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Ap
Am
Aw
Ca
Caa
Cs
Co
Cr
Ce
Co
Cp
Cr
Cr
Cy
Cw
EHP
Fn
Vol. Fn

Lcr
Lce

Ra

Nomenclature

Projected area of planing bottom

Area of midship section

Water plane area

Incremental resistance coefficient for model-ship correlations
Air or wind resistance coefficient

Block coefficient

Drag coefficient

Frictional resistance coefficient

Center of gravity

Lift coefficient

Prismatic coefficient

Specific residuary resistance coefficient
Specific total resistance coefficient

Specific total viscous resistance coefficient
Specific wave making resistance coefficient
Effective horse power

Froude number

Volume Froude number

Acceleration of gravity

Three—dimensional form factor on flat plate friction
Lift(a force)

Longitudinal center of buoyancy from midship
Longitudinal center of gravity location
Resistance, in general

Model-ship correlation allowance



Raa : Air or wind resistance

Rap . Appendage resistance

Rar . Roughness resistance

Rr ¢ Frictional resistance

Rro : Frictional resistance in two—dimensional flow
Rn . Reynolds number

Rp : Pressure resistance

Rr : Residuary resistance

Rs . Spray resistance

Rr ¢ Total viscous resistance

Ry : Viscous resistance

Rw . Wave making resistance

Rws . Wave breaking resistance

S : Area of wetted surface

U : Velocity of a fluid

Vu : Model speed, m/sec

Vs . Ship speed, knots

B Deadrise angle of planing bottom in degrees
p : Mass density of water

A Linear ratio, ship to model

T . Trim angle of hull with respect to attitude as drawn, degrees
ACp : Roughness alowance

VAN : Weight of craft, ton

\V4 : Volume of craft, m®
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A Study on the Hydrodynamic Characteristics and
Hull Form Design of Medium Sized High Speed Craft

Young Kuwn, Shin

Department of Ocean Systems Engineering, Graduate School

Korea Maritime University

Abstract

The planing hull form is the oldest, simplest and most extensively
employed member of the family of modern high speed vessel.
Appropriate application of modern technology has resulted in the
development of planing hull forms which are devoid of the hydrodynamic
problems. Modern planing hulls are designed to avoid the so-called
"hump problems", demonstrate good behavior in a seaway, have
substantial useful load fractions, and have a potential for growth up to
displacements which have established them as effective members of

naval units.

In recent years the philosophy in designing planing craft has moved
from a preoccupation with high calm water speed to a serious effort to
apply modern technology to substantially improve their seakeeping

abilities.



The modern planing hull now has surprisingly good seakeeping
characteristics with little deterioration in calm water performance. It is
expected that the planing hull form will continue to find increasing

utilization in military and commercial applications.

This study is aimed at investigating a hydrodynamic characteristics of
high speed planing hull form which is based primarily upon experimental
data obtained from modal tests. This results demonstrate the Design
practice of high speed vessel to find design direction and to establish

the actual performance.

Particularly, appendage characteristics, hull form and trim on

resistance performance are analyzed.

From these results, medium sized high speed craft having waterjet
propulsor was designed, and the design showed good resistance
performance through the model test and numerical calculation. And also
by the results of these study it provided the design concept for the

medium sized high speed craft.
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Table 4.1 Principal Dimension of 20M Class Patrol Vessel

- - . - " o - " o - (S - o —tan S n - o —

FILE NO.: S268R01.JEA S268R03., JEA
DESIGNATION SYMBOL (UNIT) ACTUAL MODEL ACTUAL MODEL
Scale ratio SCALE 11.0000 11.0000
Length between per. LPP (m ) 18.600 1.6909 18.600 1.6909
Breadth,moulded B (m ) 5,500 .5000 5.500 .5000
Depth ,moulded D (m ) 3.200 .2909 3.200 .2909
Number of propeller NOPROP 2 2
Load condition FULL LOAD MIN. OPERA.
Draft, moulded F.P. TF (m ) 1.120 .1018 1.060 . 0964
AP. TA (m) 1.120 11018 1.060 .0964
Mean TMEAN(m) 1.120 .1018 1.060 .0964
Length of waterline LWL (m ) 18.600 1.6909 18.600 1.6909
Wetted surface area S (m2) 94.3 .7793 90.9 L7512
Wetted s,bilge keel SBK (m2) .0 .0000 .0 .0000
Trans.area above WL AT (m2) .0 .0000 .0 .0000
Displacement volume DISV(m3) 48,864 ;0330 38.990 ,0293
KB above moulded BL KB (m ) 0.789 L0717 0.75638 .0685
LCB from midship,f+ LCB (m ) -1.061 -.09656 -1.087 -.0988
LCF from midship,f+ LCF (m ) -0.841 -,0765 -0.988 -.0853
Block coefficient CB . 3830 .3600
Midship section c. CM .4580 .4830
Prismatic c. CP .8860 .8320
LPP / B 3.8818 8.38818
LPP / T 16.6071 17.5472
B /T 4.9107 5.1887
LCB % (fwd.+) ~0.0670 -0.0584

s - - —— - ———_ - - ————— - o —— o > G - - - — - - - - - - —
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NUS
FNVOL

CTS = CFS + CA + CRM

VS » LS

BN (SHIP) = —-=--—-

KG*SEC2/M4
KG*SEC2/M4

G = 9.80665 M/SEC2
CE

DELTA = 1,025*DISP

- 16,0 C
= 11,0036 E-06 M2/SEC

= 20.0 C
= 1,1873 E-08 M2/SEC

RHOM = 101,78

RHOS = 104.61

TRIM DELZS
M*#2 DEG,

NUM

NUs

§c
SS

FOR 20.0 C

MASS DENSITY

Vs
SQRT(G*DISP*#(1/3))

NUM

VM * LN

FOR 16.0 C
RN (MODEL) = —-=----
PE

. 000500
0.075

CF ® s-cmm—etenccacaca

LS
M

(ALOG10{RN)-2)»*2
DELTA®#(2/3)%VSe%3

INTRODUCED VALUES.AND FORMULAS

TEMPERATURE TANK WATER

STANDARD TEMPERATURE
COEF, OF KlNEMAT]g
VISCOSITY FOR 20.0 C
COEF, OF KINEMATI
VISCOSITY FOR 15,
MASS DENSITY

CT™ =CFM + CRM

CA =
CE =
FNVOL =
PE

HP

CTS RTS

1CTIONAL MODEL
CR

(Bare, Full Load)

SPEED-DISPLACEMENT COEF,

EFFECTIVE POWER
REYNOLDS NUMBER

1F1C
RESISTANCE COEF,
CFS sPEClFIC FRICTIONAL SHIP

ESISTANCE COEF,

ADMIRALTY COEFFIENT
SPECIFIC RESIDUARY
RESISTANCE COEF,

INCREMENTAL RESISTANCE COEF.
FOR MODEL-SHIP CORRELATION
CTM SPECIFIC TOTAL MODEL RESISTANCE

COEF.
MODEL SPEED
SHIP SPEED

CTS SPECIFIC TOTAL SHIP RESISTANCE

COEF.

