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== Laplace Equation it
Bernoulli Equation? = S

= Hydrodynamic Force3E {0}

e Step1 : 2-D ©B9| velocity potential€ HI2t0t1l, 0122 H hydrodynamic
ForceE HIAtol= % (Singularity distribution method)

e Step2 : 2-D HHIA HI2HE hydrodynamic ForceE 3XIACZ 2F0l= &
& (Strip method)

3 . 2 1
1) Laplace Equation : v =0 ' 3) Potential Virtual Inertial Force (“Added mass”),

oD 1 ) ! Potential Wave Damping Force
2) Bernoulli Equation : p E-i- P+ Ep‘Vd)‘ +pgz=C , Wave Exciting Force
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Newton’s 2"d Law)

1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p396-~401
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[ 1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p396-~401

.Cauchy Equation! 8%
 — -

0L | 24 v Ol FHl 241 EE & (Newton’s 21 Law)

: dv oV oV oV oV
- m—-=p +u +V +w— |dxdydz ,(m = pdxdydz )
E dt ot OX oy 0z
d i /"I\\\ PASEEREN PASEEEREN
y : I/ dV \\ I/ \\ I/ \\
ZyEab T 18 | - I\ m— # Z F :{\: FBQdy H—I\FSurface : (x‘"&-lg + EEEI)
y /, \\ dt // D // \\ //
//, dZ Se__.7 ~__~ -~__~-
dx
X
z
Fowy, = £9dxdydz Forme = [V °0, ]dxdydz
e
oV oV oV oV . . .
o, + U +V + W — |dxdydzZ = p g dxdydz” + [V °0; ]dxdydz
= e ot OX oy 0z
dxdydz & UsH™

oV oV oV oV ,
Yo, + U + Vv + W = pQg+Veo, =>Cauchy Equation 8
ot OX oy 0z




!Summarv (1)

Cauchy Equation :
« STUIIKIC) IS M| p =PIV o,
® %8 |Hl (Newtonian fluid) >
@ HIE=A FS (Incompressible flow)—»@
Navier-Stokes Equation : » dav LG VP 4+ VRV
dt
® HIEA S (Invicid flow) :@
Euler Equation :  dV
p——=p3-VP
dt
@ HIRI™ /S (Irrotational flow) :ﬂ

Bernoulli Equation :

oD
p—+—p‘VCD‘ +P+p0z=1(1)
ot 2
&) SDAL ...
N:OEISNU Mtpm;}:ed 'p sgn omation La

Ship design, Ship Motion & Wave Load,2008.6
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D : Velocity potential 1) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p396~401
2) Cengel & Cimbala, Fluid Mechanics Mc Graw Hill,2005, p401~406
1o M H= 3) Cengel & Cimbala, Fluid Mechanics, Mc Graw Hill,2005, p450-452
S u m m a ry [ I I ] . orad 4) Cengel & Cimbala, Fluid Mechanics, Mc Graw Hill,2005, p134~135
P:as 5) Cengel & Cimbala, Fluid Mechanics, Mc Graw Hill,2005, p179~182
Vo °X1I2I AC 6) Cengel & Cimbala, Fluid Mechanics, Mc Graw Hill,2005, p167-172
e - === 7)-Erwin.Kreyszig,Advanced.Engineering.Mathematics, Wiley,Ch12.PDE

Newton’s 2" Law
ma = Z F = (Body Force) + (Surface Force)

J

: dv
Cauchy Equation? | p o =pg+Veo,
t
SH QM HI2HE M (incompressible) 0] 2H, N
Surface forceE ST MECE HY Jis
(Veo, =-VP+uv?V)
ier- ion2) dv
Navier-Stokes Equation S VP uvV
L dt
@ u = 0(invicid)
Euler Equation®) | , av _ g — VP
dt
V x V = 0 (irrotational®)
(V=vo)
Bernoulli Equation” | 0® 1 2
Jo, +P+—p‘VCI)‘+ng:C
ot 2

Continuity Equation® (RS =)

0
—'O+VopV:O
ot

@ (incompressible)
j VeV =0

V x V = 0 (irrotational¥)

\\

(V=vo)
Vd =0
o'd  o'd 9D
—+t——+—5=0
OX oy 0z

Laplace Equation”)

& A S0l continuity Equation0]
AMEE|IAOCTZ  Bernoulli Equation 10

HIE A| Laplace EquationZ THE0H0F SHCL.
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& (Pressure) : S HE| = &
5, @S 7001 M= SRl AX 0
1 X2 MOl MM HWIE](Normal Vector)&

=0HOF &

: S MOl 014 HE 220l= &
v OfH SHI0I XtS0k= +XWHO WHA ALY gF =P, -n,dS (P, =P, - pg-0
7 n, =-k
L Pl LLIL
> FEE 7 Z n,: Normal vector
A I > 4
h dsS : Area
> I:)Bottom - ,Ogh
d F Bottom I:)Bottom -n 2 dS n 2 =k
: =HI OFH 3Ol Oj& HHA(| 2E20l= ©
dF = dFTOp +dF Bottom | v Bernoulli Equation : (where PStatuc — patm +
| > o
_PTop 'N,08 + Poyy 1,08 p p—+P+—p‘V®‘ +pgz =P,
ot 2
= P (=K)dS + (P, — pgh)kds LI ol s e -7
:—pghde=k(—pghdS) p5t+ atm+ Fluid +2p +pgz = atm
: L1200 21t &0l ME S E od 1
CH7 12500 OISt 310 MZ AN pa_+PFMd +E,0‘VCD‘2+ng 0
t

Fluid )
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.Force & moment acting on the surface

N
O J|S 01T AlEl
(Mutg MM HIZHE)

Al
(S : wetted surface) z

(012 EX0 ZE0l= &)

dF = PdS = PndS

= —pgzndS
dM =r xdF (Ol HMA)
(a1 S A0l
X80l= RUHE) r

(r = [Xl’ Yo Zl]T)
O rOl MM =08 (RHESHIM Z9]

(S, : wetted surface)

= Force : M|

v 014 B XS0tHs

1o

dF =P-dS =P -nd

X80l 2

v" Total force

v OlA HA(

dM =rxd

T
Il

v Total moment

M = [[ P(rxn)ds

12
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! Notation
W

v" Total force
Al
o

LI_L

ar [

F = ” PndS
Sg

v" Total moment

M :”P(rxn)dS

(r = [Xl’ Yi» Zl]T)

| & ME

/
=
£ F, = ” Pn,dS
E’ SB
F, = [[ Pn,ds
Sg
Fs = Pn,dS
~ e
d=48z M. =
[ 1
LEHA O, s,
M, =
SB
M. =

<
D |F, = [[Pn,ds
A\
/

Yyp 4

(] =1,--- 16)

|

=i(y,n, —z,n,)+ j(z;n, — x,n,) + k(x,n, = y,n,) |

13



(B9 :x =g, .&] )
%E Y \ |:||'0-" Il‘%GI.E ol (M,A,B,C : 66 Matrix )

v’ Laplace Equation
VD =0

=Ml &5 i Eq.) !
oD P 1 &1 _ 0 E B
P ot TR TR T P8z = E lSolve

P oL)) ob, 00, 0D,
= —pgz —p =—pgz — p + +
ot 0 ot ot
SHl Xt otLEIL
= Paic + Py + Pp + Py HO( == o

MX=Feaiy * Faie ¥+ Fex + Fo + F

static

Linearizationﬂ I:Restoring (: —CX) Fexciting FR = —AX - BX
a N

dF : otuC |Hl X} added Damping
aur GOl Jtoks © MX = —CxX + F, i — AX— BX mass  Coefficient
ds :Oj& ®¥ | |
1| E- L ESTY ]
n:a =1 Normal Si& Qlojo] 0| xNIX|2t M=

: 21910] E= HM M0 HOL0 & &E ! ! =
i (SFHI0f CloH A410] Hi= Slil DHIE) ” nas .) 3-D (Strip method)
I 14

(M + A)X +Bx+CX = I:exciting i (MEHO] LHE2 0l Z20l= S.F / B.M. 118

Motion RAO (Response Amplitude Operator) Shear force, Bending moment



(B9 :x =g, .&] )
1C_>rE Y \ |'.'||'O-" IF%UI.E ol (M,A,B,C : 66 Matrix )

v Laplace Equation  Step1
Vid =0

QI = i Eq.) |
oD P 1 &1 _ 0 E
P at+- oL T pgE = | lSoWe

(2[)T :CD|+CDD+CDR

Qlofo] 20| xJHX| Tt XHE Step4

Step3 (A I-—I LH_I_OH II‘QUI.'— S.F/ B.M. =V

exciting

(M+A)X+Bx+Cx =F
15

| . oD o0, oD, 00,
| =—pgz —p—" =-pgz —p + +
: ot 0 ot ot
: SHl Xt OHLDL
! = P Pew + P + Py <] oo == oA
L | AMuro 14 EO MAION (HOHO] M E ‘ | P Step2
i (S MI0H CloH Mut0] Bi= St E'_“.ﬂE .[ nds @ 3-D (Strip method)
i M X = I:Gravity + statlc FR
i Linearization ! ! FRestoring (= —-Cx) Fexciting F.=- ﬁxx — B‘)i

dF : OtLte | M Xt ! added Damping

AMuek HO Jiols & ! MX = —CX + F, i, — AX—BX mass  Coefficient
ds : 0|4 oI i U
n : 014 §XO| Normal #E .

