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Abstract

A Study on Performance of the Low Draft

Trimaran Vessel with Moonpool

Byun, Seok
Advisor . Prof. Park, Je-woong Ph.D.
Department of Naval Architecture

& Ocean Engineering,

Graduate School of Chosun University

For the quick and efficient disposal that comes to be serious as time goes
by the injurious sediments of the harbor and rivers it demand that the form
of the vessel which has the wide deck area for collecting and processing

equipment loading of sediments.

Trimaran compare to single hull ship complemented the general
arrangement and type of ship.

They decided location of the main hull and sub-hull considered the wave
interference as to get a wave resistance decrease effect, it uses the sub-hull

will be able to magnify the deck area.

In this research, it accomplished the design for low and high speed of

Trimaran and model test it led with efficiency of ship and sloshing of the



Moonpool inside, and it grasped regarding the single hull ship model test in
the circulating water channel, it investigated the efficiency of the vessel and

the sloshing of the open hull.

The inner fluid flow of the Moonpool increase with progressively
changing speed from low to high and with the exciting force which gets up

a hull motion and it appears with resistance increase.

The resistance increase due to the Moonpool with sloshing of free sleep
of the Moonpool inside reasoning the pitching due to the wave shock of the

Moonpool inner wall which is caused by is judged with this primary reason.

The existence of the Moonpool will be able to consequently increase the
resistance the above 209 by the size or the draft which reduces the
resistance due to the Moonpool with method of reducing the sloshing of the

Moonpool inside that will be able to diminish the resistance increase.

The method it will be able to control a flow of Moonpool inside, Step
level control which is located on the Moonpool inside and baffle that it
controls establishment of the back to lead, with the fact that it will be able

to minimize the resistance increase which is judged.
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H, AAF STl 7} FF(Moonpool)s A A sFA T
L Fs AW % WA

Table 1 Particulars of Low Speed Type Trimaran

Main Hull Scale 23.33 Side Hull
M.S.NO. SHIP 50111?/IODEL M.S.NO. SHIP 5011]EI)’\/IODEL
Lpp(m) 28.000 1.2000 Lpp(m) 14.000 0.6000
Lwl(m) 29.000 1.2429 Lwl(m) 14.000 0.6000
B(m) 4.500 0.1929 b(m) 1.500 0.0643
D(m) 3.866 0.1657 D(m) 3.166 0.1357
CONDITION FULL LOAD CONDITION FULL LOAD
df(m) 2.000 0.0857 df(m) 1.300 0.0557
dm(m) 2.000 0.0857 dm(m) 1.300 0.0557
da(m) 2.000 0.0857 da(m) 1.300 0.0557
trim(m) 0.000 0.0000 trim(m) 0.000 0.0000
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Table 2 Principal Dimensions of High Speed CWC

Whole Body Measuring Section
L (m) 24.0 7.0
B (m) 3.2 1.5
H (m) 6.6 1.2
Max. Velocity 5.5 m/sec

2 Agee dAFEFA A3 Moonpool WlF-2] w38 (Step =olW 3}

2 Step 7)ol WE AFATH AAFA] FFBFEES 98t Table 39 A=

Table 3 Test Conditions

TEST
A
CONDITION (ton) | M.P. | Step RESISTANCE FXVOAV:I/E E;TII\E/EI;TI ng
ffé%lg’(f?gnx;thout M.P 2598 | without | - o o
ggg;noa%gggjlyﬁot) 2474 | with | 13m o S
gg;;o%noa%gggjlyﬁot) 2491 | with | 2.0m o S
left%u%%fe? (Vfg}ngnft) 2429 | with | without S o
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Table 4 Resistance Test of the Full Load Condition with M.P Step 1.3m

Date 2005.04.22 Cf type ITTC 1957 Line

W.T. 18.6°C |p 101.808 v(107-6)  1.03889

MS.No. M5011|FULL LOAD CONDITION [M5011F

Lpp 1.2000(m)|Lwl 1.2429(m)|B 0.5786(m)

dM 0.0857(m)|dF 0.0857(m)|dA 0.0857(m)

Cb 0.3194|L/B 2.074

v 0.0190030(m”"3) | WS.Area|  0.547350(m"2)|K= 0
No.|V(m/s)| Rto(gr) | Rn*10° | Ct¥10° | C#10° | Cr*10° | rR*10° | Fn | rW*10’
1 | 1.2813] 706.0| 15329 15434 4.281| 11.153| 42.863| 0.3669| 42.863
2 | 1.0645 470.6] 12.735| 14.905| 4.451| 10455 40.179| 03049 40.179
3 | 08511 314.7| 10.182| 15593 4.669| 10.923| 41.980| 02437 41.980
4 | 0.6403] 1254 7.660| 10978 4971  6.007| 23.085| 0.1834| 23.085
5 | 04290 468 5.132|  9.127| 5448/  3.679| 14.138] 0.1229 14.138
6 | 0.8515| 314.0( 10.187| 15543 4.669| 10.875| 41.793| 02439 41.793
7 | 1.0640| 506.5| 12.729| 16.058| 4.451| 11.606| 44.605| 0.3047| 44.605
8 | 12819 710.7| 15.336| 15522 4.281| 11.242| 43.204| 03671 43.204
9 | 1.0648| 470.2| 12.739| 14.884| 4.450| 10.434| 40.099| 0.3049| 40.099