CFS+CA
Ogggl *E+03 #E+03 ¢E+03 KG*E-03

RTM TOTAL MODEL RESISTANCE
RTS TOTAL SHIP RESISTANCE

SYMBOLS
CA

CE

CR
FNVOL
PE

RN

™
vs

CALCULATION OF EFFECTIVE POWER TO ITTC CONSTANTS

CFM SP

CFM

*E+03

Table 4.2 Resistance Characteristics of Powering Performance
43.86 M3

RNM
*E+06

KS268RO!

Ks268
11,00

BARE HULL

DISP =
=E+03

KG

RTM

VN

TRIM ANGLE
DELZS VERTICAL DISPLACEMENT OF C.G.

WETTED SURFACE AREA FOR SHIP

WETTED LENGTH FOR SHIP

VS
KNOTS M/SEC

BOW CONFIGURATION :
STERN OUTLINE

APPENDAGES
DISPLACEMENT VOLUME

TEST NO.

SHIP MODEL NO.
SCALE RAT!O
MODEL CONDITION
DRAFT MOULDED
SYMBOLS

LS

SSs
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Table 4.3 Resistance Characteristics of Powering Performance
(with Appendage I, Full Load)

"CALCULATION OF EFFECTIVE POWER TO ITTC

CONSTANTS )

TEST NO. : KS268R02 SYMBOLS INTRODUCED VALUES AND FORMULAS
SHIP MODEL NO. Ks268 CA INCRENENTAL RESISTANCE COEF. TEMPERATURE TANK WATER - 8,8 C
FOR MODEL-SHIP CORRELATION
STANDARD TEMPERATURE = 16,0 C
SCALE RATIO : 11,00 CFM SPECIFIC FRICTIONAL MODEL
RESISTANCE COEF. s(l)g&.)s?’l;_yKINBMT!C c NUM = 1,3485 E-08 M2/SEC
MODEL CONDITION CFS SPECIFIC FRICTIONAL SHIP
--------------- RESISTANCE COEF, COEF. OF KINBJATIC NUS = 1,1873 E-06 M2/SEC
VISCOSITY FOR 6.0
BOW CONFIGURATION : CE - ADMIRALTY COEFFIENT
MASS DENSITY RHOM = 101,94  KG*SEC2/M4
STERN OUTLINE CR  SPECIFIC RESIDUARY FOR 8.8 C
RESISTANCE COEF,
APPENDAGES : Apﬁendate MASS DENSITY RHOS = 104.61 KG#SEC2/M4
2 Rudders CTM SPECIFIC TOTAL MODEL RESISTANCE FOR 15.0 C
2 Shafts COEF,
2 Struts CA = .000500
CTS SPECIFIC TOTAL SHIP RESISTANCE
COEF. VM *= LN \{ LS
DISPLACEMENT VOLUME DISP = 45,06 M3 RN (MODEL) = ~=-w=-- RN (SHIP) = ---==--
FNVOL  SPEED-DISPLACEMENT COEF. NUM S
DRAFT MOULDED ON F.P = 1.120 M
ONMQAS - l:gg = PE  EFFECTIVE POWER CT™M =CFM + CRM CTS = CFS + CA + CRM
SYMBOLS RN  REYNOLDS NUMBER 0,075 G = 9,80665 M/SEC2
LS  WETTED LENGTH FOR SHIP RTM TOTAL MODEL RESISTANCE (ALOGIO(RN) 2)%»2 DELTA = 1,025%DISP
SS  WETTED SURFACE AREA FOR SHIP RTS TOTAL SHIP RESISTANCE CE DELTA®#(2/3)#VSs#3
TRIM  TRIM ANGLE VM MODEL SPEED PE vs
DELZS VERTICAL DISPLACEMENT OF C.G VS  SHIP SPEED FNVOL = moc-eeccceacccccwa-
SQRT(G*DISP**(1/3))
VS VM RTM CTN RNM CFN RNS CFS*CA CR CTS RTS PE LS SS TRIM DELZS CE  FNVOL
KNOTS M/SEC KG *E+03 *E+06 *E+03 *E+08 »E+03 *E+03 #E+03 KG¢E-03 HP ] M#*#2 . DEG. M
14,00 2,172 3.814 20,348 2.644 3,835 1.096 2.556 16.513 19,069 4,758 456.9 18.06 91.96 -2.95 . 506 77.3 1.219
16,00 2.482 4.461 18,633 2,906 3,765 1,204 2,528 14.868 17.396  5.53 607.4 17,37 89.78 -3.36 .682 86.8 1.393
18,00 2,792 4.954 16.662 3.137 3.710 1.300 2.506 12,952 15.459 6.099 753.0 16.66 87,97 -3,71 8417 99.7 1.568
20,00 3,102 5.244 14,626 3,352 3.6062 1.388 2.488 10.863 13.35¢ 6.387 876.1 16.03 86.39 -4,04 1,012 117.8 1,742
22,00 3.412 §.540 13,032 3,535 3,625 1.465 2.473 9,407 11,880 6,684 1008.6 15,37 83.97 -4.31 1,185 135.9 1,916
24.00 3,723 §.966 12,2756 3.707 3,693 1.586 2.460 8.683 11.142 7,159 1178.2 14,77 80.59 -4.55 1.293 151.0 2,000
26.00 4,033 6.524 12.218 3,834 3,570 1,589 2,450 8.648 11.099 7.829 396, 14,10 75.38 -4.71 1,419 162.1 2,264
28.00 4,343 6,981 12,379 3.961 3,548 1.641 2.442 8,831 11.273 8.393 1612.0 13.53 68,61 -4.84 1,518 175.3 2,438
30.00 4.653 7.259 11,880 4,103 3,524 1.700 2,432 8.356 10.788 8,700 1790.3 13.08 64,74 -4,90 1,595 194.1 2.613
32,00 4.964 7.531 11.145 4,259 3,500 1.765 2,422 7.646 10.068 8,979 1970.9 12,73 62.92 -4.90 1.661 214.0 2,787
34,00 5.274 7.897 10.600 4.435 3,473 1.838 2,411 7.127 9,538 9.382 2187.9 12,47 61.47 -4,84 1,705 231.3 2,961
35,00 6,429 8,086 10.326 4,509 3,463 1.868 2,407 6.863 9.270 9,587 2301.5 12,32 60,98 -4,79 1,716 239.8 3.048

