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» Offshore Hydromechanics, by J.M.]. Journee & W.W.Massie

Useful weblinks:
« http://www.shipmotions.nl
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OE4630 module II course content

o +/- 7 Lectures

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

Date Time: Type: | Teacher: Location

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

« Laboratory Excercise (starting 30 nov)

< 1 of the bonus assignments is dedicated to this exercise Lecture 3mE-CZ 8 (Isaac Newton)

Assignment assistance 3mE-CZ C (Daniel Bernoul)
/Question:
+ Groups of 7 students : =

< Subscription available soon on BB

1530-17.30 | Lecture Peter Naajen | 3mé-CZB (1saac Newton)
i Tue d Dec 13.30~16.00 Lab session Gideon Towing Tank
L]
Written exam Neriiget
Toe d Dec 16.30-17.30 Assignment assistance Peter Naajen Room Peter Naajen

/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...) >

Make personal notes during lectures!!

« Don't save your questions 'till the break >

Ask if anything is unclear

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:
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Introduction

<]
« How to determine response in irregular 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 internal forces and bending moments due to waves
Nonlinear behavior: e
« Calculate mean horizontal wave force on wall :
= Use of time domain motion equation

OE4630 2012-2013, Offshore Hydromechanics, Part 2 6
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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 Introduction

Reasons to study waves and ship behavior in waves: ) -
the dynamic loads on the floating structure, its cargo or its equipment: Reasons to study waves and ship behavior in waves: ) )
o C}Zer?cia forgeasdonosaa fastening gue to accelerations: E auip o the %)ilrgstm\nllgvlgair?dsuger:j Tt?ucﬂtgfatllqga ggl’udiure, its cargo or its equipment:

Minimum required air gap to avoid wave damage
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Introduction Introduction
Reasons to study waves and ship behavior in waves: ) Decommissioning / Installation / Pipe laying > Excalibur / Allseas ‘Pieter Schelte’
« Determine allowable / survival conditions for offshore operations « 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

f I Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 13

Introduction

Floating Offshore: More than just oil

Wave energy conversion
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Introduction
Floating Offshore: More than just oil

Floating wind farm
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Introduction

Floating Offshore: More than just oil

Mega Floaters
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Introduction

Real-time motion prediction

Reasons to study waves and ship behavior in
Using X-band radar remote wave observation

waves:
» Determine allowable / survival conditions for offshore
operations
* Downtime analysis
WD
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Irregular wind waves

Definitions & Conventions
Regular waves
Ship motions

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

ropagation direction
propag &

20

20

19 '?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2
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Regular waves

(Ch.5 revisited)
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Regular waves

regular wave propagating in direction p:
 (t,x) =, cos(wt —kxcosp —kysinp)

« Regular waves

 regular wave propagating in direction p
L(t.x)=C. cos(wt - kxco<u kvsin u)
Phade angle €

Phase angle wave at black dot

T )
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k=2n/A
w=2ri/T
Linear solution Laplace equation
y
N
X
f I Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 22
Co-ordinate systems
Definition of systems of axes
Earth fixed: (Xo, Yo, Zo)
Following average ship position: (x,y,z)
wave direction with respect to ship’s exes system: p
yo' Wave direction = Xq
)
y
A
/
;
A
g Do X
RN 0
by
'F Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 24




Behavior of structures in waves Behavior of structures in waves

Ship’s body bound axes system (xy,Yp 2,) follows all ship motions Definition of translations
NE EN
1| x | Schrikken Surge
z
2|y | Verzetten Sway
Zy
3| z| Dompen Heave
b
'FU Delft OEA4630 2012-2013, Offshore Hydromechanics, Part 2 25 fl.! Delft: OEA4630 2012-2013, Offshore Hydromechanics, Part 2 26

Behavior of structures in waves
Definition of rotations
NE EN . . .
How do we describe ship motion response?
Rao's
Phase angles
4| x| Slingeren Roll
5|y | Stampen Pitch
6|z Gieren Yaw
'FU Delft OEA4630 2012-2013, Offshore Hydromechanics, Part 2 27 '? 1Delft: OE4630 2012-2013, Offshore Hydromechanics, Part 2 28




. Motions of and about COG
Mass-Spring system:
Amplitude Phase angle

m# +b2-+c2 = F, cos(at) Motion equation Surge(schrikken): x =X, cos (et +m)
F =F, cos(at)
t Sway(verzetten): y=y, Cos (wt + eyg)
| m z Heave(dompen): z=2,cos(et+¢,,)
t)= t i
2(t)=2, c05(at+) Steady state solution Roll(rollen): (phi)¢ =, cos(at+ 5, )
b c Pitch(stampen):  (theta) = 6, cos(at +z,, )
Yaw(gieren): (psi)y =y, cos(at+é,,)

