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BHP: HIE 0= (Brake Horse Power)

DHP: M & O} (Delivered Horse Power)

EHP: 88 0= (Effective Horse Power)

MCR = NCR /Engine Margin
NCR = BHP -(1+ Sea Margin)/ 100
BHP = DHP/ n,
DHP = EHP/ 7
1-t
Mo =Mw Mg Moy NIy =7
1-w
EHP =R, -V
1 2
R, =—pSV "C,
2
C.,=C_+C_.+C, =Froude W,

C,=0+k)C_+C, +AC_ +AC,

Ry X X{ 2 (Total Resistance)
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vV: &9

Cy:

1+k: @& Hl==(Form Factor)
nr:

Wi

. T2 W @ (Propeller Efficiency)

: Al 3™ 8 & (Relative Rotative Efficiency)
: $§. A H==(Thrust Deduction Fraction)

A% BOH
HMHY Al

HE""E'I M HlZ=(Transmission Efficiency)
Z &l HlZ=(Propulsive Efficiency)

: M2} @ & (Hull Efficiency)
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_ 1+ 89e X(L /B)034574 (1OOV/L3)016302

C, : bulb0ll 212 EIY LAS
e—1.89\/a

=31 = LIEILH" H==

C, = O bulbJ BICW C, = 1
C,=056A, °H{B-T(0.31 /A, +T. —h)} Ay Mz AXINA Q] bulb?] EHMA
hy  :JIMOZRE BN A, O] ZAQKINKIC =0
3 &>
T MASMNNING WS XERS Al
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'Holtrop & Mennen®| Hg =&
- @ X (RS2 5T WY

C. : transom stern(il 2|3t X1} & A @IS UHEHHE Hl=

C.=1-08A /(B-T-C,,) A, ZJH0& UHO transom 22| S50 &2 HY
1/3 d =-0.9

m, = 0.0140407 L /T —-1.75254 V""" /L -4.79323 B/L -C,,

C, =8.07981C, ~13.8673C,” +6.984388 C," : C,<0.8 & W

C,, =1.73014 -0.7067 C, :0.8<C, 2 I

~0.034 F °%°

m, = C,0.4e

C, = —1.69385 L 1%/ v<512 2 OH L : Waterline length

C, =-1.69385 + (L/V'-8.0)/2.36 :512< L°/¥1726.91 & [} T WA WES (m)

Eii=-0-0 :1726.91< |13 v O

B : 3% m)

A=1446C_, -0.03L/B :L/B<12 & If
Vv :l=8X (md)

A=1.446C_ —-0.36 :12<L/B & U}

4

LD,
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'y SDA L 27/56
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[Holtrop & Mennen®| L& =

=AW=

-I
- @ At N (=2 Sk tc'.*%)
—E2 8T MY 055<F,

{RW = pgVC,C,C.exp{ m,F" +m, cos( AF_*)} }

22 S5 HANNM O3 F H=Jt =i

Cl _ 6919 3CM —1.3346 (V / L3)2.00977 (L / B — 2)1.40692

m, = —7.2035 (B / L)***® (T /1 B)™*™>"




e o =3

OD28Y FR N

[ Holtrop & Mennen®| & =& 4t

=AW=

_7'<_)|I.I.|- AMA

—_ —-Oo

- @ X N (SU ST EH)

-SUET Y 04<F <055

{ RW — (RW )atFn=0.4 + (10 Fn o 4) °{( RW )atFn:O.55 — (RW )atFn=0.4}/1'5 }

(Ryw atr, —0a 22 T AL A0l F =0.45 HAOIH LI=2 &1

(Ry atr,—0ss = H HAY A0l F=0.558 LE&0HH U= &l




[Holtrop & MennenQ| & =X 4t
- ® ’-F

tH
JI0] A= Bulblll 2lTt 10} X2

=AW=

s/t

—2 3 1.5 2
Ps )F,i Agr "9 /(1+F,;")

R, =0.11e" "

P, : bulbous bow®| =™ JHII0| A A=

rIr
rIr

dEE U

P, =0.56/A, /(T.—1.5h,)
F.. : bulbous bowQ] &ZUEE J|=C=& Bt Froude number

F..=V /\/g(TF ~h, —0.25,/A,; ) +0.15V ?