Motion RAO (Response Amplitude Operator Shear force, Bending moment
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1)

Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535~538)

= Ajth(] Hi= Bl

F f Incident wave velocity potential (& )
et

v AAHIPDF M0l OJ0H w SEIX| =0 JFEE
= QAHII OBt 8! (Froude-Krylov Force)

_______ +.._____________________________________________________________
Diffraction wave velocity potential (cI) 5 )
v auto] ZIH= 2I0H0 w et Mol ojet & =Ml 03
Fixed = AMEHI| OBt 8 (Diffraction Force)
_______ _+_______________________________________________________________

l/ Radiation wave velocity potential (& _ )

v 8 S0IM Mo 2Nl XIS E 210l £HE20l=
= J|ZIE 0| 0|t Bl(Radiation Force)

0

v Total Velocity Potential
O, =D, +D, +D,

Superposition Theorem

Laplace equat10n° MA

—_ _OoO

IR0 2, 2t0] S

E3t A (superposition) &

oot =

o’d  o'd
2 + 2
OX oy

18
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r Partial Differential Equation

.Assumption o 20,88 00

v JIA A =) ¢ Laplace Equation
78 |Hl (Newtonian fluid) v 2 = 0| : Governing Equation
HMHSH0| MO HIS MBHOZ H|dol= FH |—>
Bernoulli Equation
@ HI%%{‘, 85 (Incompressible flow)
oL)) 1 2
® HIEAM S (Invicid flow) PEJFPJFEPVCD +pgz=C
@ HI®IM |3 (Irrotational flow)
N X :
v P8 2| (Wave) 7 2kt Al Ghip)
® Small amplitude water wave Resulting motion will be small
(IR0 HIoH Mot &) @® The hull is slender
(6 Wave is periodic in space Zero forward speed
and time. The hull sections are wall-sided
(@ two dimensional water wave at the waterline

O D

] 19
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1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 285-290 ® . .
Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535~538) i : Incident Wave V.P.

- Superposition of Velocity potential! oL Radmton v,
|
v' Decomposition of Velocity potential

7 (XY, 2,) =@, (XY, 2,0+ P (X, ¥, 2,0+ P (X, ¥, 2,1) BRY w2001 801 KLt steady ALEHOIA
------ Harmonic Motion

{¢ (X,y,2)+d,(X,y,2)+ o, (X, Y, Z)}'e'wt (Transient motion 112 2+gh

.....

Time Independent Term (Complex)

d(x,Y,z,t) ﬂiRe}{CDT (x,y,z,t)} (or Take an Imaginary term)

ex) If ¢,(X,Yy,z) is not a complex (real) i If ¢,(X,Y,2) is a complex

Let ¢, (x)=a Let ¢, (x)=a+ib

=9, (X)eiwt (Euler B4l)

(D| = ¢| (X)eiwt _l Euler ZAI)

= a(cos ot +isin wt) = (a + ib)(cos wt + isin wt)

= acos ot + ia sin ot = (acos wt —bsin wt)+i(bcos wt + asin wt)

Re {®, } = acos ot Re {®, } = acos ot - bsin a)t—ccos(a)t—g)

Phase)l LIEl"l 20



1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 285-290
Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535~538)

~§qurnosition of Velocity potential!

v' Decomposition of Velocity potential

D (x,y,2,t) =D (Xx,y,2,t) + D (X,y,z,t) + D (X, Yy, Z,1)

= {8, (X, ¥, 2) + ¢y (X, ¥, 2) + (X, y, 2) &'}

.....

Time Independent Term (Complex)

@, :Incident Wave V.P.
@ , : Diffraction V.P.
® . : Radiation V.P.

AIZ2+01 &0I XIL} Steady & EHOHI A

Harmonic Motion
(Transient motion 112 2tgt)

o177, )0l HIHIOS Velocity potential Oty =23HA° T)|
‘ ‘ 6 ‘ A/
' ' A A —
2770¢|(X,y,Z)+770¢D(X,y,Z)+ §j¢j(x,y,2) {7702}53 :$OIII|: aAI'J
=1 f
° Muo] 2 EH Y (Given)
P (X, ¥, 2)=E b+ E) b, + E Gy + ELP, + EL P+ ES P =D END,
j=1 5] (t) ::"'.,é: j“‘.e
¢, 2810| jdior 2EHIL 12 M Velocity Potential T
g Muto] jurst 20| 37| (j = 4,560 M rotational angle in Radian) Il (Amplitude)

¢T (X,y,Z) =¢|(X,y,Z)+¢D(X,y,Z)+Z§jA¢j(X,y,Z)

21



llncident Wave Velocity Potential (1)

': Boundary condition
W

Wave Equation

(@ Boundary condition(B.C.) :

@ Governing Equation : ! (ggﬁaﬂ&miﬁ;ségaée; }C o2 Kinematic Free Surface B.C.
V2D - 0 | =, = R0 AN A2 =) || (No flow across the interface)
|

Lateral B.C.

™~

Lateral B.C.

f
\

Bottom B.C.
/

[\

Vi b\
hN
e SDAL “
V" N
WLy

Q)XAL dShpD ign Automation Lab.

NAOE/SNU hftP /! sdal.snu.ac.kr



[Incident Wave Velocity Potential (2]

' 2 Boundary condition

_ eal 0

Boundary condition(B.C.)

Dynamic Free Surface B.C.

Lateral B.C. |'

Bottom B.C.

I /

" T
\' 1, T

Lateral B.C.

(D Kinematic Free Surface B.C.(KFSBC)
: BHS AOI)| &3

(flow)0l 71 HOHAM =

SHEHUIM AXIel £5J1 S Z0H0F St

od
QMO 7 Wt £ W ="
Z
II_%EEQIZE':}%:&E dn(X,t):677+877 dX:677+u877:877+8CD 877
dt ot oOx dt ot OX ot OX OX
dn ob on 0D on
W=——"—> =
dt 0z Ot 0OXx OX s
@f»‘f’:\m 23

SDAL

dShpD ign Automation Lab.
http ."I sdal.s c.kr
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[ Incident Wave Velocity Potential (3]
‘. Boundary condition

-‘ b
Boundary condition(B.C.) *n . zZ49kgF Y
Dynamic Free Surface B.C. Kinematic Free Surface B.C.

Lateral B.C.

Bottom B.C.

| T |

I I Lateral B.C
| h | e
| L u I/

| 1 |

| |

(@ Bottom B.C. (BBC)
: HISSHOIA A7 AHSHU HISC = MO =0 (Impermeable) OIS 20| M E

(HEHBIO| £5) = (HIEHRIO| QHIO| BE) > 00|
- (Bt S EE0f 9008, O et
(HISHO &) = ; ar E, HESH0] A1 z=-hOfl A
(I:ITC":“ Sl 25 v oD (Horizontal bottom)
s el =I)= n=-— !
on J——h i od

=0 24
0z

z=—h




_ el 00

[ Incident Wave Velocity Potential (4]
‘. Boundary condition

i %1 . S HIOE
Boundary condition(B.C.) n . zarel HY| Sermanl Hapeiiien
Dynamic Free Surface B.C. Kinematic Free Surface B.C. oD
. p—+P+—p‘VCD‘ +pgz=C
/ \ o
I
———————————————————————— — X

Lateral B.C.

Lateral B.C.

\i WL“ Bottom B.C l
| feenee] |

|
|
l
® Dynamic Free Surface B.C. (DFSBC) : ZHIHUIM gXHlC] &= o1t Z010f e

Wave)} HMED| M MEHHE 112401,V =VD=0,P=P, (on z=0) 0|B&,P,, =C
Wavell MMEIUE [H, Bernoulli Equation0fl 2]0H EWOIIM Mo eE2)

oD
p—+P

ot
oHH, ZAHB0IA BB AF[2 U2l 2828%, |

(PSurface = I:)atm (on Z = 77))

oD
p§+/ + — p‘VCD‘ + p97n —%

2
+Ep‘V(D‘ +p9n =P, (On z=1)

Surface

ot 2 .

+
|
<
ol
+
(@]
S
I
o



[Incident Wave Velocity Potential (9]
‘. Boundary condition

_ eal 0

Boundary condition(B.C.) *n . Z4rel Yol
Dynamic Free Surface B.C. Kinematic Free Surface B.C.
z / L \ "

Lateral B.C.

~

Lateral B.C.

h
Bottom B.C.
/ 1

@ Lateral B.C. (DFSBC)
: FIPDLLAESICHE ZH0 CIOH Periodic lateral B.CE M E3l[}.

d
[
o
=/
0
i
re
[

O] FJ|(wave period)& T, M}Z&(wave length)& L 0|2t1 O}

O(x,z,t)=D(x,z,t+T)
d(x,z,t) =d(x+L,z,t)

“3\

2 (QUSPAL  *°

‘»)XAL dShPD ign Automation Lab.
NAOE/SNU hftp /! sdal.snu.ac.kr
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[Incident Wave Velocity Potential (6]

' 2 Boundary condition

_ eal 0

Boundary condition(B.C.)

1Sk
oo

n:.z 8

Dynamic Free Surface B.C.

Kinematic Free Surface B.C.

Lateral B.C.

Bottom B.C.

Lateral B.C.

U

@ Kinematic Free Surface B.C.(KFSBC)
od on 0D oOn
oz ot ox ox o onrEw
@ Bottom B.C. (BBC)
oD B
a—zzz_h -

<Summary of the 2-D periodic water wave boundary condition>

® Dynamic Free Surface B.C. (DFSBC)
oD
P + —_
ot

® Lateral B.C.
d(x,z,t)=D(x,z,t+T)

‘VCD‘ +917=0 (on z=7)

d(x,z,t)=Dd(x+L,z,t) )
Nf?))éi;l;u h

27
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[Incident Wave Velocity Potential (7)
‘1 Linearization(M& 3}
) —

(@ Kinematic Free Surface B.C.(KFSBC)

ob oJn 0D oOn
0z ot OX OX

=0 (on z=n)

Tayler series® MI{OIH, (High Olrder Term)

Eacp_an_a@anln_(acb_an 6<I>;%j 0 5}1{_5}/ 5®%)ZO+H/@4ZO

o1 ot oxox)_ \az ot pKox) . Tokar Sat K ox
CGIJ1M THEEO0N HIOH MtaDF 20 IR e o=z, 7 <<1
oD oD
= — <1l ,w = — <<1

z=0 OX o z=0 07 o

A2 0l 5 i 01 So0l2l ZRSE FAIOHH,
o 0Onp : : : :

[—— E] =0 => Linearized Kinematic Free Surface B.C.(KFSBC)

Z z=0

28



[Incident Wave Velocity Potential (8)
‘1 Linearization(M& 3}
) —

® Dynamic Free Surface B.C. (DFSBC)

o —\vcb\ 0
L + +9n = (on z=rn)

Tayler series= MJ{OI™

od ob 1 2
[—+—‘V(D‘ +gryj :(—+—V +g77 +77— — /
ot 21 ot

0171M THELON HIOH M7} RCHD] JpRgoDa 4 <<

oD od
u — <<1l ,w = —— <<1
E 8X z=0 e a z=0
42 HOl )i 0l S0HX BLE FAIOIH,
oD 1 od
—+4an =0|::> n=—-———— (on z=0

=> Linearized Dynamic Free Surface B.C.(DFSBC)

(High Order Term)

29



[Incident Wave Velocity Potential (9)

' 2 Boundary condition

_ eal 0

Boundary condition(B.C.)