Table 5 Resistance Test of the Full Load Condition with M.P Step 2.0m

Date 2005.04.22 Cf type ITTC 1957 Line
W.T. 18.8°C |p 101.804 v(107-6)  1.03375
M.S.No. M5011|FULL LOAD CONDITION |M5011F1
Lpp 1.2000(m)|Lw]1 1.2429(m)|B 0.5786(m)
dM 0.0857(m)|dF 0.0857(m)|dA 0.0857(m)
Cb 0.3215|L/B 2.074
v 0.0191270m"3) | WS.Area|  0.547350(m"2) =0
No.| V(m/s) | Rto(gr) | Rn*10° | Ct<10° | Cf<10° | Cr*10° | rR*10° | Fn | tW*10°
1 1.2806 706.0/ 15.397 15.452 4277 11.174| 42.759| 0.3667| 42.759
2 1.0653| 466.1| 12.808 14.741 4.445| 10.296| 39.398| 0.3051 39.398
3 0.8524| 296.8| 10.249| 14.661| 4.663| 9.999| 38261 02441 38.261
4 0.6395| 121.8] 7.689| 10.690| 4.967| 5723 21.898| 0.1831| 21.898
5 0.4292| 457| 5160 8904 5441 3.463] 13252 0.1229] 13.252
6 0.6414| 1225 7.712| 10688 4.964| 5.724| 21.903| 0.837| 21.903
7 0.8519| 298.8] 10.243 14.778 4.663| 10.114| 38.703| 0.2440 38.703
8 1.0645| 463.3| 12.799 14.675 4446 10.229| 39.140| 0.3049 39.140
9 1.2814 707.8| 15.407 15.472 4277 11.195| 42.838| 0.3670 42.838

_10_




Table 6 Resistance Test of the Full Load Condition without M.P

Date 2005.04.22 Cf type ITTC 1957 Line
W.T. 19.0°C |p 101.80 Vv(107-6)  1.02865
M.S.No. M5011|FULL LOAD CONDITION |M5011F2
Lpp 1.2000(m) [Lwl 1.2429(m)|B 0.5786(m)
dM 0.0857(m)|dF 0.0857(m)|dA 0.0857(m)
Cb 0.3215|L/B 2.074
v 0.0199540(m"3) | W.S.Area 0.547350(m"2) K= 0
No.| V(m/s) |Rto(gr) | Rn*10° | Ct10° | Cf<10° | Cr*10° | rR*10° | Fn | rW*10°
1 1.2812| 672.2] 15.481| 14.699| 4.272| 10.426| 38.786| 0.3669| 38.786
2 1.0650] 451.1) 12.868| 14275 4.441|  9.834| 36585 0.3050| 36.585
3 0.8524| 284.3| 10.299 14.045 4.658 9.387| 34.920| 0.2441 34.920
4 0.6402| 116.2 7.735 10.176 4.960 5216/ 19.404| 0.1833 19.404
5 0.4298| 44.0] 5193| 8549| 5433 3116/ 11593 0.1231| 11.593
6 0.8517| 286.0] 10.291| 14.152| 4.658|  9.493| 35316/ 0.2439| 35316
7 1.0643| 452.8) 12.860 14.348 4.442 9.907| 36.853| 0.3048 36.853
8 1.2813| 677.8| 15.482 14.819 4272 10.547| 39.234| 0.3669 39.234

_11_




Table 7 Resistance Test of the Full Load Condition with M.P

Step 1.3m-2nd

Date 2005.05.25 Cf type ITTC 1957 Line
W.T. 22.8°C|p 101.716 V(107-6)  0.93906
M.S.No. M5011|FULL LOAD CONDITION [M5011F10
Lpp 1.2000(m)|Lwl 1.2429(m)|B 0.5786(m)
dM 0.0857(m)|dF 0.0857(m)|dA 0.0857(m)
Cb 0.3194|L/B 2.074
\% 0.0190030(m"3)| W.S.Area| 0.547350(m"2) K= 0
No.| V(m/s) | Rto(gr) | Rn*10° | Ct<10° | Cf<10° | Cr*10° | rR¥10° | Fn | rW*10°
1 1.2810| 701.3 16.955 15.353| 4.193| 11.160| 42.888| 0.3669| 42.888
2 1.0644| 458.8 14.088 14.548| 4.357| 10.190| 39.163| 0.3048| 39.163
3 0.8527| 312.9 11.286 15.459] 4.567| 10.893| 41.862| 0.2442| 41.862
4 0.6401| 123.7 8.472 10.846| 4.861 5.985| 23.000| 0.1833| 23.000
5 0.4284 46.5 5.670 9.102| 5.323 3.779| 14.522| 0.1227| 14.522
6 0.8519| 309.3 11.275 15.310] 4.568| 10.742| 41.285| 0.2440| 41.285
7 1.0634| 495.7 14.075 15.747| 4.358| 11.389| 43.770| 0.3045| 43.770
Table 4 ~ 7 Moonpool WH2] Step FFH3H(Step =©] 1.3m E 2.0m)<}
Moonpool°] §l= 4% AFdedd 3 23S Yed Ao, Fig 4 ~
Fig. 5 o= 7 condition S°l W3 A FZ2#E YetAct
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Fig. 5 Ct Values for the Variation of Moonpool Condition
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2.0m > without Moonpool
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- Afrrde] 27
Moonpool without Step > Moonpool with Step 1.3m > Moonpool with Step
2.0m > without Moonpool