|
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w
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NUS
CTS = CFS + CA + CRM
FNVOL

KG#SEC2/M4
KG*SEC2/N4

VS * LS

RN (SHIP) = ~-=----

CE

8.8 C
- 15,0 C
= 1,.3485 E-08 M2/SEC

G = 9,80865 M/SEC2?
N

= 11,1873 E-06 M2/SEC
DELTA =.1,026%DISP

TRIM DELZS

NUM
NUS
RHOM = 101,94
RHOS = 104,61

Me#2 DEG.

8.8 ¢C
8.8 C
Vs
SQRT(GeDISP**(1/3))
S8

NUN

VN * LN

FOR 15.0 C
RN (MODEL) = ~==-=-=
PE

.000500
0,075

CF = —--cmemlemececenn

LS
N

FOR

MASS DENSITY

(ALOG10(RN)-2)#e2
DELTA#*%(2/3)#VS#e3

INTRODUCED VALUES AND FORMULAS
TEMPERATURE TANK WATER

STANDARD TEMPERATURE

COEF, OF KINEMATIC

VISCOSITY FOR
VISCOSITY FOR 15.0 C
MASS DENSITY

CTN =CFM + CRN

COEF, OF KINENATIC

CA =
FNVOL =
PE

Hp

CE =

RTS

CTS

ONAL MODEL

ECI ICT1
RESISTANCE COEF.
CFS SPECIFIC FRICTIONAL SHIP

CR

IFIC TOTAL MODEL RESISTANCE

iC FR

*E+03 #E+03 #E+03 KG*E-03

SPEED-DISPLACEMENT COEF.

EFFECTIVE POWER
REYNOLDS NUMBER

ESISTANCE COEF.

3

INCREMENTAL RESISTANCE COEF.
FOR MODEL-SHIP CORRELATION
RESISTANCE COEF,
ADMIRALTY COEFFIENT
gPEClFlC RESIDUARY
Co

CTS SPECIFIC TOTAL SHIP RESISTANCE
COEF.
MODEL SPEED
SHiP SPEED

RNS CFS+CA

RTM TOTAL MODEL RESISTANCE
*E+08

RTS TOTAL SHIP RESISTANCE

™

SYMBOLS
vs

CE
CIM  SPI
FNVOL

CR

RN

CALCULATION OF EFFECTIVE POWER TO ITTC CONSTANTS

(with Appendage I, Main. Operating Load)
CFM SP

CFM

Table 4.4 Resistance Characteristics of Powering Performance
40,19 M3

*E+06 *E+03

KS268R03
Ks2e68
11.00
Appendage
2 Ruddera
2 Shafts
2 Struts
DISP =
RNM

CTN

*E+03

KG

RTM

VM

WETTED SURFACE AREA FOR SHIP
TRIM ANGLE
KNOTS M/SEC

WETTED LENGTH FOR SHIP

VS

DELZS VERTICAL DISPLACEMENT OF C.G.

BOW CONFIGURATION :

STERN OUTLINE

APPENDAGES

DISPLACEMENT VOLUME

SHIP MODEL NO,
DRAFT MOULDED

MODEL CONDITION

TEST NO.
SCALE RATIO
SYMBOLS
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CRER3

CR*E+3

Full Load )

(17.5ton)
0% LCG | __

-2% LCG

10

-4% LCG
-6% LCG
-8% LCG

GOXUID> O

0 1 I 1 I 1 I 1 I 1 I 1
1.50 1.75 2.00 2.25 2.50 2.75 3.00
Fnv

Fig. 4.7 Comparison of Cr for various LCG positions in full load condition

10

B Trial
8 — (13.3ton)

L O A% LCG
6 — /\  -6%LCG

-8% LCG

4 —
2 —
O | | | | | | | | | | |
1.50 1.75 2.00 2.25 2.50 2.75 3.00

Fnv

Fig. 4.8 Comparison of Cr for various LCG positions in trial condition
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CR*E+3

BE-P(kw)

4.50

~ Comparison of Cr
4.25 |— (Full Load)
4.00 —
3.75 —
3.50 —
325 1 I 1 I 1 I 1 I 1

0 2 4 6 8 10

LCG Position(-%)
Fig. 4.9 Comparison of Cg for each LCG positions in
full Load Condition(25knots)

600

| Full Load

(17.5ton)

500 (— <> 0% LCG

| VAN -2% LCG

] -4% LCG

400 — X -6% LCG

| O -8% LCG

) -10% LCG |
300
200
100 1 | 1 | 1
16 18 20 22 24 26 28 30
Vs(kts)

Fig. 4.10 Comparison of EHP for various LCG positions in
full Load Condition(25knots)
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Trin(deges)

400
Trial
350 — (13.5ton)
- < -4% LCG
300 (— VAN -6% LCG
| O -8% LCG
250 —
200 —
150 —
100 P I T BT [ N
16 18 20 22 24 26 28

Vs(kts)

Fig. 4.11 Comparison of EHP for various LCG positions in trial condition

—

~

Full Load

(17.5ton)
[ ] 0%LCG
D -29%LCG
V'S -49%LCG
[ ] -6%LCG
A 4 -8%LCG
<> -10%LCG)

30

Vs(kts)

Fig. 4.12 Comparison of trim vs speed for different LCG positions
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Trim(degree)

Full Load
(17.5ton)
0%LCG
-2%LCG
-4%LCG
-6%LCG

0.40 -8%LCG

¢q<Or>on

-10%LCG

0.00

-0.20 T T T | T

15 20 25 30
Vs(kts)

