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On the development of high speed Patrol Boat Considering

of Air resistance
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ABSTRACT
On the development of high speed Patrol Boat

Considering of Air resistance

Cho, kyeong hoon

Advisor : Prof. Lee, Kwi-Joo, Ph.D.
Departmant of Naver Architecture
& Ocean Enginnering

Graduate  School  of  Chosun

University

"The United Nations Agreement in Law of the Sea’ which was come
into effect in 1994 defines the oceanic jurisdiction for all nations. It
established the principle of a 200-nautical mile limit on anation’s exclusive
economic zone (EEZ) where by a nation controls the undersea resources,
primary fishing and seabed mining for a distance of 200 nautical miles
from its shore. In case of declaration, a solution should be approached
fairly by mutual consent that makes a border if the EEZ overlaps with

other countries.

In this study, a plan for improve of resistance performance which

100ton class high speed patrol boat
1) select the primary 100ton class high speed patrol boat

2) Model test in towing tank for check the performance of primary



100ton class high speed patrol boat

3) Using CFD code Shipflow, check the wavefattern, pressure

distribution and Total resistance (compare with model test)

4) Using DNS, check the air resistance of primary 100ton class high
speed patrol boat

5) Design of new Deck house (change the attack of angle 30°, 45°,
30°+45°)

6) Using DNS, check the air resistance and flowpattern around the deck
house (3 Case)

7) Calc. the Total resistance and compare the each cases.

8) Conclusion
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- Width : 20m
- Water depth : 4m

— Max. carriage speed : 5m/s

FANEEE HdsAES2 HM2A HE L 2SAE =HOA2M SKEGR
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- Wave profile

= Trim or roll

- Sinkage of center of model mass

- Vertical accelerations

- Total resistance



Table 3  Test Load Conditions

Model

Wetted length 2.76 m
Displacement 0.0726 t
LCG from Frame 0 1.142 m
Draught 0.129 m
Trim at rest 0

Meta center height 0.0715 m
Pitch moment of mass inertia 0.0345 t*m?
Roll moment of mass inertia 0.00156 t*m”

H0
O
0x
or
=
o

S oy &Ef= Table 401 2eldtet 2Ct.

Table 4 Sea State Data

3 0.88 7.5
4 1.88 8.8
5 3.25 9.7
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Head Sea

- Heave of center of mass response amplitude operator
(heave of center of mass amplifier—frequency response)

2
.=

- Heave of center of mass phase—frequency responses 6;(w)

- Pitch response amplitude operator (pitch amplifier—-frequency

Y

response) in view

- Pitch phase-frequency response 5@(aﬂ

- Vertical accelerations at Fr.10 at CL responsef%flamplitu
amp|ifier-frequency

de operator (vertical accelerations

response)



- Vertical accelerations at Fr.20 at CL response amplitude operator
(vertical accelerations amplifier—frequency response)

2“207@

gh

— Additional wave resistance response amplitude operator
(addition wave resistance amplifier—frequency response)

Beam Sea

- Heave response amplitude operator (heave amplifier—frequency
response)

2
o) =2

- Heave phase-frequency response
o, (w)

- Roll response amplitude operator roll amplifier—frequency

response in view -f%

2
|@9 (a))| = CU_Q
g a
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- Roll phase—frequency response

6y (@)

- Vertical accelerations at Fr.10 at CL response amplitude operator
(vertical accelerations amplifier—frequency response)

261107&

gh

- Vertical accelerations at Fr.10 at 3.46from CL to starboard
response amp|litude operator (vertical accelerations
amplifier—frequency response)

2a1075tbd

gh
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HIOIW A Heave, Pitch 21t Vertical Acceleration ol&Z =
~ 3.401 Oe2l, =HIINI A Heave?t Rol =2 Fig.3.5 ~ 3.801

ofat AEE EHIOIA C‘JPH%* oA Z = Fig.3.90ll, Roll DampingHAl
2= Table 3.1, Fig.3.1000 ==ol%Ct. % = &AH Rolling HEZE
o, DRITI|= 5.37=%, ﬂ%—’.‘-m—v—(natural frequency)= 1.169 1/sOICt.