2) The Effect of Step for the Resistance and Ship Motion

Moonpool W9 Stepe] FF7F AFA T WA= FFH AL o

Moonpool WH# FAf&2 71 Ho] AAEF vA= FFS ZA8HAH

Table 8 Resistance of the Full Load Condition without Step

Date 2005.05.25 Cf type ITTC 1957 Line

W.T. 22.9°Clp 101.713 v(10™-6)  0.93688

M.S.No. M5011|FULL LOAD CONDITION [M5011F11

Lpp 1.2000(m)|Lwl 1.2429(m)|B 0.5786(m)

dM 0.0857(m)|dF 0.0857(m)|dA 0.0857(m)
Chb 0.3135|L/B 2.074

v 0.0186550(m"3)| W.S.Area| 0.547350(m"2) K= 0

No.| V(m/s) | Rto(gr) | Rnx10° | Ctx10% | Cf#10% | Cr#10% | rR¥10°| Fn | rWwx10°

0.4304| 47.3] 5.710 9.173| 5.315| 3.858]15.012| 0.1233] 15.012

0.6418| 140.8| 8.514| 12.280| 4.856| 7.424|28.886| 0.1838| 28.886

0.8521| 321.0f 11.304| 15.882| 4.565| 11.317| 44.033| 0.2440| 44.033

Sl w ||

1.0639| 648.9| 14.114| 20.595| 4.355| 16.240| 63.185| 0.3047| 63.185

Full Load “}H ol 1 Moonpool W &] Step& Al A3t A& wf A 15 & /& (Sloshing) 7}
T2 W& d A 9 Pitching Motion®ll th&+ Q3= A4 2= Table 99} 2ot
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Table 9 Effect of Ship Motion caused by Sloshing without Step

SLOSHING PITCHING e
4 knot iz il
6knot X /N
8knot AN /N
10knot KK KK =K HRBUFHEIAS AT RE
12knot — — 127K HEERE EA ATRE

Table 8 ¥ 9= Moonpool WF2] Step ©] glv AFd s HIFAHFA3
AA &S e AFZAFAE Yetd Aol

44 10ktsell 4] Moonpool WH-9] Sloshing &7 © A3o] F43] F7ista
o, o]= Moonpool W] Step ©] §lo] AW A Moonpool WH& 7t
7Fstal A&oAe] & o 29 HE&EF7HE Moonpool R FARFES AA

2 2717 AAEES dorle AP 45HE Ao AR
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3) Wave Patterns

A& w2 A F ¢ 33 7 Moonpool WH-<] f5 & ol ol #3233t

7} Moonpool W% 4] & 2 Side hull %] <] 33

Fig. 7 Preperation of Model Test for the Full Load Condition with M.P.

Step 1.3m Vs =0 knot
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@ Full Load Condition with M.P. Step 1.3m

AFT< —FORE

Fig. 8 Wave Patterns of Full Load Condition with M.P. Step 1.3m Vs = 4 knot
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AFT— —FORE

Fig. 9 Wave Patterns of Full Load Condition with M.P. Step 1.3m
Vs = 6 knot
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AFT— —FORE

Fig. 10 Wave Patterns of Full Load Condition with M.P. Step 1.3m

Vs = 8 knot
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AFT< —FORE

Fig. 11 Wave Patterns of Full Load Condition with M.P. Step 1.3m
Vs =10 knot
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AFT< —FORE

Fig. 12 Wave Patterns of Full Load Condition with M.P. Step 1.3m
Vs =12 knot
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Fig. 844 Fig. 12+ Moonpool W& Step ¥°]E 1.3m=E 3§ 3¢ Moonpool

A

A&oM o mol AEHstel o3 Ald 23 AE 10ktsel A Moonpool W
& (Sloshing) @ o] 543 F7st™ A Pitching Motions d27|&
71 %18 (Exciting force) 2 Z&3l= dAbo] el oy, A&oA AEHo =2 9

M&stel tsA = A A Pitching Motiono] ¥ojuA] ¢e d4o] Yeloh
ol A&ddAe] HA&F7H= Moonpool Wi fFAlf&o] A g AX7H
M AAEES oFIATIE ZIRIgoe® Ago] Ha oy, Ko AEHOo =
dEdste dddez wE f5d o) dA sk F47F Moonpool HH2
2 &l Moonpool Wi A fr5o] AAA Xati, £ HAAEF

2 Yot NAYoRE 488 Rt Aow BuDh

7 % ;Ei;}
i‘“"-ﬂi .- .'!‘ i,-. %M _E.}e:%f-.-,-.
' t- : «. :-:- I “'?:! i : ";-:--:-'{\-.

li ”‘ ?i

ae*:*‘*i i
i
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N e e e e,
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—
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lllllll i l”' E:F.“l::- £ ;H I" Ei -' '-.-
ﬁij;!-'i i'- :.' e , TR -!\E ,5 -*E!EE

I\.'\.-.-.-.-.I o .-.: i '\.E A t.-.-; L -.t'.l b z'.': ,-j_. i t'\. Ll

R
i' .- “1 3

:t'.' 4 "! t'.-j.-.- -.-.'\.-:.'

Fig. 13 Observation of Flow in Moonpool with Step 1.3m
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@ Full Load Condition with M.P. Step 2.0m

AFT« —FORE

Fig. 14 Wave Patterns of Full Load Condition with M.P. Step 2.0m

Vs =4 knot
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AFT< —FORE

Fig. 15 Wave Patterns of Full Load Condition with M.P. Step 2.0m

Vs =6 knot
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AFT< —FORE

Fig. 16 Wave Patterns of Full Load Condition with M.P. Step 2.0m

Vs = 8 knot
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AFT< —FORE

Fig. 17 Wave Patterns of Full Load Condition with M.P. Step 2.0m
Vs =10 knot
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AFT< —FORE

Fig. 18 Wave Patterns of Full Load Condition with M.P. Step 2.0m
Vs =12 knot
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Fig. 16 °l A Fig. 18 & Moonpool W 9] Step %H°]E 2.0m=Z 3 ¢ Moonpool
Wi fF53ddd A4S (Table 4), Moonpool WH9] &5 &4 A& F 49
kUl

