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Abstract

A Study on the Hull Form Development of a 50 knots Class
High Speed Patrol Boat

Kim, Ju-Nam

Advisor : Prof. Park, Je-woong, Ph. D.

Department of Advanced Marine Transportation
System Engineering

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 a nation’s exclusive economic
zone (EEZ) whereby 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.

Under these circumstances, 'The New Korea—Japan Fishery’'s Agreement’
was that the negotiation started on August in 1996 and was signed on
November 11. Finally it came into effect on January 22 in 1999. Also 'The
Korea-China Fishery’s Agreement’ was signed on August 3 in 2000 and
was come into effect on July 30 in 2001. After that, new fishery regularity

has been formed around Korean waters.

These days, Japan and China have been promoting constructions and
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development of patrol boats continuously for national securities of their

territorial waters.

Against the neighbor countries’ actions, a high—speed patrol boat should
be secured and supplied to protect the ocean sovereignty of EEZ in the area
of sea around Korea. In Korea Coast Guard, an aluminum patrol boat P-134
having maximum speed of 45 knots amonglO0 ton class has been put into
service in 2005. But it needs to be researched and developed in the

performance and scale aspect to adapt changes of Japan and China.

In this study, a plan for designing the primary hull form has been
provided based on the increasing demands of high speed patrol boats that
can be worked in offshore as well as the coast, and the initial hull form of

a 50 knots, 100-ton class patrol boat has been developed.

Characteristics of the planing boat of a 50 knots class patrol boat were
studied. Also the domestic and foreign research trend in the processes of

hull form developing has been analyzed.

The fundamental performance of the developed hull form has been
confirmed, hydrodynamic characteristics and the resistance performance were
observed by the model test in high speed circulating tank. The effect of
attached Side-Fin on the ship’s side has been analyzed in order to improve
the resistance performance. The initial trim condition effects on the

resistance performance were also analyzed.

The characteristics of resistance performance of the developed hull form

were verified by computational fluid dynamic (CFD) technique.

Conclusions

1) Feasible plans were presented when determining principal particulars in

- Xiv —



initial design of high speed ship. Also an analytical approach based on

actual data can be useful.

2) Initial trim affects the resistance performance. As the initial trim is
increasing, the resistance performance is excellent. But it is predicted that
excessive running trim in high-speed area will affect the safety performance
in waves. Therefore when developing the hull form of a high speed Planing

boat, it is very important to determine the optimized initial trim.

3) The Side-Fin can help with improving the resistance performance.
Especially it can raise the hull in the high-speed area. However if lift that
acts at wings works at the back of center of buoyancy, the body of ship
rises in stern and the phenomenon of squat occurs in bow. Hence decreased
running trim can cause an increase in resistance. Accordingly it is required

to determine the proper size and the position carefully.
4) The method of numerical analysis which ignores the viscosity offers

similar tendencies compared to model test in the developed initial hull form

of a high speed Planing boat.
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Table 1-1 The Control State of Illegal Chinese Fisherboats

(&9 F)
U x F49 2 g
TE (A4
Al NLL | EEZ EEZ | I%= 9
‘059 1032 670 76 509 85 362
04 656 443 91 346 6 213
‘03d 240 240 101 139 - -

(By Korea Coast Guard, 2005. 12. 31)

Table 1-2 Principal Dimensions of PS201~PS206
Patrol Boat, Japan

Items Dimensions
Gross Ton (G/T) 220
Loa (m) 50.0
Breadth  (m) 8.0
Depth (m) 4.0

) ) Diesel 3 sets
Main Engine )
Water—jet 3 sets

Speed (knots) 40+




Table 1-3 Principal Dimensions of PL41~PL43
Patrol Boat, Japan

Items Dimensions
Gross Ton (G/T) 770
Loa (m) 79.0
Breadth  (m) 10.0
Depth (m) 6.0
Main Engine Diese.l 4 Sets