Deck Wettness HIAHZ D Table 3.22F Fig.3.11~130 £=SLZI/A2H 0=EN M
Vertical Acceleration =&Xl= Table 3.313 Fir.3.11 & 3.120{ ==3IALt.
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Case—1

Fig.11 Geometry of Case-1 and Case—2
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Case—3 :

Fig.12 Geometry of Case-3 and Case—4
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Table 6 Principal Dimensions

Case-1 Case-2 Case-3 Case-4

L [m] 25.000 25.000 25.000 25.000
B [m] 6.100 6.100 6.100 6.100
0 [m] 3.200 3.200 3.200 3.200
Af [m2] 26.442 26.442 26.442 26.442
Aw [m2] 442 .945 450.573 445.985 450.237
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Fig.15 Grid Distribution of Flow Domain Around the Structures
(Side View)
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Fig.16 Grid Distribution of Flow Domain Around the Structures
(Top View)
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Fig.19 Velocity Distribution (Encounter Angle=0 deg)
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Fig.20 Velocity Vector (Encounter Angle=0 deg)
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CHOSUN UNIVERSITY

Fig.21 Velocity Distribution (Z=5.0m, Encounter Angle=30 deg)
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CHOSUN UNIVERSITY

Fig.22 Velocity Distribution (Z=5.0m, Encounter Angle=30 deg)
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Table 26 Calculation Results (Encounter Angle=0 deg)

Case - 1 Case — 2 Case — 3 Case - 4
V
S 0 4 30 45 | 30 45 | 30 45
[knots]
R
n 2.65 3.97 2.65 3.97 2.65 3.97 2.65 3.97
[ng?]
2.550 | 2.392 @ 2.65 3.97 2.65 3.97 2.65 3.97
[E+3]
Rx f
k] 16,815 | 35,491 | 17,104 36,102 | 16,930 | 35,735 17,092 | 36,075
Rx
[k;} 156,970/350,840| 142,106 317,355|144,037 321,724 159,465|356,415
Rx
k] 173,785/386,331 159,210 353,458 160,967 | 357,459| 176,557 392,491
Cx 0.441 | 0.436 | 0.404 | 0.399 | 0.409 0.404 | 0.449 | 0.443

Table 27 Calculation Results (Encounter Angle=30 deg)

Case - 1 Case - 2 Case - 3 Case - 4
V
S 30 45 | 30 | 45 | 30 | 45 30 | 45
[knots]
R
n 2.65 3.97 2.65 | 3.97 2.65 3.97 2.65 3.97
[E+7]
Cf
2.550 | 2.392 | 2.65 | 3.97 2.65 3.97 2.65 3.97
[E+3]
Rx f
k] 16,815 | 35,491 | 17,104 36,102 | 16,930 | 35,735 17,092 | 36,075
Rx
[kSE 192,846 431,560 207,943 465,4901215,774 1483, 132 180,829|404,485
Rx
(ko] 209,660 467,052 225,048 501,593|232,704 518,867 | 197,921/440,560
R
[ky] 564,364 1,269,819572,8851,288,992 571,953 1,286,893 561,792 1,264,032
d
Cx 0.533 | 0.527 | 0.572 | 0.566 | 0.591 | 0.596 | 0.503 @0.497
Cy 1.434 | 1.434 | 1.455 1.455 | 1.453 | 1.453 | 1.427 | 1.427
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< APPENDIX 1>

Table 29.a Heave of center of mass response amplitude operator

(Regular Wave)