*
n:z288

b

Dynamic Free Surface B.C.

Kinematic Free Surface B.C.

Lateral B.C.

Bottom B.C.

Lateral B.C.

U

(@ Kinematic Free Surface B.C.(KFSBC)
obd oOn
——=—" (on z=0)
0z ot
@ Bottom B.C. (BBC)
oD B
0z z=-h

<Summary of the 2-D periodic water wave boundary condition>

® Dynamic Free Surface B.C. (DFSBC)
1 00

g ot

@ Lateral B.C.
O(x,z,t)=D(x,z,t+T)

(on z=0)

O (x,z,t) = Dd(x+L,z,1)
;LA)XAL' ds”PD ign Automation Lab.
NAOE/SNU hftP /! sdal.snu.ac.kr

30

SDAL



[Incident Wave Velocity Potential (10}

': Boundary condition

el -
Boundary condition(B.C.) . Z9keE HY
Dynamic Free Surface B.C. Kinematic Free Surface B.C.
z / L \ "
________________________ _,x
Lateral B.C.

Lateral B.C.

o T
\: Lu Bottom B.C h
 feenee] |

(D Kinematic Free Surface B.C.(KFSBC)

od On o0  10°0
2 o Y > 0z g o’
® Dynamic Free Surface B.C. (DFSBC)
20 o°D oD
n:_iécb tEUI_ﬂgn:_iqu . +g—=0 (on z=0)
g ot ot g ot’ ot 0z
(on z =0) (®, + g, =0)

=> Linearized Free Surface B.C. 31



[ Incident Wave Velocity Potential (11]
‘. Boundary condition

_ eal 0

Boundary condition(B.C.) 7 2 HY
Linearized Free Surface B.C.
‘ O +9g®P, =0 (on z=0)

!

|

!

| 1o GLGE
I ju—

!

Lateral B.C.

' |
' I

: : Lateral B.C.
! ‘ Bottom B.C. h .—
| u | ©(X,2,t) = D(X,2,t+T)
' I

' I

I ]

oD
e (on z =—h) X,Z,t) = d(x+L,z,1)

SIS

;\Lz »Q
) SDAL

‘B)X‘L ds”PD ign Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



[Incident Wave Velocity Potential (12)
‘. Boundary condition

B -

pounery cona TEEER o = o (x,2,1) OLA AIZHOI THEE D] S4E JHAD
Linearized Free Surface B.C.
q)n+gcpzzo(on z=0) AI?_I' %I'; EEIGI'E,

® = Re {¢(x, z)ei“’t}
(4 (x,z) : Complex amplitude of the velocity potential)

Lateral B.C. '

I W I
L L B.C.
\I | Sy LetemBc h 120
i l oy momnt Dl 1 Velocity potential@ XIHH &A1
( =—-h) X,z,t)=®(x+L,z,t
' 2 (7 ¢ ' SH =240 oM,

® XItH 24
=V2(g(x,2)e"" )= (V2p(x,2))=0

V=0, [a¢ 8f OJ
OX 0z

@ Bottom B.C.
@:eiwt%:() — %:0 (on z =-h)
01 0z 0z

@ Lateral B.C.

@ Linearized Free Surface B.C. O (x,z,t) =d(x+L,z,t)

O, +90,=(-w’pe +gg, e"”‘) 0
e'' 2 U5H,

—a)2¢+ g¢, =0/ (on z=0)

p(X,2)=¢(xX+1L,2)

4

5\

‘a

T
««4»

B (QsbAL =

,‘»)XAL dShPD ign Automation Lab.
NAOE/SNU hftp /! sdal.snu.ac.kr

’/

<<(f
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Boundary condition(B.C.) N ZHE B9

[ InCident wa\’e Linearized Free Surface B.C.
* Velocity Potential (13] 0. om0 0 2-0
W

Lateral B.C.

/t Lateral B.C.
\I Bottom B.C. h |/
o0 |®(X,Z,t)=®(x,z,t+T)
| /a_z: (on z=-h) |d>(x,z,t):®(x+ L,z,t)

Boundary condition(B.C.) "oz EY

Linearized Free Surface B.C.

—a)2¢+g¢2:0 (on z=0)

I
Lateral B.C. |} |
\I W I Lateral B.C.
: ‘ Bottom B.C. h :/
| u 9 ' p(x,2) = p(x + L, 2)
: ) (on z =-h) | :

'ty SDAL _**

/“‘A)xL'K Advanced Shi p Des gn Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr



[

1) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,2005,Ch12.5(p552~562)

Incident Wave Velocity Potential (14)

i —
a5t =8t Chapter 12. 51): @ Boundary condition :  ( Dirichlet B.C.")
(2-D Heat equation of "
Steady state )
(® Governing Equation :
Seio MEAS mof 242 (2 2N Z210| H8F
38 Ol 2t} cist @ Boundary condition(B.C.) : ( Robin B.C.")
(Wave Equation) E Linearized Free Surface B.C.
| —w? —0 (on z=0)
() Governing Equation : | w/¢ + 9. |
| Z L
2 ! _
Vig=0 : [ . 2=t L X
: | |
0 ¢ 0 ¢ : Lateral 8., 1w T I Lateral B.C.
2 =0 E \l Bottom B.C. h 1.—
ox” ay !
. | U =55 ) l I 4(x,2) =g(x+L,2)
! ! @ _ )
! | / 07 (on z=-h) I B5

Advanced Ship Design Automation Lab.

W e
,“*»)xg&
http://asdal.snu.ac.kr

NAOE/SNU



[ Boundary condition(B.C.)

- 28 Y
N wa\’e Equation 19|'E [1] Linearized Free Surface B.C.
'~ .

Lateral B.C.
|
Lateral B.C.
@ Velocity potential¢ =x,z 2 &= 0I12E, \I T% Z(:tomm h I‘j(x :)e:rf;(HL 2)
4 22| (separation of var1ables)0|| OjoH , /a7~ %on z:—h)l : | |
6= F(x)-G(2) 8 8 % ULL.
Laplace Equation
V?¢ = 0 : Governing Equation
@ Laplace Equation0fl (HI0HH,
, 0°¢ 08’9 O°F 0°G
Vg=——F+—="—F5G6C+F—F=F G+FG, =0
OX 0z OX 0z

G F Fo+ PF =
—_— zz+ XX :0_> zZ X :p —
G F G F G, pG =
(- xQtz2EO| BT} U2 U ML)

‘\LL‘L.A

WGHR

36
,-».\XLK SDAL

Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr




[

“Wave Equation 8% (2]

— .
Lateral B.C.
R L e == K e
u
= | %_ | #(x,2)=¢(x+L,2)
F +pF ° l /az_o(on Z=—h)l I

Boundary condition(B.C.) o ZHE B9
z

Linearized Free Surface B.C.

)p<0m, p=-v>0lctOIH,
F,-v F=0 —>F - A" +Be ™
Lateral B.C.0ll 2100 x0fl LH®t =J18=0OF Ot=Ul exponential &= FII&=I} OHL.
A OOt & = 8lS.
0 & [H,

W=0 —> F = AXx +B

F(x)=A&X+B=F(x+L)=A(Xx+L)+B

.F(x)=B
wavee x0fl Wt FIMe 2 ‘H'0l= Ul, 012 Q=0 9&%.§
%fé_f"*‘%o 37
WaLA OHJ 2 2 8l ) SDAL ...

NAOE/SNU hftP /! sda i k



[

-Wave Equation 8% (3]

W

F.+pPF =0
G,-pG =0

(i) p >0 & O, p = k*0lct OFH,

F +k’F =0 =——>

Lateral B.C.
N

Boundary condition(B.C.)

Linearized Free Surface B.C.

~w’¢p+9gg, =0 (on z=0)

Lateral B.C.

Bottom B.C. h
04 l

Lo
¥ 52 (on z =-h)

o(x,2)=¢(x+L,2)

F _ Ae ikx Be —ikx

(Euler 3210l CI0H ™ =

—cos kx +isin kx OIBE,

x0ll tier D] &0 S&E JId -> Lateral B.C. QIX)

_—k’G=0 —>|G(z)=Ce“ +De “

SUEDD

[

) SDAL *®
N N

4y

/‘Lé)xLL Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr




[ Boundary condition(B.C.) N ZUEsE W

| : (@ ) C [3] Linearized Free Surface B.C. z

. Wave Equation =X PP —
||. .

Lateral B.C.
N

!
\: 1; ' Zo;tom B.C. I
| h)

2 _0
¥ 52 (on z=-—

Lateral B.C.
o(x,2)=¢(x+L,2)

F=A"+Be ™

lJIH et
F(x)= A'cos kx + B'sin kx = F(x+ L) = A"cos( kx + kL) + B'sin( kx + kL)

kL =27 (OHLUO] waveBt }FJROCBZ  onz 2t OFXl 21, 2z ¢t &)

27
k==
L wave number k : 8t FJ|(2z) Ol EIHO= wavel S

/\ /\ Afmsmx BIE SO1 f (x)=sin3x & AL, wave
0 27 number= 30|, x = 058 & 2z AFOI0lI

v \/ v 37H0] Tt S UL

B (@spaL__*

/“‘A)XLK Advanced Ship Design Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr




[ Boundary condition(B.C.) oS WY
| a o [ ] Linearized Free Surface B.C.
.Wave Equation 8% (4
@ Bottom B.C. M Lateral B.C.

