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(Review) MH =9 X|(L,B,D,T.C;) 2 2HQ| X
-LWTH7 diH- (1) DWTL} Displacement H| 22 8

H.2(Buoyancy)-5 2(Weight) B8 =7 <22| Hil> QF SEH 88X <MF QFAE
L-B-T-Cy-p-(l+a)=DWT,,, +LWT ---(2) Vi g = f(L,B,D,Cy) ---(3)
Given: DWT, T 7&
(HF 2323 LWTE oA 7PEE 5= L2712
Find: L,B,D,C,! % A R T RS
HEH 7) : LWTE 7|FMO| Hj22to 2 BE XX
7|=/9| DWTL} Displacement H|E2 HA| Mo Z0| H 2510 HA| Mol U+ FHSICt
DWT DWT .. DWT
B _ gven _s A=——B xDWT..
given
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(Review) d4}t £ X+ A EH|e] ==t 2 d
LWTEH |:||-H-| : (2) LWT+= L-B-DOj| H|g|etCtn 7}H

S & (Buoyancy)-Z&(Weight) & = <=2| ¥3> 27 3EEY Y <UF 2FAIE>
L-B-T-Cy-p-(Il+a)= DWTgiVen +LWT ---(2) VH_req = f (L, B, D,CB) -++(3)
Given: DWT, T 7&
MF 23x7) LWT= O{EA 7178e = A2
Find : L,B’DycB’ %
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LWT cL-B-D
LWT :CLWTI—'B'D; CLWTE 7",':' 12E 'I ?‘E

L-B-T-C,-p-(1+a)=DWT,_ _+C,, -L-B-D---(2.2)
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(Review) Mt} =9 X|4 (L,B,D,T,C;) AW 22| $3H8 o
-LWTF3 E':“é.*. (3) LWT% MASE W, AZSE W, 7|28 SF W, 22 NE3}
3 (Buoyancy)-3 ¥(Weight) B8 =2 <22| 4> 7 SHEY 8% <MF 2T
L-B-T-Cy-p-(L+a)=DWT,,, +LWT --(2) Vi g = f(L,B,D,Cy) -+ (3)
Given: DWT, T L
i an c.. <;f2 LWTE {27 715e 4+ Y27

HHH 3) A= 2F(LWT)S MZE=a2FW, o|Xk=akw. = 7|ztE =2k W o2 M&23s

W, =C. -L-B, LWT =W, +W, +W_
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2/3 3
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W _=C_-NMCR
NMCRE FE0HI| H0HM= HHX DHPE 2010k SHLE.

DHP= XS S OF2 XS S0l ZX0H0F oLt
£J| LHUIME H2F(Calm waten)®| DHPE (120 JHE S0 WMoz Zxet & U
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(Review) DHP2} NMCR1}2| £HA|

(D BHP (Brake Horse Power) (In Calm Water)

DHP
T

BHP =

(17, SHE 8 8)

@ NCR (Normal Continuous Rating)
Sea Margine
100 )
(3 DMCR (Derated Maximum Continuous Rating)
NCR
Engine Margin

NCR = BHP - (1+

MCR =

@ NMCR (Nominal Maximum Continuous Rating)
MCR

NMCR = : :
Derating ratio
NMCR= .4 >aMargine, 1 1 pp
nr 100 Engine Margin Derating ratio
=C,-DHP
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(Review) Mt} =9 X|$ (LB,D,T.C;) A 2H|Q| $stx na

W_=C_-NMCR
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(Review) M4} F£9 X|4= (LB,D,T,Cp) Z2H 2H|Q| +aH (22
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7ol amw | L, B, D, DWT,V, req T (
= E CH

]
HOl =S A= et 58 QP ASE EH N

A
— 28 (buoyancy)-= Z(Weight) BH XH s met x2)
L-B-T-Cy-p,,-C, = DWT,,, + LWT(L,B,D,C,)

= DWT., +C,-L°(B+D)+C,-L-B
+C poner - (L-B-T-Cy)?-V? ---(2.3)

- DFOC(Daily Fuel Oil Consumption)
+ Mg =qap HHEO| S

_ - 27| (Delivery Date)
M A=A + WAL ™ 0| AS
— XA Q7 HE XH(1996ICLL)(EES HI =)
D>T+C,-D -+ (4)

2 4G K5 MEIIF)

=1/ aT

Building Cost =C, -C, - L**(B+ D) +Cpy -C, -L-B+C,,, -C,.. - NMCR

LIALI= PIEE X (cargo capacity) XH sz mer =)
B.D ...