S A10}

a1i0il 2IotH

, Holtrop & Mennen0]




HE 2 0= 5H

oe2my Fe KI5

=AW=

' Holtrop & Mennen®] & =X Uit

=J|U MA

—_ —-Oo

- ® 0| &21 transom0fl |8t X{ &

2
R, =1/2pV A C, }

F. =V /,2gA, /(B+B-C,,)




[ Holtrop & Mennen®| & =& 4t

=AW=

) PEM-AM AW SH N

total C A }

Bt B M &M M Al

R, =1/2pV°S

£

MHIEHZX S (hull roughness)@t 37| M S0 IS

X10I1E€ UElH= M

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

C,=T./L :7./L<0.042 1}
C,=0.04 :004<T./L LM




' Taylor & Gertler®] Hg} =X uit

=AW=

=3 TEIES-BIES
A FI1m M
(Taylor +X9| TH)
R, =R. +AR_ + R, + R,
S o1 O34t Z0.
C.=C_+AC_+C_+C,, Hs-HHA FMAl . S=C_-,/V-L
C. :Schoenherr DI EHIS =S| A
AC. :JI8 - 28 ¢, =0.925 -> constant
G S LCB =0.5- LWL -> constant
] ol 5t oro
C : Residual resistance coefficient Bulbous bow 3 11Ot &35

Al
- AS5M HEW HS

-(VL’,C,,B/T,F,),L=LWL
B/T =2.25,3.00,3.75 O] A0 LHOHM

C,=0.48~0.86 X V/L'=(1.0~7.0)




\d

[N
[

o

T,basis,;mo deltest

R

H&H s —

T basis,Ho

ltrop & Me

1

nnen

IE

MO Holtrop & Mennen

SEOll 21Tt X

=3

oI

1. ME Q3 XA 7. 3128 88 X3
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1. 8% g7 X2 7. =N SN TH
2. RAHEHM XA 8. UT HAt
: = b - A 5. S8 5% %8
- T N [+ z8 K% 88 [ EFTL T
O — i o 0[5 zot =2 =5 IR EPCERCL R
6. N X 01 =3 12. AX S22 U AX )} AN
/)| MA 13. Technical documents ZHAl

O |52t % op =5

¢

9 i

EHP =R, -V | s
DHP = EHP/ 7,

BHP = DHP/ 7,

NCR = BHP -(1+ Sea Margin)/ 100

MCR = NCR /Engine Margin MCR: Z|H A= O (Maximum Continuous Rating)

NCR: 1= é}% 0= (Normal Continuous Rating)

where , BHP: XIS O} (Brake Horse Power)
DHP: & [O}= (Delivered Horse Power)
1-t EHP: §8 [O}= (Effective Horse Power)
No =Ny "Ng " Nor» Ny = R X1 ¥ (Total Resistance)
1-w n B2 H Y ME Hl==(Transmission Efficiency)

no: =& Hl==(Propulsive Efficiency)

No: IE2M 8 & (Propeller Efficiency)

ng: M2t 8 & (Hull Efficiency)

g A 8| 2 E(Relative Rotative Efficiency)

t: =& A Hl==(Thrust Deduction Fraction)
w: = H|Z=(Wake Fraction)

s ’x‘g)
“\’:{T!'Esl' SDAL 35/56
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=AW=

BSOSOl N W 01 EH W

a
EHP =0.00872 -V WS -(C, +C, +C,)+ (S, -Cy )+ (S, -Cy )]

o WS : Wetted surface area of the bare hull
e S : Wetted surface of appendage

e S. : Wetted surface of sail
e C . : Coefficient of frictional resistance

e C, : Correlation Allowance

e C_ : Coefficient of form resistance
e C . : Drag coefficient for sail

e C . :Drag coefficient of appendages

\
TRt
* Roy Burcher, Louis Rydill, Concepts in Submarine Design, pp. 290-292, 1994. “"" " SDAL 36/56
Adva

,‘B)x‘{ ds"’PD ign Automation Lab.
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=AW=

