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Motion characteristics of Dual catamaran type floating bodies

I1-Woo Han

Department of Ucean Engineering, Graduate School,
Pukyong National University

Abstract

As human activities in the ocean advance toward deeper water, the development of effective
and economical moored floating structures become more important.

In order to protect the coastal and offshore structures from the attack of the waves,
breakwaters are required. In recent vears there has been increased interests in the use of
floating breakwaters as a means of providing the required tranquility in the target sea area
where the conventional fixed breakwaters are difficult to use due to various reasons.

The calculation results were compared with some numerical and experimental results for the
pre-modeling test of this program. They generally showed acceptable agreement with the
results.

In this study, we studied the wave attenuation effect of circular, rectangular and catamaran
shape floating breakwater for consideration of wave attenuation effect according to the forms
of floating breakwater. Secondly, we studied the wave atfenuation effect of variation of
mooring line arrangement in case of rectangular floating breakwater. Finally, the effect of the
distance between catamaran type cil-skimmer and catamaran type floating breakwater was
studied. The result showed relatively lower transmitied wave and better motion charactenistics
where the distance divided water depth, S=1, Furthermore, the effect of the horizontal tension
on the surface in substituting for the mooring system on the bottom of the sea was studied.
In case of higher horizontal tension, the oil-skimmer showed lows motion responses. But there

were the range of specific non-dimensional wave numbers( @’k/g) which had higher
transmission waves in case of higher horizontal tension. Therefore, it is desirable to select the
appropriate horizontal tension considering the length of the mcident wave,

- vii -
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Fig. 1. Coordinate system for moored floating body.
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3
= —,ogV% 11; ~(z,— 2p)®exp(iwd (32)

FAFAN A FAFAHY Y5 RIUEE BrW 4o JAN 2e
AE HRo o8 Fau.

P.= fPoos(n,x)ds

= —jpg ¢ exp(fwh) fc,b(x, 2)dz (33)

P.= chos( n,2)ds

= jpg & ,exp(iwd f¢(x, 2)dx (34)

M = IP-'(x~ x,c08{n, 2)+(z2— z,)cos(n, x)ds
= jog Coexp(z'wt)fqﬁ(x,z)[ (x— x)dx+(z— z,dz] (39
Flgl 0“)"]9’} ZELOI 1 13-]_3“9] 7‘1]'?1’71@0] D( @ o bm' )9‘}’ E( Cois dm‘ )oﬂ -

o @3, AzadsE C,, Aol I, 27%9 F,, Age A4

REE ARLE e a9 ARl A S0 dAE d¥s ® ¥E
ese

7 gom Afate] AQE gag TAGE g B
FO={ ~CPX~CpnZ+ Cp” ®)}exp (iwt) (36)
FP={ —CPX—ChZ+ C,®)exp (iwt) (37)
My P={C UX+ CoZ— Cp? ®)exp (iwr) (38)

AN S, s & O o] B oW, O, T MEAZTY Fra A
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Si = boi— 20— (@i — x)tane;
fomi = Fonil L
CH = (Ci— fs)cos’e;+ Fr
CP = ¥ = (C;— fu)cose;sing;
CO-CP=(Ci= fm)Sicos® e;— Fu( 2.— bo)
CO=(Ci— fu)sin?® e;+ Frui
COA=CP=[ C; S+ Fuil 20— bu)lcos &;sin €,

+ foil x,— an) cos’ e,
C¥O=8S,1C; S~ fmil by— z,0cos’ &,
+ i Si(@a,— x,008 £;sin &;

+ fmil Cu— 2N (bu— zo)Man &;
F(au— 2+ fui Si( bu— 2,)

21 (3D~ (38)& A (28)~(30) o s gelatd oh&a
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P DT ey + Cxr e - CaBEte g ()
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Fig. 3. Configuration of moored Circular cylinder for pre-modeling test.
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Table 1. Input data for pre-modeling test.

} Dimensions of open-spring

P meopred Circular cylinder

Non-dimensions of open-spring

moored Circular cylinder

parameters moored parameters moored
Ly 152 m {o / ho 0.4343
do 172 m do / he 05
be -5.4985 m be / ho -0.1571
Co 640 m co / he 1.8286
do -350 m do / he _10
spring constant(k) 809 t/m k /oghs 02312
initial tension(fs) 491 t/m fo /0o ghe 0.1002
Weight 3M1.04 t weight for the unit length. vy 0.2784
o moment of inertia for the unit )
moment of inertia | 55223 { - m’ 0.036%
, | length. vz
volume © 55807 m® | volume for the unit length. U3 0.4563 i
£ 311 ° £ 1489 :
deep 35 m hy BO
1.0
. This study
= \ e . L |- - VIMA<al
T %% \ «* $ ety N\ e umAexp
z \ .
o 1
¥ 06 o ]
@ \
o |
o (]
S 04
5 o
G 'Y
0
£ 02 |
c
©
(= !
00 I Lol ) I . A A i L L L 1 1 1 i
0.0 0.5 1.0 1.5 2.0 2.5
Non - dimmensional wave number ( m2h1g )

Fig. 4. Transmission coefficient for pre-modeling test.
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Reflection coefficient (
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Non - dimmensional wave number ( mzh/g )

Fig. 5. Reflection coefficient for pre-modeling test.