» O|X|= 4JH(L,B.D.Cg), S22 M = 2JH ((2.3),(3.1) ) FS=2 M =& 1IH((4))2 X ZHI
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Estimation of Resistance
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vLce JHE AAH ol
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Y

2 A &AM Xig Al
Y

3 A rules & regulation HE
Y

4 R
Y

5 30l (lightweight) =&
Y

5 Hg 2 0" =38/ M3

- K MS =™ o2 FQ K5 MA .- 13 Technical documents &M

Y )

7 = & (cargo capacity) =3 12 HY S & HX)L A4S
Y I}
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(D EHP (Effective Horse Power)
EHP =R, (v)-v (In Calm Water)
(2 DHP (Delivered Horse Power)

LS :> 2l %38 (v)

Sl K (R(v))

DHP :ﬁ (7 TXRE)
b
3 BHP (Brake Horse Power)
DHP
BHP =—— (7n,: ZHM€ @8)

@ NCR (Normal Continuous Rating)
Sea Margine)
100

(5 DMCR (Derated Maximum
Continuous Rating)

NCR = BHP(L+

NCR
Engine Margin

MCR =

| Ty
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M AdmiraltyZ|=0f 2|et 7|2 O 75 =7

Cad =A?°.V3/DHP

A in ton, V in kts, DHP in PS

1o - Propulsive Efficiency(F& 88) =1y X 1], X Jx
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DHP : 8 E 0= (PS)
(Delivered Horse Power)
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2) op& X (Re)

(R.) : MH| 20| M4 WX} 22 HES ZH= WHo| O1E X

R.[kN]=1/2pC.-V,-S

0 7| M,
Jo, : 00l & & = 1.025(Mg/m?3)
C, : BT OE NS A=
V[m/s] : Mujo| £=
S[m*] &4+ HHH
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AN AT -|'<'5 o I.dcl- .Iz's oI 7;||A |:||-|:|-|( )
noxol':':naxol'— LI-OﬁZ
1L 8F @3 FA 7. O1E8 85 51
4 B %Aiszd A &gﬂlﬂﬂ
a 3. & Rule 9. S Y5 =3
b 4.:322:._:53 10. Ju;i:uHxLM .
3) B obd Mg AHC,) 3y
/)| MY 13. Technlcal documents ’—‘.’é‘.
- ITTC(International Towing Tank Committee) 1957 F'g4] : ge2nazs
O 075 ?n_lle?_*ﬂ’g

" (logR, —2)?

07| M,
R =V -L/v :Reynolds Number

v SHM H+ =1.1883 x 105(m?/s) at 15° C Sea Water
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28 Mg A oFE X ALk BEE)

1. MF Q3 XA 7. 928 88 =3
» 2. SAI XM XA 8. U &
- Schoenherr 2] OF&H & A& =™ Al . Y TR T
A |5. Hol =8 =3 11. JHEF MY I M T HIA
0.242/./C. =log,, (R, -C;) e A :::M
2.6 : [Ezmaza as
2AHez  C.=0.463:log, R
4) BH xE0f o8t ofE MEge| 57t (ARy)
- I.Q_I’F_'é'l jn2{2 5t HIII'-3H AN 2H ZE0f 7|Q5t= OHE X2 F7IE=
oo
- DY M-AM A3 = 2F(Model-Ship Correlation Allowance)dj| stk = A
o2 ItF
- BEM-AM I -TYO|IT = D Ao ZRE FHE AMO XMIUS
HM A2W A5 Za28E ZEE AM XM dXstEE BEs= o
o o
5) =mt & R, =f(L/B,B/T,C,,F ,LCB)
zI} XS Mol Faro| mpaf e
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Froude2} Hughes(j 2|or
Xk A AF B

Measured Values [ V,;,RT,, ]

CTwm = RTu 7 (0.5 rw Su Vw2 CFw = 0.075 / (log Rny - 2)?2

CFs = 0.075 / (log Rns -2)?