Fig. 4°lA Fig. 69 AIAs vHluME YeltEo] Step =°]7F 1.3mol A
20mE EOlX|HA AUl H S Z Moonpool W9 Af3EwHe] 2o}z Moonpool
yHe FAfFEdde] @43 Zol5°] A3 Moonpool WHo A58

ol @ AALEFE dojux 2t Ans B

7
7

Fig. 19 Observation of Flow in Moonpool with Step 2.0m

_29_



@ Full Load Condition with M.P. without Step

AFT« —FORE

Fig. 20 Wave Patterns of Full Load Condition with M.P. without Step
Vs =4 knot
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AFT< —FORE

Fig. 21 Wave Patterns of Full Load Condition with M.P. without Step

Vs = 6 knot
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AFT— —FORE

Fig. 22 Wave Patterns of Full Load Condition with M.P. without Step
Vs = 8 knot
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AFT< —FORE

Fig. 23 Wave Patterns of Full Load Condition with M.P. without Step
Vs =10 knot
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A&l el Moonpool Wi #4452 71X o] AAlEsol v FFS =4
3171 $13t4, Moonpool WH9 FF5dHGTH AIFAS(Table 7 Z Table 8),
Moonpool WH#-9] & A4 AAEFHe] ABASE 2P ZFolt

Table 7 % Table 8o A ¢} o] A& 10ktsol e HAHASF o2 Asted A7
Algel B718 B==E Moonpool W2l sloshing 84 F4% F7H7F e,
o] = Moonpool WH¢ Step ©] glo]AHA] Moonpool WHF9 AFixH F7az
oF A&oA &S 29l HE&F7HE Moonpool HH-9 FAIFES HAIHe=z F
TMINA AARETE ol 7Iges Agss A2 YEya o
de e Sxok o] FHOIA Hu, dA A vt
UA He HA F5He w2 Qs Moonpool WH 52 UFS Driven
Cavity Flows} o] o8 7je] 3)d fEo] vevar, e H3 &7t Wil
wet A o] st wEgew =2t dte fr o R THSA HH, oY
g &2 Stepl3m o] B¢ o] EF7F AL AeLdsE o] Aot A

M g olBE AstA UEutl, sges #HsA He Aow

)

Moonpool WH & A5 3

ol

AT A& ool HH, BAHZ 7 Hus o] AHA, Moonpoold] FH
By Fr]Hog R s ddo] deluA =, ol ddE AL (Pitching
Motion)& ©F7] Al713, A= A F712 YeuA Ao
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}) Wave Profiles

Fig. 25 Wave Patterns of Full Load Condition without M.P. Vs =6 knot
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Fig. 27 Wave Patterns of Full Load Condition without M.P. Vs =10 knot
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Fig. 24 ol A Fig. 28 & Moonpool ©] gl= “Fejell A A& whal A F 9o A ==
Wave Profile®] &5 #2343 e Aot

Mgl Mde A& vgjdoz A Fn =025 F2o] H& 44 8 ktsol A Wave
Breaking 373 °] F=27
Aol o3 2942 F43 F717F B

webA, dgtel Mo A& A FH A= AYE AT DI S A= nHd 3
M2 A& 7idel Basty, F dAlet B4 9] 14

A% AFA T 9F 2AS Foto] HH o AFuAd i AAVIEY =50 Zo

ahot skl
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Table 10 Particulars of High Speed Type Trimaran at

Trimaran 7§ @9 L&A S 713 A8 HAE 33t

Full Load Condition

Main Hull Scale 23.33 Side Hull
Type 3 Type 3
M.5.NO. SHIP MODEL M.S.NO. SHIP MODEL
Lpp(m) 28.000 1.2000 Lpp(m) 18.000 0.7714
Lwl(m) 29.700 1.2429 Lwl(m) 19.09285 0.8183
B(m) 4.800 0.2057 b(m) 2.500 0.1071
D(m) 2.800 0.1200 D(m) 2.000 0.0857
CONDITION FULL LOAD CONDITION FULL LOAD
df(m) 2.000 0.0857 df(m) 1.200 0.0514
dm(m) 2.000 0.0857 dm(m) 1.200 0.0514
da(m) 2.000 0.0857 da(m) 1.200 0.0514
trim(m) 0.000 0.0000 trim(m) 0.000 0.0000
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Table 11 Particulars of High Speed Type Trimaran at Ballast Condition

Main Hull Scale 23.33
Type 3

M.S.NO. SHIP MODEL
Lpp(m) 28.000 1.2000
Lwl(m) 29.700 1.2429
B(m) 4.800 0.2057
D(m) 2.800 0.1200

CONDITION BALLAST

df(m) 1.500 0.0640
dm(m) 1.500 0.0640
da(m) 1.500 0.0640
trim(m) 0.000 0.0000

Fig. 29 1%

Side Hull
Type 3
M.S.NO. SHIP MODEL
Lpp(m) 18.000 0.7714
Lwl(m) 19.09285 0.8183
b(m) 2.500 0.1071
D(m) 2.000 0.0857
CONDITION BALLAST
df(m) 0.700 0.0300
dm(m) 0.700 0.0300
da(m) 0.700 0.0300
trim(m) 0.000 0.0000

2

Lo
=
-
4z
oft
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Fig. 30 High Speed Type Trimaran Hull Form
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Table 12 Principal dimensions of CWC

Whole Body Measuring Section
L (m) 10.0 3.5
B (m) 15 12
H (m) 4.0 0.7
Max. Velocity 2.5 m/sec

Fig. 31 Resistance Test of High Speed Trimaran
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B Ao Ae AAFSHEA 99X Moonpool W49