Head Sea Beam Sea

R R N e R O

(Vs = 0 kn) (Vs = 10 kn) | (Vs = 15 kn) (Vs = 0 kn)
0.664 0.603 0.799 0.851 0.746
0.717 0.521 0.756 0.808 0.729
0.749 0.476 0.680 0.762 0.778
0.785 0.496 0.609 0.658 0.822
0.828 0.476 0.517 0.588 0.882
0.878 0.379 0.423 0.572 0.851
0.907 0.331 0.372 0.537 0.848
0.938 0.248 0.309 0.499 0.897
0.974 0.219 0.279 0.455 0.873
1.014 0.118 0.241 0.403 0.860
1.059 0.050 0.224 0.349 0.817
1.110 0.0028 0.221 0.272 0.849
1.170 0.0011 0.158 0.147 0.874
1.241 0.0074 0.115 0.082 0.780
1.327 - - - 0.736
1.433 0.00073 0.065 0.035 0.674
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Table 29.b Heave of center of mass response amplitude operator

(Irregular Wave)

omega Head Sea Beam Follow Sea

Vs=0 kn |Vs=10 kn|Vs=15 kn| Vs=0 kn | Vs=0 kn |V5=10 kn|Vs=15 kn
0.528 | 0.981 0.931 0934 | 1.029| 0987 1.080 | 1.161
0634 0948| 089% | 0867| 1.046| 0964| 1169| 1.340
0740 0883| 0809| 0.765| 1.068| 0.926 1.320| 1.597
0845 0796| 0684| 0628, 1.093| 0872 1494, 1.632
0.951 0667 | 0523| 0475 1122 079 1.395| 1.187
1.057| 0500 0340| 0354 1150| 0666| 0868, 0572
1162 0303| 0168 0.311 1174 0475 0299 0.121
1268 0124 0072 0.171 1172 | 025 | 0082| 0.068
13731 0146| 0082| 0.067| 1116| 0249 0108| 0.057
1479 0187 0080| 0095 094| 0322 0.061 0.030
15851 0113| 0068| 0.150| 0.798| 0215 0022| 0.014
16901 0018| 0037| 0123| 0610| 0.036| 0012| 0.008
1.796 | 0.081 0037 0.032| 0.451 0104 0.011 0.006
1.902| 0062| 0192| 0.0 0327 0.075| 0008, 0.015

_38_




Table 30.a Heave of center of mass phase—frequency response

(Regular Wave)

Head Sea Beam Sea
w 54(60), deg 54(0)), deg 54((0), deg 5@“(0)), deg
(Vs=0 kn) (Vs=10kn) (Vs=15kn) (Vs=0 kn)

0.664 8.73 351.6 333.4 321.3
0.717 11.35 352.8 336.3 314.6
0.749 -6.80 354.4 337.8 292.6
0.785 -14.20 353.4 336.9 286.8
0.828 8.19 354.7 340.2 294.4
0.878 -1.60 350.4 338.0 276.6
0.907 -7.70 351.1 336.5 258.1
0.938 0.96 342.1 339.1 274.4
0.974 -1.70 333.4 344.8 255.6
1.014 -10.70 313.9 352.3 239.2
1.059 -12.60 312.8 350.3 239.2
1.110 34.28 296.4 346.7 245.2
1.170 175.6 282.8 339.9 236.7
1.241 191.0 275.4 313.0 232.3
1.327 - - - 185.4
1.433 51.19 229.7 235.4 186.6
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Table 30.b Heave of center of mass phase-frequency response

(Irregular Wave)

