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Numerical investigation of wave-structure interaction
around circular columns in regular waves

Seong Jin Song

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

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 circular columns in single and square array
conditions was investigated with the 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 2™ order wave profiles were compared
with the analytic solution 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 columns were

studied and compared with existing experimental data.

KEY WORDS: Computational fluid dynamics(CFD, 4F-f-A|<3}); Wave-structure
interaction(Z+% T x& 4 3528); Numerical wave tank(F*|3%5=), Open

Source Library(&22 37 ZZ), Circular column(¥3 7]%)
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Fig. 1.1 Air gap and deck clearance in a semi-submersible structure
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Table 3.1 Incident wave conditions
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Case number

T(9

HL

H (m

A@m  L(m

DA

KC

Case 1
Case 2
Case 3
Case 4
Case 5
Case 6

15

1/30
1/16
1/30
1/16
1/30
1/16

2.55
478
421
790

11.70
21.94

1.27
2.39
211
3.95
5.85
10.97

76.44

126.36

351.00

0.21

0.13

0.046

0.50
0.94
0.83
1.55
2.30
4.31
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Fig. 3.2 Location of wave probes (solid circles indicate wave probes)
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Fig. 3.3 Arrangement of four circular columns
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Fig. 3.4 Ranges of suitability of various wave theories (captured from Sadeghi (2008))
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model(Shih, et al., 1996), RNG 4¢ model(Orszag, et al., 1993), SST A« model(Menter,
1993) 3714 GFEDES 1A THBronwn, et al, 2014). Fig. 3.5(a)= A4t AlZko]
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5 714 ASe R
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Fig. 3.5 Comparison of wave elevation for turbulence models at t=127°
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Fig. 3.6 Numerical diffusion of turbulent kinetic energy around free-surface
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(b) QTFs of surface elevations

Fig. 3.7 RAOs and QTFs of surface elevations at /4£~1/30, 7=9s (left: inner probes,
right: outer probes)
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(b) surface elevation at //=1/16

Fig. 3.8 RAOs and QTFs of surface elevations at /4/~1/30, 1/16, 7=9s (left: RAOs,
right: QTTFs)
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+ WS x-Fo2 AL, ®ol WEFe o= AU Ne T
T, Nae 9118 Az 28 F5 guidith. axe 97| 2ol Wk
=o] ¥ Ax 2715 Yepdoh Fig. 39(a)= 371K Azl dis)

A AR A ARE] WE Hkal WSS 221 A5 9 o] 23 H| Wt

Uehd Zloltth. 7 79 d&3 s8S gt Fig 39(b)s W HAF mediumZ A}

Aol Fztoll 202709] ARH0.626m), =TIl 7719

A7ZH0.625mE WHESfoF k= Ae & 4 AUtk Figo 310 A F7] TE7s9)

T=15s2 W AlZtel whel AAE ute] B s Y T FAldA SAsH 22 252~

1 o] Hlwdk Zlolth Fig 311 WHAAIE H/IF1/16Y W, 52F 2~52 1} o|&&

g5k 3 AAFS YeRd Zlolt) Fig 3107 Fig. 3119014 & &4 l%0] o241l
et A AR AREE AAdste Als gl Stk

o Y & o oy Y
2o N oo o
L oo e
NN

)
Dy
o et

oflt
N
of

o

rll

Table 3.2 Grid sizes for uncertainty analysis for 2D simulations

Grid system Nyf Ax(m) Nz/ AAm) 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
- 2 0 -
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Fig. 3.9 Comparison of wave elevation with different grid sizes
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Fig. 3.10 Comparison of wave elevation at two periods at #//=1/30
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Fig. 3.11 Comparison of wave elevation at /4//=1/16
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Fig. 4.12 Scattered wave field around four cylinders at /44~1/16, 7=7s and 3=0"
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Fig. 413 Scattered wave field around four cylinders at /£/=1/16, 7=7s and 3=45"
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