Table 13 Test Conditions

Bk (Step oW
3 Step )l WE AT AAFA FFHEE 5t Table 139 A9

Test
Condition M.P. Step . Wave Pattern or Flow
Resistance .
Observation
with 1.5m @) O
Ballast Condition .
at 4, 6, 8, 10, 12 knots with 2.0m © ©
without - O
with 1.5m @) O
Full Load Condition .
at 4, 6, 8, 10, 12 knots | With 2.0m © ©
without - O

RHAGE Frouded] MW A AMslal sldalgon, slAATE ITTC 1957 2.3

FYATHE AL 18 FBHY FF AT WP Stepd]
W

4] Ballast @ Full Load Condition °] w3t A5 AP &

o]

s

FAE 2 2PAY )4 Z2FES Fig. 32 ~ 44 9} Table 14 ~ 19 o] YERHATH
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@ Ballast Condition

Fig. 32 Resistance Test of the Ballast Condition with Step 1.5m

Table 14 Resistance Test of the Ballast Condition with M.P Step 1.5m

Date 2005.07.14 Cf ITTC 1957
W.T 20.0 °C p 101.800 v(107-6)  1.00700
Model num. Type 3 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.6095 L/B 6.100
Volume 0.0216000(m”"3)  W.S.Area 0.525000(m"2)
Trim

No. | V(m/s) | Rt(gr) | Rn(10"5) |CT(10"-3) | CF(10"-3) | GR(10™3) [rR(10"3)| Fn

B(mm) | S(mm)
1| 0.433) 22.6/ 5.310) 4.511] 5.405| -0.894] -3.026/0.1244, 0.7 0.4
2 | 0.646) 52.3] 7.923] 4.690] 4.934] -0.244) -0.826|0.1856| -0.1] -0.1
3| 0.861 102.6| 10.559] 5.179] 4.633] 0.547) 1.850/0.2474| -1.7| -1.1
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Fig. 33 Resistance Test of the Ballast Condition with Step 2.0m

Table 15 Resistance Test of the Ballast Condition with M.P Step 2.0m

Date 2005.07.14 Cf ITTC 1957
W.T 20.0 °C p 101.800 v(107-6)  1.00700
Model num. Type 3 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.6095 L/B 5941
Volume 0.0137000(m”"3) W.S.Area 0.525000(m"2)
Trim

No.|V(m/s) [Rt(gr) |Rn(10"5) |CT(10"-3) |CF(10"-3) | CR(10"-3) |rR(10™3)| Fn B(mm) | S(mm)
110.431 21.1 5.286] 4.251 5.411] -1.160] -5.318/0.1238] 1.0 1.0
2| 0.644) 52.2) 7.898 4.710] 4.937] -0.227] -1.042/0.1850| -0.3] 0.0
3 | 0.860 127.4| 10.547| 6.446] 4.634 1.812) 8.309/0.2471] -1.7) 0.8
4 | 1.070] 232.0, 13.123) 7.583] 4.423 3.160] 14.490/0.3074| -5.1] -3.2
5| 1.285 373.6| 15.759] 8.467| 4.257] 4.210] 19.303/0.3692| -0.2| 1.8

_44_




400 T T

~

——8—— 1.5md with M.P. step 1.5m
350 — & - 1.5mdwith M.P step 2.0m

) 0.4 0.6 1.2 1.4

0.8
vm(m/s)

Fig. 34 Total Resistance(Rt) for the Variation of Step at Ballast Condition

9 T

85H —&— 1.5mdwith M.P.step 1.5m
— A& - 1.5md with M.P step 2.0m

Ct*103
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2.5

10 15
Rn*10°

Fig. 35 Ct Values for the Variation of Step at Ballast Condition
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Fig. 36 Cr Values for the Variation of Step at Ballast Condition
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@ Full Load Condition

Fig. 37 Resistance Test of the Full Load Condition with Step 1.5m

Table 16 Resistance Test of the Full Load Condition with M.P Step 1.5m

Date 2005.07.14 Cft ITTC 1957

W.T 20.0 °C p 101.800 v(107-6) 1.00700

Model num. Type 3 Full Load Condition

Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.08570(m) dF 0.08570(m) dA  0.08570(m)
Icb 0.00000(m) Cb 0.6095 L/B 5941

Volume 0.0216000(m”"3) W.S.Area 0.547350(m"2)

Trim
B(mm) | S(mm)
1 10.432] 29.9 5.298 5.751 5.408 0.343 1.210/0.1241] -0.5| -1.0

No. |V(m/s)|Rt(gr) | Rn(10"5) |CT(10"-3)| GF(10"-3) | GR(10™-3) |rR(10™-3)| Fn

2 10.643 72.3] 7.886 6.277] 4.939 1.338| 4.720/0.1847| -2.3| -2.9

3 10.858| 139.3| 10.523| 6.792| 4.636 2.156) 7.607/0.2465| -3.8) 4.7

4 |1.072) 266.0] 13.147| 8.308 4.421 3.887| 13.717/0.3080| -5.8] -8.0

5 |1.284) 508.3| 15.747| 11.066] 4.25/ 6.809| 24.026/0.3689| -4.8/-15.2
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Fig. 38 Resistance Test of the Full Load Condition with Step 2.0m

Table 17 Resistance Test of the Full Load Condition with M.P Step 2.0m

Date 2005.07.14 Cf ITTC 1957
W.T 20.0 °C p 101.800 v(107-6)  1.00700
Model num. Type 3 Full Load Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.08750(m) dF 0.08750(m) dA  0.08750(m)
Icb 0.00000(m) Cb 0.6095 L/B 5941
Volume 0.0216000(m"3) W.S.Area 0.547350(m"2)
Trim
No. |V(m/s) Rt(gr) | Rn(10"5) | CT(10"-3) | GF(10"-3) | GR(10-3) | rR(10™3) | Fn
B(mm)|S(mm)