\I T Bottom B.C. h L Lateral B.C.

o oG , k2 #(x,2) = g(x+L,2)
—¢:F—: F(Ckek —Dke k) | /Z_fzo(onz__h)l:

0z 0z

0

i = F(Cke ™ - Dke ") =0 |

82 =i Ae ikx n Be —ikx

( $(x,2) = F(x)- G(Z))
| F |
|\G Ce + De ™ )l

cusl,
L= Cke " _ Dke ¥ = 0 =——b C — De 24
G(Z):Cekz+De—kz _ Dem(h kz+D _ D( 2kh kz +e_kz)

kh kz +kh —kz —kh kh k h —k h
= De (eZ+ +e )=De (e M 4 e ‘“))

i G(Z) ) ekh (ek(z+h) + e—k(z+h))

G(0) = De kh( " +e_kh) E - ekh(ekh+e—kh)
i k(z+h) -k (z+h)

0{7IM G (0) =1 8 BHEOI= DE HOMH, _e T te _ cosh k(z+h)
e +e cosh kh

1 |
D = | o i rcosh k(z+h
e (" +e™) | ) = (e s Be )2 XEED)

! cosh kh




[

-Wave Equation 8% (5]

[ ——
(® Linearized Free Surface B.C. M £

~0°p+9¢, =0
l¢=F(MGU)m%

~w°FG +gFG , =0

z

G,G, e

Boundary condition(B.C.)

Linearized Free Surface B.C.

—a)2¢+g¢Z =0 (on z=0)

Lateral B.C. I :
w
\] /t Bottom B.C. h e Lateral B.C.
' - 9 _y l | ¢(x,2)=4(x+L,2)
l o7  (onz=-h)y |

-

dG

>
_cosh k(z+h) )

sinh k(z + h)

G = =k

dz

(
| cosh kh
|
y

|[¢(X,Z)= F(x)-G(2)

| F = Ae

8

, cosh k(z + h) sinh k(z + h)
+ gk =0

ikx —ikx

+ Be

|
|
cosh k(z + h) |
cosh kh J

cosh kh cosh kh

lzomg

) sinh kh

" = gk — = gk tanh kh

cosh kh

- @’ = gk tanh kh

=> dispersion relation

41




&3] - Dispersion Relation

v Deep sea & [}, (h—)

o’ = gk tanh kh ~ gk

| |

h— co

- - . ekh _ efkh ekh

lim (sinh kh) = lim =

h— o h— 2 2 !
. - ekh + efkh ekh

lim (cosh kh)= lim =

h— h— 2 2

_ sinh kh e /2

lim (tanh kh) = lim e

h— 0 h—x cosh kh /2

Advanced Ship Design Automation Lab.

o /SNU http://asdal.snu.ac.kr



[

\

Boundary condition(B.C.) 7 : 7K He]
UU a e Am DIitUd e Linearized Free Surface B.C. Dynamic Free Surface B.C.
o V ~o’ = = 100
o°¢+9dgp, =0 (on z=0) TN
/ ;9 ot
= YA

v Dynamic Free Surface B.C. 8 & ——i 1I_>x
I wW
Dynamic Free Surface B.C. : . T» Bottom B.C. h -1 2teral B.C.
N o . | Yo l | 4(x2)=p(x+L,2)
“ ' X Tl ¥ 97 (on z=-h)
__Loe _1olptene™) | 1o b e L2 .
at 8t - ikx —ikx
. ’ L-—g--‘l L, Wave Amplitude (¢(X, z) = (Ae “ +Be " )G(Z)\
' i cosh k(z+h)
A @ lw ikx —ikx G =
U=—?¢(X,Z)=—?(Aek + Be )G (2) L o K J
=22 r-2 aem g
: B p(x,2)0l A=TB,B=-p,
(4]
. ikx —ikx (0]
loB ([ A . —ikx n=in (ek +Fek) e
= | Ze™ 1 Xe I‘jc;(z) v 0
g B

$(x,2) = (CBe™ + Be ™ )G (z2) = B(re™ +e ™ )G (2)

_ _gno(reikx + e—ikx)G(Z)
(0]
9 .

=-—1G(2)
lo

43
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N
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o
=
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Boundary condition(B.C.) L -

[ InCident wa\’e Linearized Free Surface B.C.
* \Velocity Potential (15) o804, -0 20
v ‘ n(x,t)

. Lateral B.C.
<Summary of the wave equation>

I w
\| h h Lo Lateral B.C.
I y 99 l | #(x,2)=¢(x+L,2)
]

=0
| ¥ 57  (on z=-h)

Y @, (x,2,t) = Re {4, (x,2)e'"}

v ¢|(X’Z):—g770(l_‘eikx +e—ikx )G(Z) [G(Z):cosh k(z+h)j [>

) cosh kh

cosh k(z + h)

If Deep water, (h — ©) | lim G(z) = lim

| h— o h— o COSh kh |
k k(z+h —k(z+h k(z+h
G(z)=e" | e _grkm gk
= lim = lim =g
hes o0 ekh _ e—kh hes o0 ekh

Plane progressive wave9| AL, (+)9lsto = XIMIE JIAOIH, I'=0

A\ 4

¢, (X,2) _ _ gnoe—ikx ok

4

44




Boundary condition(B.C.) L -

[ InCident wa\’e Linearized Free Surface B.C.
*elocity Potential (16) 04 96,=0 0 220
v Z .kt L X

Lateral B.C.

|
\| W/B h 1 Lateral B.C.
I U 59

| #(x,z2)=¢(x+L,2)

| Ka_zzo(on z=-h) I
Step1.
OHAMIIA IfQl Ml ¢ M HS| no\w\ \
Step2.

Dispersion Relation@ & FE{ Wave number H| At gk tanh kh

Step3.
Velocity Potential210f] [H&!

45



! Incident Wave Velocity Potential (18]

00 v = v =
[0 s O s O
- 2 O 2 O
ok
KJ

A
A 4

R R
. 5 O 5 O
ww 20 2 G
|
-3 < >
J nAw
ol
=0 M g >
< I
0 Bl o
“o ; 3 \.|z_|TWA N
. T
2 i

—ik (xcos p—ysin u) _kz
e e

9

> ¢|(X,y,Z)

@

46



[1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 285~290

Radiation Wave Velocity Potential (1)
~—

v Radiation wave velocity potential

D (X,y,z,t) = ¢R (x,, Z)eiwt = Z §j¢j (X, Y, Z)eia)t

v Boundary Condition"
(1 Free surface condition

0¢.
, =0 (on z=0)
0z

(2) Radiation Condition : D} 30| AGIH A

I]I"_'I

Radiation Force

¢ e as y = to0 (j=1,-.6)

(® Body boundary condition : M8 HHWHIM SH X} HEHO| £E) S

0D 0, . S, : AFHY
:V =Ia)n.(0n SB)
on " on j vn P ASHBH0 X0 A5
} —L\ : Generalized normal component
o XS0 TSt oo 20| TSt
Sl £ M Ml BRHO| £5 A

I a7

=
oo
=)

(M Bl =&) | | (&M FHO

-I>




[1) Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50~55)

Radiation wave Velocity Potential (2]

Given - Governing Equation: V%4, =0 (j=1,,6)

- Boundary Condition :  —»%¢+ gg¢, =0

Fiky
]

#, < e

Radiation Force - Motion of the Ship . 51‘ - 51 e’ ()= 1/
a5, Gt o

@ Considering Simple Example?)

N Given: v°p, =0

- Boundary Condition :

0 _ —cos biw  (r=R)
or
$,=0 (r>x) ¢,=0 Le:-%,ezgj

- Motion of the ship : & (1) = £/’

, 48
Find : ¢,




' 1) Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50~55)

-Radiation Velocity Potential (3]

Y

Zy v 2Nl BH 3AH XA
: =M BHO| £5= |FHIO £ 2
(kinematic Boundary Condltlon)

* S XIHHl A2 (Polar Coordinate)

IJQ

-— (y,z)=(rcos€,rsin9)[r=R,—£s9££j
2 2

oD
SH BHIM QMO 25 - —

49

or
@(r,0,t) = & g, (r,0)e"
. 0P A 09 im
LMl % AT (0= RPN S | 5~ % 5 0
w = ddt3 = &liwe' aq)w _____________________________________
ZHIO HIXIS We &5 M2 o (AZ0] +0122)
W, = wcos 6 = cos 65, iwe &, a;r“‘ei“’t =i=cos ¢ iwe' (r=R)
0 _ —cos biw
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1) Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50~55)

Radiation Wave Velocity Potential (4]

50



Zy

_Radiation Wave Velocity Potential (5)
-

10( 0¢,) 1 0°9,
il r + > 5
r or or r- oo

104, 0°¢, 1 0°¢,
i + S 2
r or or r- oo

!

2 2
2 0%, 04, 0%,

2

=0

or* or 96’
1 r’F_+rF —k’F =0, G, +k’G=0
, (Euler-Cauchy Equation)
r ¢3rr T r¢3r + ¢396’ = O 1
1 F(r)= Ar“+Br G(9)=Ce"’ +De ™’

¢,(r,0) = F (r)G(¢)ct OHH,
r’F.G+rF.G+FG, =0

N /

$,(r,0) = (Ar* +Br *).(Ce™ + De ™) 51

h



Zy

_Radiation Wave Velocity Potential (6)
-

o(r,0) = (Ar “ 4+ Br _k).(Ce ko | De _ikg)

!

3H =4 (1)E HUOHH,

0
s ~cos fiw (= R)
or
3 _ |
e i (AkR “ _ BkR "“1)~(Ce “? + De "'”’): —¢os fiw
or r=R

!