omega

Head Sea

Beam

Follow Sea

Vs=0kn

Vs=10 kn

Vs=15 kn| Vs=0 kn

Vs=0 kn

Vs=10 kn

Vs=15 kn

0.528

8.443

7210

6.798

0.730

-1.367

-7.281

-6.302

0.634

13.031

10.085

9.306

1.417

-11.015

-9.242

-4.829

0.740

19.276

13.167

12.414

2.632

-15.479

-7.509

6.072

0.845

27 619

16.454

17.202

4.547

-20.533

3.801

30.783

0.951

38.751

20.378

26.344

7.397

-25.677

27.407

60.893

1.057

23.954

26.652

43.208

11.577

-30.375

20.419

90.023

1.162

77.275

42,237

61.509

17.736

-36.374

74.189

94.120

1.268

133.354

99,531

44.782

26.525

-59.745

-2.758

9.194

1.373

234.268

161.829

44.478

37.578

-116.117

-23.180

-8.145

1.478

277.204

195.649

256.249

50.083

-126.069

-30.088

-29.498

1.585

307.785

230.796

264.536

61.657

-119.590

-63.003

-71.547

1.690

88.685

253.684

272.757

70.593

-163.728

-138.318

-127.829

1.796

150.293

66.817

238.894

76.743

-247 981

-190.182

-192.807

1.802

168.090

64.798

135.909

80.782

-241,756

-227.004

-185.398
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Table 31.a Pitch and roll response amplitude operator

(Regular Wave)

Head Sea Beam Sea

W g, @)=Y, @] =2"Ya, <w)| OV i, @) =20

g «a g a g a a

(Vs = 0 kn) | (Vs = 10 kn) | (Vs = 15 kn) | (Vs =0 kn)
0.664 0.613 0.905 0.982 0.934
0.717 0.629 0.920 1.033 1.021
0.749 0.644 0.895 1.060 1.147
0.785 0.636 0.876 1.059 1.212
0.828 0.577 0.844 1.061 1.270
0.878 0.533 0.817 0.994 1.385
0.907 0.557 0.829 0.981 1.546
0.938 0.455 0.809 0.884 1.633
0.974 0.501 0.752 0.713 1.987
1.014 0.401 0.663 0.607 2.018
1.059 0.301 0.577 0.433 2.675
1.110 0.164 0.380 0.268 2.683
1.170 0.157 0.254 0.139 2.723
1.241 0.147 0.090 0.066 2.055
1.327 - - - 1.247
1.433 0.048 0.029 0.012 0.722
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Table 31.b Pitch and roll response amplitude operator

(Irregular Wave)

Head Sea Beam Follow Sea
omega Pitching Rolling Pitching

Vs=0 kn |Vs=10 kn|Vs=15kn| Vs=0 kn | Vs=0 kn |\/5=10 kn|Vs=15 kn
0.528 0.985 0.922 0.893 1.001 0.980 1.040 1.061
0.634 0.943 0.844 0.806 1.077 0.947 1.042 1.065
0.740 0.870 0.735 0.693 1.185 0.885 1.014 0.990
0.845 0.758 0.596 0.562 1.335 0.787 0.911 0.742
0.951 0.603 0.437 0.427 1.513 0.651 0.668 0.465
1.057 0.409 0.275 0.308 1.606 0.484 0.383 0.286
1.162 0.202 0.132 0.225 1.519 0.297 0.186 0.113
1.268 0.040 0.038 0.133 1.337 0.116 0.051 0.015
1.373 0.091 0.044 0.0%0 1.080 0.023 0.016 0.010
1.479 0.090 0.050 0.112 0.861 0.084 0.021 0.008
1.585 0.034 0.031 0.112 0.676 0.076 0.013 0.006
1.690 0.031 0.013 0.071 0.529 0.036 0.006 0.005
1.796 0.031 0.023 0.063 0.415 0.015 0.002 0.003
1.902 0.012 0.054 0.064 0.327 0.025 0.004 0.021
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Table 32.a Pitch and Roll phase-frequency response

(Regular Wave)

