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e Ir. Peter Naaijen

* p.naaijen@tudelft.nl

* Room 34 B-0-360 (next to towing tank)

Offshore Hydromechanics, lecture 1

Book:
« Offshore Hydromechanics, by J.M.J. Journee & W.W.Massie

Useful weblinks:
o http://www.shipmotions.nl
 Blackboard

Take your laptop, i- or whatever smart-phone and go to:

www.rwpoll.com
Login with session ID
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OE4630 module II course content

e +/- 7 Lectures

| Schedule OE4630 D2, Offshore Hydromechanics Pt 2, 2012-2013 Version 1 (9-11-2012)
Disclaimer: always track for (last ) changes in location at hui . tudelft.nill

* Bonus assignments (optional, contributes 20% of your exam grade)

 Laboratory Excercise (starting 30 nov)
« 1 of the bonus assignments is dedicated to this exercise

«  Groups of 7 students

« Subscription available soon on BB

15.30-17.30 | Lecture Peter Nasien | 3mé-CZB (1saac Newton)
: Tued Dec 1330-1600 | Lab session Gideon Towing Tank
L]
Written exam Hertzberger
Toe d D 1630-1730 | Assignment assistance | Peter Naajen | Room Peter Naaen

/Questions (3480 360)
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Lecture notes:

« Disclaimer: Not everything you (should) learn is in the lecture notes (lees: niet alles
wat op het tentamen gevraagd kan worden staat in diktaat...) -7

Make personal notes during lectures!!

» Don't save your questions 'till the break -7

Ask if anything is unclear
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Introduction
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Learning goals Module II, behavior of
floating bodies in waves

- Definition of ship motions

Motion Response in regular waves:

* How to use RAO's

« Understand the terms in the equation of motion: hydromechanic reaction forces, wave exciting forces
+ How to solve RAO's from the equation of motion

Motion Response in irregular waves:

<How to determine response in irregular waves from RAO’s and wave spectrum without forward speed

3D linear Potential Theory
+How to determine hydrodynamic reaction coefficients and wave forces from Velocity Potential
+How to determine Velocity Potential

Motion Response in irregular waves:

ch. 8
« How to determine response in iregular waves from RAO's and wave spectrum with forward speed

« Make down time analysis using wave spectra, scatter diagram and RAO's

Structural aspects:

« Calculate intemnal forces and bending moments due to waves

Nonlinear behavior: e

« Calculate mean horizontal wave force on wall
« Use of time domain motion equation
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Introduction

Offshore  oil resources have to be explored in deeper water  floating
structures instead of bottom founded
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Introduction

« the dynamic loads on the floating structure, its cargo or its equipment:
« Inertia forces on sea fastening due to accelerations:

Shell

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 9

Introduction

Reasons to study waves and ship behavior in waves:
« Determine allowable / survival conditions for offshore operations
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Introduction

Reasons to study waves and ship behavior in waves:
« the dynamic loads on the floating structure, its cargo or its equipment:
« Direct wave induced structural loads

Minimum required air gap to avoid wave damage
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Introduction

Decommissioning / Installation / Pipe laying -7 Excalibur / Allseas ‘Pieter Schelte’
* Motion Analysis
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Introduction

Reasons to study waves and ship behavior in waves:
« the dynamic loads on the floating structure, its cargo or its equipment:

« Forces on mooring system, motion envelopes loading arms
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Introduction

Floating Offshore: More than just oil

Wave energy conversion
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Introduction

Floating Offshore: More than just oil
—ﬂ

J

&

Floating wind farm
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Introduction

Floating Offshore: More than just oil

Semisubimers N STl with EIE NeRIes s ".w("‘('

L

Mega Floaters
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Introduction

Reasons to study waves and ship behavior in

waves:
» Determine allowable / survival conditions for offshore

operations
« Downtime analysis
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Definitions & Conventions
Regular waves
Ship motions

Real-time motion prediction
Using X-band radar remote wave observation

19
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18
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apparently irregular but can be
considered as a superposition of a
finite number of regular waves, each
having own frequency, amplitude and
propagation direction

Y

0
o
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Regular waves

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 21

Regular waves

regular wave propagating in direction :
(t,x) ,cos t kxcos kysin

k 2/
2 /T
Linear solution Laplace equation
y
| N
>
X
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* Regular waves

» regular wave propagating in direction p
(t,x) ,cos t kxcos kysin
\ e

J

Phase angle wave at black dot
with respect to wave at red dot:
k x xcos ky ysin
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Co-ordinate systems
Definition of systems of axes
Earth fixed: (Xo, Yo, Zo)

wave direction with respect to ship’s exes system:

Yo.

Wave direction = Xg

24




Behavior of structuresin waves

Ship’s body bound axes system (X,Yy,Zp) follows all ship motions

Behavior of structuresin waves
Definition of translations

NE EN

Schrikken Surge

—
x

21y| Verzetten Sway

z
Zy
b
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Behavior of structures in waves
Definition of rotations
Zp
‘l,Z: yaw
Yb
\_ X %itch
- P
5|y | Stampen Pitch
6|z Gieren Yaw
o
27

‘?U Delft
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3|z| Dompen Heave
{U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 26
How do we describe ship motion response?
Rao’s
Phase angles
28
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Mass-Spring system:

e+ bzt cz=F,cos(wt)  Motion equation

z(t) = z,cos{wt +&) Steady state solution

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 29

Motions of and about COG

Phase angles ¢ are related to undisturbed wave at origin of steadily

translating ship-bound system of axes (- COG)

'?U Delft

Marine Engineering, Ship Hydromechanics Section

Motions of and about COG

Amplitud Phase angle
Surge(schrikken) : x =% cos((wt + g}{/\)

Sway(verzetten) :  y=y, cos(oot +&, )
Heave(dompen) : z=1z, cos(wt +tE€, )
Roll(rollen) : (phi)p=@, cos(wt +¢ ;)
Pitch(stampen) :  (theta)d =6 cos(oot +Eq )
Yaw(gieren) : (psilp =y, cos{wt +&,, )

Phase angles ¢ are related to undisturbed wave at origin of steadily
translating ship-bound system of axes (- COG)
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Motions of and about COG

Surge(schrikken) : x = x, cos{wt +¢, ) rrosoe :_a(‘*’, g
Sway(verzetten) : y =y, cos{wt+€, ) RAOSHay : E(‘*”P)
Heave(dompen) : z= cos(oot +E, ) RAOHeave: Zz(w H)
Roll(rollen) : << =@ cos(wt+e, ) RaoRol: 2”& (.1)
Pitch(stampen) : ( theta © =6 cos(oot +&q ) RAOPitch: O (w.p)
Yaw(gieren) : psi Y =y, cos(wt+&, ) raovaw: ‘IZJ_( W)

RAO and phase depend on:
Wave frequency
Wave direction

?U Delft

Marine Engineering, Ship Hydromechanics Section



Example: roll signal

Motions of and about COG
1surge(schrikken): x=x, cos(met e, )
2 Sway(verzetten): y=y, cos(wet +Ey )
3 Heave(dompen): z=z, cos(met +Ez )

4Roll(rollen): (phiYp =g, cos{wt +z,, )
5 Pitch(stampen) :  (theta)8 =6, cos(wet +Ey )
6 Yaw(gieren) : (psiw =l|JaCOS(u)et+SM)

«  Frequency of input (regular wave) and output (motion) is ALWAYS THE SAME !l

«  Phase can be positive ! (shipmotion ahead of wave elevation at COG)

*  Due to symmetry: some of the motions will be zero

«  Ratio of motion amplitude / wave amplitude = RAO (Response Amplitude Operator)
« RAO’s and phase angles depend on wave frequency and wave direction

* RAO’s and phase angles must be calculated by dedicated software or measured by experiments

*  Only some special cases in which ‘common sense’ is enough:

¢ =0qcos(wt+egyr)
_ =\ G=lqcoswt - ‘ =
i { a i’ - 2 ¢O go 2 N
Z P N Z (—
7 N v
Mg - Nl !
2

€or =%
Displacement =0, COS((A)et + 8‘0( )
Velocity.. g=-w@ sin(wi+e ) =0 gofwi+e 4+T1/2)
Acceleration... -0 , COS((Oet €, ) =W, COS((JL)et +Ey +T[)
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Consider Long waves relative to ship dimensions

What is the RAO of pitch in head waves ?