44| 1H

\d

!SWATHQI Mg X 018 =8 84

WT . / : / I

= / / _
" / t. / >|

' / B 7
D th— Strut 28 Hulls =2
L Cwp = Struts 0l /t_L~t H Cp_h = Hullel 821l / (h_L * pi * R"2)
DHn
2 49| oI R, =R.(1+k)+R,, +R, +R, +R +R,
. Hull = lowerhull + strut . BU[le‘ Eu_EIHUI'II eg%
| R, =0
XA DA HIAHY e
=a T e LS
01Dt A2 o TransomQ] EIHOIX| %S
R, =0

RS
&L'_'F SDAL 37/56
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* Name = “278,000 DWT VLCC”
* Lwl =320.6 m

L =315.0m
*B=572m

«Tf =20.45m
«Ta=20.45m
«T=20.45m

* Volume = 307081.31 m3
« Sapp =126.0 m

«Cm =0.9971

« Cwp = 0.8339

=
HU | 0%
"a
2
i}
bl
0x

=AW=

4| IH
e | ng
rx

02 | 41

\d

= Ik
=9 ol

* Form Factor of Hull (1+k1)

* Form Factor of Hull & Appendage (1+k)
* Correlation Allowance (CA)

* Resistance by Bulb Effect (RB)

* Resistance by Transom Effect (RTR)
* Wave Resistance (RW)

* Viscous Hull Resistance (RV)

* Appendage Resistance (RAPP)

* Correlation Resistance (RA)

 Total Resistance (RT)

» Wake Coefficient (w)




2
2

44 I

.Ii%*?: 08 =8 2= 138

g

- = MI2 HIAl(2)

s 314 A
e BulbOfl O3t It T & A
o MOl HMH HAM2 VHOIH 2SS MOIZ TN AS
o MHIO| 2B XHE2 15CO] Ol AMEH, p =1.025 ton/m °
o MM B2JI=2 Bilge Keelst JHE H. =, (1+k,)=1.4
o HIAH TR TE=HI Y HAH|A/A)= TS 20
(1.3+0.32)-T
D*-(p,+ pgh - p,)

m O] Specification
e IZJH A= C++E2 012 A

e MFC(Microsoft Foundation Class Library)E& J|HIOE St AT
OZ )OS XpME A
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e o =3

at
I.Ig- al I.gl $ S Ejg %zim:a1’=9xl*
- AHT) AFEH(1) .
) S—
n “Math.h”0fl HOJ=! Function Al
o “Math.h”0fl MOI=! cos(x)Q} 2 A2l Stfr= QIS
af LHAM 602 8 (Degree)9|

2101 OkRadian)© = BFH| =1L}, IIRFA] 2=

2iIC = Wy| QC = =0|5I[}.

QI EXIOI= R IF2 S M| AL
o EI} HE R, i} 0] a%ou 02} 54 52 301 HH= 32 128
MEEEERE RN

« T2 O] A Fi} %O| B9) X
o I8 WOIA AL 2T S akdt 10l HE =5atol 2HE
’é‘ L=0JHH AR =XIE =2UTHLL.
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I SE al UI_E XA II =2 j oH 2 QALEHM EA |5 22 AN
1 o XK N TO i | M EErue 5 29l N =8
N [ zex%x 8" 10 JH=t QLEHiX]
2 XI- i I AI.G'-(Z) A |5 Zol 5 =8 IR EREEREN TS
[ | e ) 6 M2 2 OIE =8 |12 A8 =2 2 AN AS
" /$7|3._*,-i_1§ 13. Technical (Tocuments XM
v gj e % O =3
= JI len}AK-l
® float®} double9] &2 [ s

o MY W= floatill double®] S JHX| HEHJL ETHOI=HI, 2O
2ot JI&E A A doubleE AIEE JIE HE. E88 ER 2l

at0ll 24240l X0t 2 =+ UL

= double EEHO] ¥+ 20| HOHAI= pow() &S L.
e Double FE{O| H=01 AL vz S H&OI| HOH “pow(V, 2.0)"F &}

10

o pow() BEE M| AWMME “math.h”E HHEA| includedli OF BtLI.