Sway motion (X/Zo)
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. ——This study
Y - ———UIMA<al

® o WIMA-exp
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Non - dimmensional wave number ( (1)th9 )

Fig. 6. Sway motion for pre-modeling test.
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Fig. 7. Heave motion for pre-modeling test.
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Fig. & Roll motion for pre-modeling test.
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—— This study - Pz
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Fig. 9. Hydrodynamic pressure force for pre-modeling test.

Mooring force ( F/kzo )
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Fig. 10. Mooring force for pre-modeling test.
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Fasiae] #43 o'h/gdl WE o8 st Fig 11~133% 2o] 9%, A}
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A3, AtZE, A% A9 gk Input datax= ZHZ Table 2—~4°]t}. Fig 162
gabol digt 2ARE Jed Ao2 wlhig 7} 0713 AE A5l FL
2%F4E BA}h @Phig = 16 olFAME dFo] AAEH 4E5PR & 4
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Fig. 11. Configuration of side-spring moored circular cylinder.
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Fig. 12. Configuration of side-spring moored rectangular cylinder.
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Fig. 13. Configuration of side-spring moored catamaran cylinder.

z
incident wave
F.__..__
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f I
t {AL2, -QH) (AR1, -QH) :
f {AL1, -QH} | (AR2, -QH) i
r |
| |
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Fig. 14. Coordinate system for catamaran.
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incident wave
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Fig. 15. Definition of boundary segments for catamaran.

Table 2. Input data of circular cylinder.

Dimensions of open-spring Non-dimensions of open-spring
moared Circular cylinder moored Circular cylinder
parameters moored parameters moored
Lo 1902 m Lo / ho 0.3804
o 20 m a0 / o I 04
bo -6.15 m bo / ho i ~0123
Co 9595 co / o i 1919
do -5 m do / ho -10
spring constant{k) 70 t/m k /ogho 0.1429
initial tension(fy) 464 t/m fo /oghs 0.0947
i weight 1200 t ! weight for the unit length. v 0.4800
. , | moment of inertia for the unit
moment of inertia | 158125 t - m 0.0253
- o ~ length. » N
volurne 7535 m® | volume for the unit length. v3| 0.3014
£ 300 ° £ 150.0
deep 50 m , ho 50.0
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Table 3. Input data of rectangular cylinder.

} Dimensions of open-spring Non-dimensions of open-spring

moored Rectangular cylinder

parameters moored
b ] 2m
' , 20 m

bo | -615m

Lo | HBHm

do -850 m )

 spring constant(k) | 70 ¢m
_initial tension(fo) | 64.386 t/m

moored Rectangular cylinder

parameters \ moored
b /o L o4
a0 / ho ) 04
Cbe/he 0123
e/ 1919
k /ogh, 01429
fo /o gho . 01314

weight 1200 ¢ weight for the unit length. v = 0.4800
] ] . Imoment of inertia for the unit
moment of inertia 205000 t - m” 0.0328
- — - e im———— . le[lgth‘ UZ _—— S
volume L1046 m’ volume for the unit length. 03 0.4184
€ o307 ¢t , . 1500
. deep S0 m ho . 500

Table 4. Input data of catarmaran.

Iimensions of open-spring
moored Catamaran cylinder

Non-dimensions of open-spring
moored Catamaran cylinder

_parameters | moored parameters 1 moored
b . 20m do/he o 04
A 20m @ /h | 04
b .6 m b/ he | 01
G | HBHBm | o/ he | 1918
o j ™0m o/ o | 71O
_ spring constant(k) | 70 t/m ~ k/pghe 0.1429
initial tension(fy) 48.265 t/m - fo/oghe : 777766{;85 :
weight 1200 t i weight for the unit Jength. v 0.4800