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 Motions of and about COG

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

translating ship-bound system of axes (—COG) Surge(schrikken) : X = x, cos (a)t . fx;) RAOSurge: 2—(«; )
Sway (verzetten): y=y, cos(a)t +e&, ;) RAQSway : L(wvﬂ)
Heave(dompen) :

Roll(rollen):

z,co8(at+z, ) RAOHeave: 4( 1)

a

phi)g =g, cos(wt+zs, )  RAORoI: ﬁ(w,ﬂ)

z=
(

Pitch(stampen):  (theta)0 =0, cos(wt+&,. )  Rraopitch:%(w,u)
(

a

Yaw(gieren) psi)y =y, cos(@t+5,.)  raovan:%(w.n)

N\ ™ s 5 S RAO and phase depend on:
i ; \ / i T « Wave frequency
A N R . 9 Wave direction

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 31
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Example: roll signal

@ =0gc0s(wi+Eqr)

Motions of and about COG
1Surge(schrikken): x =X, cos(at+é,, )

2 Sway(verzetten): y=y,cos(at+z, )

3 Heave(dompen):  z=z,cos(w,t+¢,,)
4 Roll(rollen): (phi)g =g, cos(mt+z,.)
5 Pitch(stampen):  (theta)0 = 6, cos(t+ &, )

6 Yaw(gieren): psiyy =y, cos(@t+5,, )

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

«  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:

. g: EG coswt .- ® | -
Z & { £ N N '\a gu v ¥ N ——
= 7 '\\ v t
2n

€ °; - T= g
Displacement ¢ = ¢a Ccos (a)et + SM )
Velocity... b=-w4,sin(ot+s,)=op cos(ot+e, +712)
Acceleration... é= — ¢, cos (a)et +é&y ) =alg, COS(a)e'[ +E, T+ 72')
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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 ?...

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 34

Consider very long waves compared to ship dimensions

60

hat is the RAO for heave in head waves ?
.0

B. oo

C.1

D.42

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

60
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%
= T =
R f@af
'?UDelft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 37

Consider very long waves compared to ship dimensions

What is the RAO for pitch in head waves ?
. 00 rad/m

B. 1 rad/m

C.0rad/m

D. krad/m

E. I have no clue

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

60
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%
L= - -
& f* & f@y‘
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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. krad/m

E. I have no clue
0% 0% 0% 0% 0%
= - e S =S
J:ﬁ‘ 00\6‘ 00\6‘ (pé‘ @éo"

- » o ~ J'&

'FU 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%

& N
& & ?Pﬁ’ *f’ y@,@

Local motions (in steadily translating axes system)

e Only variations!!
e Linearized!!

(1)) (x(t) 0 —w(t) e(t)J Xop
Ye(O) (=] y(O) [+ w(t) O (1) || Y
z(t)) (z(t)) \-0(t) ¢(t) 0 Zp

Xp (1) = X(t) = Yop () + 2,p0(1)
Yo (1) =Y (1) + et ()~ Zpb (1)
Zo (1) =2(t) = %0 (1) + Yot (1) ) %
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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%

& N
& & ?Pﬁ’ *f’ y@,@
©
&

N

Local Motions
The tip of an onboard crane, location:
Example 3: horizontal crane tip motions xb,yb,zb = -40, -9.8, 25.0

For a frequency w=0.6 the RAO’s and phase angles of the ship motions are:
SURGE SWAY HEAVE ROLL PITCH YAW
RAO phase RAO phase RAO phase RAO phase RAO  phase RAO  phase

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)
of the crane tip.

'FU 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(mt+¢,. )
= Re(xaei(““g“f))
= Re~e‘”‘)

Complex motion amplitude
- Re(% )

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 45

Mass-Spring system:

Forces acting on body:
F =F, cos(at)
t

z
i m

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 47

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

Input: regular wave, ® Output: regular motion

®, RAO, phase

phase

RAO

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 46

Mass-Spring system:

mz +bz +cz = F, cos(wt)
Transient solution
z(t):Ae’“‘”sin( 1—§2w0t+(p[)

F =F,cos(at)
b
t] , (§=WJ Damping ratio
m

Steady state solution:

2(t)=z,cos(wt+¢)
- ()

e=atan [WJ
F’

((=(m)a?+c) +(bo))

Z,=

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 48
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Moving ship in waves:
F
m z
=
die
m,Z + b32 +cz=F, COS(a)t) Restoring coefficient for heave ?
m4¢ + b4¢; +C,0= Fa4 COS(a)t) Restoring coefficient for roll ?
m for roll ?
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 49

Non linear stability issue...