¢ Phase angle heave in head waves ?...

¢ RAO pitch in head waves ?...

¢ Phase angle pitch in head waves ?...

« Phase angle pitch in following waves ?...

'?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 35
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Consider very long waves compared to ship dimensions

hat is the RAO for heave in head waves ? =
A.0
B. o
C.1
D.42
0% 0% 0% 0%
. . . o

fu Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 36




Consider very long waves compared to ship dimensions

What is the phase for heave in head waves ?
.0 deg

B. 180 deg

C.90 deg

D.I have no clue

‘?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 37

Consider very long waves compared to ship dimensions

90
What is the RAO for pitch in head waves ?
.00 rad/m
B. 1 rad/m
C.0rad/m
D. k rad/m
E. I have no clue
0% 0% 0% 0% 0%
P ———
A P \ é,»'
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Consider very long waves compared to ship dimensions

What is the phase for heave in head waves ?

.0 deg
B. 180 deg
C.90 deg
D.I have no clue

0% 0% 0% 0%
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Consider very long waves compared to ship dimensions

90
What is the RAO for pitch in head waves ?
.00 rad/m
B. 1 rad/m
C.0rad/m
D. k rad/m
E. I have no clue
0% 0% 0% 0% 0%
e e N
R ')'\gﬁ'
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 40
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Consider very long waves compared to ship dimensions

What is the phase for pitch in head waves ? |120

.0 deg
B. 180 deg
C. -90 deg
D. 90 deg
E. I have no clue again

» 0% 0% 0% 0% 0%

Par— NSNS
\ “ o " »* o & * .}'
™~ I &
‘/ %/Y pitch N ? ¢ ’o“
‘ Il o
~X: ro
e
TUDelft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 41

Local motions (in steadily translating axes system)
Only variations!!

% (t)) ([ x(t) 0 —L|J (t) of(t)
Yo (1) |=| ¥(t) |+] w (1) 0(1)
z.(t) ) (z(t)) (-B(t) (pt 0
/ /
6 DOF Ship motions Location considered point

a/"b
\
Y

P

% (t) =

X(t) = yob (1) +2,0(t)
Yo (t) = Y (t) + %40 () — 2,0(t)
() (t) ()+ybP(p(t) ¢ b
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Consider very long waves compared to ship dimensions
What is the phase for pitch in head waves ? |120

.0 deg
B. 180 deg
C. -90 deg
D. 90 deg
E. I have no clue again

“» 0% 0% 0% 0% 0%

S S
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Local Motions
The tip of an onboard crane, location:

For a frequency w=0.6 the RAQO’s and phase angles of the ship motions are:

SURGE SWAY HEAVE ROLL PITCH YAW
degr - degr - degr deg/m  degr deg/m  degr deg/m  degr

1.014E-03 3.421E+02 5.992E-01 2.811E+02 9.991E-01 3.580E+02 2.590E+00 1.002E+02 2.424E-03 1.922E+02 2.102E-04 5.686E+01

Calculate the RAO and phase angle of the transverse horizontal motion (y-direction)

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 44
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Complex notation of harmonic functions
1Surge(schrikken): x=x, cos(ooet +€, )
= Re(xaé(“m‘))
= Re{e @)

Complex motion amplitude

- Re{s e

Relation between Motions and Waves
How to calculate RAO’s and phases ?

?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 45
Mass-Spring system:
Forces acting on body:
F =F, cog{wt)
P
z
m
b c

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 47

Input: regular wave, ® Output: regular motion
, RAO, phase
g
'?UDelft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 46

Mass-Spring system:

me+ bz+ cz = F, cos(wt)
Transient solution
z(t) = Ae™ sin( AN +¢()

F =F, cog{wt) ( b \
T I¢ =-— | Damping ratio
v

I z
m
Steady state solution:
b c
z(t) = z, cos(wt +¢)
€= atan; (_m) ]
U - m§+c )
2= E
(~(m)o? +c)" +(bw)’
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 48
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Moving ship in waves:

rT“bZF szF cz= Fa3 COS(U)t) Restoring coefficient for heave ?
m for roll ?
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 49

Non linear stability issue...

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 51

hat is the hydrostatic spring
coefficient for the sway motion ?
m, [y+b, [y c, [y = F,, cos{wt)
4

A. C2=Awl p g
B. ;=AP g
C.c,=0

0% 0% 0%

Od ~ Vs
?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SES sn_-;" ' ,"' 50

Roll restoring

Roll restoring coefficient:

c, = pgUlGM

What is the point the ship rotates around statically speaking ? (Ch 2)

'?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 522
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Floating stab.

Stability moment

M, =pg0BZ, = pglGM sind = pgll [GM [

fUDelft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 53

Moving ship in waves:
Not in air but in water!

F=m
1z SHIP MOTION : HEAVE MASS .
- FW
—clz DAMPING —_—
. -b — seRiNG /e
(Only potential / wave ADDED MASS
—-a ]1 damping)

(m+a)[Zb[clx=F,

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 55

Moving ship in waves:

mérbd+cd =F,, COS(O)T) Restoring coefficient for roll ?

Rotation around COF Rotation around COG y
=Rotation around COF
+vertical translation ~ dz=FG - FGcosp =0
+horizontal translation dy = FGsind = FG

'fU Delft: OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 54

Moving ship in waves:

Analogy / differences with mass-
spring system:

External force F(t) Wave exciting force

Has a phase angle w r t \

undisturbed wave at COG
restoring force c*z Archimedes: bouyancy

> Depend on

Damping force b*dz/dt Hydrodynamic damping / frequency |
Inertia force M*d %/dt 2 Mass +

Hydrodynamic Mass

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 56
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Moving ship in waves:

(m+a)[H#b[#Hclz=F,

B Hydromechanic _
— reaction forces ) T
— \ N
e N — o ~

TN
— Wave forces \‘}‘-n«/

S
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Right hand side of m.e.:
Wave Exciting Forces

* lncoming: regular wave with given frequency and
propagation direction
» Assuming the vessel is not moving

'?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 59

Moving ship in waves:

(m+a)[zb(Zclz=

Hydromechanic reaction forces
. (reaction on calculated
-~ \ wave force)are calculated
/ . ) for flat water (NO WAVES)
o Hydromechanic g
- reaction forces |

%

“~
- \ a0
@ )

\
— Wave force is calculated for
— Wave forces e restricted ship in mean
/ position: No motions

.1
/
\\
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Back to Regular waves

regular wave propagating in direction p
¢ (t,x) =C. cos(wt —kxcosu —kysinu)

Linear solution Laplace equation

In order to calculate forces on immerged bodies:
What happens underneath free surface ?

'?U Delft; OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 60
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Back to Regular waves

regular wave propagating in direction p
¢ (t.X) =L cos(wt —kxcosu —kysinu)

Linear solution Laplace equation

In order to calculate forces on immerged bodies:
What happens underneath free surface ?