Water-jet 4 Sets

Speed (knots) 30+

Table 1-4 Principal Dimensions of P-135

Patrol Boat, Korea

Items Dimensions
Gross Ton (G/T) 100
LoA (m) 27.9
Breadth  (m) 6.1
Main Engine Diese.l 2 sets
Water—jet 2 sets
Speed (knots) A+




o) K0 ROROK{R<-3r

o

(By Ministry of Maritime Affairs & Fisheries)

Fig. 1-1 The Sea Area Drawing of Fisheries Agreement
among Korea—China-Japan



Fig. 1-3 770G/T, 30 knots Class Patrol Boat, Japan



Fig. 1-4 100G/T, 45 knots Class Patrol Boat, Korea
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Table 3—-1 Principal Dimensions of Development Boat

Items Dimensions
Loa (m) 28.0
Lbp (m) 25.0
B (m) 6.1
D (m) 3.2
1.2 1.3
d (m)
(70% lLoad) (Full Load)
90 95
Disp. (Ton)
(70% Load) (Full Load)
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Table 4-1 Particulars of Model and Test Condition
) Model
Items Ship (Scale : 1/30)
Lbp (m) 25.000 0.8333
Lwl (m) 25.000 0.8333
B (m) 6.100 0.2033
D (m) 3.000 0.1000
Condition 70% Load-1 (Trim 150mm)
Bwl (m) 5.672 0.1891
dm (m) 1.307 0.0436
Trim (m) 0.150 0.0050
Cb 0.4738 0.4738
A (ton) 90.000 0.003333
v o(m') 87.805 0.003252
W.S.A (") 137.970 0.15330
Condition 70% Load Even Keel
Bwl (m) 5.675 0.1892
dm (m) 1.318 0.0439
Trim (m) 0.000 0.0000
Cb 0.4696 0.4696
A (ton) 90.000 0.003333
v (') 87.805 0.003252
W.S.A () 139.064 0.15452
Condition Full Load
Bwl (m) 5.685 0.1895
dm (m) 1.359 0.0453
Trim (m) 0.020 0.0007
Cb 0.4799 0.4799
A (ton) 95.000 0.003519
v o(m') 92.683 0.003433
W.S.A () 141.411 0.15712
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Table 4-2 Principal Dimensions of High Speed CWC.

(FEL, Japan)
Item Dimension
Whole Length (m) 24.53
Length (m) 8.00
M )
easu'rmg Breadth (m) 1.50
Section
Draft (m) 1.25
Max. Velocity (m/s) 6.00

Table 4-3 Test Conditions for Initial Trim Effect

Case Initial Trim (mm) Initial Trim (angle)
even trim
Case-1 0
(0 degree)
Case—2 150 0.35 degree
Case-3 300 0.70 degree
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Table 4-4 Test Conditions for Trim Tab Effect

Case

Size of Trim Tab

Height Length
(Angle) ens
Case—2 None
0.03m
Case—4
(3.8 degree)
0.015m 0.45m
Case-5
(1.9 degree) (1.8% of Lwl)
0.006m
Case-6

(0.8 degree)

Table 4-5 Test Conditions for Side-Fin Effect

Size of Side-Fin

Case - Length / Breadth
Position
(m)
Case-6 None
Case-7 S5.S.3 ~ 8685
5.0 / 0.10

Case-8 S.S 2l ~ S.S 4i

ase S )

_86_



Fig. 4-1 Test Model
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Fig. 4-3 Relation between Trim(r) and Resistance [13]
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Fig. 4-4 Relation between Porpoising Limit,
Trim(r) and Deadrise Angle [15]
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Fig. 4-6 Comparison of Trim Angle for
Case-1, Case-2 and Case-3
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Sinkage at F.P(% of Lbp)

Sikage at Midship(% of Lbp)
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(a) Sinkage at F.P
Fig. 4-7 Comparison of sinkage for

Case-1, Case-2 and Case-3
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(b) Sinkage at Midship
Fig. 4-7 (Continued)
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Sikage at A.P(% of Lbp)