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 51

hat is the hydrostatic spring
coefficient for the sway motion ?

m,-y+b,-y+c,-y=F,,cos(mt)

A.C=A,P 9
B.;=AP9d
C. C2=0

0% 0% 0%

B >
S E

-
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSH & 50

Roll restoring

Roll restoring coefficient:

c, =p9V-GM

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

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 52;
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s Moving ship in waves:
Floating stab. .
m,p+ b4(p +Cp = Fa4 COS(a)t) Restoring coefficient for roll ?
Stability moment M, - pg¥-GZ, = pgV-GM sinp ~ pgV-GM -
G i G
Rotation around COF Rotation around COG

=Rotation around COF

+vertical translation ~ dz=FG -FGcosg~0
+horizontal translation dy = FGsing ~ FGg

'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 53 '?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 54

Moving ship in waves:

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

Analogy / differences with mass-
spring system:

Fem e
SHIP MOTION : HEAVE T MASS 7 =
m” yr a s s s rrrr s i ety External force F(t) Wave exciting force
FW Has a phase angle w r t
> _c . Z undisturbed wave at COG
DAMPING —
4>_b . Z — SPRING S — restoring force c*z Archimedes: bouyancy
.. (Only potential / wave ADDED MASS
—a-7 damping) — Depend on
Damping force b*dz/dt Hydrodynamic damping frequency |
(m+a)-Z+b-z+c-z=F, Inertia force Mrd2z/d2 Mass +
Hydrodynamic Mass
'?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 55 '?U Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 56




Moving ship in waves:

(m+a)-Z+b-2+c-z=F,

Hydromechanic
reaction forces

Wave forces

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

57

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

« Incoming: regular wave with given frequency and
propagation direction
« Assuming the vessel is not moving

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

59

Moving ship in waves:

(m+a)-Z+b-z+c-z=F,

Hydromechanic reaction forces
(reaction on calculated
wave force)are calculated
for flat water (NO WAVES)

Hydromechanic
reaction forces

position: No motions

Wave force is calculated for
Wave forces — restricted ship in mean
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Back to Regular waves

regular wave propagating in direction
¢ (t,x) = ¢, cos(wt —kxcos u—kysin x)

Linear solution Laplace equation

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

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 60
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Back to Regular waves

regular wave propagating in direction
¢ (t,x) = ¢, cos(wt—kxcos u—kysin x)

Linear solution Laplace equation

In order to calculate forces on immerged bodies:
What happens underneath free surface ?
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Navier-Stokes vergelijkingen:
IRV W S IR VNP YL INCA I LR | el Y I
p5+m&+p\/5+maf a<+@<[wv+2”axj+@[‘{a<+ayﬂ+az[ 62+Bxﬂ
CAOPTLCUONVLCU AW I B9 KU | A PAVIRP YCL N 9 NG
p?"”&“"?f””&‘ ay+ax|}{a(+a/ﬂ+ay(lVV+2yay)+azl: ('7)/+BZH

B, 0, 203 2 (00, 0] O S0, )] 2 )
S S AL Tar v L PP | MY [a PP | "

(not relaxed)
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Potential Theory

~ What is potential theory ?: ]
way to give a mathematical description of flowfield

Most complete mathematical description of flow is
viscous Navier-Stokes equation:
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ater is hard to compress, we will assume this is impossible
ﬁ

Apply principle of continuity on control volume:

_11

o 1[.,
H ax

v <I Vd}—,aj

Lo

R Y

/
a3

% B
Continuity: what comes in,
must go out
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 64
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This results in continuity equation:

ou ov ow
ox oy oz

OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 65

'FU Delft

From definition of velocity potential:
oo oo oo
Uu=— V=—- W=—
OX oy oz
Substituting in continuity equation:
ou ov ow
—+—+—=0
X oy oz
Results in Laplace equation:
o’® 0D 9D
s+—5+—5=0
X oyl oz

67

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

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

66

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

'FU Delft

Summary
» Potential theory is mathematical way to describe flow

Important facts about velocity potential function ®:
« definition: @ is a function whose derivative in any direction equals the

flow velocity in that direction

* @ describes non-viscous flow

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

68

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

D(X,Y,2,t) :@e“ -sin(kx cos z + kysin u — at)
[0)

(x, y,z,t):@_w

-sin(kx cos u +kysin u — ot
o cosh(kny Snxeosutkysinu—ot)