AE0 U Mo 28 =2

Tanker Ro-Ro
(16knots) (21knots)

Wave breaking
Wave pattern 5%
Viscous pressure|  15% Wave
resistance

Form effect on friction
Roughness

3

Viscous

Flat plate friction )
resistance
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T8 X0 mE N2 Hel

Resistance Change by L/B Ratio

-l- e 23kts
O=| I I"‘I'M O AE) -IOI' 200 -
( o 0 = I_I = I /M x o 5
A T £
150
OI 7=|-—|— %I- % 16kis
@ 100
8
12 —B— Tanker/Bulker
50 r —e—Cruiser/Ferry
—a— Container
O T T
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

L/B

M B/TS| Zto| =718 42 . .
B/ T O re) 7 = T 7 Resistance Change by B/T Ratio
e e
o:lOI cceEdh A 2) XSt
150
- O T = o s o3kis
A
o = X 120 +
.i 110 - 16kts
£ 100 | ._A/'
@90 |
é 80 o —=— Tanker/Bulker
70 | —&— Cruiser/Ferry
—aA— Container
60
50
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
B/T
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x7| CHAGIME] Mg =

=2 X=9 &3 178 -3 2K =
A=L-B-T-C,-p-(+a)= LWT+DWT
W, =C, - **(B+D)
W,=C,-L-B
W,, =C,, - NMCR
>~
4HC M & &5
2| SHHMME M MBS S = 8100Z =M AME 0/2010] HES F=H0HO0t 3trt.
*ws. M2t 5
Wo: Q& &
2009 WMQ Iznlogt'l. x%
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MCR = NCR / Engine Margin
NCR = BHP -(1+ Sea Margin)/100
BHP = DHP/n,
DHP = EHP/n,

1-t

o =Ny MR "Mo» Ty :1_—
EHP =R, -V

1

RT = E SV ZCT

C,=C.+C,+C,

MCR: X[ A= 0= (Maximum Continuous Rating)
NCR: ¥ A2 [O}=(Normal Continuous Rating)
BHP: MIS O} (Brake Horse Power)
DHP: ME O}= (Delivered Horse Power)
EHP: 88 OI=(Effective Horse Power)
Ry M X{ & (Total Resistance)
S: 8+ HHA
v: £5
C: MM H=
1+k: @& Hla=(Form Factor)
- T2 Wy MY Hl==(Transmission Efficiency)
no: =& Hl==(Propulsive Efficiency)
No: ZEH 8 & (Propeller Efficiency)
ny: M2t @& (Hull Efficiency)
nr: & @1™ 8 E(Relative Rotative Efficiency)
t: = UA HlZ=(Thrust Deduction Fraction)

. -l-—l
w: HH 31 Z=(Wake Fraction)

» Froude &, 1957 ITTC &H

C; =(1+Kk)C. +C,, +AC. + AC, = Hughes &¥, 1978 ITTC &¥
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Holtrop & Mennen2| X{g 7 HitH

M Holtrop & MennenO| X|Qtot F7 Al
® %

o IOl L= Bulbll | [ @ REAM — AN
oo e | oMy eIIE N ojst X K2t =} TS BT
/ v l v A 4 \
R, =R-(1+k)+R,n + R, + Ry + R + R,
1 I 1 I Y,
MM K3 @ UMMl (bare hull)9] @ X1 Mgt ® =0 &21 Transom|
L A% o[st Xgt S}
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Holtrop & Mennen?| g F7d HIitH

-@ O Mg R, =R (1+k)+R,., +R, + Rz + R + R,
4 N
2 “C.S
RF _E \ F “~bh
- J

OFEAI=(TTC 1957 FHA)

_ 0075 R, =——
" (logR,~2)?

R.& 78 U= LWL(Length at Waterline)& AI22tL}.