'?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 61

Navier-Stokes vergelijkingen:
u, du, u, du_ Op, 0 v, aul|, of fou, ow
s e Hax ayﬂ H&&H
Vv, v, N D, v, au)|, av o fow,
pﬁw&w@wva 7y {u( ﬂ (?\DW”'ZH E[ W }
W ow, W w_ dp ou_ow ow 0\/ F)
e A e 75&[*(& W)] {“(37 ?ﬁ)} a[mw*z“ﬁJ
(not relaxed)
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 63

Potential Theory

What is potential theo
way to give a mathematical descrip |on of flowfield

Most complete mathematical description of flow is
viscous Navier-Stokes equation:

'?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 62

—

Apply principle of continuity on control volume:

1
L :n
- : y:};-y
|
/
3
% N TR
Continuity: what comes in,
must go out
'?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 64

1€



This results in continuity equation:

ou ov ow
—+_+_ =0
ox oy o0z

?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 65

From definition of velocity potential:

oP 0P 0P

=__, W=
% ov 0z

Substituting in continuity equation:

ou N ov N ow _
ox o0y 0z
Results in Laplace equation:

0

R O) +azq> N R O) _
ox- oy° 07

0
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If in addition the flow is considered to be irrotational and non
viscous -

Velocity potential function can be used to describe
water motions
Main property of velocity potential function:

for potential flow, a function ®(x,y,z,t) exists whose derivative in a
certain arbitrary direction equals the flow velocity in that
direction. This function is called the velocity potential

'FU Delft: OE4630 2012-2013, Offshore Hidromechanics, Part2 SESSION ID 66

Summary
« Potential theory is mathematical way to describe flow

Important facts about velocity potential function ®:
o definitinn:  ic a fiinctinn whnca darivative in anv dirertinn aaniale the

flow velocity in that direction

» @ describes non-viscous flow

* @ is a scalar function of space and time (NOT a vector!)

'?U Delft: OE4630 2012-2013, Offshore Hidromechanics, Part2 SESSION ID 68
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Summary
« Velocity potential for regular wave is obtained by
Solving Laplace equation satisfying:

1. Seabed boundary condition
2. Dynamic free surface condition

(X, y,zt)= Z(’L_QEH [$in(kx cosp + ky sin L — wt)

_%.9 coshk(h+2) .
D(x,y,zt) = o DCCOTkh)Bm(kxcosp+kysmu wt)

Kinematic free surface boundary condition results in:
Dispersion_relation = relation between wave
frequency and wave length

3.

w? = kg tanhh)

?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 69

Water Particle Kinematics
trajectories of water particles in finite

water depth
D(X, Yy, zt)= Z{a—? OSP:(:S:(:\Z)) [$in(kx cosp +ky sin 1 —wt)

'?U Delft: OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 71

Water Particle Kinematics
trajectories of water particles in infinite
water depth

d(x,y,zt) = Zz)_g@‘z [3in(kx cospl + ky sin 1 — wt)

T T T T T T T

R T R Y T

'?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 70

Pressure

Pressure in the fluid can be found using Bernouilli equation
for unsteady flow:

aT +1u? +w)+Pigz=0
p

1%t order fluctuating

ressure
P 2nd order (small
quantity
squared=small enough Hydrostatic pressure
to neglect) (Archimedes)
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 72
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Potential Theory

From all these velocity potentials we can derive:
¢ Pressure
» Forces and moments can be derived from pressures:

F=-[[(ptm)ds

M:—jjptﬂrxw)ds

'fU Delft: OE4630 2012-2013, Offshore Hidromechanics, Part2 SESSION ID 73

Which structure experiences the
highest vertical wave load acc.
to potential theory ?

A. The Barge
B. The Spar
C. Equal forces on both

Wave Force

Determination F,,
Froude Krilov

Diffraction

n
o
O

‘?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 74

Flow superposition

Km+a)11l-bDﬂ-cQ=F®

1. Flow due to Undisturbed wave P.  Flow due to Diffraction

wO:—QEkIBin (wt —kxcosp —kysinp )
w Has to be solved. What is boundary
® condition at body surface ?

%

~

PN DN
Vi o ra
& L
‘?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 73

‘?U Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 76
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Exciting force due to waves

(m+a)[#b[Aclz=F,

1. Undisturbed wave force (Froude-Krilov) 2.  Diffraction force
¢0:_Z_:)§1 [e" [Sin(wt — kxcospt —ky sinpt +€ )

Has to be solved. What is boundary
® condition at body surface ?

%

'fU Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 77

Pressure due to undisturbed incoming wave
T=10s

'fU Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 79

Pressure due to undisturbed incoming wave
T=4s
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 78

Wave Forces
Wave force acting on
vertical wall

'fu Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 80
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hat is the formulation of diffraction
potential &, ?

Dy(x,2,t) = %gllkzﬂ;in(l«—u)

A. ¢7(x,z,t)=—z—(:)g®”3in(kx+ux)

B. ¢7(x,z,t)=—%gEe“’E€in(kx—mt)

C. oxzn=0
)%
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID ;ﬂ

Calculating hydrodynamic coeffiecient and diffraction force

(m+a)[ZbEclz=F, =F, + FS:)
‘1’7:—@ (& Csin (ke + wt)
W

¢O:%’®“ in (o -t

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID

hat is the formulation of diffraction
potential &, ?

Dy(x,2,t) = Z_:)Q e“sinfo— uxt)

A. o, (xzt)= —%’ [ [$in o+ 0ot)

B. o.xzt= —Z&g [&* Bingo— o)

C. oxzn=0
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID ;w

Force on the wall

I_:=—J' phdz

oo%ﬂ & sin(ka-at), ®, =—%e’“sin(lo<+ux)

30 o, +o,)

P:‘p'at =-p o

. ‘{( 240 w«sin(u)ms(kx)J
ot

2pZ g [&° cos{ kx) cos{at)

n=(-1,0,0)
x=0

F,= OJ2PZ g@”cos(ux)dz:[Zp LTQQ'“ cos(u)t)]G =

pras ;g Ceos(at) -0
84
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Left hand side of m.e.:
Hydromechanic reaction forces

* NO Incoming waves:
» Vessel moves with given frequency

'?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 85

Pressure / force due to undisturbed incoming wave

T=10s
o F:—H(pljh)ds
P="Por y
M==] p{rxm)ds
S
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Recap: Motion equation

(m+a)[z2b(&clz=+F, +F, =F,

~

Hydromechanic force Wave Force
depends on motion independent of
motion

fU Delft: OE4630 2012-2013, Offshore Hidromechanics, Part2 SESSION ID 86

Calculating diffraction force

(m+a)[zblzclz=F, =F, +F; )

moz%g (& [sin (kx - wt)

D+, = —ZZLQ (& sin(wt ) cos(kx)
)

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 88
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left hand side: reaction forces

(m+a)[z#bAHclz=+F, +F, =F,

~
Hydromechanic force Wave Force

depends on motion independent of
motion

?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 89

Hydrodynamic coefficients

Determination of a and b:
*  Forced oscillation with known frequency and amplitude

*  Measure Force needed to oscillate the model

6 Degree of
Freedom Forced
Oscillation tests

July-August 2004

3
TUDelft

Dot Universty of Techmstogy

Determine added mass and damping

Experimental procedure:

Oscillate model Subtract known

i.e. impose known harmonic reaction forces from
(=i, 2 measured Fygjation

Split remainder into
damping and added
mass coefficient

(m+ a) J1+ b&*‘ c (z= Foscillation

2=z, coslt), = -0z sin(wt).z= -0z cos(wt) |

(-w*(m+a) +c) z, coswt ~wbz, sinwt =

-w?az, cosmt - whz, sinwt =_+ (w’m-c)z, coswt‘

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 91
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Equation of motion

s N
m+8) [26h{ £z =F

(m+ QB p=F,

Hydrodynamic coefficients:
a=added mass coefficient= force on ship per 1 m/s?
acceleration —
a * acceleration = hydrodynamic inertia force

b=damping coefficient= force on ship per 1 m/s velocity -
b * velocity = hydrodynamic damping force

‘?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 92
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For each of the 6 possible motions,
. . . the flow is described by a radiation
Calculatmg hydrodynamlc coeffiecients potential function. The incoming
added mass and dampmg waves are ignored for this. By
finding a description of the flow,
the pressures and consequently the
forces can be determined later

Z=FK,
. Oscillation in desired direction in still water
. To prevent water from penetrating through the hull:
we need the radiation velocity potentials : ®; —®,
. From potentials, we can calculate forces on body and the Heave () .,
corresponding coefficients 3 ’«(t)
Roll (D)
|
)I oscillation
X in still water
~
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 93

Moving ship 1in waves:
Not in air but in water!