110.431 29.7) 5.286| 5.739] 5.411 0.328/ 1.158/0.1238/ -0.3| -0.5
2 | 0.646) 75.6| 7.923] 6.502] 4.934 1.569| 5.535/0.1856| -1.4| -1.6
3 | 0.860 147.5 10.547| 7.158| 4.634| 2.525| 8.908/0.2471 -2.8| -3.3
4 | 1.071] 272.8| 13.135 8.537| 4.422) 4.115] 14.519/0.3077| -4.4| 6.3
5| 1.284) 506.2| 15.747| 11.021] 4.257 6.763] 23.865/0.3689] -3.0/-13.0
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Fig. 39 Total Resistance(Rt) at Full Load Condition
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Fig. 40 Ct Values at Full Load Condition
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Fig. 41 Cr Values at Full Load Condition
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@ Ballast and Full Load Condition without Moonpool

Table 18 Resistance Test of the Ballast Condition without M.P

Date 2005.07.14 Cf ITTC 1957
W.T 20.0 °C p 101.800 v(107-6)  1.00700
Model num. Type 3 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.6095 L/B 5.941
Volume 0.0137000(m"3) W.S.Area 0.525000(m"2)
Trim
No. [V(m/s) | Rt(gr) |Rn(10"5) |CT(10"-3) | CF(10™-3) | GR(10™-3) | rR(10"3)| Fn
B(mm) [S(mm)

1] 0.428) 18.9 5.249] 3.861] 5.419] -1.558] -7.145/0.1230] -2.5 -3.1
2 | 0.643 45.4| 7.886 4.109] 4.939] -0.830 -3.804/0.1847| -3.8| -3.9
3 | 0.857, 85.8/ 10.510) 4.372| 4.637] -0.266/ -1.218/0.2462| -5.3| 4.9
4 | 1.073| 145.7] 13.159| 4.736) 4.420 0.316) 1.447/0.3083| -7.4| -7.5
5 | 1.284| 319.1| 15.747| 7.243) 4.257 2.986) 13.688/0.3689 -7.0/-12.6
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Table 19 Resistance Test of the Full Load Condition without M.P

Date 2005.07.12 Cf ITTC 1957

W.T 20.0 °C p 101.800 v(107-6)  1.00700

Model num. Type 3 Full Load Condition

Lpp 1.2000(m) Lwl 1.2350(m) B 0.59140(m)
dM 0.08570(m) dF 0.08570(m) dA  0.08570(m)
Icb 0.00000(m) Cb 0.6095 L/B 5941

Volume 0.0216000(m"3) W.S.Area 0.547350(m"2)

No. |V(m/s) | Rt(gr) | An(10°5) | GT(107-8) | 0F(10°3) | GR(10°3) | rR(10°3)| Fn Trim

B(mm) | S(mm)
1 | 0.431 28.8/ 5.286 5.565 5.411 0.154 0.544/0.1238| -1.1| -1.2

2 | 0.645 71.1] 7.9100 6.134] 4.936 1.199] 4.230/0.1853| -2.8| -2.8

3 | 0.861 138.5 10.559, 6.706| 4.633 2.073) 7.316|0.2474) -4.2| -4.6

4 | 1.071] 266.9] 13.135] 8.352  4.422 3.930, 13.868/0.3077| -5.8| 7.6
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Fig. 42 Total Resistance(Rt) at Ballast and Full Load Condition
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Fig. 43 Ct Values at Ballast and Full Load Condition
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Fig. 44 Cr Values at Ballast and Full Load Condition
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2) Wave Patterns and Flow in the Moonpool

Vs = 8knot

Vs = 10knot

Vs = 4knot Vs = 8knot

Vs = 10knot Vs = 12knot
Fig. 45 Wave patterns and Flow in the M.UP. of the Ballast Condition

with 1.5m Step
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Vs = 6knot Vs = 8knot

Vs = 10knot Vs = 12knot

Vs = 8knot

Vs =

Fig. 46 Wave patterns and Flow in the M.P. of the Ballast Condition

10knot Vs = 12knot

with 2.0m Step
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Vs = 8knot

Vs = 8knot

Vs = 10knot Vs = 12knot

Fig. 47 Wave patterns and Flow in the M.P. of the Full Load Condition

with 1.5m Step
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Vs = 6knot Vs = 8knot

Vs = 10knot Vs = 12knot

Vs = 4knot Vs = 8knot

Vs = 10knot Vs = 12knot

Fig. 48 Wave patterns and Flow in the M.P. of the Full Load Condition

with 2.0m Step
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Table 20 Principal Dimensions of Mono Hull

Full Load
Ballast condition
condition
Lpp (m) 28.000 28.000
Lwl (m) 29.700 29.700
B (m) 4.8 4.8
d (m) 2.0 15
\v (m' 186.1 135.9
WS.A. (m) 298.0 285.8
Cb 0.65 0.61
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Table 21 Test Conditions

Test
Condition M.P. Step . Wave Pattern or Flow
Resistance .
Observation
with 1.5m @) O
Ballast Condition with 2.0m O @)
at 4, 6, 8, 10, 12 knots Shape
with @) O
Variation
with 1.5m @) O
Full Load Condition with 2.0m O )
at 4, 6, 8, 10, 12 knots Shape
with @) O
Variation

