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Numerical Simulation of Ship-induced Wave Using FLOW-3D"
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Abstract : Using the commercial CFD code FLOW-3D" which has an implicit General Moving Object (GMO)
method, the ship-induced wave has been simulated. In the implicit GMO method of the FLOW-3D", a rigid
body's motion which is either user-prescribed (prescribed motion) or dynamically coupled to fluid flow (coupled
motion) can be computed with six degrees of freedom (DOF). The simulated horizontal wave patterns are agree
with the wave patterns represented by depth Froude number. The model has been well-simulated to generate the
depth-dependent wave transformation in comparison of uniform depth case to complicated depth case. Addition-
ally, it shows that ship-induced waves have been reasonably generated by two ships passing each other and by a
ship moving in a curve. Therefore, it is suggested that the FLOW-3D" model calibrated with observed data
should provide more accurate prediction for the ship-induced wave in a certain fairway or harbor.

Key words : ship-induced wave, flow-3d, cfd
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Fig. 1. The shape of the ship used in experiments.
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Table 1. Experimental conditions for ship-induced wave evaluation

Cell information

Ship speed X Y Z
(inft) Depth (m) N Size(m) N Size(m) N Size(m)
o Max Min o Max Min o Max Min
0.7 158 138 500 10 10 206 19 10 %5 3 05
1.0 1538 6.7 500 10 10 206 19 10 17 13 05
13 1538 40 500 10 10 206 19 10 16 13 05

‘wave height(cm)

gdididonags
¢
=]
q

(a) Sub-critical wash pattern( g =0.7)

w b
- ol
g o
% pi /\\JA ﬂ ﬂﬂUAVA
it ViV
0 -
-80 i i 1 i i i 1 i
20 30 40 50 70
time(sec)
(b) Critical wash pattern( g =1.0)
” 4
il
EWr
13 N\ Mo
Eil v
€0
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time(sec)
(c) Super-critical wash pattern( gy =1.3)

Fig. 2. Simulated ship-induced wave patterns and time series of wave height in three experiments: (a) sub-critical wash condition,
(b) critical wash condition, and (c) super-critical wash condition.
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Table 2. Experimental conditions for wave height as a depth Froude number

Ship dimension (m)

Cell information

Ship weight Ship speed ~ Water X Y V4
(GD) (m/sec)  depth (m) Size Size Size(m)
Length  Beam Draft No. (m) No. (m) No. Mo M
1.13 0.30 0.04 42 0.762~2.438  0.16 300 0.05 50 0.05 15 0.07 0.02
0.05
(o . e Simulated
J“-'.- 0.04 R I —— Fitting curve
£
£ o0s / — -
= »
2
2 0.02 4
$ i
2 oo —
0.00
0.0 02 0.4 06 08 1.0 1.2 1.4 16 1.8 2,0 22 24

Depth Froude Number(Frg)

Fig. 3. Simulated wave height as a function of depth Froude number.
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Table 3. Experimental condition for ship-induced wave application.

Cell information

Ship — pyepth X Y Z
Case  speed - - - - Remark
condition Size(m) Size(m) Size(m)
(knot) No. . No. — No. .
Max Min Max Min Max  Min

A 150 (cl"znf)ta;l’; 55 51 10 210 159 10 19 48 05 one ship moving straight
B 15.0 real 550 5.1 1.0 210 159 1.0 19 4.8 0.5 one ship moving straight
C 15.0 real 550 5.1 1.0 210 159 1.0 19 4.8 0.5 two ships passing each other
D 15.0 real 550 1.6 1.6 330 5.5 1.5 19 4.8 0.5 one ship moving in a curve

E 14 ~

- constant depth

E s004 Namsandong { navigation route
Fig. 4. The bathymetric map of Yeosu-Guhang. s .
400 I,JI
- 3004 |I /h_h“\ P - I
o] Rt FuFn FAH 0 G Y 9 | Ery & |
200 0 / 4
SR g ANe S FReA Hol A5, 4] b | = il
100+ Y\ 4
AVA5E grim oz YA FHFoRM Wz A /
m,
SHSATE. Table 3 7 AgIqke] thet W82 ek 2o] Fig. 5. The navigation route (bottom) and depth Froude num-
1 Fig. 4= A38S gJsle] 7AE o578 olZaole] & ber profile (top) on the route. Wave heights are com-
NEEE AAS Aolth, HElo] Qi E AL 2 a)or pared at four points, G1, G2, G3, and G4.
ZAH oA HZoll HE B =S o] &3 Ao R o5
o] s Ve o T FAot 7t s, 75271 AEE o= A5 (Case A)RD
85 27] 9ol fAEE Wi A (Case BRI 7
321 AAFEE FEA| G ol sropidel whket Fr 7F F7kske] Aol A o
Auto] AT S FpE Aol st AL ALY Algke] ezt vreEhdtt, whebA =4 2polel] uhE 5t
o HAE FUs Ao E e (12 m, Fr,=0.71) of ARl e AR e FHlE vehlE 2s &
o AA S AEe Ao R sl d5ake] 4 T Atk
S vla, AESI Fig. 5= AP 1dd Axg 79 Fig. 72 Gl, G2, G3, G4 A QoM FAZA up&
A e} 2o A2 depth Froude number(Fr,) % & uto] AAGS Bladt RAog Gl AFoE A
she) it AAG HlRE 1F 9AF AN Aolh 2120 A%(Case A)2h AT Z9(Case By Wl
Fig. 62 ‘?E‘Xéf\r” (Case A)# #1574 (Case B)ell tis} u) Al W Fr o ztol7t Al gloBn g Altd i
of AN Y] SHAHS vlae 20w o] 3] sk AAGe] M2 fAME BES Lehiich
W 4027} A9 FAXE Case ASH Case B BF G2 A9) A9 Qggalel wa) AR 297k
Fr, ko] HISTSFELE sub-critical wash e} 2] F5=317} A8 O] A&7 =ee & 5 Qlek =9, Al 7
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1100 1200 600 700
X{m) X(m)

(a) After 40 seconds
B00-

Yim)

300 300
800 1000 1100 1200 600 700 1200

X(m) X(m)
(b) After 75 seconds

Fig. 6. Ship-induced wave patterns in two cases, using constant depth (Case A) and real depth (Case B).
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60
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£ o )
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40 g3

60 M 1 1 1 1 i 1 i
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Fig. 7. Time series of ship-induced wave height at four points, (a) G1, (b) G2, (c) G3, and (d) G4, using constant depth (Case A,
dot red line) and real depth (Case B, solid blue line).
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Fig. 8. Ship-induced wave patterns in case of two ships passing each other.

700 80O

2 Case B . Caee B
— 40 _ o[
Eza_ 520 — CasaC
Eat Yl
2 op A g of
§m_ E-zo_
40 40
oL . L i | L L i I f oL
0 20 40 60 80 100 120
time(sec)
(a) G1 point
60 = 60
[r— [
'E-“','—oanc -E"’,
220 g2
20 |- 20
ol P of
G3
'm L 1 1 1 L 1 _so'
0 20 60 80 100 120 0 20 40 60 80 100 120
time(sec) time(sec)
(c) G3 point (d) G4 point
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straight (Case B, dot red line) and two ships passing each other (Case C, solid blue line).
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Fig. 10. The navigation route for ships moving in a curve.
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Fig. 11. Ship-induced wave patterns in case of ships moving in a curve.
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