SHIP MOTION : HEAVE ASS

DAMPING —_—

SPRING ) —
ADDED MASS

(m+a)[#bZclz=F,

ﬁ:—jsj(pm)ds o
M =~[[ pfr xm)ds o

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 95

ndary conditions are the s;

used for

olving the Laplace equation |
mmary a

an
ull of the structure

entials, this m: : the flow in normal

d‘uext\m to the ‘ht Il t | ti of the hull in
IZ([) I 7-(() normal dir
Fa potential it
motion oscillation restrained
in waves in still water in waves
- ) o) Undisturbed wave potential (DO
Radiation potential 1.6 Diffraction potential CD7
0P 0Pb, 0P
. 1.6 —
Boundary Condition: a— =V, Boundary Condition: - _%+- L=0Q
n on  an
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 94

hich body will have the largest added mass for roll ?
A, A
B. B
C. Equal added mass
D. Depends on the frequency

78% z

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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Equation of motion
(m+a)[#blHclz=+F, +F, =F,

To solve equation of motion for certain frequency:

e Determine snrina coefficient:

. c - follows from geometry of vessel

«  Determine required hydrodynamic coefficients for desired frequency:

. a, b - computer / experiment

«  Determine amplitude and phase of F, of regular wave with amplitude =1:

. Computer / experiment: F,, = F,,,cos(wt+&xy,¢)

*  As we consider the response to a regular wave with frequency cw:
Assume steady state response: z=z,cos(wt+¢, ;)
and substitute in equation of motion:

?U Delft OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 97

Equation of motion
(m+a)[zb(zclz=F,

Now solve the equation for the unknown motion amplitude z,and phase angle ¢, for 1 frequency

/~ System is linear

If wave amplitude doubles - wave force doubles > motion doubles

z
Substitue solution Z =Z§COS(0M +€,¢ ) and solve RAO and phase
a Ga

5 i 99
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID

Equation of motion

(m+a)[Zb(#clz=F ,

z=z,cos(wt +¢,, )

Z=-zwsin(wt+e,, )

=-ztcos(wt+e )

(c-w*(m+a))z, cos{wt +¢&,, ) +bEzwsin(wt +¢,, ) = F,, cos{wt+¢, ,)

Now solve the equation for the unknown motion amplitude z,and phase angle ¢,

'?U Delft: OE4630 2012-2013, Offshore Hidromechanics, Part2 SESSION ID 98

_awa
RAO =]
\(m+ a) 2 qm =Ry
. S~ -
«\
@ g R
§ EX g
s o a
Z 2 £ g g
% 3
g 2 / Fy \ 2
Y g
@
s £ 2 <
. §—1 1 ¢ §
- © S
2 2 2
S 5 S
3 3 3
= = =
0 \
0 1 2 3
Frequency (rad/s)
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Calculated RAO spar
with potential theory

?
20 ’ ————
l i ! ' i
(it of—rsT-t--
j
15 | :
I B ! ]
b | — wirout aitacion | =, " without difraction
§ ___ with difiraction A ___ with difiraction
. ! i [
| f ;
H | i e
0s | Ve
L
el I i i
. \ Lo
o 1z s 4 s o 1 2z 3 4
Frequency (rad/s) Frequency (rad/s)
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What is ‘linear’ ???

1. Linear waves:

+  'nice’ regular harmonic (cosine shaped) waves

«  Wave steepness small: free surface boundary condition
satisfied at mean still water level
R . Pressures and fluid velocities are proportional to wave elevation and have same

frequency as elevation

2. linearised wave exciting force:

. Wave force independent of motions

. Wave force only on mean wetted surface

3. Motion amplitudes are small

Motions are
proportional to

wave height !

Motions have same

frequency as

|_ . Restoring force proportional to motion amplitude waves
. Hydrodynamic reaction forces proportional to motion amplitude 7
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 103

requency Response of semi-submersible

Wave Drecton
) =
v P e o]
! 1
b 12 o
Piatton Dwnensions (m)
i " 02 12
' 1w | tes2 | w08 | 1o
2 "nn N L) 13%
3 "nn 2R L1 1950
. 2500 ne ”e 120 00
s 200 812 %0 17500
o 2500 508 ne 22500
Wave Frequency o  (radss) [Source: Moot 1970]
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Learning goals Module II, behavior of floating
bodies in waves
+ Definiticn of ship motions e
Motion Response in regular waves: :
+ How to LseRAO’s
« Urderstand the terms in the equation of motion: hycromechanic reaction forces, wave exciting forces
+ How to sclveR A0's frem the equation of moticn
Motion Response in irregular waves:
“ow' to deterine resporse: i mregular waves from RAGS and wave spectrutir withoue forward' speed
3D linear Potential Theory h 7
<How to determine hydrodynamic reaction coefficients and wave forces from Velocity Potential )
+How to determine Velocity Potential
Motion Response in irregular waves: @8
+ How to determine response in irregular waves from RAO's and wave spectrum with forward speed )
« Determine probability of exceedence
« Make down time analysis using wave spectra, scatter diagram and RAO’s
Structural aspects: @8
« Calculate intemal forces and bending moments due to waves .
Nonlinear behavior: e
« Calculate mean horizontal wave force on wall .
« Use of time domain motion equation
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 104
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Learning goals Module II, behavior of floating
bodies in waves

«+ Definition of ship motions
Motion Response in regular waves: h6
+ How to LseRAO's

+ Understand the terms in the equation of mation: hycromechanic reaction foross, wave exciting forces
+ How to scdveR A0’ frem the equation of moticn

Motion Response in lrreg)lar ‘waves:

oW Yo determine esponse T ‘regular waves from RAG’ and wave spectrur without forwsra' speed

3D linear_Potenti;

7 2D Potential theory (strip theory) p. 7-12 until p. 7-35 SKIP THIS
lamic reaction coefficients and wave forces from Velocil i

eHow to determine Velocity Potential B Today PART

Next week

Motion Response in irregular waves:
« How to determine response in irregular waves from RAO's and wave spectrum with forward speed
« Determine probability of exceedence

« Make down time analysis using wave spectra, scatter diagram and RAO's

Structural aspects:
« Calculate interal forces and bending moments due to waves

Nonlinear behavior:
« Calculate mean horizontal wave force on wall

« Use of time domain motion equation

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 105 'fu Delft:
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Calculating hydrodynamic coeffiecients and diffraction Calculating hydrodynamic coeffiecients and diffraction
force force
p7-4 course notes
«  Radiation: —8, [ b, [Z
(m+a)z+blzclz= R, =F,, +F, g e
« Hydrostatic buoyancy: —C [Z
mz=y F=E,- Fy 3@
m and c = piece of cake Z o NCFAKSANS
F.. = almost easy ( Jo+b e r
' . m+a)zbztcz=F ,+
a, b, and F, = kind of difficult —— Ch.7 ot Faa




Calculating hydrodynamic coeffiecients and diffraction
force

m..Q:ZF = @Fm+Fd3+Fsz
Radiation Force: Fa=-8 bz
To calculate force: first describe fluid motions due

to given heave motion by means of radiation
potential:

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 109

otential theory _
Radiation potential (m+a)[2blzclz= FotF

diation potential heave ch (X, Y, Z,t)

=Iflow due to motions, larger motions — ‘more’ flow

Problem: But we don't know the motions !! (we need the flow to calculate the
motions...and we need the motions to calculate the flow...)

radiation potential is written as function of motion:

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 111

Potential theory
Radiation potential (m+a)[2blFclz=F,+F

Radiation potential heave ch (X, Y, Z,t)
= flow due to heave motion

Knowing the potential, calculating resulting force is straight forward:
F=-[[(pm)as
: Fzﬂ.(paﬁm\|ds
M:—”pEQTxn)dS sU ot )
° 9P .
M = —[rx
J;[p 5t Qrxm)

oo
o y
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Potential theory

Radiation potential

radiation potential is written as function of velocity of the motion

O (x 1) = D{@ I} P75 ea 717
Only space dependent Only time dependent
7
TUDelft OE4830 20122013, Offshore Hydromechanics, Part 2 SESSIONID 112
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otential theory