_60_



0.0m

A2

onm

W

1.om

L& Fig. 5507 2th

0.om

Al

on

A4

0.5m

A6

WS

1.om

wZ

on

A3

wor

1.om

0.5m

_61_

WoTT

A5

1.om

Fig. 50 Moonpool shape and Step Height for model test




o 2348 23 %

34

1) ¢ NTFHF Step x°] W3t W AFAA

@ Ballast Condition

Bl Al Case

Fig. 51 Resistance Test of the Ballast Condition with Step 1.5m

Table 22 Resistance Test of the Ballast Condition with M.P Step 1.5m

Date 2005.07.15 Cf ITTC 1957
W.T 220 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941
Volume 0.010700(m”3)  W.S.Area 0.525000(m"2)

Trim
No.|V(m/s) | Rt(gr) | Rn(107%) | CT(10"-3) | GF(10™-3) | GR(10™-3) | rR(10"3) | Fn B(mm) | S(nm)
1] 0.431 17.9 5.286] 3.679] 5.411 -1.732] -9.362/0.1238] -1.0] -0.9
2 | 0.644) 35.0) 7.898] 3.222| 4.937] -1.715] -9.273/0.1850] -2.1| -1.4
3 | 0.859 64.6) 10.535] 3.342| 4.635] -1.293] -6.988/0.2468) -3.5 -2.0
4 | 1.069] 110.9] 13.110) 3.705| 4.424) -0.719] -3.885/0.3071) -5.1] -3.2
5| 1.283] 209.1| 15.735] 4.850] 4.258) 0.592| 3.198/0.3686 -6.7 —6.4
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Bl A2 Case

Fig. 52 Resistance Test of the Ballast Condition with Step 2.0m

Table 23 Resistance Test of the Ballast Condition with M.P Step 2.0m

Date 2005.07.18 Cf ITTC 1957
W.T 220 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941
Volume 0.010700(m”3) ~ W.S.Area 0.525000(m"2)
Trim

No.|V(m/s) |Rt(gr) | Rn(10"5) |CT(10™-3) |CF(10™-3) | CR(10™-3) | rR(103)| Fn

B(mm)|S(mm)
1] 0.431 13.9] 5.286] 2.857| 5.411] -2.554| -13.806/0.1238] -0.3| -0.2
2 | 0.644) 33.3] 7.898] 3.065| 4.937 -1.872] -10.119/0.1850] -1.3| -0.6
3| 0.857) 78.7] 10.510] 4.091] 4.637| -0.546] -2.954/0.2462 -2.8| -1.4
4 | 1.071] 151.8] 13.135] 5.062] 4.422 0.631]  3.409/0.3077, -4.5 -3.2
5 | 1.283] 249.1) 15.735 5.777) 4.258 1.519] 8.213/0.3686| -1.5] -3.5
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Fig. 53 Total Resistance(Rt) for the Variation of Step at Ballast Condition
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Fig. 54 Ct Values for the Variation of Step at Ballast Condition
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Fig. 555 Cr Values for the Variation of Step at Ballast Condition
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@ Full Load Condition

B Al Case

Fig. 56 Resistance Test of the Full Load Condition with Step 1.5m

Table 24 Resistance Test of the Full Load Condition with M.P Step 1.5m

Date 2005.07.18 Cft ITTC 1957
W.T 22.0 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Full Load Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.08570(m) dF 0.08570(m) dA  0.08570(m)
Icb 0.00000(m) Cb 0.6095 L/B 5941
Volume 0.0146500(m"3) W.S.Area 0.547350(m"2)
Trim

No. | V(m/s) | Rt(gr) |Rn(107%) |CT(10"-3) | GF(10™-3) | GR(10™-3) | rR(10"3)| Fn

B(mm)|S(mm)
1] 0.431) 19.0 5.286] 3.745| 5.411] -1.665] -7.612/0.1238] -0.2| -0.2
2 | 0.646) 40.3] 7.923] 3.536] 4.934| -1.398] -6.388/0.1856| -1.3] -1.0
3 ]0.860 72.6) 10.547| 3.595| 4.634| -1.039] -4.750/0.2471] -3.5] -2.6
4 | 1.071] 123.9] 13.135 ~ 3.955| 4.422) -0.466/ -2.132/0.3077| -5.1| 4.2
5 | 1.285] 293.2) 15.759| 6.502| 4.257 2.245] 10.264/0.3692| -6.3] -8.0

_66_



Bl A2 Case

Fig. 57 Resistance Test of the Full Load Condition with Step 2.0m

Table 25 Resistance Test of the Full Load Condition with M.P Step 2.0m

Date 2005.07.18 Cf ITTC 1957
W.T 220 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Full Load Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.08570(m) dF 0.08570(m) dA  0.08570(m)
Icb 0.00000(m) Cb 0.6095 L/B 5.941
Volume 0.0146500(m"3) W.S.Area 0.547350(m"2)
Trim
No. |V(m/s)|Rt(gr)|Rn(10"5) |CT(10"-3) |CF(10"-3) |CR(10"-3) |rR(10"3)| Fn
B(mm) | S(mm)
1| 0.431] 16.5 5.286] 3.253] 5.411) -2.158| -9.864|0.1238| -1.0] -1.1
2 | 0.646) 38.0| 7.923] 3.334] 4.934] -1.599] -7.311/0.1856| -1.8] -1.6
3 | 0.859 74.7) 10.535 3.707| 4.635] -0.928] -4.241/0.2468) -3.5 -2.8
4 | 1.070| 125.1| 13.123) 4.001] 4.423) -0.421] -1.927/0.3074) -5.3| -4.4
5 | 1.286] 291.1] 15.772) 6.446| 4.256) 2.190] 10.008/0.3695 -6.4| -8.3
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Fig. 58 Total Resistance(Rt) at Full Load Condition
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Fig. 59 Ct Values at Full Load Condition
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Fig. 61 Resistance Test for the A3 Case & Layout of Step