W.S.A. Ratio
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Fig. 4-8 Comparison of Wetted Surface Area Ratio for

Case-1, Case-2 and Case-3
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(a) Case-1

(c) Case-3

Fig. 4-9 Wave Patterns, 30 knots at Front View
(for Initial Trim Effect)
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(c) Case-3

Fig. 4-10 Wave Patterns, 30 knots at Stern View
(for Initial Trim Effect)
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(c) Case-3

Fig. 4-11 Wave Patterns, 40 knots at Front View
(for Initial Trim Effect)
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(c) Case-3

Fig. 4-12 Wave Patterns, 40 knots at Stern View
(for Initial Trim Effect)
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(c) Case-3

Fig. 4-13 Wave Patterns, 50 knots at Front View
(for Initial Trim Effect)
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(a) Case-1

(c) Case-3

Fig. 4-14 Wave Patterns, 50 knots at Stern View
(for Initial Trim Effect)
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Hull

Fig. 4-15 Trim Tab
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Fig. 4-17 Comparison of Trim Angle for
Case-2, Case—4, Case-5 and Case-6
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Sinkage at F.P(% of Lbp)

Sikage at Midship(% of Lbp)
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Fig. 4-18 Comparison of Sinkage for
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(b) Sinkage at Midship
Fig. 4-18 (Continued)
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Sikage at A.P(% of Lbp)

W.S.A. Ratio
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Fig. 4-18 (Continued)
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Fig. 4-19 Comparison of Wetted Surface Area Ratio for

Case-2, Case—4, Case-5 and Case-6
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(c) Case-6

Fig. 4-20 Wave Patterns, 30 knots at Front View
(for Trim Tab Effect)
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(c) Case-6

Fig. 4-21 Wave Patterns, 30 knots at Stern View
(for Trim Tab Effect)
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(c) Case-6

Fig. 4-22 Wave Patterns, 40 knots at Front View
(for Trim Tab Effect)
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(c) Case-6

Fig. 4-23 Wave Patterns, 40 knots at Stern View
(for Trim Tab Effect)
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(c) Case-6

Fig. 4-24 Wave Patterns, 50 knots at Front View
(for Trim Tab Effect)

_57_



(b) Case-5

(c) Case-6

Fig. 4-25 Wave Patterns, 50 knots at Stern View
(for Trim Tab Effect)
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(a) Sketch of Side-Fin

(b) Position of Side-Fin, Case-7

(¢) Position of Side-Fin, Case-8

Fig. 4-26 Side-Fin
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Fig. 4-28 Comparison of Trim Angle for
Case-6, Case-7 and Case—-8
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Sinkage at F.P(% of Lbp)

Sikage at Midship(% of Lbp)

75

--<-- CASE-6
7.0 el CASE-T
-*-CASE8 g

65 O ................ o)

6.0

55

5.0 o,,

-4

45

4.0

35 L 0 0wV
25 30 35 40 45 50

SPEED(knots)
(a) Sinkage at F.P
Fig. 4-29 Comparison of Sinkage for
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(b) Sinkage at Midship
Fig. 4-29 (Continued)
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Sikage at A.P(% of Lbp)

W.S.A. Ratio
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Fig. 4-30 Comparison of Wetted Surface Area Ratio for
Case-6, Case-7 and Case-8
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(a) Case-7

(b) Case-8

Fig. 4-31 Wave Patterns, 30 knots at Front View
(for Side-Fin Effect)
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(b) Case-8

Fig. 4-32 Wave Patterns, 30 knots at Stern View
(for Side-Fin Effect)
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(b) Case-8

Fig. 4-33 Wave Patterns, 40 knots at Front View
(for Side-Fin Effect)
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(b) Case-8

Fig. 4-34 Wave Patterns, 40 knots at Stern View
(for Side-Fin Effect)
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(a) Case-7

(b) Case-8

Fig. 4-35 Wave Patterns, 50 knots at Front View
(for Side-Fin Effect)
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(a) Case-7

(b) Case-8

Fig. 4-36 Wave Patterns, 50 knots at Stern View
(for Side-Fin Effect)
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5.2 FA ALY

o o] WL, YE2 HA F WFL, 25 A ¢ WFE )PFoR
stelth. AAAIZ= Rectangular Staggered-Variable ZAAMAIZ} £ Ao A
AHEE AT Fig. 5-12 £=9 b9 Aoxs HolEt.