moment of inertia 177500 t - m

volume 7845 ﬁl3
€ . 3007
deep 50 m

, moment of inertia for the unit

~ length. vy ) o
volume for the unit length. v 0.3138
' £ | 1500

ho 1 800
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Transmission coefficient ( Kt )
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Fig. 16. Comparison of K: with type of floating breakwater.
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Azhy BastAle) A9 Yol AFatel wixol wheh Fig. 12, 17, 18% 2l
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270 2 Agom, AL ¥ AFMA Y Input datal Table 5% @ Fig.
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Qe 799 wag#s Jebdch Fig 19914 o’h/g 7t 03~13 7AAT sidest
bottomell BlEte] cross7t £& 2WEHE Holm kg = 14 olFANE
bottorno] £& AMaTHE Btk Fig. 200143 side, bottom, crossel tg 5-7e)
Wl opito] Aol wl&stATt Fig. 19949 A= @’hfg 7t 03~13 7HAE
side} bottomol) BI5He] cross7t & ARAAE BolT o'h/g = 14 IFANE
bottome] F& AW EHE BUTh
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0 AN
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Fig. 17. Configuration of bottom-spring moored rectangular cylinder.
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Fig. 18. Configuration of cross—spring moored rectangular cylinder.

Table 5. Input data for mooring system.

case of the same mooring angle on| case of the same mooring point on
the bottom of the sea the bottom of the sea
type Rectangular | Rectangular | Rectangular | Rectangular | Rectangular | Rectangular
side bottom Cross side bottom Cross
mooring 3 ° 30 ° 30 ° 30 ° 1743 ° 1162 °
angle (150) (150) (159 (150, (16257 (168.38)
20 20 =20 20 20 -20
@/l (04) (04) (04) 04) (0.4)
bo / o -6.15 -26.15 ~26.15 -6.15 -26.15 -26.15
| (-0.123) (-0.523) (~0.523) (-0.123) (~0.523) (-0523)
o / b 95.950 61.31 2131 . 95950 95.950 95.950
(1.919) (1.226) (0.426) 1919 (1.919) (1.919)
& / by =50 -50 -50 =50 -20 -50
-1 (-1) (-1 -1 (-1) (-1)
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The same mocring angle on the bottom of the sea

- Rectangular - side
5 1.0 | — — ~ ~Rectangular - bottom
‘ué; B/ N N PO Rectangular - cross
O 08
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g 06 rYJ) - WS e
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o
2 04
g
c 0.2 t _
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- i
DO lIIJJlillLllflJIlJlJlIJIILLJlIlIJiIlIlI
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

Non - dimensional wave number ( mzhlg )

Fig. 19. Comparison of the mooring system for the same mooring angle.

The same mooring point on the bottom of the sea

1.2 ,
- Rectangutar - side
f 10 — — — — Rectangular - bottom
;é; B s Rectangular - cross
S 08 |
t -----
8 o6 |
c
ge!
@ 04 +
5
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'— 0.0 § Y L1 L1 ol i1 I3 1_J 1 L1 1 1 4 1 L Lol ] L 1 _i It 1 1 It 1 1 1 1 deim k. i
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Non - dimensional wave number ( 0)2Wg )

Fig. 20. Comparison -of mooring system for the same mooring point.
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Fig. 21. Cross section of Catamaran.
OF B SET TABLLE
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Fig. 22. Off-set table half breadth from €. L. of Catamaran.
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are - SET TABLE
HEIGHT ABOVE B. L.

1A XEEL 050 1.001.50 UDK. sSTA
NO LINE BL B.L.B.L. S.L. ~NO
4.00 Wl AF 920 920 S20 9956 5100 AF
1 460 460 460 465 1
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.00 AN I a 4
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200 WL 7 e 0 7
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81,2 10 4ag 1213 81s2
i e 0 6135 1527 2819 9
1.00 Wb Y1/2 B85S0 2E05 3326 4517 91,2
F.P 2400 4274 S0S0 - 5100 F.P

0.50 A 2N ’ LTI e

Fig. 23. Off-set table height above B. L. of Catamaran.
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Fig. 24. Coordinate system for Dual catamaran.
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Table 6, Data of catamaran(4m).

cord numbering of each frame

91/2

8

1/2

8

765

43

X

z

X

z

X

z

X

5432

5.987

0.000

6.250

0.000

6250 | 0.000

6.250

0.000

6.25)