Sbh: LIMXI(Bare Hul)O] &4+ HHA

S, = L(2T +B)4/C,, (0.4530+0.4425C, —0.2862C,, —0.003467B /T +0.3696C,,,) + 2.38A,, /C,

OIS HASSS TEIF M 20| L, S JIFCE it

Ad a’ShpD g n Automation Lab. 25/47
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Reynolds Number(Rn)2| 2|0O]

Rn (Reynolds Number) : 32| &gl M=9| H|E UEHH=
A . 88 /39 E4S UEH
V: 83 = SHo Ed s
L: 73 E= SH9 E4 &E0|
V: M s&8d A=
V = 10% OH=: 1.35X10°6
155 OH==: 1.19X10°6
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Froud Number(Fn)2| 2|0]

Fn (Froude Number) :

¢ &= HHI _I"*E

V: 7S L= EMH9 E4 5k
L: 73 &= SHle E4 20|
g : 3 IRk

*mb
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(B) EdA M| (C) 124 M0i
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AN F2t=

als

lwm i W N - 10
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Holtrop & Mennen?| X =7 HHH
- @ LHdH|(bare hul)2] F& A+ R, =R

" =
1+k, =0.93+0.487118-C,, (B / L)% (T / L)*4*18 (L / L) 125
¢ (LS/ V)O.36486 ] (1_ C )—0.60247
P

J
Cr - M0l 2% BYE Folot= A+
C14 =1+ O'Ollcstern Cqem =—25 Pram with gondola
=0 E%o EE
=10 vy oH

LR: Length of run

L0l 2 AKX B2 BR0= U3 BEHA2E =7& = AL

Ly /L =1-Co+0.06C, - Ly /(4C, —1)

SLEP® Seou/
3 Seou SDAL
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Mot Y A= S ol 8
C} §7f3}7ll e 38 Mg 428 2Hol F7] ¢l Al

r.E
|0
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k R_: mima} Hmol MHJF 2017 20 SIots MM A
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Holtrop & Mennen2| X{g =7 HitH
-® 4N F7lE MY T — RF (1+k1)+ RAPP + RW + RB + RTR + RA

Rppp =1/ ZIOVZSAPP 1+ kZ)eqC

SApp : 'I'JI'E—I El&ll
(1+K;) :$J|§21 & H=
eRudder behind skeg: 1.5~2.0 eHull bossings: 2.0
eRudder of single screw ship: 1.3~1.5 eShafts: 2.0~4.0
Twin-screw balance rudders: 2.8 eStabilizer fins: 2.8
«Shaft brackets: 3.0 eDome: 2.7
«Skeg: 1.5~2.0 *Bilge keels: 1.4
eStrut bossings: 3.0
A+Ky)eq: BIIEOI 8 A HIS - B = I 0140 RIHEY B
A+Ky) e = 2.5 @K ot kg I SIKER) A BENT SIS A4

dShpD sign Automation Lab. 33/47
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(entrance angle)

Nl
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10] MK

A
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Holtrop nnenQ| X{gt =2 ditH
- @ I "1@('%*% éE ) R =R.(1+k)+R.n +R, +R, +R_ +R

Q2 A5 WO F <04

C, =2223105C,” ™" (T / B)* (90 —i ) 7%

— - ol
C,=B/L - L2 L ZI14H SHIOM SHHESM AXINAMC i E & + 8l B3R T84
C,=05-0.0625B/L  :0.25<B/L & Wi (L/B)P8886 (1_C, Y0344 (1_C_0,0225L g )6
X(L /B)O 34574 (1OOV/ L3)0 16302

c =14+89¢
C, : bulb0fl I8 XIS LA BIE LIEH.H" H=
C, = e‘1-89\/c_3 orl pulbJt GOB C, = 1

C,=056A, " {B-T(0.3L /A +Tr —hg)}  Asr  : M%M KINIMO bulbQ] BEHHE
he :JIMOZRH HMEA A0 SAMAKINIXIQ =01

Te ety -?-IXIOIIM_I ger

2( 09 Sorina. Innovative shio desian
g - : H R G
| _— - - 2 — =
. . :‘~ . : —t. L —— — g, @Nt 3l @ dShpD g n Automation Lab. 35/47
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Holtrop & Mennen?| Xg 7 HItH
-@ 2o M2 55 HYY) R =R_(1+k)+R,, +R, +R; + R +R,