AR “"-BKR “'=-0 = AR-BR’=-0 ]
Ce™ +De ™ ol
1 =
C(cos k& +isin k@)+ D(cos k@ —isin ké)=icos @
(C+D)cos k@ +i(C — D)sin k& = icos

!

k=1,C=D=i/2 =—> G(0)=icos @

® —icos @

I



[ Zy

_Radiation Wave Velocity Potential (7] )
W l <—R—>I773

l _____ U y__
19 r
|
|
2 1 ®
. R . 0
|

F(r)=R’or ' =0 —
r

G(@#)=icos O

¢,(r,0) = F(r)G(6?):—R wi cos 6
r
A ot AR2 . ot
LD, = 0,(r,0)e =&, —wicos 0 -e

r

53



1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-22~23

[ H H Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 17,Ch18
| a |at|0n ave 0152, Hees ZEE, SAS D SHE, 2004, pp93-101, pp91~93

2) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30~36

\ \Ie I 0 C ity Pote nti al [8] Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)
Olsd, de2s XEE, FAUS L SES, 2004, pp93-101

I ——
XA AHIO| 2} . . . . )
0o wusrg | | CTVen - Governing Equation 1 V74, =0 (j=1,.6)
- Boundary Condition : _ 4?2 _ : (on S.)
&= =) ry 0 ¢9+9¢p,=0 :5¢j:ia)n B
¢,—°€e$iky,as y — oo 1 ON .

- Motion of the ship : &, =¢"e"" (j

Find: ¢, (j=1,-.6) K D

@ How to solve ? —

Radiation Force

Lewis Conformal Mapping? (2-D) Singularity Distribution Method? (2-D)
Bg
\- ¢ - plane £ < Iz - plane
\ % VP ACS? .
8 ’ Line
g S . r is 6 is costant - Source

y y 2} LineOlC} Source 2.

Mapping . :1+ﬁ+a_3 8H X4E IUE0IES

Function ;0P Source Strength 12&.

54
Panel Method (3-D) -+« (JIE} )




Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-22-23

1) Journee, J.M.J.,
Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 17,Ch18
HEl2S XEE, RAUHE W SEE, 2004, pp93-101, pp91-93

Olo;, (A=)

* Radiation Velocity Potential (9]

v Lewis Conformal Mapping" (2-D)

W - p_Iane [— .

&

o}
o
0]

(r,0)
e 0 is
constant
‘n constant 1
- a a
e ]
s <

Ship design, Ship Motion & Wave Load,2008.6

S
»y)

r is 8 is costant
constant

DUED

R 55

) SDAL

Y, Y

)‘g)x‘ Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr
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:

\JRE_Qiation Velocity Potential (10)

Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30~36
Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)

0152, dotes ZES, 2AstD ST, 2004, pp93-101

S T, - ey

v Singularity Distribution Method? (2-D)

% Laplace equation on polar coordinate

10( 0 1 0°

Lof20), 1%

r or or r- o6
-0 -0

E Ala:l )'IEQII'EIIEE EX" gJ:“E% gg*lalﬂy Let 2-D source ¢ =Inr
0l E0|™S9| A% (Strength)E 70N opg 1 04 i(r%j % o .
HH &9 velocity potential& F0t= W or.r or ory o 06"
Given : 0| (source, doublet, vortex) NIHOl OIXI==Jt EIHE
O] AH|XHOS HE| HIX{Al 215}
Find Given
0
A/ | > _y,
$=> 0,4, on
m=1 56




'1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30~36
Faltinsen, O.M. , Sea loads on shlps and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)

0152, MBI S ZEZ, SIS D ZTE, 2004, pp93-101

 2XFH source : ginr

Radlatlon Velocity Potential (11)

_M

x) A0l s, =12 2SS WM,
Velocity potential& -T'GMIQ.

Zlk

¢, It TOHE

Step 1. HIAIE 65 & BHO}.(S,. -, S,)

d

Step 2. SEEH it ™ AOIE M2

Z0t1, 2 Line segment0fl
Lme sourceE =X AIZICE. St Linell
== sources #2 A& (strength)& JIE

- B (7(s),<(s)) Ofl }XIBE D) g, Ol source

> g Iny(y-n(s) +(z-c())

- Line(s,s. )0l X & Line source

m m+l

+(z-¢(s)) ds

> s0-0f

d

57
Step 3. SourceE OIS1t 20| 2t Line SourceE9| SO 2 J1A Tt

b:(y.2) =3 A, =3 0, [

InJ(y - 7(s))" +(z- ¢ (s)) ds




Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)

[1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30~36

0152, dotes ZES, 2AstD ST, 2004, pp93-101

SU, TS ST,

Radiation Velocity Potential (12]

B S—

ex) HHAO] £ (1) =1-¢e

on S,

ot o =< Ol
E E% =3—] ’

Velocity potential& FO0IAI2.

_ r 4, It 0N

£y =1e"
y

#,(y,2) =) Ad, => q,

Step 4. M| AHl £ (Body boundary condition)
0¢

3

= iwn
on i
04, _q 0T _ 2 (2 - ? ds |
> LHS: — - % — Ljslsz n(y=n(s) +(2-¢(5)) L

0 2 2
+q2—r In \/(y—n(S)) +(z2-¢(s)) ds |
6nL 5283 J(ym,zm)

+ ...

0 2 2
+q6—[ inJ(y—7(s))* + (2= ¢ (s)) ds |
on LSSy

—|(Vm'Zm)

= RHS : iwn, = —lwcos 9‘(

Ym o Zm)

[y -n() +(z-¢())as

m>~ m+1

UEID
Y] 58
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Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)

1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30-36
olsd, *d%“i’% ATE, PHUE W SEL, 2004, pp93-101

* Radiation Velocity Potential (13] -

4

=Ml ZHl ZA (Body boundary condition)

0 2 :
4~ [ Ny =n (o) + (= £ () as ol

- —(ylyll)

\/ (y-n(s)) +(z-¢(s)) ds | =-lwcos 6,

a— [ In Jy=n(s) +(z-¢ () s
on 515,

L _(yz’z) T LLS |“\/ (y- U(S))2+(z—§(s))2ds}(yzz) = —iwcos 0, ,,

qlainﬁslsz n \/(y—n(S))z 4 (2 _g(s))zds}(ys ) +eedq, %{ISGS? In \/(y—ry(s))z +(z —C(S))stlya - =—iwcos 0, ,,
SEEAL : I

OIXIZ: 630 a,.--.q Now we can find the solution !!!

g& SDAL *
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[1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30~36

Faltinsen, O.M. , Sea loads on shlps and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)
0l&d, AJ%“SE IEE, PAHUHS W ST2, 2004, pp93-~101

* Radiation Velocity Potential (14) - =
\ 4

Step 5. WHAIZ Matrix HEHE LIEHHY,

2 . 2 —I . - 2 —| -
L LLS In\/ (y=n(s)) +(z=¢(s)) dSJ(yl,zn 5 an LL s, |n\/ (y=n(s)) +(z-¢(s)) dSJ(yl 2) iwcos 0,
Ill |16
= Gl + TSETAh
6 % b,
q1|21 + : | g= | : | b = | : |
|66J ngj LbGJ
q,lg + ’
ST o0
%"ﬁ‘% g AégﬁanAutomation Lab.

NAOE/SNU http://asdal.snu.ac.kr




1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30-36
Faltinsen, O.M. , Sea loads on shlps and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)
0l&dA, AJ%“SE IEE, PAHUHS W ST2, 2004, pp93-~101

* Radiation Velocity Potential (15] - =
\ 4

(&) 'y o Al

t(y.2) =l (y-n(s)} +(z-¢ () 2t OFH

of y =7 (s)

“(ay’z)_w.n_[i,ﬂ}-(nz,ng) [y (y-n() + (=< ()
n

4

_oF
Ijk _anLJ S

Sk k+1

|
‘af_ 1< () |
Laz (y-n(s)) z—g(s)J

inJ(y-n(s) +(z-£(s)) ds}

(yj.zy)
:_[ n Y~ 1) +n 4o ) ds
so |y, —n ) + (2, - ¢ @) ‘°’(y,-—f7<s>)2+(z,-—4(s>)2
&8 (@SbAL _ *

Advance dShpD ign Automation Lab.
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1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft Univ. of Technology, 2001, Ch 7-30-36
Faltinsen, O.M. , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 104~108)

Ol Mut2s ==, 2AHE D

SU, TS ST,

£, 2004, pp93-101

' Radiation Wave Velocity Potential (16)

W

Linearized Free Surface B.C.

~0°p+9gp, =0 (on z=0)

%

MetA, S0t AEJO] 2XHA source (qinr) WA

(=]

Free surface condition€ QEED}l= Green functionS A%t

ex) Green function introduced by Wehausen and Laitone(1960)

1 [ _ L a-ik(z=¢)
G(Z,g,t) = ;{Lln(z —é/)— In(z —;)-l— 2-PV IO VTkoFCOS ot
—e T D sin wt

complex notation : z = x+iy,{ =& +ipg

Wave number : (= »?/g)

Wehausen, J.V.,Laitone,E.V.(1960), Surface Waves,
Handbuch der hysik,edited by S.Fluegge, Vol.9,Fluid Dynamics 3,Springer Verlag,Berlin,Germany,pp 446~778
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[ 1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 285~290

_Diffraction Wave Velocity Potential (1)

. 0
AL2HIL0f o]t B! v Diffraction wave velocity potential
D (X, Y,2,t) =, (X,y,2)e'”
v Boundary Condition"
Pe—— @ Free surfac% condition
—a)2¢D+g Po =0 (on z=0)
01

(2 Radiation Condition : )} 10| 2HAGIEH A

I]I"_'I

Fiky
¢,ce , as y—> too

|

v — 0 |f‘> o +45) _, |j‘>%:_%(on s.)
0

n on on
(on S;)

Sg:
V.,

3 Body boundary condition : 418t HEHNIA] SHI &

m*
T
b

0
FH
g ra
=

1

d

o

Iy

1
—



[

_Diffraction Wave Velocity Potential (2)

L
At2HIHq oj st 8! Given - Governing Equation : v?g_ =0
- Boundarv Condition : ..
ry _w2¢D+gé‘¢D 0 :§a¢D:_%
.oz | on on
g oce’, as y > too (on S
Diffraction Force Find : ¢,

|

oo B M 8 £ AX|TE Body Boundary Conditionn}

Green 2" TheoremE AIEOIM, ¢, & ¢4, Y% ¢, E WMl JIS

¢,,¢, are the solutions of Laplace equation.