Table 26 Resistance Test for the A3 Case

Date 2005.07.19 Ct ITTC 1957

W.T 22.0 °C p 99.785 v(107-6)  1.00700

Model num. Type 4 Ballast Condition

Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941

Volume 0.0010000(m"3) W.S.Area 0.525000(m"2)

Trim
B(mm)|S(mm)
1] 0.643] 29.5 7.886 2.724 4.939| -2.215| —-12.526/0.1847| -1.2| -0.8

No. |V(m/s)|Rt(gr)|Rn(10"5) |CT(10"-3) |CF(10"-3)  CR(10"-3) | rR(10™3)| Fn

2 | 0.859] 54.4| 10.535] 2.815] 4.635| -1.820| -10.294/0.2468| -2.4| -1.3

3| 1.070) 90.4| 13.123| 3.014] 4.423| -1.408] -7.964/0.3074] -4.0| -2.4
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Fig. 62 Resistance Test for the A4 Case & Layout of Step
Table 27 Resistance Test for the A4 Case
Date 2005.07.19 Cft ITTC 1957
W.T 22.0 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941
Volume 0.0010000(m"3) W.S.Area 0.525000(m"2)
Trim
No.|V(m/s)|Rt(gr) |Rn(10"5)|CT(10"-3)|CF(10"-3)| CR(10"-3) | rR(10™-3)| Fn
B(mm) | S(mm)
1] 0.644) 30.7] 7.898] 2.826] 4.937] -2.111] -11.940/0.1850| -1.9] -1.9
2 | 0.858| 61.5 10.523] 3.189] 4.636] -1.447] -8.182/0.2465| -3.3| -2.4
3| 1.071) 133.0| 13.135] 4.427| 4.422) 0.005] 0.028/0.3077| -5.1] -3.7
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Fig. 63 Resistance Test for the A5 Case & Layout of Step

Table 28 Resistance Test for the A5 Case

Date 2005.07.19 Cf ITTC 1957
W.T 22.0 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941
Volume 0.0010000(m"3) W.S.Area 0.525000(m"2)
Trim
No. |V(m/s)|Rt(gr)|Rn(10"5) |CT(10"-3) |CF(10"-3) | CR(10"-3) |rR(10"3)| Fn
B(mm) | S(mm)
1] 0.645 29.5 7.910] 2.707| 4.936] -2.228| -12.047/0.1853| -1.8| -1.4
2 | 0.861) 60.4/ 10.559] 3.111] 4.633] -1.522| -8.228/0.2474| -3.4] -2.2
3 | 1.073) 108.9 13.159| 3.611] 4.420] -0.809] -4.373/0.3083| -5.0| -3.4

_72_




B A6 Case

f=— 1.5 —=

Lo h

Loyvout of =tep

Fig. 64 Resistance Test for the A6 Case & Layout of Step

Table 29 Resistance Test for the A6 Case

Date 2005.07.19 Cf Type 3 ITTC 1957
W.T 220 °C p 99.785 v(107-6)  1.00700
Model num. Type 4 Ballast Condition
Lpp 1.2000(m) Lwl 1.2350(m) B 0.20570
dM 0.06400(m) dF 0.06400(m) dA  0.06400(m)
Icb 0.00000(m) Cb 0.3194 L/B 5941
Volume 0.0010000(m"3) W.S.Area 0.525000(m"2)
Trim
No. |V(m/s)|Rt(gr)|Rn(10"5) |CT(10"-3) |CF(10™-3) | CR(10"-3) |rR(10"3)| Fn
B(mm)|S(mm)
1| 0.645) 29.8 7.910] 2.735 4.936] -2.201] -12.447/0.1853] -1.3| -0.9
2 | 0.860, 51.9) 10.547] 2.679] 4.634] -1.955] -11.0565/0.2471] -2.8| -1.5
3| 1.071) 87.1] 13.135] 2.899] 4.422| -1.523] -8.612/0.3077| -3.4| -2.4
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Table 30 Natural periods of moonpool and ship

Moonpool (1=3.5, b=1.5, h=1.5 & 2.0)
Ship
h=1.5m h=2.0m
Scale Full | Model | Full | Model | Full
Period T(s) T(s) T(s) T(s) T(s)
2D Piston
2.76 0.57 3.18 0.66
Mode
o0 | 1| 226 | 047 | 218 | o045 | 2O
Sloshing | 2 1.50 0.31 1.50 031 | 2.76
Mode 3 1.22 0.25 1.22 0.25
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2}. Wave Patterns and Flow in the Moonpool
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Fig. 76 Wave patterns and Flow of Al Case at Ballast Condition
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Vs = 12knot

Fig. 77 Wave patterns and Flow of A2 Case at Ballast Condition
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Vs = 12knot

Fig. 78 Wave patterns without Moonpool at Full Load Condition
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Vs = 6knot

Vs = 10knot

Vs = 12knot

Fig. 79 Wave patterns and Flow of Al Case at Full Load Condition
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Vs = 8knot

Vs = 10knot

Vs = 12knot

Fig. 80 Wave patterns and Flow of A2 Case at Full Load Condition
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Vs = 6knot

Vs = 8knot

Vs = 10knot

Fig. 81 Wave patterns and Flow of A3 Case at Ballast Condition
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Vs = 6knot

Vs = 10knot

Fig. 82 Wave patterns and Flow of A4 Case at Ballast Condition
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Vs = 10knot

Fig. 83 Wave patterns and Flow of A5 Case at Ballast Condition
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Fig. 84 Wave patterns and Flow of A6 Case at Ballast Condition
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