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3-dimensional motion simulation of a ship in waves using composite grid method
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Dept. of Environmental and Ocean Engineering, Univ. of Tokyo, 7-3-1 Hongo Bunkyo-ku Tokyo Japan

In this study, a computational fluid dynamics simulation technique has been developed for unsteady motion of a ship
advancing in waves. Composite grid system is employed in order to deal with large amplitude motions of ship and
wave generation separately. The governing equations, Navier-Stokes (N-S) and continuity equations, are discretized
by a finite volume method, in the framework of inner grid (O-H type) and outer grid(rectangular) systems. The
present method is applied to simulate flow around ship heading on calm water and in forced motions. Wave maker is
also tested. The results show that composite grid can cope with 6 D.O.F motion of ship and wave maker.
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Table.2 Series 60 model

Block Coefficient Cb 0.6
Midship Section Coefficient Cm 0.9775
Length-breadth ratio Lpp/ B 7.50
Length between pp L[m] 1
Breadth B [m] 0.1333
Draught T [m] 0.0533
Wetted surface S [m2] 0.1699
Volume of displacement 0 [m3] 4.252x10-3

Table.3 Condition of calculation for steadily heading ship

i
Table.l Simulation Methods
Governing Eq.. [ -S & Continuity Eqs.
Algorism MAC
Differencing Time Euler
Differencing ~ Space 3rd order upstream(advection term),
2nd order centered (others)

Variables Arrangement Staggered Mesh

Turbulent Model Dynamic SGS model

Free surface condition

Marker Density Function (DFM) method

Inner grid 0 Fluid Body fixed coordinate system
0 Ship motion] Ground fixed coordinate
Outer grid O FluidOOuter grid is fixed on the center of gravity

without any rotating motions] No Rotate

1

¢=Nip, +Ng,+ N3¢3 +Ng,

n

4 3
L1
=

aZL

1al 1—alg ¢

Ni=(1-a1) x (1-a2)
N2= a1l x(1-a2)
N3= al Xa2
N4=(1-al)Xxa2

Fig2 Interpolation Coefficient
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Grid Points Inner 140 x 22 x 103= 317420
Outer 148 x 73 x 53 =572612
Minimum grid space 0.001
Reynolds Number 1.0 x 10°
Froude number 0.316
Dt 0.001
Time of acceleration 3.0
0.0004 i—
0.00035 i—
0.0003 i—
0.00025 f—
E Pressure
0.0002 :—
0.00015 f—
E Friction
0.0001 :—
5E-05 i—
oF
2 3 g g
time

Fig.3 Time history

of resistance (non-dimension)

—6—Mono grid
——Experiment
—=— Qverset grid

V.

-0.5 -0.4 —03\02 -0.1

N

4

Vi

Fig.4 Wave elevation on Series60 hull

n
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00378511
0.0341501
0.03034817
0.0265481
00227471
0.0183481
00181451
00113441
000754308
000374208
-6 BA198E-05
-0.00385992
-0.00766082
-00114618

Fig.5 Pressure contour at section=1.5

Copyright © 2001 by JSCFD




gbobobobooooobooog

oo0oDodooooboooooobOoobooooooo
0do0oo0ooOoOoooobooobooednbOOoOoODbDOOn
O0000bOO0o0oooOo0oooboooboobooOoon Roll
0 O ORoll, Yaw U O O Surge, Sway [ 0 O Heave, Pitch O [0 O
oooo

000 COOOOoOCRellOOOOOOODOOO

00000000RIOPichdYawd O OO 00000 Roll
000000000000000000000000000
00000000000000000000000000
0000000R0NO20° OOOO RIOOOOOOOODO
000000000000000000000000000
000000000000 Table4 0000000 Fig6lD
Fig.11 00O

Table.4 Condition of calculation for
enforced roll motion simulation
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Grid Points Inner 140 x 22 x 103= 317420
Outer 148 x 73 x 53 =572612
Minimum grid space 0.001
Reynolds Number 1.0 x 10°
Froude number 0.316
Dt 0.001
Time of acceleration 3.0
Roll angle 20°
Period of Rolling 2.0

Frame 001 [ 13 Dec2001 [

non-dimension

0.0004 ' Total resistance

0.0003 -

o, ||\ AP

0.0001; e
O —————— g 15"

time
Fig.6 Time history of resistance. Fn=0.316

[Frame 001 [ 11 Dec 2001 |

non-dimension

N
0.0002 [~ 7N

0.0001

-0.0001

Fig.7 Time history of moment. Fn=0.316

Fig.7 Grid distribution at section=1.5.
Roll amplitude is 20 degree.