Fig. 4.13 Comparison of heave vs speed for different LCG positions

500 —| | Comparison of CR
' (Full Load)

4.00 —

3.00 —

2.00 I I I I I I I I I

0 2 4 6 8 10
LCG Position(-%)

Figl 4.14 Comparison of LCG vs trim at 25knots
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Fig. 4.15 Observation of wave profile at 25knots in full load ondition
(c-0,-2,-4,-6,-8,-10%LCG, counter clockwise from left above)
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4.2.3.2 Z2EZ(Strut) A AH
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EPH ©@#e] Chord® FA() A LS g3 Zow, &4 Fig 4.16
of el At

o EF4(Ellipse) : 0 < X/C < 0.436

~ X/ v 2 _
USagma § R 8L
o ¥E(Parabola) : 0.436 ¢ X/C < 0.872

X/C

1 >l _
> \oasemg. ) T2 (V) =1

o =1 (Hyperbola) : 0.872 < X/C (1

(1+m% —16(YA)? =1
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tmax o
t = m(0.29690\/5 0.12600x

— 0.353702% + 0.284302% — 0.10150z*)

o U.S Navy Standard ©¥(c/t=6)

o Mandel®] @ (c/t=4.35)

15
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Fig. 4.20 Comparison of strut cavitation (with propeller and without propeller)
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Fig. 4.21 Measuring equipment of the strut angle of attack
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Fig. 4.27 Photographs of rudder cavitation( a ,=( ")

_70_



o @7

K

424 AF % A

MIGE RIS

o}
o5

E_Tj],
=

o w3

=
o

o we A

—_—
o

=K

X
0

HA x13

S

)

3} o

o7

o

B

H

a1 ol

R

=i

—_
fite)

4.2.4.1 AQEALL

o
B

o

ksl
pul

o] L/BE A4 o} ).

bl 3

= A s

s A

, NPL, SSPA

Ql Series 64

S (Hull form parameter) ¥3} 2

il

W5

2~
al=ss

A=
o]

A
=

A

(¢}

A

5

&

]

(e}

i

=

_71_



7. Qol-w5FH L/v)

Mo

A A Ja AL o

o

l

FA]
HA =

5]

s

]

3o

~I—xi

&

3 7he o

A

= A

T2y Fn >1.0 o]/de] &4 A

-
s

=

qe

E
=

A A

d

o2 AYAA AW 2387

o

0

HlEol o 3%

)

B

]
)
w

Y. A3 (Hull Form)

stz f13lA

Al

ek
=

W5 (Buttock line)

5

]

3 HE 9x

3

Ak

152014

A %

Fal Leg7t

S

FR7F A

A

8l

E
=

S olrk. mepA, o

2] (Separation)

N B e

P wbge] Folof MulR

HHYE

]

o
=

ol

T3k Fn > 1.00]2] A

A (wetted surface)

53] Z#AHWater jet) 3

Aoz oelA gt}

ki3

3 xkel el= AA o AEA] 0] -

5]

_72_



t}. @54 A7 (Demihull Distance)

Kesd g AAA agsior & Fask 94vt dEAde HHad
(interference effect)o]th. IHdaF= Ak Aol MuloAnt &

7S AEo2A 3 7Hd(wave interference)¥ A A7Hd(body interference)?]
27FA17F 2

1.7
a4
(é' 1.6 A Lo
A 24 . '-—;(Vf{i//é%,
NI /8747 /N
¢ | O] K7 7,
¢ oI 77
AN 77 G
é 1.0 %%’ %4{///5'
oo vV !
"‘.Q‘
0.8
0.1 5.3 0.5 0.7 Q.9 1.1
Fig. 4.28 Interference Effect vs. Speed[6]

g 7Hd @3 (Wave interference effect)x= ZH2te]l wsA] oA WAs= 1t
Al HJxell oste] 7]Qlskar Al A& (Body interference effect)= &
ALY A oste] WsAl 9 e RSty 9otk dEAIgke] ARt
FHIAFE Mg HojAy 3 Hre] FEAd 2 oo wE FHIFU 8

=]

Fig. 4.28% SSPAF oA FxA|Po] st Zside] RIAFAIREA
o gk HdE WIS BT vk "N & =
#o] Fn < 0.8 olstolld= i astz A JAAZAF(Cre S7tel

b 60%0] ol2= RS o 2= 9t}

ey, Fn > 1.0 o]

oo wet 2714E

o
0_>|“L 0
NE

¢

ofk

il

)

>

=2



2. EY(Trim)

o

oz Mo

1
s

A4

o A
of A=

5

¥ s}el] €]

X
AukA o2 Fn = 0.4~0.5¢14]

Lege] 4

e
| .

971 W
t}.

= Aol uAH"E Froly ot

o] H% EZ(Trim)

2

X
fy

&

& Aol

DS

)

—
file)

—_—
o

b,

S

ol 71 wheh4

_74_



4242 APAHA 2L 23

oftt
i
o

AAAS] FAAYDE Table 4.69 YeY a1, M (Parent ship) o2&
2

B Ang Fusd

=
Table 4.6 Principal Dimension of Parent Ship and
Designed ship
5 oA A A A
Aol (M) 36.0 32.0
(M) 9.44 8.4
ZLo]l(M) 4.080 3.6
Z5M) 1.565 1.55
Cm 0.3320 0.3888
Cp 0.7711 0.7132
LCBM) -3.860 -3.188
A7 Fade] FATGw P4e Fig 4209 2al A@ae] Faw =
HogE el Angide] w2 A (Round bottom)e] A3l wkA

Ao gk steaRel My om AASI] AFEAS B, T4

e % MY B WA¥7} F2(Round bilge) AL 8 9

Fig 4.302 AAXAY FHuxe HgATdZANZA Sk E Criks Ho
TaL Stk AAAe] FHadel HlsiA A IAFol A MAHAS &

o
7 dem, oA HHECr curve)d] AFoer = W A2 AASKE

(Design speed)7} A4d3s] AAHATS & 5 ATk



e et

}(Cr)

R

Fig. 4.31 EdW3lo w2 oA

LHERL AT

Apo] &

o] zpeli= of 27%°]

)

40=E(Fn = 1.162)° 4] 2o A

2ol

1
s

A AAA

dfoF sh,

2 e o)

