave spectrums
Wave spectrum my
White noise 0.25
Input 0.2573
CFD 0.2491
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Fig. 22 Prism layer mesher
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Fig. 23 Surface mesh refinement
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Fig. 25 Time series of heave motion
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3.2.3 Motion RACs HZ
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Table 4 Wave conditions for the numerical simulations

Wave Height [m]
Freq. [rad/s]
[proto/modell.
0.53 2 1 0.0633
0.45 2 /0.0633
0.25 2 1 0.0633

oluf, Fig.31 @ Fig.32¢} 7o) Z+ Fa+ =AY Astza 9
& A XMMLEH(steady state)e] T7te] WHF % MNETL I3 T HEHow
Fy ¥ 2% RAOE =&33th
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