N
=
T
z
2,
>
rlo
Ho
fr
X
filo
=)
(e}

A5, v FEelEaL THgske], BEge] 34

[¢)
9 Euler ®FAA(A (6. D)3 A5EAA(AG. 2)= AHS-8H3IT

a3y 3 | ) _ = 00

o7 oxr oy 0z ox
Qv ANud) | 3P | ew) _ =3 5. 1)
8f ox oy 0z oy

jba &(ﬂm) a(mw) a(m) — 00
8f ox oy 0z 0z

Qu [ dv | dw

ax‘f'ay—f— 5 =0 (5. 2)

21 (5. DI (5. 294 (x, vy, 2)  ADHE
(u, v, w) Cx,y, z g 4 EEAE
p =
g D 2874 %(-9.8m/s?)
¢ : p/p
oryl
=

A g A o] A2 stel QoA =, EHvrf‘“’ Aol YA FE2 Akl st
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Ho 2= 22k A2 Donor Cell'H-& %3 Hybrid Schemes 4835 th

ALt RG] AR 42 A6, 3t A5, sk 2k,

g -y
1 _ t1./4 i
Wik iiz, 6= iv1e 8T e o7
7
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12,58 = U v 12, 5 8 D7 UC ;4 1/2,7 #
7n+1 _
Nty s =10 4= PT VC i1 4 6.4
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5.3.2 AF+9 A AZAFree Surface Boundary Condition)
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BAZAT 987 AAZAL ofdje Ao

Q=@ Dynamic Condition (5. 8)
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o} o] ALsA T

_ 1117076
1101578 *+ 01510176 * 1:116/76
2 S X S S }
»
0, +0,) 0.0, +0.) 016005 +05) 2

@i«

(5. 10

A ALY M- E BEY] AGE UERH, Fig. 5-20A & 2214 9]
Irregular StarE H o=t}

+5 A HAAZAL  Marker-particle o] &3} TFEA] o
Marker-Particle< Fig. 5-3°14]9} o] Lagrangian Manner[34]Z &3
o A ZFEANA 9 AT HE] AXE AASATE (x5, vi, z)E AHTTHY 9
Aolal (u, vi, wi)& (MWHA AZFA A o] SEAdtolebd, (n+ DHA AT
GANA ARl AR = ol o] A& o] &dt FE F Utk

_74_



Xin+1 - Xin + DT mi
y' =y +DT D,
Zin+1 — Zin + DT wvl (5 11)

5.3.3 718} AAZA(Other Boundary Condition)
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Table 5-1 Computational Conditions

X 120
Numbe;
r Y 80
of Cell
4 40
X 3.23m
Computational Y 1.05m
Domain
4 0.22m
Cell Size Ymin 0.006m
At 0.0006
Time Steps for
Acceleration 7000
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i+1

Fig. 5-1 Definition of Velocity and Pressure Points

Fig. 5-2 Irregular Star in 2D Case

Fig. 5-3 Movement of Marker Particles
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Fig. 5-4 Computational Domain (X-Y Plan)
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Fig. 5-5 Comparison of Time History of Cp
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Fig. 5-6 Simulated Wave Patterns, V=40 knots
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Fig. 5-6 (Continued)
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Fig. 5-7 Pressure Distributions on Hull Surface, V=40 knots
(Front View)
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Fig. 5-8 Pressure Distributions on Hull Surface, V=40 knots
(Bottom View)

_84_



bek A

015

3+

Age Bl 3

72y
3

o] JF7)(Side-Fin)&

H, 27|E" ZA(Initial Trim Condition)©] #

==
=

_]