Fde

!

o]

A dAA

H7F =27] o

= =

3

o 7]

=
=

%

Fig 4.29 Comparison of Body plan

(Above

: Design ship, Below : Parent ship)

_76_



\ ==mnw-=-- or Parent ship
g |- - ==-=--- g Parent ship
Cr Deslan ship
—o—— @t Deslan =ship

Fig. 4.30 Comparison of Resistance Performance

g T¥Im Angle 2*
12 ——a—— Trim Angle 1°
10 B &——_‘O\b\q\o
048
0.4 |-
M L M A | " i 1 N A i L ]
t.0 1.1 1.2 td

FN

Fig 4.31 Comparison of trim vs. Resistance for different Fn

_77_



5.1 7w

i

o

A4l M Tz

A 5t

Z]
™

A LERE A

= =)
E%O

A47gel A o] -2

ol A=

£

E5FA} FR7](Water jet propulsor)

=
=

NI

1 4] 3z

AA7} s

(¢}

A

al

2 EH(Rudder)s F71= A A7k

2E

o
0
;oo
X

o

W glom, o
o 2bE AA

Eh=

o] 2EY

2]

="
[€)

121 R N v2
= — =

HA =]

Pl 9s

S

ol A=d Skt

}H) 2} %

N
Nlo

Aoz 71y =)

3}
=

A 7149

oj
jant

jruze]

qr
B

Mo

0

Nfo

—_
o

g ALFEAN B

A<
alas

s

)
=

_78_



5.2 AgdA

&

5.2.1 AA &FA}

3} e

ERSES
BowAel 7%

oz A

Sk
k=

&l

ol

s}
k=

ol

JJo

¢4 A

AT

< =9

}(Design requirements)<

SEEAE

9%

=
=

A A

bl theat ol A%

=k

™
=
—_— [a\}
jans
W X oo
0 X |2 o
ol am! /)BT E | W (R
% % i A i L I
< =G
o or o & m g ™ xo
™ el T
or W
% | ® | _
mr e oy e M Wm M:M
= — ~
= iﬂ - <0
° = mﬂ o0 i T

_79_



5.2.2 A& Hull form)AE

3o A Ay Eulel o] 43S Hbe3 A (Semi-planing) ¥ &34
(Planing hulDe.= A &7 5 dom, AFdge] 7E S E 7E

o AuF

wae) ol fAeAel Ay duhlx AAGE Delq atehe 2

FAAol(Lwl = 59m)E AAHsF o, ol u}
5]

AN AR BA A3
Fig. 5.19 37}4] A&7

o =

UV'

ftlo

O

ol

m U

<
30
=

At AAZSHe] BEe e FH e o]oJx Round bilge B4
ARAYTHAFa) DA% DU HStep)ol A AAG A5HEH Ay
A Adgow ddste el AFNIRES 424 5 ek

—

#i =

ROUND BILGE HULL HYBRID ROUND BILGE HULL DEEP - V. HARD CHINE HULL

449 a A4 b Ad e

Fig. 5.1 Various Type of Planing Hull

_80_



O

4r
B

rJ
o

ox

I -

14 Aol

ol Bl A&l H|s

- T
I 5

i

N

o
700

= & wEkd AEsid ez e Fig. 5.1¢ Adb Fejol bzt

b,

S

—_
file}

Ny

A AA

.. (5.1)

0.56876 + 0.1538 « #,— 0.0701 -

CPZ

)

2614

e 4]
(Ar/Am)e] 3,

=
°©

bl 3

3 A aels

A (Lep)

=
K2

=3B
5.2}

2 A 5~(Ch),

]

R

A = 7

A=Nye]
o =

o

—_
fite)

o

... (5.2)

CFE L

- Fy— 5.4048

— 2.2189 + 12.3505

LCB =

_81_



st 5

Pl ool of

5]

o
Nfo

o

ol & AA Al

A A Hump 7ol A %elg

0

~H
o)

TR

W

.(5.3)

CFE L

37l A

o

— 0.0857 + 0.3967 - /', + 0.1061

L

A4 izt (Deadrise angle)

A]‘/A/I/ =

shwl @5 ApATE S

A
=
<)

—_
fite)

22

s,

S

Al

A
=

°oF 1772
0.749)

1o

S

4
o] 3 (Fn

%

dol-mjFn (L/A% )=

JJo

el

;oo

(s

ol

F(Entrance

BR

oz H

2}
S,

s,

S

=2 aA A4

T
. E

oF 12° 74

T

-

oA

H Fex5¢ AP A= Table 513 2

315
H [

o

mjn

_82_

©ow Fig. 5.6 a, b, colA



Table 5.1 Principal Dimension and Hull form coefficient

g 5 FoA G B AF Har
2 7F Aol (Lwl) 59.0 M
& % (Bmla) 8.7 M
zLo](D) 4.0 M
=) 2.418 M
A4 -8 ZF(Deadrise) e
W F-4(Les) 5.8 M (From Midship)
g v 2 A= (Cb) 0.5007
TG A5(Cp) 0.7801
A G (Cw) 0.7769
A A 4(Cm) 0.6418
T AHA (Aw) 108.514m’
A4=wHAH(S) 142.442m’
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Table 5.2 Principal Particulars

Principal

Particulars Actual Ship Model Ship Remark
Lgp(m) 59.0 1.5
Lwl(m) 59.0 1.5
B(mld) 8.7 0.2212
D(mld) 5.0 0.1271
d 2.418 0.0615
Disp(Ton) 580 0.00929
Swet 501.4 0.32412
Ch 0.4546 0.4546
Cp 0.7490 0.749
Cm 0.6058 0.6058
Cw 0.7681 0.7681
Lcs 9.366 9.366
Ler / B 6.782 6.782
B/d 3.598 3.598
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Fig. 5.7(a) Model
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Fig. 5.7(b) Model
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CONDITION: FULL LOAD