3. Kinematic free surface boundary condition results in:
Dispersion relation = relation between wave
frequency and wave length

® = kg tanh(kh)
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Water Particle Kinematics
trajectories of water particles in finite
water depth
¢.9 cosh(k(h+12)) . .
D(x,y,z,t)=22=.———~— 2 .sin(kxcos x +kysin u— wt
(xy,z2,1) o cosh(kh) ( p+kysin g —at)
r /f"*\ ]
r . kf~-; - ]
I N B IR e L A S S S N S
S S S A N Le o e ol LTl 3% $,2082 Pgter fasijen)
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Water Particle Kinematics
trajectories of water particles in infinite
water depth

D(X,Y,2,t) :@e“ -sin(kx cos u + ky sin 1z — wt)
[

T T T T T
L. - ( d
. - - — . . . .

F . M . . -1
l e . . . . . . .
L . 6 o+ . . e e J
F . . P . . . El
. .y
S Tre oo
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Pressure

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

%)+%(u2 +w2)+£+ gz=0

1st order fluctuating

ressure
P 2nd order (small
quantity )
squared=small enough Hydro_statlc pressure
to neglect) (Archimedes)
'FU 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:

If:—”'(p-ﬁ)ds

M =—H p-(?xﬁ)ds
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Which structure experiences the
highest vertical wave load acc.
to potential theory ?

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

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 755

Determination F,,
*  Froude Krilov
«  Diffraction

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 74

Considering a fixed structure (ignoring the motions) we will
Flow superposition try to find a description of the disturbance of the flow by
the presence of the structure in the form of a velocity
potential. We will call this one the diffraction potential and

= added to the undisturbed wave potential (for which we
. have an analytical expression) it will describe the total flow

due to the waves.

1. Flow due to Undisturbed wave 2. Flow due to Diffraction
0= 439 g= sin (@t —kx i
o= — 22> -sin (et —kx cos u —kysin u)
2]

Has to be solved. What is boundary
) condition at body surface ?
7

%

M
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Exciting force due to waves
(m+a)-Z+b-z+c-z=F,

FrE)

1. Undisturbed wave force (Froude-Krilov) 2. Diffraction force
) = &9 e -sin(wt -k —kysi
0= -e" -sin(wt —kxcos g —kysin u+&)
2]

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

%
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Pressure due to undisturbed incoming wave
T=10s

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 79

Pressure due to undisturbed incoming wave
T=4s

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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Wave Forces
Wave force acting on
vertical wall

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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hat is the formulation of diffraction
potential &, ?

Dy (02,1) =529 % sin(lc—at)
(o}

A, o0zt =9 % sin(ki+ ot)
@

B. D,(x,z,t) = —@-e“ -sin(kx — at)
@

C_ D,(x,2,t)=0

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

Calculating hydrodynamic coeffiecient and diffraction force
(m+a)-2+b-2+c-2=F, = Fy +F)
2]

q’f%@“ﬁiﬂ(kx—wt) D, =- ?-sin(kx+ ot)

D, +D, = LA I sin(at)cos (kx)
[}
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hat is the formulation of diffraction
potential &, ?

Dy (02,1) =529 % sin(lc— ot
[0}

A. 0,00zt =—229 6% single+ o)
@

B. D,(x,z,t) = —@-e“ -sin(kx — ot)
@

C_ D,(x,2,t)=0

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

Force on the wall

lf:—j p-fdz
mozgg e“sin(kx—wt),(l%:—cagl €“sin (kx+ at)
2 2]

(P +Py)

Pe—p =P =
5(—2£-e“sin(wt)cos(kx)j

@
—p = _

2p¢,9 - cos(kx) cos(at)

[} 0
F.= [ 2p¢,9-€" cos(et)dz :{Zp%g»e“ cos(a)t)} =
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Left hand side of m.e.:
Hydromechanic reaction forces

« NO incoming waves:
« Vessel moves with given frequency

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 85

Pressure / force due to undisturbed incoming wave
T=10s
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 87

Recap: Motion equation

(m+a)-Z+b-z+c-z=+F,+F, =F,
N N
~
Hydromechanic force Wave Force
depends on motion independent of
motion
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Calculating diffraction force
(m+a)-2+b-2+c-2=F, = F +F)
cl>0=@~e“~sin(kx—wt) <D7:f§a—g~ek
[} 2]

?-sin(kx+ ot)

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

(m+a)-Z+b-z+c-z=+F,+F, =F,
N N
~
Hydromechanic force Wave Force
depends on motion independent of
motion
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 89

Determine added mass and damping

Experimental procedure:

Oscillate model | Subtract known
i.e. impose known harmonic’ reaction forces from
motion, z

measured Fosation

Split remainder into
damping and added
mass coefficient

(m+a)-Z+b-2+c-z=F

oscillation

z=12,c08(at),2 =-wz,sin(at), 7 =-0z, cos(at) |

(- (m+a)-+c)z, cos ot - wbz, sin et :_
’—cgzaza cos wt — wbz, sin wt =_+ (@’m-c)z, cos a)t‘

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 91

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

Dl Univerity of Tachasiogy
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Equation of motion

(m+c-z:FW

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

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 92
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For each of the 6 possible motions,
. . . the flow is described by a radiation
Calculating hydrodynamic 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

ditions are the same as those used fol

)
mmary e structure:

w in normal
of the hull in
tial it

n must be

. Oscillation in desired direction in still water
. To prevent water from penetrating through the hull:

we need the radiation velocity potentials : ®; —®
. From poteqtials, we can calculate forces on body and the Heave (@3

corresponding coefficients Z(l)

Roll (D)
oscillation
in still water
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 93

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

SHIP MOTION : HEAYE MASS .
L
DAMPING
L
ADDED MASS
(m+a)-Z+b-z2+c-z=F,
F=—Lj(p-n)ds . paq)
v - Tt
M :—ﬂ p-(Fxm)dS

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

motion oscillation restrained
in waves in still water in waves
. ) ) Undisturbed wave potential CDO
Radiation potential 1.6 Diffraction potential D,
oD F
: 1.6 b, o0b
Boundary Condition: 5 =v, Boundary Condition: 04 -0
n on  on
'FU 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
Equal added mass
D. Depends on the frequency

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID
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Equation of motion
(m+a)-Z+b-2+c-z=+F, +F, =F,

To solve equation of motion for certain frequency:
«  Determine spring 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(ot+eg,,:)

*  As we consider the response to a regular wave with frequency o:
Assume steady state response: z=z,cos(ot+s, )

and substitute in equation of motion:

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 97

Equation of motion
(m+a)-Z+b-z+c-z=F,
z=1z,c08(wt+¢,,)

2= —zawsin(wt +51,¢)
i=-7,0" cos(wt +gm)

(c-a’(m+a))-z,cos(at+¢, . )+b-~z,0sin (ot +, . ) = Ry, cos(at+ 2, . )

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

Equation of motion
(m+a)-Z+b-2+c-z=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

(m+a)-i+b~i+c-i—':—W

G G G G

z Z
Substitue solution — = —acos(cot + €z,;) and solve RAO and phase

a a

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 99
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? ‘@@: Fu
3
g
o b= w
£ S E
2 = =
- o G @0
< g‘ / 5 g
e
g 2 E N &
3 g g 2
H E 2 2
E 1 E ...-/ E E
= o
I k=]
oy w oy
c = c
2 g 2
o o o
= = =
o e—
0 1 H 3
Frequency (radis)
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Calculated RAO spar
with potential theory

2 T T T
R
(R
PP SR (N A,
] [ . s
¥ I — - v aiacion | <,
8 don | <
g &
° | 2
2 H
g | 2
G-
|
|
|
s
Frequency (rads) Frequency (radis)
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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

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

R . Pressures and fluid velocities are proportional to wave elevation and have same

Motions are
proportional to

wave height !

Motions have same

frequency as

L + Restoring force proportional to motion amplitude waves
. Hydrodynamic reaction forces proportional to motion amplitude
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 103

requency Response of semi-submersible

Wave Drecton
10 + . ! | | o F —
v [ e L]
! 1 T
2 SN W
%a - - -
Dimensions (m)
05 "o ] 0z 12
1 1 1852 0o 111,10
2 1.1 2N a8 13350
! 1 ] nn 2582 (1] 15880
Natural 4 25.00 M 17n 15000
“':?::“g 5 2500 3812 1520 17800
o ) 1 L 2500 55.08 "R 12800
o 0 050 ors
Wave Frequency o (radis) [Source: Hoolt 1970]
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Learning goals Module II, behavior of floating
bodies in waves

« Definition of ship motions

Motion Response in reqular waves:

+ How to s e RACTS

« Understand the terms in the equaticn of motion: hydromechanic reaction forces, wave exciting forces
« How to sclve R 205 from the equaticn of moton

Motion Response inirregular waves:

How {o determine Tesponse in ineguiar waves from RAO'S ard wave spectium 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: s
« 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: h.s
« Calculate internal forces and bending moments due to waves )

Nonlinear behavior:
« Calculate mean horizontal wave force on wall
+ Use of time domain motion equation