Radiation potential

D,(x,t) =

Only space dependent

Complex notation:

5 (t) =s, &™

v, (t) = 5(t) = —ioos,, &

o)
N

SaS

-

2(t) = z, cos(wt +¢,, ) =0 {(;e g }-

v, (t) =6\w2fi2e

—iot

=-iws ™"

Complex heave velocity amplitude
a

Only time dependent

Complex heave motion amplitude

{s.e™]
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otential theory

Let’s consider forces and moments due to heave motion

- ﬂ( % s

\‘Da(z,t)=cp3w =@ Fws, @
)_ =it
H P ﬁﬁﬁﬁs \/4
Fo=| R I ds
S at _) —
(e Biws &™) Lo
WU LAY A=

‘?U Delft

OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 115

Marine Engineering, Ship Hydromechanics Section

otential theory

Let’s consider Heave motion:
vs (t)
i
200 =0 0, 8} = D{o, B s, @)

v,, = complex amplitude of heave velocity
s,, =complex amplitude of heave displacement

Potential not necessarely in phase with heave velocity v; =

@, = complex amplitude of heave radiation potential (devided by -iws,,)

‘?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 114

Potential theory
some re writing, considering only heave
force due to heave motion:

[ oo, Biws, &) |
r33 jj| 1 P ' 3
F=0ile T M IdS} |

Only space dependent Only time dependent

=D1—p & [Jo0 Uhaﬁﬂsj
s
2 [
‘?Ulielft 1) !
a3 3 3
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Marine Engineering, Ship Hydromechanics Section
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Potential theory

Radiation Force due to heave motion is 3 component vector:
_ [_ 2 [h ms @’i‘*’ Surge force due to heave motion
Fr13 - Di p [0y Bazj].(p?; 1 f
S
- (_ 2 h S ] Sway force due to heave motion
Fr23 - Di p 6 E‘;aa_[_[(pa 2 f
S

Heave force due to heave motion

Fr33 = I:I 1_p L—(DZ BaBIj(pSm 3ms @4“ T
S

Fr 33

In the following, only heave force due to heave motion is considered:

117
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‘?U Delft

otential theory Im
Radiation potential
wt
Y A Re
I =X S a3
@
Vas

= Radiation force in heave direction,

[
- 2 —i
I:r33 =0 4 P @ Basﬂq% ms [Sre ml due to heave motion

1 7 - J
m[z +clz +F, -\E@+Fd3
D{m% e B +C|333 &+ F-rSSJL = Fw3+ Fda

otential theory

Radiation potential Im

H /
H /
/ >

] = Radiation force in heave direction,

J

m(z +clx +tFR3=FRg+Fy=

m@:«l@—m + Cgae @-M + FrSE

118
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Im

otential theory

Radiation potential

M

[ V;S i ]

2
=0 -p® 3 [fo o @Sce =0{-av e -by @ }

r33 i a3 3 3 T a3 a3

F

S
=D{am’ 5, @™ +bliw(s,, ™}
= D{aw’ (5,, [ +ibw (8, ™)

—al=
?UDB"( i _iii Eflmt i ] E Eﬂm
119
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( . Pt .—kinn1 _f G BTN —iax]
?iiag'%) T, [ s i TS S
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otential theory am
Radiation potential

Va3
v
Va?
( v
o s [fon dgse’  {a’s e ibws e} Tt
:Di‘ 0 04 0,0 D/f: 040,/ + 040/ After dividing by i (8
s Both Im and Re part have to be
1
—pwz.[.[%@gms:awz+ibw equalled!
S
a=-pQd {J]'q)3 m, ms}
S
b= —puﬂ{ﬂ% m, ms}
s
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Solving the Laplace equation

coupled equation of motion:

a a a 1 +a a a H% » b b b
|
a & an Ay lyvas 3 |9 ‘@1 B, B3

T 1
M+ay, a, ag a4 a5 £ \(X\ Ibyy byy byz by bys b15\(x\ [C11 Cpp Ci3 Ciq Cis Cg] )
| a, M+a, a a a a Ibyy by bys by bys byl |r | I WX‘\X\
21 2 93 24 25 26 \y 2 3 D24 6‘\{ ?21 £ 2; 2'4 2 §6 E
! a M+a a a a ' b b b b | c ¥
23 2 B % kS 36\2 131 32 B B B 36\2 \31 32 333435 3%\\\1\
[t 2 B X MW 46 11 114 42 43 4 45 461 | |4 R B H [ xl
\%\ccccccuthM\

|

I

I b A

| o) by b ‘\e\ /€5y Csp Cs3 Cs4 Css CSS‘HLU "My’
C61 Ce2 €63 Coa Ces C

|2 3% A 2 2 lztag P {bm By By Bs Bis beg JU’; 61 Ce2 Ce3 Cos Cos Cos)
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rgg?ﬂﬁiﬁé 1ﬁ]t?r?lqlleave motions,

[0

IForces Moments
8y, = -0 p [[ @, h, (S, -04p[[edr=m),ds,
e i” K
b =—D( b =- [ - -

w lﬁ .. g l J
a =-0 p oS D{p q)Qr-xn-) s |

(‘t s, l L. U

t\3=—uipwﬂ¢amm&j D{p I%Eﬂrxnizm%f
S

a,=-0 Ep ﬂ‘pzﬁh 3EHSJ}

e [

o piny

b = —D{pm iJ‘(pSEQr—x njzmsof

OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID
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Hydrostatic heave — pitch coupling
Which statement is true?

A. cs53=0 only if geometry of submerged vessel
has fore-aft symmetry (wrt origin)

B. ¢53=0if B and G are aligned
C. c53=0if G and F are aligned
D. Both B and C are true 20% 20% 20% 20% 20%
E. Both A, B and C are false
K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation
— £ r_
—
H
o &
K ‘}‘ ‘.’} s
A Cl 0’
R ’9"
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Hydrostatic heave — pitch coupling
Which statement is true?

A. €s53=0 only if geometry of submerged vessel
has fore-aft symmetry (wrt origin)

B. ¢;=0if B and G are aligned
C. ¢53=0if G and F are aligned
D. Both B and C are true 20% 20% 20% 20% 20%
E. Both A, B and C are false
K =Keel
Zb B=centre of Buoyancy
F=centre of floatation
— F —
— e
H X
K .!" f J/ o o‘
*" e
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Hydrostatic surge-heave coupling
Which statement is true?

A. ¢43=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)

B. c¢,;3=0 regardless of geometry
C. Both A and B are false

K =Keel

G =centre of gravity
F=centre of floatation

ul

Hydrostatic surge-heave coupling
Which statement is true?

¢,3=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)

B. c¢43=0 regardless of geometry

C. Both A and B are false

K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation

33% 33% 33%

— g
B*
K
P A
&
Q# f AL
Cd T
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Hydrodynamic heave-pitch coupling
Which statement is true?

ag5;=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)

B. as;=0 regardless of geometry
C. Both A and B are false

K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation

— FG -
— —
Xp
B.
P
PR A
&
R AR
A
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33% 33% 33%

— e,
B* %o
K
o &
f & la“
& i >
Cal & ra
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Hydrodynamic heave-pitch coupling
Which statement is true?

A. ag;=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)

B. ag;=0 regardless of geometry

C. Both A and B are false

33% 33% 33%

K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation

Hydrodynamic sway-roll coupling
Which statement is true?

A. a4,=0 only if the submerged geometry
of the vessel has SB-PS symmetry

B. a,=0 regardless of geometry
C. Both A and B are false

F e
—] 2
X
B* b
K
{' & o'y
& ,0
& & S
AR
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Hydrodynamic sway-roll coupling
Which statement is true?