Table 5.3 Model Test Result

DATE: 2006-01-20

MSN No 6005
Lpp(m) = 1.5000 Lwl(m) = 1.5000 B(m) =0.2212 d(m) = 0.06165 LCB(m) = 0.1405 PIF(mm) = 250.0 PIA(mm) = 250.0
W.S.(m2) = 0.324119 Vol.(m3) = 0.0092987 S/2V2/3 = 3.664879252 Cf : ITTC1957 MGF(mm) = 750.0 MGA(mm) = 736.0
W.T.(C) = 11.8 rou =101.912 nux106 = 1.24182 K=0
Sf Sa Sf Sa Sm Trim . W.S.A.
No V(m/s) Rto(gr) Fn Rn*10-6| Ct*103 Cf*103 Cr=103 rRx103 Fdisp. Rt/W . knot
(mm) | (mm) | (%Lpp) | (%Lpp) | (%Lpp) | (deg.) ratio
1 0.828 122.6 0.216 1.000 10.827 4.687 6.140 22.501 -0.9 2.2 -0.06 -0.15 -0.10 0.10 0.577 0.0132 1.000 10.1
2 0.828 121.9 0.216 1.000 10.765 4.687 6.078 22.274 -0.9 F 2 -0.06 -0.15 -0.10 0.10 0.577 0.0131 1.000 10.1
3 0.827 120.9 0.216 0.999 10.700 4.688 6.012 22.033 -0.9 282 -0.06 -0.15 -0.10 0.10 0.576 0.0130 1.000 10.1
4 0.824 121.7 0.215 0.996 10.843 4.692 6.151 22.543 -0.9 -2 -0.06 -0.15 -0.10 0.10 0.574 0.0131 1.000 10.0
5 1.017 192.6 0.265 1.229 11.272 4.485 6.787 24.874 -0.9 -2.6 =-0.06 -0.18 -0.12 0.10 0.708 0.0207 1.000 12.4
6 1.014 188.9 0.265 1.225 11.115 4.487 6.628 24.290 - 188 -3.1 -0.09 -0.20 -0.15 0.10 0.706 0.0203 1.000 12.4
7 1.018 191.3 0.266 1.230 11.176 4.484 6.692 24.525 -0.9 —Smls -0.06 -0.20 -0.13 0.10 0.709 0.0206 1.000 12.4
8 1.017 192.9 0.265 1.229 11.290 4.485 6.805 24.939 NS —s8l -0.09 -0.20 -0.15 0.10 0.708 0.0208 1.000 12.4
9 1.017 192.1 0.265 1.229 11.243 4.485 6.758 24.767 -0.4 -2.6 -0.03 -0.18 -0.10 0.10 0.708 0.0207 1.000 12.4
10 1.017 193.5 0.265 1.229 11.325 4.485 6.840 25.067 0.0 22 0.00 -0.15 -0.07 0.10 0.708 0.0208 1.000 12.4
11 1.016 188.9 0.265 1.227 11.075 4.486 6.590 24.150 0.0 -1.8 0.00 -0.12 -0.06 0.10 0.708 0.0203 1.000 12.4
12 1.228 301.7 0.320 1.484 12.107 4.310 7.797 28.576 1.7 -3.5 0.12 -0.24 -0.06 0.20 0.855 0.0325 1.000 15.0
13 1.230 302.1 0.321 1.486 12.088 4.309 7.779 28.507 =072, -4.8 -0.03 -0.32 -0.18 0.20 0.857 0.0325 1.000 15.0
14 1.231 303.1 0.321 1.487 12.110 4.308 7.801 28.590 2.6 -2.7 0.17 -0.18 0.00 0.20 0.857 0.0326 1.000 15.0
15 1.229 304.3 0.321 1.485 12.194 4.310 7.884 28.894 3.9 -2.2 0.26 -0.15 0.06 0.20 0.856 0.0327 1.000 15.0
16 1.229 299.2 0.321 1.485 11.989 4.310 7.680 28.145 2.2 -3.1 0.15 -0.21 -0.03 0.20 0.856 0.0322 1.000 15.0
17 1.231 301.8 0.321 1.487 12.058 4.308 7.749 28.400 1.7 -3.5 0.12 -0.24 -0.06 0.20 0.857 0.0325 1.000 15.0
18 1.450 399.4 0.378 1.751 11.506 4.165 7.341 26.904 2.2 -8.4 0.15 -0.56 -0.21 0.40 1.010 0.0430 1.000 17.7
19 1.452 404.2 0.379 1.753 11.615 4.164 7.451 27.307 2.6 -9.3 0.17 -0.62 -0.22 0.40 1.011 0.0435 1.000 17.7
20 1.450 412.8 0.378 1.751 11.892 4.165 7.727 28.319 2.2 -9.7 0.15 -0.65 -0.25 0.50 1.010 0.0444 1.000 17.7
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Sf Sa Sf Sa Sm Trim . W.S.A.
No.| V(m/s) Rto(gr) Fn Rn*10-6| Ct*103 Cf*103 Cr+103 rRx103 Fdisp. Rt/W . knot
(mm) | (mm) | (%Lpp) | (%Lpp) | (%Lpp) | (deg.) ratio