A
pi

A6F 2 &
A2 FoE Aol guistel o

o

B
—_
fie)

xr
i)

Fluid

-4 9 8 Computational

Ak

el

wr

JJo

ol

ol
o

: CFD)e =2 A=

Dynamic

A HE

o

=

s "d

n&d 4§ b5

}o] 2 CFD 7] 9

)

=
g%

1) do] 20m o]

o

il

B

2) B
3} gy

_85_



: ¥l=F Ton)

0.024 - L + 2.22

= 0.108 - A + 1743 (A
= 0.017 - L + 0.57

= 0.026 - L + 4.48

@ Be(xFQ1%) = 0.091 - L + 3.78

@ D(=e])

)

)
P
=T

@ Loa(A#)

® d(

I I KR T T o %
. ; 0 0 o =
= m_Mo R W e M oW w# H.ML 10_.__| T
— 0] . N ™ oo X Mo 0 R
Wﬁﬁ@% o= b ox o T
o W o St DIy
oF mo= JJo N = T oy £ Wa M

g T T B
B ey <~ ¥
Jlo o ~ "

7o ! W B ?
colsd  Trsio  wWbl
= oM B = 25 o T

T ~NTR ST =M
wrode B e w Jowp °F T T ol
o W ogn ™ " T oA il
LI RN Pow ot T ow ca

LIL _.E O _— = ﬂ
- 0r — NS 5 . Y
N < 4 o ~a 0o o —

= o N gjo
z Moy W m.m 3 g A R o4 wp
< ~ B _M_l O T - 70 B

Jaris —_— N
™R o @ - W ° WW P T M
ﬁ.: dl ﬂAlL wA )] ;0 m _—OE m 7A ._O
gL g P TN LEE
N Mo oq_m R H g X % Nlo s
wWﬂ.zT7mo weETT T iﬂr%

~ ~

o Eh | olo £ oT ,W/E W H@Io oy M% (R Tr
—_ —_ N K ~
ST o m) &3 KW < T
o s E LT =Tk T W
ME wlH _%_ el < g ° = o T X
] s, =B oA
~ 0 ﬂ_,wl = = 44 T T o % WQ el .
G , N 0 o

- N gyl

T E o 4ok TR
. —_ f—— ) — .
iy ? . ' g i 7 T OE o n-
Np T T & o = re T H R

W T S ~ . = 4 ~ % o
o 4 oW 2 ¥ oA oy o %0

_86_

o}

9
pul

BRI



6) H8F(Sinkage)E Trim Tab ZE7F 45 dAvixoz I4 LAs)
Atk 53] AFRolA Aidos =4 wgstn glon, o=

oM 3k e sdol vEtAl "ol olHE Hy= HE I

tha sluets ATl s 2 JFS v

Ao
o

fru
L
ul

_87_



< Appendix >

Summary of the Principal Dimensions for High Speed Planing

Boats

<Descriptions>

Fv

T

Bce

. Design Froude Number based on Displacement Volume
. Designed Displacement Tonnage
: Length Over All (m)
: Maximum Breadth
. Breadth of Chine at Midship (See Fig. A-1)
: Depth at Midship
. Draft at Midship
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5 Station

Be/2

< Fig. A-1 Definition of Bc >
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Hull

No. L B Bc D d A FV |Remarks
1 43.0 7.50 6.70 4.00 1.556 | 201.0 | 2.37
2 40.0 10.0 9.15 4.00 1.40 | 191.0 | 2.70
3 35.1 6.48 5.95 3.45 1.22 91.0 2.70
4 35.1 6.00 5.67 3.14 1.10 | 113.0 | 2.31
5 35.1 6.35 5.83 3.61 1.28 86.0 2.68
6 35.0 9.20 8.70 3.75 1.26 | 140.0 | 2.88
7 35.0 6.70 6.00 3.30 1.15 | 110.0 | 2.54
8 33.5 7.50 5.85 3.60 1.20 | 120.0 | 2.52
9 33.5 7.00 6.21 3.00 1.06 | 110.0 | 2.49
10 33.0 8.60 8.10 - 1.74 | 170.0 | 2.78
11 32.0 8.50 6.60 3.60 1.40 | 105.0 | 3.03
12 32.0 8.50 7.50 3.60 1.23 | 105.0 | 3.03
13 32.0 8.50 8.20 3.60 1.13 | 105.0 | 3.03
14 31.0 6.30 5.60 3.30 1.18 | 91.75 | 2.32
15 31.0 6.30 5.40 3.30 1.15 | 88.85 | 2.32
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Hull