Off CHet &l
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1. 8% Q74 =2 7. J=8 88 =8
.Ial- al UI_E XA II =2 jEH 2 QALEHM EA |5 22 AN
TN O —— = N adErae DEEEEES
N [+ F8 1% NF 10. JH=F QHHXI
> I t D t Ol =4 1 A [5. 2ot =2 = INEECEEENEE
npu a a = 6 M 2O 8 |12 AN =3 % A4
ES IRt

. 13. Technical documents ZHA
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9 i

\d

rg
o I
~
re
2
Jal

= |nput File9] &}A

=02 diolg Input File: “input.txt”
Name = “278,000 DWT VLCC” 278,000_DWT_VLCC
Lwl = 320.6 m . 320.6
L=315.0m — 315.0
B=57.2m 57.2
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ANREER RS
oF al iEE XA IT :]EH 5
[I-lo * u - -ro-l __|_E [ | -;FiEE‘%ﬂﬂRXI’T‘
A ESIETRES

' - Input Data®] &€ (2)
) N—

AL *
« Q13 3}4:0| HO| FILE" fp;
- A MAES AHS01)] ST EOIE MO
RI=TEY
#include <stdio.h> =l ° int* a; ot Z0] 0l Xtz gEHQI IOIHE
void Input_Data_File() r Jﬁﬂ' 3\10“:"

i

!/ File2] Pointer M™
FILE* fp;

[/ FleS HE
fp = fopen("Input.txt™, "r");

/f WAao] MOl
char Name[255];
double Lwl, L, B;

//MEEEH ISE S

fscanf(fp, "%ss", Name);

fscanf(fp, "%lf", B:Lwl);

fscanf(fp, "oolf “alf", &L, 8{8); —

/{ FilesS 25

fclose(fp);
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ANREER RS
of al I. XA IO =
[I'Iol' = 05 =8 o= ] e
A ESTERES

- Input Data®] &1 (3)
) N—

- glgl gI-J_FQI g_l fp = fopen(“Input.txt”, “r”);

% EﬂE‘I “fpnjl_ “Input.tXt”Ql jl.él- ﬁ
-E% i &3

O

[ ]
0|
#include <stdio.h> — L

— " O (=X=2 -]
void Input_Data_File() * (= )I I'I o= Ao

{
[/ File2] Pointer A9
FILE* fp;

/{ FileS S5
fp = fopen("Input.txt™, "r");

Jf W40 MOl
char Name[255];
double Lwl, L, B;

fp Input.txt
;:f Tllf“a{'fﬁ-h:':? EI%% %}I%
SCan , oo™, Name);
fscanf{fg, "ol &L wl); " 278,000_DWT_VLCC
fscanf(fp, "%lf 2alf”, &L, &B); —
320.6
// Fles B2

fclose({fp); 315.0

[« SV 57.2
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HE WO =
' - Input Data®| &
S

A

A
o

1

= (4)

N o2

=10l |

=
HU | 0%
"a
2
i}
bl
0x

=AW=

44| 1H

\d

e | ng
rx
02 | 41

Char Name[255];
double Lwl, L, B;

#include <stdio.h>

void Input_Data_File()

{
[/ File2] Pointer A9
FILE* fp;

// Files S35

fp = fopen("Input.txt™, "r");

Jf W40 MOl
char Name[255];
double Lwl, L, B;

//MEEEH ISE S
fscanf{fp, "%os™, Mame);
fscanf(fp, "%alf”, B:Lwl);
fscanf(fp, "oolf “alf", &L, 8{8);

/i FileS 25
fclose(fp);

- MYZRH U g W8 MO
« Name2 25519 EXIE HEE = U=
32t 2y
e Lwl, L, BE &3 B2
fp Input.txt
278,000_DWT_VLCC
320.6
315.0
57.2
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ANREER RS
of al I. XA IO =
[I'Iol' = 05 =8 o= ] e
A ESTERES

' - Input Data®] &= (5)
\ g

A
e Sl

QQI fscanf(fp, “%s”, Name);

1o

c MIYSLDE SXHAS ola bt
T I A it OF Namel

#include <stdio.h> —

void Input_Data_File()
i
[/ File2] Pointer A9
FILE* fp;

fp Input.txt

/f FileS S5
fp = fopen("Input.txt”, "r"); 278,000_DWT_VLCC
Jf WS A0
char Name[255]; 320.6
double Lwl, L, B;