Head Sea Beam Sea
W (@) deg | 9y(@) geg | 9,(@) geg | 99(®), deg

(Vs=0kn) (Vs=10kn) (Vs=15kn) (Vs=0kn)
0.664 87.14 177.1 92.78 45.83
0.717 86.13 216.2 103.6 42.09
0.749 70.17 235.7 117.4 25.15
0.785 66.52 331.0 154.3 18.61
0.828 87.78 481 195.0 27.06
0.878 68.76 105.6 216.5 8.79
0.907 62.72 175.0 249.4 -6.70
0.938 77.01 198.3 276.4 8.10
0.974 63.87 244 4 312.2 -6.10
1.014 67.69 270.7 19.0 -14.50
1.059 63.20 271.0 171.2 -5.20
1.110 67.35 266.6 341.0 19.75
1.170 66.02 311.0 257.0 36.14
1.241 22.40 308.3 237.1 60.23
1.327 - - - 32.50
1.433 -57.90 29.8 89.3 -27.00
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Table 32.b Pitch and Roll phase-frequency response

(Irregular Wave)

ormega

Head Sea

Beam

Follow Sea

Pitching

Rolling

Pitching

V=0 kn

\/s=10 kn

Vs=15 kn

\'s=0 kn

Vs=0 kn

\/s=10 kn

\s=15 kn

0.528

-101.691

-101.711

-100.873

-87.422

103.055

111.407

117.895

0.634

-104.677

-106.073

-104.874

-85.995

107.268

120.501

130.978

0.740

-107.822

-111.533

-109.414

-83.232

112.427

133.416

150.973

0.845

-111.066

-118.250

-113.921

-77.482

118.606

152.965

175.628

0.951

-114.390

-126.528

-117.739

-65.615

125.974

177.541

193.197

1.057

-118.011

-137.201

-120.779

-45.924

138,222

198.978

213.484

1.162

-124.350

-153.645

-125.963

-23.217

146.981

220.047

244148

1.268

-178.262

153.540

-139.771

87.300

162.841

255.683

259.846

1.373

87.243

28.610

138.814

15.438

-21.694

47.201

113.206

1.479

77.867

34.151

76177

29.942

9.269

79.784

97.631

1.585

48.568

16.925

50.189

41.403

28.901

79.788

06.538

1.690

-54.205

-38.254

11.229

50.244

97.118

73.399

57.610

1.796

-84.685

-100.456

-89.679

57.048

169.476

122,721

109.441

1.902

-147 669

-129.288

-108.152

62.435

227.212

218.591

245.220
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Table 33.a Vertical accelerations at Fr.10 and CL response amplitude
operator (Regular Wave)

Head Sea Beam Sea
W 2a10_CL 2“10_@ 2a10_CL 2a10_CL
gh , 1/m gh . 1/m gh . 1/m gh . 1/m
(Vs = 0 kn) (Vs = 10kn) (Vs = 15kn) (Vs = 0 kn)
0.664 0.031 0.072 0.100 0.031
0.717 0.033 0.086 0.115 0.035
0.749 0.035 0.090 0.140 0.041
0.785 0.044 0.101 0.161 0.048
0.828 0.042 0.114 0.194 0.056
0.878 0.043 0.129 0.252 0.061
0.907 0.050 0.143 0.286 0.069
0.938 0.039 0.166 0.314 0.077
0.974 0.046 0.184 0.338 0.083
1.014 0.045 0.208 0.349 0.084
1.059 0.043 0.219 0.281 0.083
1.110 0.026 0.194 0.236 0.085
1.170 0.035 0.182 0.158 0.102
1.241 0.038 0.100 0.097 0.122
1.327 - - - 0.127
1.433 0.019 0.072 0.054 0.160
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Table 33.b Vertical accelerations at Fr.10 and CL response amplitude
operator (Irregular Wave)

Head Sea Beam Follow Sea

Vs=0 kn [Vs=10 kn|Vs=15 kn| Vs=0kn | Vs=0 kn [Vs=10 kn|Vs=15 kn
0528| 0156| 0080| 0051 0.165| 0158| 0282| 0373
0634 0217 0082| 0050 0.241 0224 0479| 0695
0740| 0277 0095| 0042 0335| 0293 079| 1.255
0845| 0324 0087| 0029 0.448| 0.361 1277 1.856
0951 0343 0088| 0016 0582| 0415| 1.627| 1.884
1057| 0317| 0043 0006 0737| 0431 1345 1.229
1162 0232 0020 0002 0910 0373| 0602| 0344
1268 0113 0007 0000| 1.082| 023 | 0210 0251