21 1.453 397.8 0.379 1.756 11.403 4.163 7.239 26.532 2.2 -8.4 0.15 -0.56 -0.21 0.40 1.012 0.0428 1.000 17.7
22 1.450 397.5 0.378 1.751 11.452 4.165 7.286 26.703 2.6 -8.0 0.17 -0.53 -0.18 0.40 1.010 0.0428 1.000 17.7
23 1.452 398.1 0.379 1.754 11.426 4.164 7.262 26.614 2.6 -8.0 0.17 -0.53 -0.18 0.40 1.011 0.0428 1.000 17.7
24 1.452 397.5 0.379 1.753 11.423 4.164 7.258 26.601 2.2 -8.4 0.15 -0.56 -0.21 0.40 1.011 0.0428 1.000 17.7
25 1.638 533.4 0.427 1.979 12.032 4.063 7.969 29.207 7.0l -15.9 0.47 -1.06 -0.30 0.90 1.141 0.0574 1.000 20.0
26 1.639 534.3 0.428 1.980 12.039 4.063 7.977 29.234 7.9 -15.9 0.52 -1.06 -0.27 0.90 1.142 0.0575 1.000 20.0
27 1.639 535.4 0.428 1.980 12.064 4.063 8.001 29.324 7.4 -16.8 0.49 -1.12 -0.31 0.90 1.142 0.0576 1.000 20.0
28 1.641 532.1 0.428 1.982 11.963 4.062 7.901 28.957 7.9 -15.9 0.52 -1.06 -0.27 0.90 1.143 0.0573 1.000 20.0
29 1.852 720.4 0.483 2.237 12.720 3.964 8.756 32.088 .11 -22.7 1.54 -1.51 0.01 1.70 1.290 0.0775 1.000 22.6
30 1.855 728.0 0.484 2.241 12.803 3.963 8.841 32.400 g23.30a23.1 1.57 -1.54 0.01 1.80 1.292 0.0783 1.000 22.6
31 1.855 723.2 0.484 2.241 12.719 3.963 8.756 32.091 A S 1.54 -1.51 0.01 1.70 1.292 0.0778 1.000 22.6
32 1.855 729.9 0.484 2.241 12.837 3.963 8.874 32.522 24.0| -23.1 1.60 -1.54 0.03 1.80 1.292 0.0785 1.000 22.6
33 2.076 763.4 0.541 2.507 10.730 3.875 6.854 2B 2] _ AP 1.48 -1.45 0.02 1.70 1.445 0.0821 1.000 25.3
34 2.076 776.5 0.542 2.508 10.904 3.875 7.029 25.761 25.3] -21.8 1.68 -1.45 0.12 1.80 1.446 0.0836 1.000 25.3
35 2.076 767.9 0.541 2.507 10.793 3.875 6.918 25.352 24.0| -22.2 1.60 -1.48 0.06 1.70 1.445 0.0826 1.000 25.3
36 2.075 757.6 0.541 2.506 10.658 3.876 6.782 24.855 21.4| -22.2 1.42 -1.48 -0.03 1.60 1.445 0.0815 1.000 25.3
37 2.074 779.4 0.541 2.505 10.974 3.876 7.098 26.013 26.1 -21.8 1.74 -1.45 0.14 1.80 1.444 0.0839 1.000 25.3
38 2.262 814.6 0.590 2.732 9.641 3.811 Bl 21.369 24.01 -20.0 1.60 -1.34 0.13 1.70 1.575 0.0877 1.000 27.6
39 2.264 812.1 0.590 2.734 9.596 3.810 5.786 21.206 23.5] -20.0 1.57| -1.330 0.12 1.60 1.576 0.0874 1.000 27.6
40 2.261 813.4 0.590 2.731 9.635 3.811 5.824 21.345 3.1 2088 1.54 -1.42 0.06 1.70 1.574 0.0875 1.000 27.6
41 2.236 803.9 0.583 2.701 9.735 3.819 5.916 21.680 26.6 -18.7 1.77 -1.25 0.26 1.70 1.557 0.0865 1.000 27.3
42 2.262 820.2 0.590 2.732 9.708 3.811 5.897 21.612 PaAT .6 1.71 -1.31 0.20 1.70 1.575 0.0883 1.000 27.6
43 2.479 875.4 0.647 2.995 8.622 3.743 4.879 17.881 24.4 -17.8 1.63 -1.19 0.22 1.60 1.727 0.0942 1.000 30.2
44 2.478 881.8 0.646 2.994 8.691 3.743 4.948 18.135 23.5| -19.6 1.57 -1.31 0.13 1.60 1.726 0.0949 1.000 30.2
45 2.475 881.3 0.645 2.989 8.712 3.744 4.968 18.208 22.71 -20.5 1.51 -1.36 0.07 1.60 1.723 0.0948 1.000 30.2
46 2.477 882.1 0.646 2.992 8.707 3.744 4.964 18.191 22.71 -20.0 1.51 -1.33 0.09 1.60 1.725 0.0949 1.000 30.2
47 2.483 869.0 0.648 2.999 8.534 3.742 4.792 17.562 26.1| -16.1 1.74 -1.07 0.33 1.60 1.729 0.0935 1.000 30.3
48 2.482 871.7 0.647 2.998 8.567 3.742 4.824 17.681 25.3] -17.0 1.68 -1.13 0.28 1.60 1.728 0.0938 1.000 30.3
49 2.479 876.3 0.647 2.995 8.631 3.743 4.888 17.914 24.4| -18.3 1.63 -1.22 0.20 1.60 1.727 0.0943 1.000 30.2
50 2.483 880.2 0.648 2.999 8.644 3.742 4.902 17.965 23.1 -20.0 1.54 -1.33 0.10 1.60 1.729 0.0947 1.000 30.3
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Sf

Sa

Sm

Trim

W.S.A.

No.| V(m/s) | Rto(gr) Fn Rn*10-6| Ct*103 Cf*103 | Cr*103 rRx103 (mm) | (mm) | @Lpp) | eLpp) | GoLop)| (deg) Fdisp. Rt/W Fatio knot