No. L B Bc D d A FV |Remarks
16 31.0 6.30 5.60 3.30 1.16 87.0 2.32
17 30.0 7.85 6.09 3.61 1.10 | 94.30 | 3.06
18 30.0 8.50 6.22 3.40 1.15 | 105.0 | 3.39
19 30.0 7.76 6.68 3.39 1.33 90.0 4.03
20 29.0 8.50 7.01 3.50 1.23 | 105.0 | 3.01
21 28.9 7.65 5.74 3.35 1.17 90.0 3.09
22 28.7 8.30 6.22 3.45 1.13 | 105.0 | 3.01
23 27.6 7.09 4.76 3.24 1.22 80.0 4.09
24 27.3 7.34 6.56 3.50 1.34 90.0 3.09
25 27.0 6.75 5.16 3.66 1.03 80.0 2.62
26 27.0 5.60 5.00 2.80 1.15 70.3 2.37
27 26.2 5.86 5.65 2.93 1.19 80.0 2.62
28 26.0 6.10 5.60 3.21 0.89 38.6 2.95
29 25.9 5.73 4.90 2.84 1.10 58.6 2.59
30 25.0 8.00 7.04 3.67 1.32 | 100.0 | 3.80

_90_




Hull

No. L B Bc D d A FV |Remarks
31 25.0 6.20 5.40 3.30 0.90 45.5 2.60
32 25.0 6.20 5.00 3.25 0.85 45.5 3.44
33 24.5 7.50 6.25 3.20 1.12 69.0 3.72
34 24.5 6.27 4.83 2.68 0.97 42.9 3.52
35 24.4 6.20 4.96 2.60 0.74 55.0 3.36
36 24.3 6.19 4.81 2.82 - 45.0 3.47
37 23.5 6.07 4.58 2.52 0.75 35.0 3.90
38 23.0 5.20 4.70 2.60 0.86 38.0 3.21
39 23.0 5.50 4.38 2.45 0.68 30.0 3.78
40 22.9 5.20 4.48 2.60 0.77 42.9 3.83
41 22.5 6.00 5.52 2.55 0.84 35.0 3.60
42 22.5 4.90 4.39 2.45 0.75 35.0 3.18
43 22.5 5.47 4.40 2.45 0.75 35.0 3.18
44 22.5 5.50 4.38 2.45 0.69 35.0 3.18
45 22.3 5.89 4.81 2.31 - 43.4 3.52
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Hull

No. L B Bc D d A FV |Remarks
46 22.0 5.20 4.30 2.60 0.76 38.0 3.57
47 21.7 5.79 5.50 3.11 1.07 64.0 3.29
48 21.7 5.87 4.54 2.40 0.99 45.0 3.45
49 21.3 6.07 4.80 2.26 0.75 32.0 4.07
50 21.0 5.30 4.44 2.70 0.96 44 .4 2.32
51 21.0 4.70 4.40 2.30 0.95 42.4 2.39
52 21.0 6.00 4.75 2.60 0.77 40.0 3.19
53 20.7 4.50 3.92 2.33 0.97 33.0 3.78
54 20.7 5.49 4.12 2.45 0.82 35.8 3.85
55 20.0 5.20 4.09 2.40 0.80 28.0 3.83
56 20.0 4.52 4.05 2.43 0.78 23.0 4.35
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