. 2 2
Both satisfy Vg =0, Vg, =0

o, 0
[0 7 oA =167 oA -
”‘~o\’4

G

<<(f4

} ;f(((é

SDAL
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ig, Advanced Engineering Mathematics, Wiley, 2005, Ch10.7 (pp 458~462)

'Proot) Green Theorem

' Divergence Theorem of Gauss"

: (Theorem 1) Divergence Theorem of Gauss \

(Transformation Between Triple and Surface Integrals)

Let T be a closed bounded region in space whose boundary
is a piecewise smooth orientable surface S.

z

F(x,y,z) : avector function that is continuous
and has continuous first partial
derivatives in T

(2) wv-de :ijF-ndA

Fig. 250. Example of a special region

Using component, F =[F,,F,,F,], n =[cos a,cos f,cos y]

’ oF, OF oF .
(2°) [[[ (—+—%+—")dxdydz = [[(F,cos @ +F,cos § +F,cos y)dA
T OX oy 0z

\x = ([ (F,dydz + F,dzdx + F,dxdy ) j
S

ST ™~




r
Proof) Green Theorem

1) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch10.8 (pp 466~467)

Divergence Theorem : j” VeFdV = ” F endA

(Example 4) Let F = f Vg

LHS: VeF=Ve(fVg)=Ve {f,f , f D

of o9 0°g of o9 0°g of o9 0°g
= ——+fF—t| ——+f —|+| ——+ T —

OX OX OX oy oy oy 07 01 0z
= fV°g+VfeVg

5
RHs: Fen=neF=ne(fVvg)=f(nevg)=f >

on

(1) Green’s first formula

m(fv g+Vievglly = ”fa—ndA .




:
' Proof) Green Theorem

1) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch10.8 (pp 466~467)

(1) Green’s first formula

m fvig+ VS ng dv = ”fa—ndA

(Example 4) Let F = f Vg

m fVig+Vfevgldy = ”f—dA -> @

on
'L;;"'F";';;"v"f """""""""""""""""""""""""""""
of
”j gV’ f+Vgon dv = ”ga—ndA -> @
(2) Green’s second formula
of
D-@: jﬁfv g-gV’fldv = ”[fa—n— —]A -




. Proof) Green Theorem

1) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch10.8 (pp 466~467)

(2) Green’s second formula
of

m f V29— gvf )iV = ”[f__ a_n]dA

If f.,9 are the solutions of Laplace equation
Both satisfy v*f =0, Vig=0

From Green’s 2" formula, we can derive an equation (3)
af
j j f — - dA =0
8n

Hal‘
o

”f dA ”g—dA

clOt0l, & Il g€ ¥

flio
HI
IIIIO
EE

DUEIND

k) SDAL  *°
"»)X‘K Adva ds”PD ign Automation Lab.
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Step2.
Forces & Moments
actlng on the ship

juiw C |

uDDDDDUIIDDDDDDDDDDDDDDUUGUJLHﬁ”
JJDDDDDDDDDDDDDDDDDDDDDDGDDDUdLU
10000000000000000000000000000000
J00000000000000000000000000000000
Oo0o000oo000no0o00o0onooononooooononn
10000000000000000000000000000000 C
o o o o

1000000000000000000000000
o000 O000000nOonOonoi

A dvanced
S hip

D esign [

A\ utomation
|- aboratory



(B9 :x =g, .&] )
1C_>rE Y \ |:||'O-" IF%UI.E g (M,A,B,C : 66 Matrix )

10| A+ HM MHI0f Ot X E ‘ | Step2
(S HI0N CloH AM4t0] W= Slif DHE) J'J'ands 3-D (Strip method)

dF : OtLCl | Ml Xt

A8} B0 Jtok= 8

ds :0jA HHA
n :0]& HA0| Normal g




, Adegeest, L.J.M. ,Theoretical Manual of Strip Theroy program“ Seaway for Windows”, Delft University of Technology, 2003, pp30-~33

2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300

* Radiation Force (Fg) (1)

[1) Journee, J.M.J.

I ——

¥e3 el o

Radiation Force

Consider

kth component
(k=30]™, Heave Force)

v’ Radiation Wave Velocity Potential

@ (X,y,2,t)=¢. (X, y, 2)e'"

¢R(X’y’z):Z§jA¢j(X,y,Z) - B.C.1} Laplace Eq. 79

B £ EFOUT B (6, (1) =£e)

v’ Radiation Force

8CD . ° iw
P.=-p R:—pza)ijAqﬁj(X,y,Z)e t
ot j=1 |

}
:”S P.nds
Fo\ = ”S P.n dS = HS L—pia)i équﬁj(x,y,z)ei“’tJnde

:_p“'S [Z ng¢j]ei“’tia)nde 71



1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theroy program* Seaway for Windows”, Delft University of Technology, 2003, pp30-33
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300

* Radiation Force (Fg) (2)
<

(Continue)

6
Fei=—2]], [Z (gj’*qﬁj]ei“tiwnkds
Fi %:ia)nk el
! ;

A it a¢k A it 6¢k A ot a¢k
= —p[”%gl @€ p. ds +HSB§2 @,e p. ds +--- +”SB§6 e p. de

(11, sree s |

a¢k it
- ks
p”58¢1 on )e > :_p” 5¢k ds 2 x|
| (F.

4,
. WS 250% OI0f LIEHLS kgt 8l )
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1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theroy program* Seaway for Windows”, Delft University of Technology, 2003, pp30-33
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300

' Radiation Force (Fg) (3]
v (Slender body)

(Continue)

6
A it
Eoo= D & Fye
g

0
ij = —pILB ¢i 8(»:: ds = .[OL(_pJ‘cX¢j (';;]k dl)dx N J.oL fjkdx

(2D EHBIQIA 72 B = SHES 20| YOS ME0H0]
At FRIO) K20k B F= DWES HIA - “Strip Theory”)
0
f, = —p[ 4,225 dl @D HIEIHIN 2% 2SO oI UL k8 8
Cx on
= a)zajk —lob,
/ ™
-0 2m9 | [0 2o 73

Added mass) Damping Coefficient)




Journee, J.M.J. ,

1)
2)

' Radiation Force (Fg) (4)

(Conﬁnae)
8¢k

=2 ¢

I

dl

= ajk —Ia)bjk

™~

(2-D HH O
Added mass)

(2-D HHO
Damping Coefficient)

—l

I kadx =
.
A it
FR,k =Z§j ije
j=1

J' ajkdx—la)j b,

6
A ot 2
=258 (07 Ay
=1
6

= Z (nga)
_ - 51

2 |a)t

Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”,
Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300

Delft University of Technology, 2003, pp30~33

A _iwt
:‘szgjew

(5

:§'j :ngia)eia)t
: ng _ _é:jAa)Zeia)t
2 .
= AJ.k — Ia)Bjk
(Added mass) (Damping Coefficient)
—1wB )
6
la)t & .
5 lw Bjk)=Z(_§jAjk_§ijk)
_ i1
-& T \ 74

Ol Hidl) || (S0l did)




' 1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp30-33
~ 2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295-30

“3) Faltinsen, O. M , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50-~55)

Radlatlon Force (Fgl (O]

ex) 2K HIRI9| Velocity potential0] =M ACt S M,
Heave W8 Added mass ¥ Damping Coefficient& F0IAIL

- MBI 2F B £, (1) =&

- Radiation Wave Velocity Potential :

2

. R .
(D3(r,9,t) = ¢3(r’6)ela)t — §3A_G)|COS H.ela)t

r
SOl) 6¢3 2 2
fa=-p[ ¢ —dl, (on r=R) fy=—p[ Ro’cos’0-dl
Cy n c,
2
r,0) = —wicos 6@
¢, (r,0) I @ o4, R? R?
= wl X| ———wl
, P, - : cos 6 T cos 6
0 0 R
b _ 0 _ — i cos 0 ) o
on or r =_R_ 2003292—30)2C0829
r r
= Rw’cos’@ (on r=R) 75




:

1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp30-33
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300
Faltinsen, O. M , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50-~55)

Radlatlon Force (Fg)

(6]

ex) 2K HIRI9| Velocity potential0l M ACtL &

HUE M,

Heave W8 Added mass ¥ Damping Coefficient& F0IAIL

- MEO] 2F WL £ (1) =&

- Radiation Wave Velocity Potential :
2

| R |
®.(r,0,t)=¢.(r,0)e'” =& —wicos §-¢'
3 3 3 r

= —pL Rw? cos * adl

dl =Rd @
T2 5 5
fo ==p| /sz cos 6 -Rd @

= —pR’w I “cos 2 0d 6

wl2

) z/2 1+ cos 26
=-pRw I dé
- l2 2

wl2

, | @ sin 26 ]
2 4 J—ﬁ/Z
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2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 295~300

[ 1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp30-33

Faltinsen, O. M , Sea loads on ships and offshore structures, Cambridge Univ. Press, 1998, Ch3 (pp 50-~55)

\Radlatlon Force (Fgl (7]

®,(r,0,t)=g¢,(r,0)e"

ex) 2K HIRI9| Velocity potential0] =M ACt S M,
Heave W8 Added mass ¥ Damping Coefficient& F0IAIL

- MEO] 2F WL £ (1) =&

- Radiation Wave Velocity Potential :

2

A R . iot
=&, —wlcos 0 -¢

r
sol) ) 7Z'R2 o] - éjs(t) _ §3Aeia)t
fo=—0"| —p . R .
2 B 5, ()=, i0e”
. . 7Z'R2 .. A . £ _ _gA 2 et
Fyo = étsAelwt fo = _é:sAa)Zemt T'D = &35 EE ;&) Sa @€
=&, = A

B (@spAL "
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[ 1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,8-5~10

* Radiation Force (Fg) (8)

€
(p; How to find added mass and damping coefficient 77?7

HL
HU
gl
m
I'."..