A. a4,=0 only if the submerged geometry
of the vessel has SB-PS symmetry

B. a,=0 regardless of geometry
C. Both A and B are false

z
33% 33% 33%
y
A
;‘Q ’)" ,av')
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z
33% 33% 33%
y
A

nA‘# f "‘
# rd ra
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Potential theory
Recap Radiation potential
P5(x,1) = O{ @ (x) N (1)}
[EAST
5
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otential theory

Radiation potential

&, =~p0) {JSJ@ i, EMS}

by = —wa{Jsjqa h, ms}
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Solving the Laplace equation

coupled equation of motion:

1 1o ]
My 3 33 3 A A |y Pu B B i Pis bl ) oy o o gy 06 .
B Miap 3y 3y 35 3 iy 1byy by by; by by bzs‘\‘y 11161 €2 €23 Coa Co5 O

ap Miyap 3  ap 2 b3y by by by by b36“z' 1,C31 G52 C33 C34 G35 5364

oS
&

R R T e e
a &; a a,  Iy+a a 19 by by, by [18]/Cs1 €5y Cs3 Csq Cos Cog)
IR T on e NpEEREElCIIIIS
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otential theory

esulting from heave motions, ®s

Forces

Moments

a5, =0 {pg% Dhsmsbf

by, = —D{pwﬂqa s LS,
S J

(
w0 S
r0p s

ol |
b5 Dlp iﬁplﬁhmsf}

By = -0 {p_g(p, , ma,f

m,=—u{pwg% mms)j

a,=-0 {pg(p]Eqr‘krf)ldSD}

b, = —D{pw Jfoqr>m, mso}}
S

a0 [t as

]

j

a, = =01 p[[o,qrxm), WSD}
S

b= —D%pw [foHr=m) s
S

by, = -D<pwg¢, qr>m, DHSD}
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otential theory

Now let’s consider the right hand side of the motion equation:
the excitation forces that the structure feels due to the waves.

restrained
in waves

9

Undisturbed wave potential (DO

Diffraction potential CD7
0 P
Boundary Condition: - _%+- L=0
on__dn
'fU Delft 136
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alculating hydrodynamic coeffiecient and diffraction force

o

m+a)(Z+bz+clz=F, =F +F,

Potential is known from Ch. 5:

Has to be solved. What is boundary
o) condition at body surface ?

%

~
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alculating hydrodynamic coeffiecient and diffraction force
m+a)D+bQ+cﬁ=@>
Undisturbed wave force (Froude-Krilov)
g =q, cos(kxcos(p) +kysin(p) —wt)
o, = %)g v Bin(kxcos(p) + kysin(p)-u)t)

ko k(xGogu)+ySin(K)) _iax

e e]
- 00 o
J

[
3
L
=0 {—im 9 e k(xeog p)+ysin(p)) [zo [é"“]

axes system (COG) in complex notation

Q (X, v, Z) - ,?z &2 [giliecod ) Hysin())

fU Delft

Marine Engineering, Ship Hydromechanics Section

alculating hydrodynamic coeffiecient and diffraction force

Fee +Fo

Linear relation between undisturbed
wave and diffraction potential >

|¢7 = =@ FHwl, " =@ FHw, @*i“"|

Notation p 7-39, 7-40:

{, =C, = amplitude undisturbed wave (at origin, real)

{, ¢ = amplitude motiongcomplex)
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alculating hydrodynamic coeffiecient and diffraction force

) =849 3 (3in kxcos W +kysin g -wt

o (OO0

axes system (COG) in complex notation

0N (x, Y, z) = ?02 g g(ecodu)rysin(u)

—iwt

fU Delft

Marine Engineering, Ship Hydromechanics Section
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Same for diffraction potential:

¢ ()= -, &
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Potential Theory
Forces and moments can bé derived from pressures:
F=-[[(pm)ds
s
M= —” pL{rxm)dS
S
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(Mm+a) Z+b2+0lz = Ry =Fr+ o
K\d)

)

0 [1] 7 0
@+ =-iwlg +¢ @ @]

Pressure:
o(P,+P
p, = —p% = pm2 Eﬂ% +(Q)|10 I
= pressure due to incoming and diffracted wave

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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Learning goals Module II, behavior of floating
bodies in waves

+ Definiticn of ship motions

Motion Response in regular waves:

+ How to LseRAO's

+ Understand the terms in the equation of mation: hycromechanic reaction forces, wave exciting forces
« How to sclve RAO's from the equaticn of moticn

Motion Response in irregular waves:

o' o determine vesporses” n egular waves froft RAGY and wave spegtiulf withstt forward’ speed

3D linear Potential Theory

How 1D reaction coefficients and wave forces from Velocity Potential
ewmvﬂmmd

IOV
" Motion Response in irregular waves:

« How to determine response in irregular waves from RAO's and wave spectrum with forward speed
« Determine probability of exceedence
« Make down time analysis using wave spectra, scatter diagram and RAO's

Structural aspects:
« Calculate internal forces and bending moments due to waves

Nonlinear behavior:
« Calculate mean horizontal wave force on wall

« Use of time domain motion equation

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID

144

36



Potential Theory

RO N R0 N RO

=0
X’ oy 97

So this is the differential equation we have to solve

What are the boundary conditions ?
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Potential Theory

Boundary Conditions:
e At sea bottom: Sea bed is watertight
s At free surface:

P = Patmospheric (dynamic bc)
Water particles cannot leave free surface (kinematic bc)

e At ship hull: ship is watertight (that's whatit's a ship for isn'tit!)

e Far far away from the ship: no disturbances due to the ship’s presence

Potential Theory

on
- i L)
P = Panrerc (dynamic bc) 22 420 atz=0
Water particles cannot leave free surface (kinematic bc) ot 0z
0P
e At ship hull: ship is watertight (that'swhatit's a shipfort) an =Vi atsu
lim® =0
Rooo

o Far far away from the ship' no disturbances due to the ship’s presence
‘?U Delft

Marine Engineering, Ship Hydromechanics Section

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID

146

Solving the Laplace equation
How to create the potential flows ?
Use of basic potential flow elements: source-sheet on the hull

Recall Ch. 3: point source
3D
)4
Source: ¢ = = 2 ink 0 is negative|
oy, 4nr
M EEEER RN R AR TN .»1!\"?“"”’”
mmal T n"',lg.ﬂ”' %
mRRLARRATARRRR GRS T T L
R

J --;;‘“II =
0\

‘?U Delft

Marine Engineering, Ship Hydromechanics Section
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How to determine the potential using a source sheet on the ship’s hull ?
Use of ‘Green’s function’

cg/&m\z=1 %9.2 G x.y,z%¥,2 dS
ooz = o 52

N

ST ,<¢¥ (o R

¥ Green's function: influence on
potential at (x,y,z) by source
located at(x, v,z

Complex amplitude of r’
potential in point (x,y,z J

Source strength at(f(, v, 2)
Mean wetted hull surface
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Solving the Laplace equation

o:
Potential field is created by source sheet on ship’s hull surface

v

The source sheet is a hasic notential flow element and a solution of the I anlace eauation

Potential at certain location is influenced by whole source distribution

This influence is defined by the Green’s function

This Green's function also takes care of satisfying the sea-bed and free surface b.c.

The source distribution also satisfies the radiation condition (effect of source vanishes at large distance
from source)

Only b.c. left is that at the hull surface
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Solving the Laplace equation

How to determine the potential using a source sheet on the ship’s hull ?
Use of ‘Green’s function’

¢ (xy.2) HG (%9.2) EG 5(%Y,2.%.9.2) Slso
S //

Green’s function: influence on
potentlal at (x,y,z) by source

%9.2)

e  Satisfies the boundary
condition at the free surface
Relaxed!
e  Satisfies the boundary
condition at the sea bed

P 7-42 formulae for G
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Solving the Laplace equation

Why do we only need to consider the complex amplitude (§(x,y,z)) instead of ®(x,y,z,t) ?