C; : transom stern(il C|3t X1} g 24 [IE UEHHE=E Hl=

C,=1-0.8A/(B-T-C,) A - BEIH0Y MHO transom 20| SH0 X2 B

m, =0.0140407L /T —1.75254V"® | L —4.79323B/L—-C,, d=-0.9
C,, =8.07981C, —13.8673C,” +6.984388C,° : C,<0.8 & U}
C, =1.73014-0.7067C, :0.8<C, & [}

-3.29
m4 _ C]-Sol4e—0.034|:n

C,. =-1.69385 L3/ ves12 1 I L : Waterline length
C,, =-1.69385+(L/V"*-8.0)/2.36 :512< */¥1726.91 2 W T masssm
Cis =00 £ 1726.91< (3/vR M

B :¥% m)
A=1.446C, —0.03L/B :i/B<12 21}

V :tl+8H (md)

A =1.446C, -0.36 1 12<L/B 4 Y
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Holtrop & Mennen2| X{g =7 HitH
h —

-© =T H¥(ES 42 ) R,
_ =S &% W9 055<F,
{ Ry = pgVC,C,C, exp{m, Fnd +Mm, COS(ZFn_Z)} }

22 55 HANNM O= F H=Jt =i

C, = 6919.3C,, ~1.3346 v/ L3)2 00977(L/ B_ 2)1 40692

m, =~7.2035(B / L)"¥%%° (T / B)*5%"




Holtrop & Mennen?| Xg 7 HItH
(= —

- @ =0} MeH=7} %E HeD Ry
-SUSE ™A 04<F <055

{ Ry = (Ry)atr 204 + (QOF, =4) {(Ry ) e —055 — (R )atr 04 3/1.5 }

(RW)atFn:OA : H2 =

I]E

2| 40l F,=0.48 TH&AOI0 U= &l
(Ry)atr,—0ss 1 =2 KT 8910 40] F=0.558 HAOIH L2 Z1
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Holtrop & Mennen?| X g

- ® =™ 7}710| Y= Bulbof| 2|8t I} ME S7}
RT — RF(1+k1)+RAPP+RW '|'|:28'|_|:2TF2_|_RA
{ Ry =0.11e°% ). F A, pg / (1+F, %) }

P, : bulbous bow®] =8 JII0| A= BE=E LEHH= Al
P, =0.56,/A,; /(T- —1.5h;)




Holtrop & Mennen?| g F7d HIitH

- ® 20 Z7l transomoj 2|¢t X &t
® =0 off 2l 1<>RT:RF(1+k1)+RAPP+RW+RB+RTR+RA

{RTR =1/2pV*A,C, }

C, =0.2(1-0.2F ;) :F, <5 Fir =V /y/29A, /(B+B-C,p)

&
C6:O :5—FnT%[[H




Holtrop & Mennen?| Xg 7 HItH
- @ 234-a4d ”'-1* dM& R -R (1+k)+R,»+R, +R, +R_ +R,

{ I:{A :1/ 2IOVZStotaICA }

MHEBX S (hull roughness)@t 271 K2 SO| oS TN THMIF MM K2 0]
XH0IE LIEHHS Mg

C, =0.006(L +100) °* —0.00205+0.003+/L/7.5C,"C,(0.04—C,)

C,=T:-/L :7T./L<0.042m
C,=0.04 :o0o04<T./L 2




12 Xt=0 2let Mg 95 8

JIEM9 B2Y AlE K=z dAIMO M (23 AF)
Given l l Find
T,basis,modeltest T,design,modeltest
RT,basis,HoItrop & Mennen RT,design,HoItrop & Mennen
HA IS — t T THAM IS
JIZ=MO| Holtrop & Mennen A H MO| Holtrop & Mennen
areol el M =-atk areol el M =-atk
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EHP =R, -V

