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Abstract — In offshore environment, an accurate estimation of a wave-structure interaction has been an important
issue for safe and cost effective design of fixed and floating offshore structures exposed to a harsh environment. In
this study, a wave-structure interaction around a circular column was investigated with regular waves. To simulate
3D two-phase flow, open source computational fluid dynamics libraries, called OpenFOAM, were used. Wave generation
and absorption in the wave tank were activated by the relaxation method, which implemented in a source term. To
validate the numerical methods, generated Stokes 2nd-order wave profiles were compared with the analytic solu-
tion with deep water condition. From the validation test, grid longitudinal and vertical sizes for wave length and
amplitude were selected. The simulated wave run-up and wave loads on the circular column were studied and com-
pared with existing experimental data.
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wave run-upe A 53k A& BTt ©]= Martin et
al.[2001]14 5 Bls=et ks vpebytel. sk, el o]2& 4
23 A7 Aol n, F2EY} A2 w1 ko] B
H AR e a-go] Ak 710X+ wave run-ups 5
Al A5 L5ISith(Biichmann et al.[1998]; Morris-Thomas and
Thiagarajan [2004]; Stansberg and Kristiansen[2005]).

< AAAI9 8 (Computational fluid dynamics, CFD)e]l ©]$F
FA A A7} H|oFA ] BAE o] Fa EE F S o] XA,
A3E 1St g5 25 /3548 (wave-structure interaction)Z}
HAE8A Aol thst d77F Ebs] 218E 3 Qlek(Danmeier et
al.[2008]; Iwanowski et al.[2009]; Beckmann et al.[2014]). 53],
glo]AlA H]go] QI3 AAFTTT) F7%E OpenFOAM 314 =2
I 3ok W oskEehe] W Al 4851 Qlth(Bredmose
and Jacobsen[2010]; Cao ef al.[2011]; Seiffert et al.[2014]). T=3F,
hekst sl wEE ETEES A% 5E #19 Open
source codeZ &3+ =X 9}&<=Z (Numerical wave tank, NWT)
719 el digk A7 A2 E2s] 8= gLl Morgan et
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So} AREES o] 83to] sitEkE AL, R ThelA] 2%
of Fz1 Aol gt REAFE Bl 83k 3 s
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R 2P S JESESITE. Jacobsen et al[2012]1 2] R8sy}
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flow)S a2 & 5= U= “interFoam™S 714 solver® AFE-5}93 L
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Fig. 1. Location of wave probes (solid circles indicate wave probes).
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o] slipFd2 28319 th(Palomares[2015]). 01218t 737
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2 TVD scheme®l| van Leer[1979]) limiter® XF2-2- 218319131,
b 4 ZRt-S Agsto] Axtsialnt. Aduls skt 3
FARES Z3ek oliks} WS ARgste] Attt tiig 412
FEAE 7717 el Algebraic Multi-Grid(AMG) H (Weiss et
al[1999]y& AR5} 31, Gauss-Seidel FHE- AXPHE ARR-3l0] T

WPAE Akt

4. =A™ A

Ol

4.1 YA} =AH

AAFTF 2702 272} ITTC OECl A X33k S benchmark
studyell X 285 =24 5 9k F717F 1=7s, 9s, 1550131, 2H7}e] 5
719 thall 3+ AAY H/L=1/30, 1/162) 2L 11338le] F 4 %
AL ATk Table 1> AxtzA-S Uehdth Qi 25
A (L/h<0.5)ys W5k 7N L2 9, e S dE
AT}, Chakrabarti[ 1987 333815 A2 13k ole] 2] A2
& AZHSNE AAEClT eks2 4 v Dol 05K
25 A EAE g xteke] A AR S QLA 0.5
wo}p & ol Abasr) vheEA] e Eojof i),

KC= ¥ A5+l X 118 % Keulegan-Carpenter (KC) 5 EF
ek K= et 1439 i) A A71E ofvlsks ol
], B9 (mean water level)ollA KC = th} 2ol YeRd

% gek,



66

Table 1. Incident wave conditions
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Wave period ~ Wave steepness Wave height

Wave amplitude ~ Wave length ~ Scattering parameter

Case number T(s) H/L H (m) A (m) L (m) D/L KC
Case 1 1/30 2.55 1.27 0.50
ase 7 76.44 0.21
Case 2 1/16 4.78 2.39 0.94
Case 3 9 1/30 4.21 2.11 126.36 013 0.83
Case 4 1/16 7.90 3.95 ’ ’ 1.55
Case 5 15 1/30 11.70 5.85 351.00 0.046 2.30
Case 6 1/16 21.94 10.97 ’ ' 4.31
K.=2nA4/D (3) RNG k-¢ model (Orszag et al.[1993], SST k-« model (Menter [1993])
37 R ES 31215 THBrown e al[2014]). SX| oFE)
SV = 3 2%, D= 98 71F A7 ek, Table 19] KO A2HEE S 918l Fuke] 2309 23} Ao A S5
S 3RS Aom YA JRuct B o] Aujse]  op, 3} F7] 105 3k AN HI=15302] SR 7102 Ssic.
o] RS AR 5 9l jedell glrkal 213 = QirkSumer,  Fig 4= ARY AIZI0] 1277) Ak ) Aeele] o] el oy

B.M. and Fredse, J[2006]). 3-8, Hallz51olA 3 (k)= A% &
AFA ] (dispersion relationship)el] 23l UERd 4= 91z, 3} 7]

7} T=7s, 9s, 1554
(ky=0.657, 0.398, 0.143)°|t}. == F7

), sk 242t 0.0821m, 0.0497m1”, 0.0179m
19} vkl eA0) 7]

o, 7717k 84855 s AR 93 7159 473 D=l6m,

= 24mo)al

)= 503100t} 1) o] 2849 $](Sadegh1

[2008])°ll w2} 3+ HALE H/L=1/309141= 2%} stokes ¥} =&, H)

L=1/160I14=
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dlo]] tffgt oJE 1= H7}ol| A= non-linear k-

~

G ST =
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Fig. 4. Comparison of wave elevation for turbulence models at =127
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RNG k- 5210] 27t stokes 92 714 A ekslA| Eastsict. Fig 5=
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Table 2. Grid sizes for grid convergence for 2D simulations

Grid system N,/ Ax (m) N,/Az (m) Number of mesh
Coarse 101/1.25 3/1.25 19,003
Medium 202/0.626 7/0.625 41,307
Fine 404/0.313 13/0.313 95,723

Z}o] A7]%= coarse, medium, fine 3WHA|Z AAE}Ron =
Zole] shg A P AZS wARE] 918 Dol W A%}
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