'FU 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 hé
Motion Response in reqular waves:

+ How to s e RACTS

« Understand the terms in the equation of mation: byckomechanic rescion forcss, wave exriting forces
« How to sclve R 205 from the equaticn of moton

Motion Response inirregular waves:

How {0 TRterTine 1esponse in inegdial waves fiom RAO'S amd wave spedtium without forward speed

3D linear Potential Theory
determi namic reaction coefficients and wave forces from Veloc
4~<How to determine Velocity Potential Today

N P NEXTWEEKR
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

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 105

Calculating hydrodynamic coeffiecients and diffraction
force

(m+a)-Z+b-z+c-z=F, =F, +F,

m and c = piece of cake
F.. = almost easy
a, b, and F, = kind of difficult —— Ch. 7

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 107

2D Potential theory (strip theory) p. 7-12 until p. 7-35 SKIP THIS
PART
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 106

Calculating hydrodynamic coeffiecients and diffraction
force

p7-4 course notes

« Radiation: —8,-Z—0,-2
« Incoming wave

« Diffraction

«+  Hydrostatic buoyancy: —C3 - Z

(m+a)z+bz+cz=F;+F,

'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 108
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Calculating hydrodynamic coeffiecients and diffraction
force

m-2=3 F =E 0 Fot Fyp+ Fiy

Radiation Force: F,=-a,-7-h, 2

To calculate force: first describe fluid motions due

to given heave motion by means of radiation
potential:
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otential theory
Radiation potential (m+a)-Z+b-2+c-z=F,+F

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

=!flow 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:

'FU Delft

OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 111

Potential theory
Radiation potential (m+a)-Z+b-2+c-z=F, +F

Radiation potential heave (DS (X, Y, Z,t)

= flow due to heave motion

Knowing the potential, calculating resulting force is straight forward:
F=—[[(p-mas
S _
_ F=
M =—”p-(Fxﬁ)dS I(P

ot J

OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 110

Potential theory

Radiation potential

radiation potential is written as function of velocity of the motion

D,(x,t) = R {¢ (x)-v; (1)} P7-5 eq. 7.17

Only space dependent Only time dependent

z
TUDelft OFE4R30 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 112
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otential theory

Radiation potential

Dy(x,1) = R{4,(X) V3 (1)

Kl

—

Only space dependent Only time dependent
Complex notation:
_ —iot
S;(t)=s,5-€
—i S Complex heave motion amplitude
Vv (t)=8;(t)=—iws,, - a3
3 3

2(t)=z,cos(wt+z,,) =Nz, "91 "‘”‘ R{s,e™
e

—iot

vy (t) =Cw ae/ze"“" =—iws,,e

Complex heave velocity amplitude
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otential theory

Let’s consider forces and moments due to heave motion

g

Mrazﬂp%-(rxﬁ)ds

‘¢3(5;t) = ¢3 Vg, et = ¢3 —iw- Sis it

Fo= I P
S
—l(ut
_ 0(¢y-—ie-s,q-€ o
M. =[[p (r m)ds
S ot
'?UDeIf[ OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 115

otential theory

Let’s consider Heave motion:

Vg (t)
A X e

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 —/ws,;)
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Potential theory
some re writing, considering only heave
force due to heave motion:

o(d, iw-s, e )
PR Gl Lo IR R
S ot
[ Only space dependent 1 Only time dependent

=R{—p-iw- sa3jj¢3 a(e"“") -n,-ds

:SR{—p-an '%3“% -n,-ds -e“”"}
S
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otential theory
Potential theory Radiation potential Im
Radiation Force due to heave motion is 3 component vector:
R {V ) } "a3 \wt
a3 3 J Re
2 —iot i | /
Fr13 =RI{— PO S, J-J‘ ¢3 -n,- ds-e Surge force due to heave motion ”, Sy
S ’,’ ¢3
Fr23 =R -p- P Sa3 J'J' ¢3 -n,- das- e’i“" Sway force due to heave motion \/‘a/3
s |
2 it . Vag
Fr33 =R —-p-0 - SaS_U ¢3 -n,- das-e Heave force due to heave motion
s
2 i = Radiation force in heave direction,
Fas = ER{_P 0 'SaS_U ¢,-ny-dS-e W‘} due to heave motion
In the following, only heave force due to heave motion is considered: F 43 s
m-Z +C-z +Fg=Fs+Fs=
m-V,, e +c-s,,-e"" +F,
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otential theory Im otential theory Im
Radiation potential Radiation potential
, wt . wt
Vas' A Re Vi3 A Re
/ Sas S Sas
¢, ¢,
Va3 Va3
2 —iot , —iot —iot
= Radiation force in heave direction, Fa= 93{—/3 - Saa” G-y - ds-e } =R {_a'vaa e -b Va3 € }
s
=R{a-0 s, +b-i-s, e
=R{a0’ -s,,-e"" +ibw-s -