DHP = EHP/n,

BHP = DHP/n,

NCR = BHP -(1+ Sea Margin)/100
MCR = NCR/ Engine Margin
where,

1-t
1-w

Tlo =Ty "Tlg "Nos Ty =

MCR: | A

Z O} (Maximum Continuous Rating)
NCR: % é,*% 0= (Normal Continuous Rating)
BHP: HIE 0= (Brake Horse Power)
DHP: & [O=(Delivered Horse Power)
EHP: §8 0= (Effective Horse Power)
Ry 8 X{ & (Total Resistance)
: &% MY @ & (Transmission Efficiency)
: =X Hl$=(Propulsive Efficiency)
. T2 W FE(Propeller Efficiency)
- M2} @ & (Hull Efficiency)
; MIZH Q|M™ 8 & (Relative Rotative Efficiency)
t: -*.-E. 2 HlZ=(Thrust Deduction Fraction)
w: Hig Jil’-F(Wake Fraction)
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As g0 £H4
@

@
o "My " TIR

o

MCR: X[} = OF&(Maximum Continuous Rating)
NCR: A= A2 [O}&(Normal Continuous Rating)
BHP: XIS 0= (Brake Horse Power)

"o =[1/(0.97+0.14,/B, )] -
k =[1.11-0.11((A. / A,)/0.6)]

_ N(NCR;17)™
i V (1-w)

w=0.3095-C, +10-C, -C, —0.23-

C, =C.-(1+k)+C,

_ 0075 . V-L
F ) = —
(Iog Rn _2)2 ; 1%

P
JB-T

DHP: ME OI= (Delivered Horse Power)
EHP: 8 0= (Effective Horse Power)
Ry: M X & (Total Resistance)
n;: = 88 @ E(Transmission Efficiency)
no: =21 8 & (Propulsive Efficiency)
No: 2 MY B E(Propeller Efficiency)
ny: M2} @& (Hull Efficiency)
nr: S ™ B E(Relative Rotative Efficiency)
t: *E—". Z A HlIZ=(Thrust Deduction Fraction)
. B H|3=(Wake Fraction)

D, =15.4- (MCR] B

nMCR

o2 S5 B C=1
27402 B C,=1.05

2 1—t 2
== t=Zw+001
W= W 3

2009 Spring, Innovative ship design

- =0.98~1.03
Cb>0.8 O] &1 HILH MO BALR0=

- =0.88+0.02-(L/B)
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b §
(=

(=1

AL
T &3

O

ol M

<l Ol

ot gl =

ﬂ

H}
o

XX

Oy 8 3H

X IE 2

EHP =0.00872-V3WS-(C, +C, +C, )+ (Ss -Cy )+ (S, -Cys )

- Wetted surface area of the bare hull

: Wetted surface of appendage

- Wetted surface of sail
- Coefficient of frictional resistance

- Correlation Allowance

- Coefficient of form resistance

: Drag coefficient for sail

: Drag coefficient of appendages

8 @504
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Oh|met 2 op =3
e nl I'E‘ =2 = H-' i o2E = KIS
7 C =
— / ) T
- o, l\_—_ g // : // b—»l
S 7 A 7
Dle\<t Strut £ £ HUll® &
" Cwp = Strut& 0l / t_L = t_H Cp_h = Hull® 21| / (h_L * pi * R"2)
Hh

&k JMnto| oI

: Hull = lowerhull + strut

LS oo

e BulbJt EIHOHX] 2S

} Ry =0
A HHE A 82
Xi017F US 8 . TransomOI =IHOLX| %S

@SDAL

Adl
http.//asdal. C.kT
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e g{ ot gl
(B 1)Taylor & Gertler?| Mg Fd Wt oo
(Taylor =x2| = H) =
{ R =R +AR: + Rz + Ry, }
A2 ot Os4t 20
C,=C.+AC. +C+C, ASHEH AMA - S=C,-/V L
Cc  :Schoenherr MM A Sl AIZ
AC. :JHd - 28U C,, =0.925 -> constant
C, :JI™ LCB=0.5- LWL -> constant

- Bulbous bow €8k 1120} X| &S
-AsM A0 MY

M. 1O

C M Residual resistance coefficient
~(VL®,C,,B/T,Fy ), L=LWL
B/T =2.25,3.00,3.75 O] Z<20il CHOHA
C,=048~086 ¥ V/L*=(1.0~7.0)
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