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HYDRODYNAMIC STUDY OF WAVE EVOLUTION
CHARACTERISTICS AROUND SEMI-SUBMERSIBLE
PLATFORM IN SHALLOW WATER WITH SUBMERGED
TERRAIN NEAR ISLAND BY CFD METHOD

ABSTRACT

With the development of the resources of South China Sea, the
strategic position of the island and reefs become increasingly prominent. It
is an excellent choice to build a floating platform near the island to
guarantee the construction of the islands. So that it is significant to
investigate the wave condition and the hydrodynamic characteristics of the
floating platform near the island and reefs.

In this paper, a 3D viscous flow solver (naoe-FOAM-SITU) is
employed to simulate the wave evolution characteristics and hydrodynamic
properties of semi-submersible platform in the corresponding wave
environment in shallow water with submerged terrain near island.

Firstly, a validation work was done. The comparison work was carried
out between the natural period the free-decay motion of the computational
results and experimental results which verifies the accuracy of the solver
employed in this paper. In the validation work of the wave generation
module, the waveform of this work was compared with the theoretical
waveform which verifies the accuracy of the wave making module.

Subsequently, the investigation about the hydrodynamic
characteristics of the platform and the wave evolution phenomenon with
the oblique bottom terrain were carried out. The response characteristic of
the floating platform was firstly studied and the RAO (Response
Amplitude Operator) results were compared with the experimental data to
conduct a further verification of the solver and the calculation results.
Meanwhile, a conclusion can be drawn that the response characteristic of

I
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the platform is better in high frequency waves. In the part of analysis about
the wave evolution characteristics with oblique bottom terrain, the
evolution characteristics of the regular waves with different wave
condition were firstly analyzed, and then the research about the variation
of the wave height and wave frequency components were mainly
investigated. It is found that with the increase of the wave period, the wave
height will increase obviously during the wave evolution process, and the
high-order components of the wave will be more pronounced.

In addition, the influence of different seabed terrain upon the wave
evolution characteristics was studied, and the difference of the wave
evolution characteristics between the flat bottom condition and slope
bottom condition was explored. It can be found that the wave height
decays steadily in the flat bottom condition and no obvious evolution
characteristics such as the enlargement of wave height and non-linear
component enhancement can be observed in this process. Thus it is
verified that a series of strong nonlinear phenomenon that captured in the
previous research are caused by the oblique bottom terrain exactly.

Finally, the mechanism of wave overturning phenomenon was
investigated deeply. In this paper, a two-dimensional wave pool was
established in which the wave overturning problem was carried out. It is
shown that with the increase of the wave steepness, the wave depth index,
wave height index and the wave vertical asymmetry index reduced
significantly, while the wave front asymmetry index, wave rear asymmetry
index and the horizontal asymmetry index are not very sensitive to the

wave steepness.

KEY WORDS: Submerged terrain, floating platform, wave evolution,
naoe-FOAM-SJTU
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Fig.1-1 Diagram of island and reefs and structures near the island.
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— A T RS E AL RBIR AR FEE, B J5 Munk(1949)K51% 77 54 BIRKRE X ]
BIRHIFE00), Stoker7I(1949)J T2 < 5 77 2 B @ i AL B W] R 4 () K & 7 —
AN [) PR EER AR 7 2R A BR300 ) A R B e i) R

WY SCHTR,  H R KR B T8 N AL 3 A& 8 TR A B A7 (1) B AR AE o
Svendsenl*®(1984) /& f T — A~ BRIV AR Y, 38 1 1) FH 2R T 7K VR M A T 38t VIR v

-9.



IS5 N 2 TR R DATS'S

TERRE X A 4K . Svendsen A1 Madsen!®1(1984) /& f& T — M BRI J7 1k i 5 A
DX i A A A O AR FE 2 AT RE BB RORIRBNRFAE , A AT TR AR St AT FR AR R 7 7K
TFEHE B ke BRI, FEE R TR AR IR . Yamazaki(2008) 40155 A 7L
Fera B @ R B AR K R I 55 e, Al ARG it i K T RE SR AU ST
B RREFC T o Al 2 AR RR A8 AE WA AR IR IR A 22 56 S B BFE B R 0
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TR AR A T VA A [ 3E . Mayer A1 Madsen [©/(2000)2%38F VOF J7 228175 77 72
k-oo FETUNE PR AT A . (R ER R, HEP IR T REAEHER, A
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5 A I T B R — 5 1Rl R 3R 2 6 B 2 KB I R B G Ay, IR )
LSRG (R FH 2 B 1

Maeda %5 NBS(1992)AfF 7 1 238 XV & 75— & J5 M AU g shme B2, &%
IS E — 5 M B RS MR R R . IR R, R % 8k
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TEE—RT7iER, SRR R eI SR T b, R ek 0% 2 B B R 1 2%
AR SR o XA TTVETT DU RO D 220 10) R, {FLFE 25 3 2 25 (R 1R 0 T
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Rankine [H] 7Y% IS FH ™ i B I8 o 3XAT45-1% 0732 AT DALE T 55 b BB a AR AT A 2
[R50 TR AE SR IR