13731 0156| 0007 0000 1208| 0.273| 0346| 0267
14791 0.231 0005 0.003| 1236| 0410 0240| 0.176
15851 0160| 0003 0013 1.151 0315 0.108| 0.102
1690 0029| 0001 0022 1000| O0.061 0.072| 0.069
1.796| 0148 0000 0010| 0834| 019]| 0079| 0.0862
1902| 0126 0000 0047 0679 0.158| 0.064| 0.199

omega
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Table 34.a Vertical accelerations at Fr.20 and CL response amplitude

operator (Regular Wave)

Head Sea
W 2a20_CL 2a20_CL 2a20_CL
gh 1/m gh . 1/m gh . 1/m
(Vs = 0 kn) (Vs = 10 kn) (Vs = 15 kn)

0.664 0.044 0.134 0.179
0.717 0.062 0.194 0.291
0.749 0.069 0.226 0.326
0.785 0.086 0.231 0.423
0.828 0.090 0.287 0.548
0.878 0.101 0.379 0.673
0.907 0.145 0.444 0.824
0.938 0.121 0.508 0.850
0.974 0.156 0.570 0.874
1.014 0.150 0.643 0.904
1.059 0.135 0.621 0.834
1.110 0.088 0.579 0.593
1.170 0.104 0.510 0.423
1.241 0.125 0.258 0.249
1.327 - - -

1.433 0.071 0.169 0.110
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Table 35.b

Vertical accelerations at Fr.20 and CL response amplitude

operator (Irregular Wave)

omega

Head Sea

Beam

Follow Sea

Vs=0 kn

Vs=10 kn

Vs=15 kn

Vs=0 kn

V=0 kn

Vs=10 kn

Vs=15kn

0.528

-171.560

-172.790

-173.240

-179.270

172830

172.720

173.700

0.634

-166.970

-169.920

-170.690

-178.580

168.990

170.760

175.170

0.740

-160.720

-166.830

-167.590

-177.370

164.520

172,490

186.070

0.845

-152.380

-163.550

-162.800

-175.450

159.450

183.800

210.780

0.951

-141.250

-159.620

-153.660

-172.600

194.320

207.410

240.890

1.057

-126.050

-153.350

-136.790

-168.420

148,630

235.420

270,022

1.162

-102.720

-137.760

-118.490

-162.260

143.630

254.180

274120

1.268

-46.646

-80.469

-135.220

-153.480

120.260

177.240

189.190

1.373

54.268

-18.071

-135.520

-142.420

63.883

156.810

171.850

1.479

97.204

15.649

76.249

-129.920

93.931

149.900

150.500

1.585

127.780

90.796

84.536

-118.340

60.410

117.000

108.450

1.680

-91.315

73.684

92.757

-108.410

16.272

41.682

92171

1.796

-29.707

-113.180

58.894

-103.260

-67.981

-10.182

-12.807

1.902

-11.910

-115.200

-44.091

-99.218

-61.756

-47.004

-5.398
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Table 36 Vertical acceleration at Fr.10 and 3.46m from CL
to starboard response amplitude operator

Beam Sea
W 2a107stbd
gh (Vs = 0 kn)
0.664 0.032
0.717 0.037
0.749 0.043
0.785 0.051
0.828 0.056
0.878 0.069
0.907 0.079
0.938 0.092
0.974 0.106
1.014 0.106
1.059 0.126
1.110 0.113
1.170 0.101
1.241 0.077
1.327 0.070
1.433 0.106
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Table 37 Additional wave resistance response amplitude operator