315.0

//MEEEH JISE S
fscanf{fp, "%os™, Name); 57.2
fscanf(fp, "%alf”, B:Lwl); :
fscanf(fp, "oolf “alf", &L, 8{8); —

[/ FileS 22

felose(ip); NameOl2t= 0182 H&E 32t

[« (2| |278,000_DWT_VLCC
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ANREER RS
of al I. XA IO =
[I'Iol' = 05 =8 o= ] e
A ESTERES

' - Input Data®] &= (6)
\ g

A
e Sl

ggl fscanf(fp, “%lf”, &Lwl);
fscanf(fp, “%lf %If”, &L, &B);

1o

_Iojx

#include <stdio.h> —

void Input_Data_File()
i
[/ File2] Pointer A9
FILE* fp;

fp Input.txt

/f FileS S5
fp = fopen("Input.txt”, "r"); 278,000_DWT_VLCC
Jf WS A0
char Name[255]; 320.6
double Lwl, L, B;

315.0

//MEEEH JISE S
fscanf{fp, "%os™, Name); 57.2
fscanf(fp, "%alf”, B:Lwl); :
fscanf(fp, "oolf “alf", &L, 8{8); —

[/ FileS 22

fclose(fp); Lwl L B

[« viz| 1320.6 | |315.0 | |57.2
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AL B
W

t EH==9)

class Ship

{
public:

ship(); // S84

02
|H
HU
11

1O 1M

—

R
K

=10l x|

~Ship(); // =3 A
o

ff A Wl A
double Lwl, L;
double B, D, T, Tf, Ta;
double Cp, Cwp;

L3

1. MF @3 XA 7. 0128 85 =3
2. SAH XM AL 8. A M

)

é' 3. & Rule 9. 58 ds =¥

M |4 FQ Kx M¥ 10. JHEF UHIRX]

Ao |5 ot 58 =3 11. JHEF M 2 M TH A
6. Mg X 01 =3 12. A% S X AXJ} MY
/F) M 13. Technical documents XtA

0 [x

24N JIH

M2 % 0H =X

O2EY F K=
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1. 8F @3 =2 7. 928 85 =5
Sk al XA II oH 2 QMANN TN [ 20 A
I-I o X ul.gl -ro-l —Ej = LL' 3ﬂgil;le 9.5)%’3%3;%
3 [rzexz a8 10 et
=29 9(2) R T
v ' ot x1rg94m§'.ﬂ;g
;EI oeEy FQ KT
— = A X
J:IIA|_|' .I_ﬂjggl EEQI’ BT
EIEES =
oot HAL A ot4:0] Mo
[ = —_ 1
OHE MR- HIA > void Calculate_Rf();
MHl 2T 2] HE (Rapp) HIA > void Calculate_Rapp();
20 HEHR,) HILL > void Calculate_Rw();
BulbOjl OlTt 1T} X{8H(R;) HIAt > void Calculate_Rb();
TransomOfl OJ8t {2 (R.z) HILt > void Calculate_Rtr();
SEM-AM A 3 HE (R, HIL > void Calculate_Ra();
[ J [ J
[ J [ J
[ J [ J
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1. MF Q31 TAH 7. A= 8N =3
2. A AXM FAL 8. ¥ HIM

)

él 3. & Rule 9. B9l M= =X

M |4 FQ Kx M¥ 10. JHEF UHIHXI

Ao |5 ot 58 =3 11. JHEF M S MU TH HIA
6. M 2 OK =A™ 12. AN S8 X AXJ M4F
/)| MA 13. Technical documents XHAl

Ship.cpp

I}

rE X244 1l

M 2o =3

o2 FQ K

=J|U MA

- o

cla

i
pu

ss Ship

blic:

Ship(); // 234

~Ship(); // =2 A
HH

{f BAH B2
double Lwl, L;
double B, D, T, Tf, Ta;
double Cp, Cwp;
B

Jf B H gl A™
void Calculate_Rf(});
void Calculate Rapp();
void Calculate_Rwi();
void Calculate_Rb();
// OIS 4=

N

#include "Ship.h"