2 —iot
Fa= ‘R{—pﬁ) ‘Sasﬂ¢3 “ny-dS-e™ } due to heave motion
s
m-Zz +C-Z +Fg=F,+Fys
. ot —iot
R{mV,q4-e" +co5,q-e ﬁ: Fos+ Fus
bz= m{—pwz Asaaﬂqﬁg -n,-dS Ae"”‘}:m{aa)z 8,56 +ibw-s,, -e"“"}
S
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 120

_a.7=

| a-iet —iot
R{-a-v,y-e | |9t {-b v, e}
OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 119
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otential theory Im otential theory

Radiation potential i .
ot resulting from heave motions, ®s
Vss N Re
) Sa3 Forces Moments
¢3 L e
Sy So
Vas baazfﬁ{pwJ‘J‘¢3~n3<dSa} h43:—S{pa)ﬂqzﬁ3~(Fxﬁ)]<dSu}
Sy So
“Rl—p-w?- n,-dS-e/ b =R{aw? s/ e +ibw-s/ e/ - o
{ e §a/3"‘SJ.¢3 b e/ } {aw §a/3 e/AH “ % E/ﬂ} > égter:'fglgg;glgparta;ave to be A =—91{p.[j¢3-n1-d80} ag =% p.g%‘(r Xn)Z‘dSD}
equalled! 0 °

—pwz”(é3 -n,-dS = aw’ +ibw
¢ by, = —ﬁ{pwﬂam-dsn} by, = —S{pwﬂ% (Fxm), -dsu}
a:—pm{JI@‘nde} ) “
s samnlplfocncas) | Jau=nfoffaram e
b=fpw3{ 4n .ds} )
g ’ bu:—f\{pw“‘;éa-ns-dsn} bm:—S{pw”.ﬁa-(r’xﬁ)s»dso}

So
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lving the Lapl ion : : :
Solving the Laplace equatio Hydrostatic heave — pitch coupling
coupled equation of motion: Which statement is true?
A. c53=0 only if geometry of submerged vessel
has fore-aft symmetry (wrt origin)
Miay @, a3 a4y 45 ag | A1 A2 B3 Be bs be| (4 [, oy a3 Gs Gs el (Al B. cs53=01if Band G are aligned
X | x|
. Miap ap &y a5 A ||yl \Ba b by b b By | oy op o G G5 G|y | | Ay | C. ¢c53=0if G and F are aligned
&y ay Miay &y 5 ke 2;+‘731 by by by by by 2,161 %2 %3 B4 G5 G6||2|_| F7 |
Ay a3 Latay S % gl 21 Zu 223 Z: 25 246 0|6 G G s G| 0100 D. Both B and C are true 20% 20% 20% 20% 20%
a a; a EN +ayg 01|51 %2 G534 G5 Csl || | My
B A B A LB Pl LR gt g LR E. Both A, B and C are false
K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation
—] FG =
— —
X
B: b o s & @@ = L\‘e.,
K dof s’o«“ 5‘»@ &bc‘ 4"0
OIS & ¢ &
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Hydrostatic heave — pitch coupling
Which statement is true?

A. c53=0 only if geometry of submerged vessel
has fore-aft symmetry (wrt origin)

C53=0 if B and G are aligned
¢53=0 if G and F are aligned
Both B and C are true

Both A, B and C are false

mooOw

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

) S——

%

X
B b
K

. K ©
. f A )
PO NS

20% 20% 20% 20% 20%

C &
F IS
UDelft OE4630 2012-2013, Offshore Hydromechanics, Part #Sesiondd

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. ¢43=0 regardless of geometry

C. Both A and B are false

33%
K =Keel
Zb B=centre of Buoyancy
G =centre of gravity
F=centre of floatation

E -
—

X
B b
K

33%

33%

& &
S
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Hydrostatic surge-heave coupling
Which statement is true?

c;3=0 only if the submerged geometry of the

vessel has fore-aft symmetry (wrt origin)
B. ¢y3=0 regardless of geometry
C. Both A and B are false
33% 33% 33%
K =Keel
Zy B=centre of Buoyancy
G =centre of gravity
F=centre of floatation
FG E_
!
X
B b
K
& Jo"’
& S
o & <
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Hydrodynamic heave-pitch coupling
Which statement is true?
as3=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)
B. ag3=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
— FG r_
= >
X
B b
K
&
& § &
@&y &3& v‘y
& & <
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Hydrodynamic heave-pitch coupling
Which statement is true?

as3=0 only if the submerged geometry of the
vessel has fore-aft symmetry (wrt origin)

B. as3=0 regardless of geometry

C. Both A and B are false

33%

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

Hydrodynamic sway-roll coupling
Which statement is true?