Head Sea
w o, - 4R;:Z(a)) @, :4&2—@(”) o, - 4R2W2(a))
KN/mEWs = 0 kn) | KN mzk(r:/f =10 |\u/mvs = 15 kn)
0.664 1.47 26.35 39.49
0.717 3.79 29.77 47.72
0.749 3.91 37.56 56.46
0.785 8.78 41.63 67.22
0.828 3.81 58.35 79.99
0.878 8.13 75.71 129.5
0.907 6.53 121.6 170.4
0.938 2.75 147.5 180.0
0.974 5.99 159.1 179.1
1.014 6.96 161.1 149.3
1.059 8.74 155.3 83.55
1.110 4.32 134.8 47.93
1.170 14.65 94.07 82.28
1.241 11.59 79.17 74.04
1.433 -2.59 18.30 139.8
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Table 38. Dimensionless Rol | Damping Factor vs Rol | Rate

6 ', deg/s 2V 0o
1.17 0.118
3.5 0.145
5.8 0.164
8.8 0.180
1.7 0.194
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Table 39 Data for Deck Wettness Calculation (Freeboard)

Freeboard
(Unit : m)
omega Head Sea Beam Follow Sea

Vs=0 kn [Vs=10 kn|Vs=15 kn| Vs=0 kn | Vs=0 kn |Vs=10 kn|[Vs=15 kn

0.528 2.620 2590 2.571 2.658 2.636 2.663 2.569
0.634 2515 2471 2.439| 2.618 2.550 2.609 2.388
0.740 2.344 2294 2.247| 2546 2.417 2.498 1.998
0.845 2.099| 2.061 2.001 2.399 2.238 2.216 1.405
0.951 1.792 1.789 1.726 2.088 2.022 1.729 0.966
1.057 1.463 1.514 1.470 1.546 1.783 1.290 0.878
1.162 1.180 1.287 1.293 0.890 1.529 1.171 1.151
1.268 1.035 1.151 1.499 0.304 1.256 1.318 1.308
1.373 1.087 1.119 1.191] -0.158 1.036 1.372 1.290
1479 1.264 1.153 1.214 | -0.399 1.005 1.29% 1.248
1.585 1.348 1.194 1.305| -0.436 1.146 1.229 1.222
1.690 1.245 1.212 1.341| -0.343 1.194 1.200 1.208
1.796 1.110 1.215 1.231] -0.193 1.113 1.191 1.200
1.902 1.094 1.242 1.063 | -0.021 1.116 1.195 1.165
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Table 40 Vertical Acceleration at Center of Mass

Amp. /(g Aw/L)

Aw : Wave Amp. (Wave Height / 2)

omega Head Sea Beam Follow Sea

Vs=30 kn Vs=30 kn
0528 0.005 0.750
0.634| 0.000 1.397
0.740 | 0.009 2.143
0.845] 0.070 2.679
0.951 0.059 1.506
1.057 | 0.081 0.468
1162 | 0.156 0.248
1268 | 0.340 0.247
1.373| 0.682 0.170
1479 0.760 0.116
1585| 0.291 0.126
1690 0.232 0.073
179% | 0.226 0.054
1902 0.103 0.111

Phase Lag [deg]
omega Head Sea Beam Follow Sea

Vs=30 kn Vs=30 kn
0.528 | 185.360 189.940
0.634 | 186.870 206.590
0.740 | 173.260 229.310
0.845| 96.443 265.360
0.951| 54.333 307.947
1.057 | 28.308 303.138
1162 | 18.083 241.190
1.268 | 19.206 207.310
1.373 | 34.351 180.880
1479 | 66.254 126.010
1585 61.049 89.225
1.690 | 347.224 68.167
1.796 | 315.821 313.212
1.902 | 265.142 300.229

_53_



W, 1/c

—+-0kn
—+ 10kn
—+—15kn

Fig.25.a Heave RAO in Head Sea (Regular Wave)

1.0

=
=

0.2
0o

<
=]
my f-duy

08

y/2e

&=
o

04 086 0.8 1.0 1.2 14 16
omega
Fig.25.b Heave RAO in Head Sea

0.2

00

(Irregular Wave)