Let’s consider diffraction potential BC:

9%, , 0, _
on on
) _a‘DO_ 6‘131 _
®, =0{q ()@ (1)} on Ton 07
@ (x.2)= g g @leentosn) \ o0 {q, (x) @ (1)} +6E|{(p,(l<) @ (1)} _ o
. an an
C(t =—iw|10@"‘"
() g
. n n
®, =0{e, () (1)}
¢ =7
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Solving the Laplace equation

How to make sure the potential satisfies the b.c. at the hull surface ?
1 oA PN
9, (x, y,z)— EJ 0, (x, y,z)IZG (x, Y, Z, X, y,z)dS0
For example: diffraction potential

0 0 Complex amplitude of normal yelocity due to
0, , 0@, \

diffraction potential at (x,)z)

«On  0dn . o
_— /”\\ / \ N
( g—@kz ik(xcospi+ysing } %ﬂ 0' A‘ A’ A) (X Y,z X‘ y‘ )dS0 :
T o, At

Complex amplitude of Normal velocity due to
undisturbed wave potential at (x,y,z)

Source strength o, has to be calculated so that this equation is satisfied !!!
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Solving the Laplace equation

a((’%)(x Yy, z +\-}/20'7 X, y/pi-&#cn st,\/
i //

Contribution of source at (x,y,z) where r = 0
Contribution of all surrounding source sheet

(Principle Value Integral)
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Solving the Laplace equation
How to make sure the pote naksatlsﬁslthe b.c. at the hull'surface ?

( i) I07 %,9,2)B(x y,2,% 9,2 d\%J

(@) g
\ =0
on (ey ) T on
A
0 . o~ . 0G 8 g
gpr‘:)(x,y,z)\+—/20,(x,y,z)+ﬁ§ﬁo7(x,y,z)[~l(xg—z>wz/dg 0

Source strength o, (as a function of the location on the hull) has to be calculated so that
this equation is satisfied
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Solving the Laplace equation
numerical approach

- —_—

2 7 1 A”a 2892
)0 G g o (x99 2T g <o,

PROBLEM: there is no analytical description of the hull surface S,
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Solving the Laplace equation
numerical approach

a((p")(x,y,z)+—1 o (657 L o (% Ai)DaG(x,y,z,x,yvi)ds —o
411# ! on °
,,,_ — N
Sl _(a@) //

Centroid of panel m is called collocation point (x,y,z)

Only here boundary condition is satisfied.

Every panel has 1 collocation point

Source strength is constant on each panel

In summation: n#m (numerical form of PV integral)
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otential theory

Radiation potentials
®, (x1) =6 () I, () = 0 (g () Briws,e™)

- N

Only space dependent Only time dependent
Boundary condition at the hull surface:
Fl locity i | directi
//\.\\ ow velocity in normal direction surge: f1 - COS(’\, X)
/
0.\ 00 -~ sway : f, = cosf, y)
\ : ) P7-3
AN R = 1 2 P73 ]
\ on on ' o heave : f; = cosf, 2)
N A .
a(pj Local body velocity in normal direction ¢ roll : f, = ycosf, 2) - zcosf, y)
an i pitch : f; = zcosf, x) — xcosf, 2),
yaw: f, = xcosf, y) — ycosf, x)
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This equation must be solved for every panel m

Taking into account sources on all other panels

AT [
S T77 v
L Jr fafe)) A “'-,~,H"“°'vi-.-4

=1
|\ { on )N)|
1. . . .
A, = _E (influence of source at panel n c%(%at its own collocation point)

Am = 7: a:MASn (influence of source at panel n (%ISPL at collocatpmint m)
T on n

a,, = unknown source strength of diffraction potentiapanel n
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otential theory
P di\ation potential
/ 5% PN

- 18 56
' =Q¢ﬁ\ ‘}/ﬂm+E§Uan’—on""AS"=fmJ

(Al AW\ (a,,) [(f).
P | H =
la, - atlo ) (1),
« j indicates which radiation potential is considejeel1....6
o) . . )
e A= —% (influence of source at panel n og(p—lat its own collocation point)
n

: 9 .

c A= %AS" (influence of source at panel n on(p—‘ at collocatiompm)
41 on on

* 0, = unknown source strength of radiation potential (j6) at panel n

. (fj)m local normal direction due to motion in directioatjpanel m

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 160
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Saving calculation time by use of symmetry

N panels means inverting an N x N matrix

How many source strengths have to be calculated to determine 6DOF motion
RAQ’s for 5 wave directions and 40 frequencies ?

A 1400 x N
B 440 x N
C 245 x N
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 161

Internal Loads (static)

Global vertical force equilibrium:
m=[1[p mass = displacement

lThe ‘—sign indicates sectional values! E.g. m'(x,)=mass per unit length [kg/m] at longitudinal location X,
bow |
m= [ m'(x,)dx, mass

sern

bow .
= pjm A (%) dx, = pO0 dlsplacemen‘
A( = submerged area of cross section

1 (bow
Xs = _Lem m'(x, ) g [ix, centre of gravity

m
1 cbow
X = [T.Lem A(x)Dx Oy  centre of bouyancy
2
k2= rlﬁ'[:"kxx'(&) n'(x,)dx, roll radius of gyration
k,2=k,?= l_ o m'(x,) O¢’dx,  pitch / yaw radius of gyration

m?sen
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Internal Loads

» Static
» Dynamic
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Internal Loads (static)

Global vertical force equilibrium:
m=[[p mass = displacement

I nral vertical farce aanilihrilm (farcee nn a cartinn nf lanath Av)-

m(x,) PO (x% )P (= A (x,) eix)
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Internal Loads (static)

A N385 STRACH of 1 structure of he ShO H
Maas gutibegce of e daglacement 0 SUT waler

¥

Moss poe Unk Lengh (vm)
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Internal Loads (static, z)

Distributed load due to misbalance weight and buoyancy:

A, (%)= (A (%) -m(x,))

EQ. 8.10/ Is wrong!

| 4 1
[ [ \ w‘
M| M+dM |
\ N J
dxy,
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Internal Loads (static, z)

m(&)'dXED(&)'m(w(&)WX)

Internal forces !
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Internal Loads (static, z)

force balance:
dQ(x,) _

a(xp)dx, =-dQ(xy) ~ = - ===-0(x,)

q(Xp)

[RRARNA)
Q+dQ
M Q j"l +dM moment balance wrt left face:
v M +(Q+dQ)dx, - (M +dM)+qd)g,[F%0
Q

dxy disregarding products of differentials:

-dM +Qdx=0 - M: Q
dx,
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Internal Loads (static, z)

Free body diagram at x=x, ~shear force due to dq(x,):

X

Q(X1) = _Isanq(xb) dx,

bending moment due to dq(x,):

C|(X Q force
it a(x ),
EARRkil Y M ()= [ (x,m0) ta(x o,
o X " P bow lever arm
b =00 al) o —x [ a(x) @,
% e e TP
Q%)
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Internal Loads (dynamic, z) TTqﬁXb)

111
dQ+aq, (x,) [oix, =m'dx, [2 Q+dQ
N{ ’ DM +dM
Distributed load: Q._.
dx,

a(x,) = (A (%) -m'(x,)) 02
qz(xb)=(AA(X13)m_m'(Xb))Eg+Fwam' *+ Fyeromechanic reaction -
o (%)= (A (%) -m (%)) m+F, +Fig’

This includes the static part. For a dynamic
analysis this part is omitted:

6. () Z (A m(x)) Ry * s’
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Internal Loads (dynamic, z)

Newton’s second law applied to section of length dx:
> F = mdx, 0O 2

vert. forces on section = Mass of section *  vert. acceleration section

dQ+q, (x,) e, =m'dx, [2

"Ifl.lDeIf_t- OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 170

Internal Loads (dynamic, z)
o distributed dynamic load = reaction +excitation:

0. (%)= F oo +Fidx,
« reaction force (added mass, damping, restoring):

Frok=
WX

(X) |
y\
2

Ha, @ a a a a)d '4)‘ (B B bo By be B
K

Remember! ly!
« a, b, c sectional values:...per unit length!
+ Acc, vel and displ: local!