XN 22 AN (1997) 5 B T —Fh o3BT ZRTH R SRR AR AR FH B3
VAR AL A o) S0 PR AR A AN B R, DRI AR SR AR A E 2R 90 IR FH ER RS TT 1%
TER ARSI 2 )5, PR YR = 4E5 b ot S 200 S BE s S I L kAT
KA

16,56 FH B AR JEE U 0 (1999) AR 43 Bt 7 A 507 S AR EIS 31 RV R Gt 1)
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Fig.3-1 Overview of experimental (left) and numerical model (right)
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Table 3-1 Gross parameters of semi-submersible platform

FESH L2 EAEN
AK m 50
R m 25
R m 9.7
nz 7K m 5
HK & m? 2970
BT K Zem m 1.01
MEREA SR Kg-m? 7.67x108
IAFEAT A Kg-m? 2.29%108
HRR R Kg-m? 8.73x108
k32 RARARETESHK

Table 3-2 Gross parameters of mooring system
FESH L2 EAEN
HEEE 8
g 2 A 1) A E ° 150.1/14.9
A R B KR m 10
RIA AL E KR m 5
LR E Kg/m 97.08
HigEEAR m 0.095
W IR A& N/m? 1.2x10M
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Fig.3-3 Sketch of computational domain and submerged terrain
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Fig.3-4 Computational domain with all key factors.
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Fig.3-5 Computational mesh of the domain (upper left), extracted terrain (upper right), lateral view
of the domain (lower left) and the local view of the mesh beside the platform.
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Tab.3-4 Parameter of the wave condition calculated in this paper

THE T PARSE (m) BRI (s)
Casel 2 4.38
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Fig.4-8 Comparison between elevation of free surface of Case 7 (left) and Case 4 (right) at different
time steps that wave crest arrives the first row of columns (upper), wave crest arrives the second
row of columns (middle) and wave crest leaves the second row of columns (lower)
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Fig.4-10 Waveform (left) measured by different wave gauges (No. 10, No. 14, No. 17 and No 20)
and feature of free surface (right) of Case 4
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Fig.4-11. Waveform (left) measured by different wave gauges (No. 10, No. 14, No. 17 and No 20)
and feature of free surface (right) of Case 5
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Fig.4-12. Waveform (left) measured by different wave gauges (No. 10, No. 14, No. 17 and No 20)
and feature of free surface (right) of Case 6
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Fig.4-13. Waveform (left) measured by different wave gauges (No. 10, No. 14, No. 17 and No 20)
and feature of free surface (right) of Case 6
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Fig.4-18. Frequency analysis of different wave cases at gaugel, gauel0, gaugel5 and gauge20
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4.3 ML IR R

N T ER— DX T ARSI A B BEAT 0B, SR 1T SCH)— L3 5 10 S R A
JRERL BSAEHT SO — REEE RAE AR, RN XS AR PR, BRI
M LA I ST T IR ) AR M (8 IR T AR DX HEAT 20 A AN SR, AT 36 E i
S 2R BB G R RS R B S R R I 3 2

A 420 PR HE (£) AMaiE (&)
Fig.4-20. Computational domain (left) and lateral view (right) of the flat bottom condition

N 4-20 s, R Ab—Mib e, BIORIRET 2 64, IR AR

- 66 -



AT R B S

B, A PIRMIE . Ay IR N R BB AR SRR A 2 SR
W NIRRT AR PE X XS EE, SRIGERT SR ILRMNSES 8, JFal DLt — 215
H AR BRI AL IR

PR E I AR 2109 160 73, SHISCHITHRSRMRS B8, Uk RANS
AR, TR TR AT R KRN 0.005s, B LALIEEL 2 Case7, HIJ &
N 3.2m, FANIDN 10.526s X — Tk, EFIX— TOLMHE R AR y: XA T
DUR, PR RIBORAN 2 5 AL G VB, TR T R B0R 2= & ZE RS AT
R

X TP RO R BRI A THR A SR A 4-21, 39— BOR AL FF L AR .
MERRTELE 2], BARAET JRIE E AR IR HILBRE, B IR AT DR R
NREF, BOUREEEIGN. MRIEHIET Case7 T C4 B 1 W8 HIRLHE,
MNP JEE LT T IR R AL - 5 BB AT RO B 1 X3

B 421 —ABE#A TR T 698 kA& H 2% (Case7)
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Fig.4-22. Variation of wave height along the spread direction of different bottom condition
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Fig.4-23. Comparison of the free surface of Case7 between the two bottom condition
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Fig.5-2. Sketch of the mesh and arrangement of the computational domain
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Fig.5-3. Definition of local wave profile asymmetry (Kjeldsen and Myrhaug, 1978)2°]
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Fig.5-4. Wave breaking phenomenon of Casel over the reef in half wave period colored by velocity
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Fig.5-6. Breaker depth index (a) and breaker height index (b) as a function of offshore wave
steepness (Ho/Lo)
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Fig.5-7. Wave profile asymmetry parameters as functions of offshore wave steepness (Ho/Lo)
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