Fig.7 Pressure contour at section=1.5. Fn=0.316

P
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0.0694781
0.0815226
0.0535672
0.0426117
0.0376562
0.0287007
0.0217453
0.01378498
0.00583433

Fig.10 Grid distribution on horizontal plane.

z
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00101176
0.00825845
0.00639524
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0.00267283
0.000811628

-0.00104958
-0.00291078
-0.00477138
-0.00663314
-0.00843430
-0.0103556

-0.0122168

Fig.11 Instantaneous wave height contour map
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Table.5 Condition of calculation for enforced
roll and yaw motion

Grid Points Inner 140 x 22 x 103= 317420
Outer 148 x 73 x 53 =572612
Minimum grid space 0.001
Reynolds Number 1.0 x 10°
Froude number 0.24
Dt 0.001
Time of acceleration 3.0
Roll angle 10°
Yaw angle 5.0°
Period of Rotation 2.0
Frame 001 [ 11 Dec 2001 [
or Roll angle
Yaw angle
5 L
Degree 0
5L
0 time
Fig.12 Time history of Roll and Yaw angle. = Fn=0.24
[Frame 001 [ 11 Dec 2001 |
non-dimension
r " A

0.0015 | Fx(pressure)
[ Fy(pressure) ————
0.001 F
0.0005 F
0F
-0.0005 F
-0.001 F

-0.0015 |

time

Fig.13 Time history of Fx Fy.  Fn=0.24.
Roll amplitude is 10 degree. Pitch amplitude is 5.0
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non-dimension
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Fig.14 Time history of moment. ~ Fn=0.24
Roll amplitude is 10 degree. Yaw amplitude is 5.0
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0.09803487
0.0876904
0.0773411
0.06624918
0.0566425
0.0462932
0.0358439
0.0255946
0.0152453
0.00489596

Figl5 Pressure contour at Section=1.0.  Fn=0.24
Roll amplitude is 10 degree. Yaw amplitude is 5 degree

P

0.0133883
000781142
000223588
-0.00333944
-0.00891487
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-0.0256412
-0.0312 1866

-0.038782 i
-0.0423875
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Fn=0.24
Roll amplitude is 10 degree. Yaw amplitude is 5 degree

Fig.16 Pressure contour at section=6.0.
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Table.6 Condition of calculation for forced Surge and Sway

simulation
Grid Points Inner 140 x 22 x 103= 317420
Outer 148 x 73 x 53 =1572612
Minimum grid space 0.001
Reynolds Number 1.0 x 10°

Froude number 0.24
Dt 0.001

Time of acceleration 3.0
Amplitude of Surge 0.01
Amplitude of Sway 0.012

Period of oscillation 2.0

[Frame 001 [ 11 Dec2001 |

non-dimension
02F  Surge
I Sway ----

of
02f
04}
o6}
o8}

1

1 L L L L 1 L L L L 1
5 10 15

time

o TTTTTTT

Fig.17 Time history of enforced surge and sway velocity.
Fn=0.24

[Frame 001 | 11 Dec 2001 |

non-dimension
0.0006 | Fx (pressure)

0.0004; Fy (pressure) —-—-—-—--- A

00002
-0.0002f
00004

-0.0006 |

Fig.18 Time history of Fx and Fy.  (Pressure)

[Frame 001 [ 11 Dec 2001 [

non-dimension

0.0002 |- Mz

-0.0002

Mx
My

time

Fig.19 Time history of moment. ~ Fn=0.24
Roll amplitude is 10 degree. Pitch amplitude is 5.0

R
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0022673
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0.0152829
00115874
0.007858285
0.004187584
0.000502942
-0.00319208
-0.006BE708
-0.0105821

-0.0142771
-0.0178721

Fig.20 Pressure contour at section=1.5.
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Table.7 Condition of calculation for
heave and pitch motion

Grid Points Inner 140 x 22 x 103= 317420

Outer 148 x 73 x 53 =572612
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Table.8 Condition of calculation for
mechanical wave generating simulation

Minimum grid space 0.001
Reynolds Number 1.0 x 10°
Froude number 0.24
Dt 0.001
Time of acceleration 3
Amplitude of Heave 0.006
Amplitude of Pitch | Sdegree
Period of oscillation 1
Frame 001 [ 14 Dec 2001 |
0.0008
0.0006
0.0004
0.0002

0
-0.0002
-0.0004

-0.0006 E I
0

L
time 10

Fig.22 Time history of resistance due to pressure.

[Frame 001 [ 14 Dec 2001 |

0.002
0.0015
0.001 F
0.0005

-0.0005 F
-0.001 F
-0.0015 F

-0.002 | ) )

time

Fig.23 Time history of My(pitching) moment.

P
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0.096072
— 007273599
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0.02e0757
0.00274352
-0.0205888
-0.0438207
-0.0872529

Fig.24 Pressure contour on hull surface. Pitch=-1.5
gooooooooooo

Grid Points Inner 140 x 22 x 103= 317420
Outer 148 x 73 x 53 =572612
Minimum grid space 0.001
Reynolds Number 1.0 x 106
Dt 0.001
Wave Length 1.1
Wave Height 0.022

RIAI

z
0.013825
00117117
0.00938846
0.00808517
0.00827189
0.0044586
0.00264532
0.00083203
-0.000981256
-0.00278454
-0.00480783
-0.00842111
-0.0082344
-0.0100477
-0.011861

| Irmrm

Fig.25 Instantaneous wave height contour

0.005

-0.005

time

Fig.26 Time history of wave height
at point A and B in Fig.25
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