6.163

5.150

5.708

-1L000

6.230

0.400

6220 | -2.500

6.100

-3.820

6.240

6.217

6.074

5.006

5.35

6170

-1.000

6073 | -3.000

-3910

6.100

6.195

5.900

4.650

5.150

-2473

5966

-2.000

5T | -3.500

-4.000

6.030

5570

4562

4881

5.543

5650 | -3.630

-4.000

5.400

2730

4193

4650

5.202

5115 | -4.000

-3919

2800

2400

4.150

4216

4635

318 | -4.000

-3.820

2270

2226

4.107

4.084

3.665

0.000

2.105

2137

3.738

3.650

3098

0.000

2,083

0.000

3.600

3418

2,757

0.000

2072

-2.137

3.294

3.150

2334

-3.820

0.000

~2.226
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-3910

-2072

-2.400

2868
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2592

2.0710
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0.000

2313

2.050
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-2.868
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-3910
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-3.150
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-2.060

-3.820
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~6.074

-3.24

~2.592

-2070
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-5.400

-6.163

-3.650

-2945

-2.130

6030

-3738

-3.150

-2473

-2.334

-6.195

-4,107

~3.419

-2.757

6217

-4.19

-3.660
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-4.198

-4,084

-4562

-4.216

—6.220 ~2.500

-5.006

~4.881

-6.250| 0.000

-5.150

~-0674

-5.150

-5432

0.000

-5.365

-6.170

-5.708

-6.230
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Fig, 25. Definition of boundary segments for Dual catamaran.
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Fig. 26. Configuration of Dual catamaran.



Table 7. Input data of Dual catarmaran.

Dimensions of open-spring Non-dimensions of open-spring
moored Dual Catamaran cylinder moored Dual Catamaran cylinder
parameters moored parameters moored
lo 54 m lo / ho 0.108
a9 54 m a0 / he 0.108
be -40 m bo / he -0.8
Co 8 m co / he 1.7
do -50 m de / ho ~-10
spring constant(k) 70 /m k /pghe 0.1429
initial tension(fo) 48.265 t/m f. /pghy 0.0985
weight 371925 t weight for the unit length. v; 01517
. , | moment of inertia for the unit
moment of inertia [1331.25 t - m’ 0.000213
length. v,
volume 36775 m® | volume for the unit length. vs 0.1471
£ 300 ° 3 150.0
deep 50 m ho 500

Table 8. Input data of horizontal tension.

fo(t/m)

25

50

(6]

100

fo /Pgho

0.0610

0.1020

0.1531

0.2041
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Fig. 27. Transmission coefficient of Dual catamaran with S'.
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Fig. 28. Sway motion of Dual catamaran with S.
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Fig. 29. Heave motion of Dual catamaran with S.
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Fig. 30. Roll motion of Dual catamaran with S.
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Fig. 31. Transmission coefficient of Dual catamaran with S.
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Fig. 33, Configuration of Dual catamaran with tension.
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Fig. 34. Transmission coefficient of Dual cata. with tension for S'=0.87.
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Fig. 35. Sway motion of Dual catamaran with tension for S=1.0.
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Fig. 36. Heave motion of Dual catamaran with tension for S=1.0.
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Fig. 37. Roll motion of Dual catamaran with tension for S=1.0.
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$51]

o*hig A BE F7UDS HFL) ; F4 h=509 o

kh tanh kh kh T(571) L(o3)
0.1 0.32160 44.879 976.848
0.2 046270 31.733 678.947
0.3 0.57666 25.912 544.812
0.4 0.67784 22440 A63.476
05 Q0.77170 20.071 407.102
0.6 0.86107 18.322 364.843
0.7 0.54761 16.953 331.527
08 1.03242 15867 304.277
09 1.11626 14.960 281.441
10 1.19968 14.192 261.860
1.1 1.28309 13532 244.853
12 1.36680 12.956 229.860
1.3 1.45105 12.447 216.489
14 1.53601 11.985 204.540
15 1.62182 11,588 193.710
16 1.70854 11.220 183876
1.7 1.79625 10.885 174.898
18 1.88495 10.578 166.658
19 1.97465 10.296 159.091
20 2.06534 10035 152.097
2.1 2.15696 9.794 145.661
2.2 2.24948 9.568 139.646
23 2.34284 9.358 134.091
2.4 2.43697 9.161 128912
2.5 2.53181 8976 124.085
26 2.62730 8.802 119.584
2.7 2.72338 8.637 115.352
28 2.81997 8.482 111.418
29 291702 834 107.699
3.0 3.01448 8.194 104.219
31 3.11230 8.061 100.949
32 3.21043 7934 97.863
33 3.30884 7.813 94.956
34 3.40747 7.697 92.201
35 3.50631 75856 89.596
36 3.60532 7.480 37.138
37 3.70449 7.378 84.800
38 3.80378 7.280 82581
39 3.90318 7.187 80.499
40 400267 7.096 78.484

2
T= 21 L= &T° tanh kk

= J & Lguhzjr(kh) Z 2
@ X T
3
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