_54_



—0kn

—=—10kn

18

16

14

< «©
-_ (=1

Ay dwanyg

04

02

0.0

s

02 04 06 08 1.0 4 16
omega

0.0

Following Sea (lrregular Wave)

Fig.25.c Heave RAO in

CSU01. Heave Phase-frequency Response

Head Sea

m, 1/c

Fig.26.a Heave Phase—frequency Response in Head Sea

(Regular Wave)

_55_



Phase Lag [deg]

Phase Lag [deq]

1200 =
1500 \

i -
1800
2100 L

-240.0 A\

3600 ‘
330.0 =0k |
T
300 74 15k
ks
2700 £ L
,/ r/ ‘ \'\\
240.0 K7
AR 41N
2100 / ,f AT
L 8
180.0 1 .S
150,0 = dll \- \ L
B / I F \l Y
74BN
1200 VAR va
J ‘ \/ \
00 iy, $
600 | ]
i e
el
300 e T
R | g
0.0 Laai
00 02 04 06 08 10 1.2 14 16 18 20
omega

Fig.26.b Heave Phase-frequency Response in Head Sea
(Irregular Wave)

1200 T

00 U— -a-0kn | |
i A 4

A ~+-10kn

60.0 R 2 "\\ ——15kn —

300 k- £ 5
& (/} \\k

00

-300 e

-60.0 “m \
-80.0
' \\
n

0.0 02 04 06 08 10 1.2 14 16 18 20
omega

Fig.26.c Heave Phase-frequency Response in Following Sea
(Irregular Wave)

_56_



2.0

18

1.6

1.0 1.2 14
omega

08

0.6

_57_

1 T T T T T T T T T T T T -
I P
[
F4-r--r-
La_La_1| &
IS — =S E
[ == ~ X S 0
|| « 3 SR
W 5T P
F4—F-4-F4 Y ) 1 |
[ I =
i o e b i ]
I R B A L e
[ R R =
| o e othen K niom ] e Ly i LA
I 8l m
o =l -
H4-F4-F
L1 wv
[0
a
-
(=]
- (48]
D
wn
3
()
@ ju
Q
e
(@]
<<
(o'
2
5
—
a
[4v]
b .
(=]
GRS iy e n_d
[ [N oo LI R R | ! [ .
| BB oA 3o k) A s R (e IOH SRR M FOCE RSk (L NcEit e il (L It (@)
(W

Fig.27.b Pitch RAO in Head Sea (Irregular Wave)
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CSUO01. Heave Phase-frequency Response
Beam Sea
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CSUO01. Roll Phase-frequency Response

Beam Sea
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CSU01. Heave Amplitudes (significant)
Head Sea
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CSU01. Vertical Acceleration (RMS). Frame 10. CL
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APPENDIX 11

Fig 51. Model manufacturing ()
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Fig 53. Model prepared for seakeeping test

Fig 54. Seakeeping test at Okn (Full scale: A=55m; h=2.6m) ()
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Fig 55. Seakeeping test at Okn (Full scale: A= 55m; h=2.6m) (Il)

Fig 56 Seakeeping test at 10kn (Full scale: A= 60m; h = 1.3m)
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Fig 57. Seakeeping test at 15kn (Full scale: A= 60m; h = 1.2m)

Fig 58. Seakeeping test at 10kn (Full scale: A= 55m; h = 1.6m) ()
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Fig 59. Seakeeping test at 10kn (Full scale: A= 55m; h = 1.6m) ()

Fig 60. Seakeeping test at 15kn (Full scale: A=55m; h=1.4m) (1)

_77_



Fig 62. Model before free oscillation test.
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Fig 63. Free oscillation test.

Fig 64. Seakeeping test at Okn, Beam sea
(Full scale: A=40m; h = 1.3m)
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Fig 65. Seakeeping test at Okn, Beam sea
(Ful'l scale: A= 140m; h = 1.8m)
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