Ship::Ship()
{

h
Ship::~Ship()
{

¥

void Ship::Calculate_Rf{()
i
h

void Ship::Calculate_Rapp()
i
h

void Ship::Calculate_Rwi()
i
h

void Ship::Calculate_Rh()
{
h

// Dlal M=k
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1. MF Q3 T 7. 3128 88 X3
11 6* ul u*a XI‘I E E EH 2. QAL AXM EA 8. U HM
: o X -1 T O __I_j|=| M EErue 5. =9 85 28
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p =1.025

= L(2T + B)4/C,, (0.4530
10.4425C, —0.2862 C,,
~0.003467 B /T +0.3696 C,,
+2.38A,, /C,

B 0.075
(log R, -

void Ship::Calculate_Rf{)

i
Rf = 0.5

¥

* rho * S_bh * pow(¥,2) * Cf;

yoid Ship::Calculate_Rf()

rho = 1.025]
Rf = 0.5 *rho *5_bh * pow(¥,2) * Cf;
b

void Ship::Calculate Rf{)

i
rtho = 1.025;

S_bh = LWL * {2*T + B) * sqrt{(C_m) * (0.4530 + {0.4425 * C_b) - (0.2862 * C_m)
- {0.003467 * {(B/T)) + {D.3696 * C_wp)) + 2.38 * (A_BT/C_b);

Rf = 0.5
h

*rho * S_bh * pow(¥,2) * Cf;

void Ship::Calculate Rf{)

i
rtho = 1.025;

S_bh = LWL * (2*T + B) * sqrt{(C_m) * {0.4530 + {D.4425 * C_b) - (0.2862 * C_m)
- {0.003467 * (B/T)) + {(D.3696 * C_wp)) + 2.38 * (A_BT/C_b);

Cf = 0.075 / pow({{log10{Reynolds) - 2},2};
Rf = 0.5 * rho * 5_bh * pow(V,2) * Cf;
h
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void Ship::CalculateRapp()

i

Rapp=0.5*

rho * pow(¥,2) * Sapp * ( 1+k2) * Cf;

void Ship::Calculate Rapp()

i
k2 = 0.4;

Rapp=0.5*

rho * pow(¥,2) * Sapp * ( 1+k2) * CT;
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ANREER RS
I (o] | [I XX EE]EH EEE‘: =2 X%
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R 5= 0.11 eXp( —3 PB—Z ) Iuid Ship::Calculate_Rb()

Rb = 0.11 * exp{-3 * pow{P_B,-21) * pow(F_ni,3) * powi{A BT,1.9)
[ rho * g / (1+ pow(F_ni,2));

xF° Ay pg I(L+ F)

void Ship::Calculate_Rb()

PB — 0.56 ./ ABT /(TF -1 _5hB ) ¢ P B = 0.56 * sqrt{A_BT) / (T_f- 1.5 * h_B);

Rb = 0.11 * exp{-3 * pow{P_B,-2)) * pow(F_ni,3) * pow{A BT,1.5)
*rtho * g/ (1+ pow(F_ni,2));

void Ship::Calculate_Rb()
{
E F ni il sqrt{g *(T_f-h_B-0.25 * sqrt{(A_BT)) + 0.15 * pow(¥,2)}]
ni P_B 56 * sqrt{A_BT) / (T _f- 1.5 * h_B);
\/ g(T, —hy —0.25\/A, )+0.15V ° Rb = 0.11 * exp(-3 * pow{P_B,-2)) * pow(F_ni,3) * pow(A_BT,1.5)
*rho * g/ {1+ pow(F_mi,2));
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Ship.h

class Ship
{

ublic:

Ship(); // 28
Ship(FILE™* fp);

~Ship(); /7 29

ffSH D X
char Name[255];
double Lwl, L;
double B, D, T, Tf, Ta;
double Cp, Cwp;

ff 8

Ship.cpp

Ship::Ship{FILE* fp)

fscanf(fp, "%es", Name);
fscanf(fp, "%olf”, B:Lwl);
fscanf(fp, "%lf", &L);
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Main.cpp

>

Pl

9 [ ]
il
NIl

void main{)

1
FILE* fp;

fp = fopen{"Input.txt", "r");

0
Ji
m

e

Ship MyShip(fp);

2z H

02ro

fclose(fp);

0l S0=L.

“Input.txt”& JtelFI=
&0 S

1. MF @3 XA 7. 0128 85 =3
2. RAHEHM XA 8. UT HAt
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