51 2.694 964.5 0.703 3.255 8.044 3.683 4.361 15.981 23.5| -19.1 1.57 -1.28 0.15 1.60 1.876 0.1038 1.000 32.8
52 2.694 963.4 0.703 3.254 8.040 3.683 4.357 15.967 24.0/ -18.3 1.60 -1.22 0.19 1.60 1.876 0.1037 1.000 32.8
53 2.687 947.1 0.701 3.246 7.942 3.685 4.257 15.601 24.8| -16.1 1.66 -1.07 0.29 1.50 1.871 0.1019 1.000 32.8
54 2.693 956.3 0.702 3.252 7.986 3.684 4.303 15.769 24.0/ -18.3 1.60 -1.22 0.19 1.60 1.875 0.1029 1.000 32.8
55 2.694 963.6 0.703 3.254 8.042 3.683 4.358 15.973 23.5| -19.1 1.57 -1.28 0.15 1.60 1.876 0.1037 1.000 32.8
56 2.671 938.7 0.697 3.226 7.969 3.690 4.280 15.685 24.4| -17.0 1.63 -1.13 0.25 1.50 1.860 0.1010 1.000 32.6
57 2.694 955.3 0.703 3.254 7.973 3.683 4.289 15.719 24.0/ -18.3 1.60 -1.22 0.19 1.60 1.876 0.1028 1.000 32.8
58 2.909| 1009.7 0.759 3.513 7.226 3.630 3.596 13.180 25.7 -12.6 1.71 -0.84 0.44 1.40 2.026 0.1086 1.000 35.5
59 2.898| 1024.4 0.756 3.500 7.387 3.632 3.755 13.761 24.8| -14.8 1.66 -0.98 0.34 1.50 2.018 0.1102 1.000 35.3
60 2.911| 1010.3 0.759 3.516 7.221 3.629 3.592 13.164 7] -12.1 1.71 -0.81 0.45 1.40 2.027 0.1087 1.000 35.5
61 2.879| 1012.5 0.751 3.478 7.395 3.637 3.758 13.774 24.8| -15.2 1.66 -1.01 0.32 1.50 2.005 0.1089 1.000 35.1
62 2.895| 1012.7 0.755 3.497 7.317 3.633 3.684 13.501 259 ASe 1.68 -0.93 0.38 1.50 2.016 0.1090 1.000 35.3
63 3.097| 1092.8 0.808 3.741 6.897 3.586 3.311 12.133 25.3| -11.2 1.68 -0.75 0.47 1.40 2.157 0.1176 1.000 37.8
64 3.099 1091.7 0.808 3.744 6.882 3.586 3.296 12.079 24.8] -11.7 1.66 -0.78 0.44 1.40 2.158 0.1175 1.000 37.8
65 3.100 1085.0 0.809 3.745 6.836 3.586 3.250 11.910 25.3] -10.4 1.68 -0.69 0.50 1.40 2.159 0.1168 1.000 37.8
66 3.102| 1091.1 0.809 3.747 6.866 3.585 3.280 12.023 25.3 -9.9 1.68 -0.66 0.51 1.40 2.160 0.1174 1.000 37.8
67 3.102| 1098.1 0.809 3.747 6.910 3.585 3.325 12.184 24.8| -11.2 1.66 -0.75 0.45 1.40 2.160 0.1182 1.000 37.8
68 3.102| 1090.1 0.809 3.747 6.860 3.585 3.274 12.000 24.8| -10.8 1.66 -0.72 0.47 1.40 2.160 0.1173 1.000 37.8
69 3.312| 1195.9 0.864 4.000 6.601 3.541 3.060 11.215 24.0 =049 1.60 -0.66 0.47 1.30 2.306 0.1287 1.000 40.4
70 3.328| 1195.9 0.868 4.019 6.539 3.538 3.001 11.000 24.0 -9.0 1.60 -0.60 0.50 1.30 2.317 0.1287 1.000 40.6
71 3.327| 1186.3 0.868 4.018 6.491 3.538 2.952 10.820 24.0 -8.6 1.60 -0.57 0.51 1.20 2.317 0.1277 1.000 40.6
72 3.317| 1193.1 0.865 4.007 6.564 3.540 3.024 11.082 24.0 =99 1.60 -0.66 0.47 1.30 2.310 0.1284 1.000 40.4
73 3.318| 1180.7 0.865 4.008 6.492 3.540 2.952 10.820 24.0 -9.0 1.60 -0.60 0.50 1.30 2.311 0.1270 1.000 40.5
74 3.310f 1197.2 0.863 3.998 6.616 3.542 3.074 11.267 24.0/ -10.4 1.60 -0.69 0.45 1.30 2.305 0.1288 1.000 40.4
75 3.305| 1191.9 0.862 3.993 6.605 3.542 3.063 11.224 24.0 -9.9 1.60 -0.66 0.47 1.30 2.302 0.1283 1.000 40.3
76 3.317| 1189.1 0.865 4.006 6.546 3.540 3.005 11.014 24.0 -9.9 1.60 -0.66 0.47 1.30 2.310 0.1280 1.000 40.4
77 3.309| 1191.9 0.863 3.997 6.590 3.542 3.049 11.173 24.0 -9.9 1.60 -0.66 0.47 1.30 2.304 0.1283 1.000 40.3
78 3.322| 1193.1 0.866 4.013 6.546 3.539 3.007 11.019 24.0 -8.6 1.60 -0.57 0.51 1.20 2.313 0.1284 1.000 40.5
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RESISTANCE TEST RESULT

TOTAL RESISTANCE

M.S.No.6005
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RESISTANCE TEST RESULT

TRIM(deg.) M.S.No.6005
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RESISTANCE TEST RESULT
SINKAGE at F.P.(%Lpp) M.S.No.6005
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RESISTANCE TEST RESULT
SINKAGE at A.P.(%iLpp) M.S.No.6005

v ]

08

e N

0|7

0|5

il R it et rtb sl sttt ] st st ri i

0/4
B e S Tl R e S el e
|
1
1
I
8

g

O FULL LOAD

el S B e ettt e et EE e B el sl el et S et L

T S R

g2 ©

2.0

1.0

0
-1.0

(ddT%) d'v 38 IDVHNIS

-2.0

-3.0

Fig. 5.14 Resistance Test Result(sinkage ot A.P)

- 109 -



RESISTANCE TEST RESULT
SINKAGE at S.S.5(%Lpp) M.S.No.6005
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Fig. 5.18 Wave Pattern(Vs = 10.0 Knot)
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Fig. 5.19 Wave Pattern(Vs = 12.5 Knot)
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Fig. 5.20 Wave Pattern(Vs = 15.0 Knot)
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Fig.5.21 Wave Pattern(Vs = 17.5 Knot)
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Fig. 5.22 Wave Pattern(Vs = 20.0 Knot)
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Fig. 5.23 Wave Pattern(Vs = 22.5 Knot)
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Fig. 5.24 Wave Pattern(Vs = 25.0 Knot)

- 119 -



Fig. 5.25 Wave Pattern(Vs = 27.5 Knot)
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Fig. 5.26 Wave Pattern(Vs = 30.0 Knot)
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Fig. 5.27 Wave Pattern(Vs = 32.5 Knot)

- 122 -



Fig. 5.28 Wave Pattern(Vs = 35.0 Knot)
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Fig. 5.29 Wave Pattern(Vs = 37.5 Knot)
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Fig. 5.30 Wave Pattern(Vs = 40.0 Knot)
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planinghull

Fig. 5.32 Wave pattern at Fn = 0.257



Fig. 5.33 Wave pattern at Fn = 0.321

Fig. 5.34 Wave pattern at Fn = 0.363



Fig. 5.35 Wave pattern at Fn = 0.47

planin

Fig. 5.36 Wave pattern at Fn = 0.577



Fig. 5.37 Wave pattern at Fn = 0.641

planinghull

Fig. 5.38 Wave pattern at Fn = 0.684



Fig. 5.39 Wave pattern at Fn = 0.748

Fig. 5.40 Wave pattern at Fn = 0.791
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