H10| added mass®@}t Damping Coefficient 2O} HOHAM =
w0y (hk=1--6) 8 ABtH, HO| BT HFDICL. (Strip Theory)

- Radiation wave velocity potential (¢;: M90| j42 S2SHAII 12 I Velocity Potential)

e
¢l’ ¢2’¢3’¢4’¢5’¢6 :> fjk :_pJ'CX¢ aaik%) a —ial_)lbjk

e Iyl

- Added mass component - Damping coefficient component

6Jll Velocity

L L
Ajk=j0ajkdx|: BJk:Io b, dx /]

potential2

@5 A0HOF -

Ma?rix% - Added mass matrix \/ . - Damping coefficient \/
|rA A12 A16 —I E matrix |r811 BlZ BlG —I

A, i B, B,
Age = I : IE Bex6:I : I

| R | |
I_ A A66 J ! |_ BGl 866 J




[

.Strip Theory : Definition & Assumption

v Za
Aq z
>, 2 ¢
; 53

v Strip Theory

: 2t 2K SOl SHI= Hl+ (Added mass, Damping Coefficient) 3 Wave exciting force S
-_r'?_* 2, 015 20| 2= HFE0IM MHIC FHISEHE 10l= 2AE S
v Assumption

(1) Resulting motion will be small
2) The hull is slender
3
4
5) The hull sections are wall-sided at the waterline @” "\;,, SDAL 79

/“‘A)xLK Advance dShpD ign Automation Lab.
NAOE/SNU http://asdal.snu.ac.kr

Forward speed of the ship should be relatively low

(2)
(3)
(4) The frequency of encounter should not be too low or too high
(3)



[1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,8-5~10

* Radiation Force (Fg) (9)

'!_
[
‘ﬁ}u

2 5 2-D QUM 28 = U= AS? (¢, 1 MO jUY 2SHLAIE 12 I Velocity Potential)

X

N g
T ~
| ©
V<
<
rA
H0
OH

= (£ (1) =&
3 /C.  mMNEE L (1) = e
xE B|M 2 : £, (1) = &'

(
\9.\' \4, 80
‘v‘ Y
\\’l ¥
Ny
/‘Lé)xLL Advanced Ship Design Automation Lab.
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[ 1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,8-5~10

' Radiation Force (Fg) (10]
W

.
i.; b6 6, 2 O{EH P & QAUSNR (¢, Muto| just o=

yA

g

It 1e O} Velocity Potential)

:fg(t) = ngeiwt I$¢3’ Ps = — X, 0,
S, (t) = ngeim I$¢2’ P = X9,

(+) Moment
™
> X
9,
% ¢ 2 HUIAOI 2-D strip theory® 8 &= 8L 81
Al l



[1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,8-5~10

* Radiation Force (Fg) (11]
-

Za
AS
=X .
Ds :

v Conclusion
2-D ©HO| M| velocity potential
6, 4,4, = 1O, ¢ = —xg,,
¢, = xg, A THAS AE0H0]

2 velocity potential& F L.

NAOE/SNU http://asdal.snu.ac.kr

A
yE B QE (£ (1) = £ '™
A _iot
R BUES: o,V =06 =, 2D HRO| ¢,.4,.0, 8
xE DM : &, (1) = £/e™ T+t =t
s‘!_(‘
g-\o@ 82
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[1) Journee, J.M.J. , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,8-5~10

* Radiation Force (Fg) (12]
—

1 . a¢ * fjk :Z'D EI'EO“A'I |
G b F] 1, of o o) " e il
. 0 r, . 0 T i
f,==p| ¢, /. di =.:a>2a22 ia)bzzi, f, = —p_[ P, s dl + a)zas3 —lwby, 1
YCy on L Cx on e A
- 09 b, o] o, . 1, o i
o =) Py @ 0 B 1Pl T = p 4,7 bl 0"y, by |
- 09 0(=x¢,) 2 Y I
foo = p[ gl ==p[ (xp) = Zdl = —px[ g~ =l X (08 by ) |
. 0 o(x 0 SN i
fo =—p[ 4 a‘i“ di =—p| (x4,) (afz) dl =-px* [ ¢, 8";2 di :ixz(a)zazz —iwb, )|
- 09 0(—X¢,) 0¢ A Y
fos = B &, 8n5 dl = _pjc 9, 5 dl = _p(_x)jc 9, 6n3 di :E_X(wza% —Ia)b33) i
-, 09 o(x¢,) o9 N i
fos = P . 8!’16 dl = _pjc 9, 8n2 dl = —PX_L 9, anz dl :'L_X(a)zau - Ia)b42) i
0
|L> (a,,b,) (a,,b,) (a,,by) (a,,b,) DF &1 UACH, % pLX 4, ;:]4 dl = pLX 4,
added mass 3 damping coefficient& & £+ UL 0IBF, a, =2, , by

0

4, dl
on
=b

4
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1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp36~38
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 300~307

' Froude-Krylov Force & Diffraction Force (1]

v" Incident Wave & Diffraction Velocity Potential
@, (X,y,2,t) = ¢, (X, y,2)e”

(¢| (X, Y, Z) = _gnoe—ik(xcos H—ysin u) ekzj

w

S AHLHON eler & SHEIHO) 2l

Froude-Kriloff Force Diffraction Force

D (X, Y,2,t) = @y (X,y,z)e'” [Body B.C.: Yo __ 0% (on S,) j
on on

v" Froude Krylov Force & Diffraction Force

8q) I ot aCDD - iwt
=—p———p¢,(x,y,z)|a)e , Py=—p = —po. (X, Y, 7)iwe
ot ot
Froe +Fp = P + P, )ndsS
Consider b HSB( Z
kth component Lo
= =-p +¢.) on, dS
(k=301 Heave Force) Frc i+ Foi = [[, (Pac +PoInas =2 [J, (#r+4s
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1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp36~38
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 300~307

' Froude-Krylov Force & Diffraction Force (2]
W

(Continue)

Already found

kth radiation velocity potential : @,

Incident wave velocity potential : ¢ = - gnoe*‘k(xm Hoysn ) gl

ﬂ_tﬂg:

FFK JEH: FD,k - _peimt _”S [¢| 6¢k o ¢k %st

on on
L 0 0
= —pe 1ot J‘ £¢| ¢k . ¢k ﬁ)dldx
TLC, on on

dl :2-D Y™ 22 0l= Froude-Krylov force
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Step3.
6DO0F Equations of Ship Motion
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1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp38-~42
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311
Journee, J.M. J , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-4

GDOF Equations of Ship Motion (1]
\ 4

v' 6DOF Equations of Ship Motion : 6 coupled equation Y :x=[&,.&] )

(M+A)X+BX+Cx =F, (M,A,B,C :6x6 Matrix )

exciting

v Assumption

1. Slender body (&1919] Z 010l HIoh =01 23)
> SN x= B 250/ 2 Velocity potential 4 0l S (Surge 252 SEHECE F3)
2. Lateral symmetry (symmetric about xz-plane) & small amplitude motion

2 Ml 50| Z2S (Longitudinal motion) i} &2 E(Transverse motion)2Z LtE
surge,heave,pitch < > sway,roll,yaw

Za Z A

A\

r-cref heave &, (t) = &le™
*' / y 4

1

88



2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311
' Journee, J.M. J , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-4

BDOF Equations of Ship Motion (2)

T ——
v 6DOF Equations of Ship Motion
: 3 kinds of coupled motions (surge-heave-pitch, sway-roll-yaw)

[1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp38-~42

N

TATSELO R AT

- - /1
Wi

()] ()]

- 1

X =
|r m 0O 0 mz, O 1| : |rBll 0 B, 0 B, O 1| .
| 0 m 0 -mz, O 0 | 10 By 0 B, 0 By
M_} 0 m 0 0 0 i EB—IB31 0 B, 0O B, O I
E0RE imz L 0 0 —1, |0 B, 0O B, 0 B,
lmz, o o o 1, ol IB, 0o B, 0 By 0 F, ]
\\ 0 0 0 [} sz 0 IZZ J I { 0 BGZ 0 B64 0 Bee“ | F |
f_‘ | ) | T2 |
oo | F, |
(M + A)X +BX+CX = |:exciting > Fexciting = | |
— | Fe |
v =
|rA11 0 A, 0 A, 0 T| . [0 0 0 0 0 O] 5
10 Ay 0 Ay 0 Ay Io 0 0 0 0 oI LFGJ
A—I A, O A, 0 A, O } : . Io 0 C, 0 C, OI
10 Ay 0 A, 0 Ay _|o 0 0 C, 0 0
A, 0 A, 0 A, 0| | o 0 c, 0o c. o
{o A, 0 A, O A%J : to 0 0 0 O oJ
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2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311

[1) Journee, J.M.J. , Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp38-~42

Journee, J.M. J , Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-4

‘ GDOF Equations of Ship Motion (3]

L
v 6DOF Equations of Ship Motion

: : : [&,]
: 3 kinds of coupled motions (surge-heave-pitch, sway-roll-yaw) |§l |
2
['m o o m, o071, [B, 0 B, 0 B, 0] i§ I
I 0 m 0 -mz, 0 O { | {o B, 0 B, 0 BZGI x=]"]
| o m 0 o ol .+ IB, 0o B, 0 B, O] | &4 |
M =| | 1 B=| | & |
b Mz 0 I, 0 -1, : |0 B, 0 B, 0 B,| 5
m, o o o 1, ol ls, o B, 0 B, 0| [F, LCGJ
[ 0 0 0= 'l 0 J ! LO B, 0 By O BGGJ | F |
4 4 | 72|
oo | F, |
(M +A)X+BX+Cx =F, . >Focig = | i |
\ﬁ | | T4 |
v =
(A, O A, O A, O], o0 0 0 o0 0] L 5J
I 0 A, 0 A, 0 A%I E Io 0 0 0 0 OI Fs
lA, 0 A, 0 A, 0|
A=| 31 33 35 | | C=IO 0 C33 0 Css OI
|0 A, 0O A, 0 Ay | j0 0 0 C, 0 0
| A51 A53 ASS O | : | O O C53 O C55 O |
L O A62 0 64 0 AGGJ I \\O O O O O OJ
P Iz T T - -
m A ET IR

=» heave-pitch motion : 'L A
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[ " 010] Zte Library FileOIM & £ 4

'Heave & Pitch (4~ apo0.08 - [,

L —
u ., U U
Agz.[;&agggx——zb% A, =— Xa dx+—B +— X,bg
Canas® w L " “
tans a) a)
_ :.»¢‘ . -.~.‘- A :“. . .,..“
By = Lb33dX +Ua B, = —IL §(b 33'.(jlx —UA 303 —Ux Aa3A3
PN U 0 U A U 2 . . 5 )