» excitation force (due to waves)
Fladx,
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Internal Loads (dynamic, z) Gyxo)
Newton's 2" law: TTTTTTTQ_,.dQ

((‘2 DM+dM

Dynamic distributed load:
q. (%) dx, = F ' dx, +F ' dx,

Local vert. acceleration:

Y

Newton’s 2M law:

dQ+F ' gdx, +F ' dx, =m'dx, [@.Zﬂﬂ’m _ej(b)
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Internal Loads (dynamic, z)

Newton's 2" law:

The moment equation is the same as for the static considerations
since a section of length dx (where dx is infinitely small) has no

inertia:
(M +dM)—(Q+dQ)dx+qZ(xb)de%—M =0
(Note that g,(x,) is constant over dx)
Again disregarding products of differentials (linearizing):
dm
o5 (%)=Qx)
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Internal Loads (dynamic, z)

Newton's 2" law:
dQ+F g dx, +F ' dx, =m'dx E@-Z"-ﬂ’m '_'m(h)

g% =-F Iwa_ X Ih3+ m'[@_&@ m '_'@(h)

Integrate to find Q:

Zp
a(xy) Q
frereereteeee
L Mi o
stern bow

Q)= 7 -k ), (x)emifmay | max o,

= [orale) - mzegy ,~8% Jox ,
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Internal Loads (dynamic, z)

TTTHTTTTTTTTTh M(X)z‘L:n(i;’ﬁ:)ﬂm\
dXh . M i —> bow lever arm
A
X1 = [, A06) Do = [ a(x) e,

=Q(x)x-x [, mtfzeay wax )dx

*

with Q(x)=]_ -a(x)+mtlz-dy, -ax, ),
This gives:

M (X1) =_Lx;nq(xn) D(ndxb"'xim(XJ_XJ:;n mIEQ.Z".@ w0 )dxb
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Internal loads (dynamic, yf

Newton'’s 2™ law:

Xp

R = mi(x,)dx, [y

y2

-a,[¥b, X

Fa'(%)] poA (% )ded | (% )dxoo | dQ|

These static vertical components  result yb - Z

(IREEE

-

i in a dynamic horizol tal contribution in N ’Q//
%o B‘_bzz w the ship bound axes system (x,Yy2,) T
—a,[xh, [z
— NB: no restoring terms since the force in
624 @ bz“ L_(p the horizontal plane is considered!
-a,1B-h, B
—ay, (b, [
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Irregular wind waves

apparently irregular but in fact a
superposition of an infinite number of
regular waves, each having own
frequency, amplitude and propagation
direction

.?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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Response in Irregular Waves

'?U Delft: OE4630 2012-2013, Offshore Hidromechanics, Part 2 SESSION ID 178

Response in Irregular
Waves:

Energy density spectrum
1 direction only

oy +AW Aw

2 32 (w) «

Definitign: g
g( (A)n) = AW Zaj 2

Aw -0 ®
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Response in Irregular Waves:
Energy density spectrum, 1 direction only
|
L] drrn J — J e = J - - - L L) DR
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Standard wave spectra

JONSWAP
Joint North Sea Wave Project

Late 60's effect of limited fetch was studied by extensive measurement program at German Bight
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Energy Density Spectrum

$.(0)

7 t
Oy o Ao
-
Ao

Shape is location / weather specific

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 182

Measured spectra appeared to have a sharper peak than the PM spectrum. This is why the PM

spectrum was adopted by means of a peak enhancement function.

H/} :
S (W)= _"_‘T Clw™ele ' y”
p

y* = peakenhancemerfunction
y =3.3= peakenhancemerfactor
(gﬁ—l\[

A= e1 °h

o =step functiorof w:
forw<w, ©=0.07

foro>w, o =0.09

'?U Ift; OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 184

46



Difference between spectra

T

H =40m - — — JONSWAP spectrum
Bretschneider spectrum

Spectral Density (mzs)

L

Wave Frequency (rad/s)

ergy density Spectrum

Sz

construction time signal...

Time Domain

Measured Wave Record
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ergy Density Spectrum Slw)
perties
th order moment

= j:w" 5 (w)@w

n=0-m, =...

0, = RootMeanSquare (RMS) = ,/my,
Z,,, =2 m; (significant waveAMPLITUDE)
H,,=40/m, (significant waveHEIGHT)
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Motions in Irregular waves

Similarly, a motion spectrum can be defined, for example heave:

—152 ()
Sz (wn) Lo = Z_Zaﬂ )
)
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47



i . )
Motions in Irregular waves eave Spectrum !

operties

Motion spectrum has exactly the same properties as wave spectrum so: €an zero crossing heave perlOd

W, = M, (spectral radius ahertia) &
) M, / ‘
-f )
m‘l—‘[w‘tsl(m)mm T, =E
mZ
n=0-m,=..

o
o

Tz
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0, = RootMeanSuare (RMS) = ﬂ
7, = ZDVhf (significant heavé\MPLITUDE)
sda, :4D,Vhf (significant heave doubmplitude)

stribution of minima and maxima stribution of minima and maxima:
yleigh Distribution (

f(x) :%Oﬁexpi—

X ]F
2[m, |

for heavesubstitute:
x = heaveamplitude

//,\\ nb = n})z
- \
s \
/ ‘r for wave substitute:
J Py B 3
/ ; x = wave amplitude
i rq) = rrb(
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Rayleigh Distribution

Probability of exceedence of significant
heave amplitude...?

pu(H)

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part2 SESSION ID 193

Motions/ in Irregglar waves I
- )

Waves: .“;\\ o 05 10 1/5,/' "\ o 05 10 15/“
spectrum ‘ L P / SHIP: RAO |
2
Z
S (0)=5 (0)7* (@)
a
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LW SR . hd 1
IVIULTIUILILS 111 111C5u1a1 wdavitos

Sy(w)

How to obtain Heave Spectrum ?? '

1 12
S (0)dw="Z2(w)=" = (0
2 28
z a 2
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Motions in Irregular waves
S, (@)

irregular waves irregular responses

time domain
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Effect of Wave period on Heave

e [Waw 7,605 T,=80s Tp=100
o |spectum 2
FR e
§ afth
=
£ 2 2
3 N )i ]
g 0 e 0
% o o 1 % o5 10 1s o os 10 1s
E. 20 20
& 2 ransier | Cont[inership - .
s Jiuncion |  L=175 mere
g 15heave Heaq waves 15 15
2 V0 nots
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Effect of natural period

Wive spectrum
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Long Term Wave Data

Long Term Wave Data
Scatter Diagram and down time analysis

Scatter Diagram and down time analysis
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Winter Data of Areas 8, 9, 15 and 16 of the North Atlantic (Global Wave Statistics)
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Sources images

[1] Towage of SSDR Transocean Amirante, source: Transocean

[2] Tower Mooring, source: unknown

[3] Rogue waves, source: unknown

[4] Bluewater Rig No. 1, source: Friede & Goldman, LTD/GNU General Public License
[5] Source: unknown

[6] Rig Neptune, source: Seafarer Media

[7] Pieter Schelte vessel, source: Excalibur

[8] FPSO design basis, source: Statoil

[9] Floating wind turbines, source: Principle Power Inc.

[10] Ocean Thermal Energy Conversion (OTEC), source: Institute of Ocean Energy/Saga
University

[11] ABB generator, source: ABB

[12] A Pelamis installed at the Agucadoura Wave Park off Portugal, source: S.Portland/Wikipedia
[13] Schematic of Curlew Field, United Kingdom, source: offshore-technology.com

[14] Ocean Quest Brave Sea, source: Zamakona Yards

[15] Medusa, A Floating SPAR Production Platform, source: Murphy USA
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