A, =-[ xa,8x ——B, +—x,b, ——a e U e U U

3 @ T T Pe T M0 T e | A = JL X"‘.?figx t— A, — — X, by + 7 Xals

2
_ 0 A_Z A U’ u’

By = =) Wy X +UA, —Ux,a, - — by BSS_J' xzb dx+—B +UX,ag + ——xX,b

F3:paj f {—h )dx+pa—h

...... i
:‘..-....‘ TN U U
F. = pa Jl{)é_‘(fg £h )+ pa —h, }dx - pa —x,h}
ernes® teerine 1w N0

U: MEIO| MXI & h,: Sectional Diffraction force (jt" mode)

pi RHY 2% o : Encounter wave frequency

o i Wave amplitude X4: 85Dy T Values at the aftermost section 91

f : Sectional Froude Krylov force (jt mode)
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1) Journee, J.M.J.,

Journee, J.M. J

L —

v 6DOF Equations of Ship Motion

: 3 kinds of coupled motions (surge-heave-pitch, sway-roll-yaw)

Adegeest, L.J.M. ,Theoretical Manual of Strip Theory program* Seaway for Windows”, Delft University of Technology, 2003, pp38-~42
2) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 307~311
, Massie, W.W. , Offshore Hydrodynamics, Delft University of Technology, 2001,pp8-1-4

BDOF Equations of Ship Motion (4)

N

3
<2 |
['m 0 0 mz, O ] : B, 0 B, 0O B, 0] e |
I 0O m 0 -mz, 0 0 I ! Io B, 0 B, O 526I x=|"|
1o | 0 m 0 o o0 | EB B, 0 B, O B, 0| I§4i
I 0 -mz, 0 I, 0 XZI i _I o B, O B, O B46I Ss
lm, o o o 1, ol 1B, 0o B, 0 By 0] [F, &
[ 0 0 0 -1, 0 J ! LO B, 0 By BGGJ | F |
t 4 | 72|
oo 'F, |
(M + A)X +BX+ |CX = I:exciting > I:exciting = I F I
4
v v =
|FA11 0 A, 0 A, O 1| ., [oo0o o o 0 0] { 5J
| 0 Ay 0 Ay 0 g | : I 0 0 0 0 0 0 I Fs
AzIAgl 0 A, 0 A; 0 I EC:IO 0 C, 0 C, OI
| 0 42 0 A44 0 A46 | : | 0 O 0 C44 0 0 |
|
| A, A, A, ol looc, o c, of
[ 0 62 0 64 0 AseJ : {0 0 O 0 0 OJ
I _____________________ e EEmEEEm=_—_-—_———= . _—-—=
= sway-roll-yaw ::r m+A, —-mz +A, Ay 1T§ﬂ| :|FB22 w B E|F§ﬂ| |F0 0 01”r§21| :{le
||—mzc+A42 Iyy+A44 _Ixz+A46|§4|+:|B42 44 B46 h|584|+|0 C44 O||984|::|F4h
I .. .
I 62 1+ Ay I+ A J GzeJ :LBGZ & Bes Lfsj LO 0 OJLQZeJ :L FSJ



!Swav & Roll & Yaw

L
-
".--...‘ U A ., U U 2
= |7 - o e 0 A A
Ay = J‘é,aZZ..gX 2 b, Ag = | %a,dx + By —— XDy + 2 A
Yenas® a) JL _“o' a) a)
B b Jax+ual | o i
2 Y2, X+ B, = xb24dx UA,, +Ux ,a,, +—b
A=A, = [{a X - — b u u
= = H a X — . e,
24 2 _[ 24.: 2 24 = ( — B - — A
B w Aez - anzzgx 2 B, 2 XAbZZ
....... Lo W
B, =B, = j b, dx +Ua,,
2 B, = Xb dx +UA,, +Ux ,a,,
. e, U 0 U A U 2 O U
Ap = Xazz'gx By — 5 Xaby Ay A, = | xa,dx ——28204 ——ZxAb;\1
b d v B. = %b. dx+UA® +Ux . a’
BZG = Xb 2 & X — UA + Ux a + a)_b 64— | . 24 24 ARog
U , u* U u®
A, = [{a,dx - —b] A, = xa dx+—A ——5 X, b +—xa
J 2T 2 44 L e o’ w’ N
2 2
B b 4 B, B, = [ xfb.dx + ——BZ +Ux,’a’ + o—x b’
a4 = X+Ua A T o6 — | XiDpOX + 7B, +UX, 8y + = XDy
L4 S * aaet’ (0] w
. h i : . . . .th
U: MHIO| MXI & i = Sectional Diffraction force (j*" mode)
pi RHY 2% @ Encounter wave frequency
. A A, .
a . Wave amplitude Xar 85D T values at the aftermost section
: : :th x| :
f,: Sectional Froude Krylov force (j*" mode) B, : Roll Damping
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.oway & Roll & Yaw

0 0
(Ajk = | a,dx, B} :ijjkdxj

F, = pa J'L:_‘(fz.;g h, Jox + pa i—h2

i [
..........

U
F, —paj f 4h )dx+pa;h

Fe —,oaJ‘L

1w

Uu ] U A
f+h)+pa_—h dx + pa —x,h,
?| P

%XiIQI 2=

Wave amplitude

- R T C

- Sectional Froude Krylov force (jt" mode)

h

.

X

B

i

Sectional Diffraction force (jt" mode)

Encounter wave frequency

A A
A ’bjk - Values at the aftermost section

Roll Damping
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1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 307-310

[ Ship Motion in Regular waves
' : RAO(Response Amplitude Operator)

v NHO| (IR 25 WHA

o |

oo
|:excmng

(M + A)% + Bx + Cx

ﬂ ex) Heave

(M _+ A33 )53 + 83353 + C33§3 = Fexciting 3

A ot ) )
53(t):§3e — FAelthﬂ fAela)t

exciting ,3 3 0°3
. . A it
() =iws e (17, : Wave Amplitude, Real)

A4

() =-w’Ee" 1 (1, : Wave exciting force Amplitude, Complex)

(M + A ) (—0°Ele'™ )+ B (o &le )+ C (&) e =1, 1,

4

o’ (M + A ) +iwBy +Cy fele™ = p, 1, e

Fo*(m +A33)ﬂ+ia)B +C, |:>§3 _

= D (= Complex)

v RAO(Response Amplitude Operator)
: 1m wave heightE& JX|=
Fl+ w9l waveOII [H"*

Meto] oX1Q



1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 307-310

[ Ship Motion in Regular waves
' : RAO(Response Amplitude Operator)

v MEO| (XIS E 25 WAA

exciting

o
(M +A)X+Bx+Cx =F

General Case
AR
2] |4 |
|§3| |§3A|it A _iwt
x=] =] " =x"e"", x=iwx"e'", %=-w’x"e""
|§4| |§4|
5 e
o] Let]
AV 4
(|\/| +A a)ZXAelwt)—I-B(Ia)XAelwt)-i-C( A th)_nofAeiwt
Fo’(M+A)+ioB +Cx e = fe™

{ o’ M+A +ia)B+C}xA=
=D

v RAO(Response Amplitude Operator)
: 1m wave heightE JIXI=
FIH: w2l wavelll [HSt
MOl 6XIRE 25 HY
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1) 1&g =X : Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1977, pp 47

Ship Motion in Regular waves
' : RAO(Response Amplitude Operator]

W

v' Example of RAO
<Roll>

FOLLOWING e
SEA

90
BEAM SEA

2.17

Roll and pitch response of a 319 m ship at 25 knots. The motions are non-

dimensionalized in terms of the maximum wave slope 27.4/A. (From Wachnik %ﬁ%’g 98
and Zarnick 1965; reproduced by permission of the Society of Naval g@@ N S DAL

Architects and Marine Engineers) )A'J-\S.‘&-& Advanced Ship Design Automation Lab.

NAOE/SNU http://asdal.snu.ac.kr
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Step 4.
Shear force & Bending moment

_JCH 1 x_,ii'u;.
1000000001
DGDD’.’JDL][J

1) SWBM : Still Water Bending Moment
2) VWBM : Vertical Wave Bending Moment
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.ohear force & Bending moment acting on the ship

=23 30122, 35 B St T
12 BHCL. (D’alembert Principle)

— — O Ui Al
mx = Z F = I:gravity + |:static + |:F.K + I:D + FR ‘ o 54

=

o X IS Al
(Fgravity +Fstatic +FF.K +FD +FR)_mX_O cO™1 OO EH

Z9rok ol MEO 1)@ (Heave & PitchQ] 7842k 117)

F(x)= Fgravity (X) + Fie (X) + Fo  (X)+ Fo(x) + Fo(X)

E
: xQIRIO] EHBI0) RIGOHs X Weto] QN
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\

Shear force & Bending moment acting on the ship

W

2P0 A2 ABl= Gl
= 280l 230= & (Load) IS B0 B0 51 Ul R
! F(X) = Fyaiy (X) + Foae (X) + Fe  (X) + Fg (X) + Fg (%)
q(x) = F(x)-m(x)a,
= F oty (X)+ F i (X)+ Fo  (X)+ Fy(x) + Fo(x) —m(x)a,
- qstatic (X) + qdynamic (X)
STATIC HEAVE FORCE COMPONENTS
WAVE CREST AMIDSHIPS DYNAMIC HEAVE FORCE COMPONENTS
LBP = 520 ft, T=10 s, h,= 20 ft WAVE CREST AMIDSHIPS
10 LBP = 520 ft, T=10 s, h= 20 ft
e Fs . (X) 2 added mass force
= 7 \/ “ s F_(x) _potentisl damping __
O 5 S . 3 D _diffraction ______
(:% , \ =) 14 / ! dyn. Froude-Krylov _
= | / . CI% mass inertia
2 o—/ \“—‘ é)lF
3 2
| _hydrostatic force _
Fgravity (X) structural weight
-10 Pt o e R T N R e ey (s CRMR RN PR (IR

20

 ® W 12 1 8 6 4 2 0
STATION

STATION
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