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

B. a4,=0 regardless of geometry
C. Both A and B are false

— FG yr
— —
B %b
P
y’"ﬁ 5¢
& &
& <&
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Hydrodynamic sway-roll coupling
Which statement is true?
a4,=0 only if the submerged geometry
of the vessel has SB-PS symmetry
B. a4,=0 regardless of geometry
C. Both A and B are false
z
33%
Y
&
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 5‘@55@»’%

z
33% 33% 33%
Y
¢ & &
& K o
& S
IS )&" <
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Potential theory
Recap Radiation potential
— P7-5eq. 7.17
D;(x,1) = R{g (%) V5 (1)} q
CAS)
Only space dependent Only time dependent
%
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otential theory

Radiation potential

s [ n-o5)
by =fpw3{fsf¢3-n3-ds}
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Solving the Laplace equation
coupled equation of motion:

Miay @, a3 Ay as A |, Bn B2 B3 Be bs b6 [, ¢, 65 s Gs Ge £
m My a3 By &5 ag ||yl | Pa Bo b b b bl |6 o o s G5 x| £
3 Ay Miag 3y 5 %6 ||2],0n Bo by by by by 2| |G G O3 G Cos G| |2|_|
s A Ay Tataw s A |9 |by by by bu bys byg| |0 | S S G Gs ||
G A % A lytas g |0 by by By by b b |0 % % % % G G| My
% A A A s lztas| V) |by by by by b b V) L% % B s G M
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otential theory

resulting from heave motions, ®;

Moments
a,=-N {p”yﬁz A(Fx), dso}

Forces

aﬂ:—w{pg«yna-dsu}
baaz—S{pwfsj¢g~n3<ds‘,}
a“=—m{p£j¢3-n1-dso}
b,az—ﬁ{pwfsj¢a~n,-dso}
a, :79?{pﬂ’¢3-n3*d50}
b,, :—S{pwjj¢34n3-dsu} bsa:—S{pwjf¢3-(Fxﬁ)3~dSO}

So

b,, = 73{,050]5"!(1}3 ~(F><ﬁ)]<d5u}
a, = m{,,ﬁ,,;, (rxm), ,dso}
by, = —S{pw_[!% 4(T><ﬁ)24dsu}
a, = -N {p”% (Fx), «dsc}

'FU Delft

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

134

otential theory N

restrained
in waves

> 4

t's consider the right hand side of the motion equ
excitation forces that the structure feels due to the v
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Undisturbed wave potential CDO
Diffraction potential (I)7
D, oD,
Boundary Condition: ——— + —— =
on  on
'FU Delft 136




alculating hydrodynamic coeffiecient and diffraction force

m+a)-'z'+b-z'+c-z=

1. Undisturbed wave force (Froude-Krilov) 2. Diffraction force
Potential is known from Ch. 5:

Has to be solved. What is boundary

. . . ) ) @ condition at body surface ?
L.t — . ,

R SRS \
ff:::‘.',:f:l:f:‘,'.:::::f::ﬁ ¢7

M
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alculating hydrodynamic coeffiecient and diffraction force
m+a)-Z+b-72+c-z= @

Undisturbed wave force (Froude-Krilov)
¢ =¢, cos(kxcos () +kysin(u)-ot)

®, = 6a0 e -sin (kxcos () +kysin (u)- ot)
[
_ %{—i@-ekz . gxess(u)+ysin(u) -e'i‘“‘}
«

R —ia)'%ekz beik(x.ms(p)w.sin(;z)) e gt
[0}

w4 Velocity of wave elevation at origin of

- { 0 axes system (COG) in complex notation

Error p.7-39 eq. 7.151!!

#(x,y.2)= %e“ . gillcos(u)loysin(u))
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alculating hydrodynamic coeffiecient and diffraction force

Fee + o

Linear relation between undisturbed
wave and diffraction potential >

O R e A R T

Notation p 7-39, 7-40:
¢, = ¢, = amplitude undisturbed wave (at origin, so real)

¢, ¢ =amplitude motions (complex)
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alculating hydrodynamic coeffiecient and diffraction force

O, = €29 g -sin (kxcos (4) +kysin(u)- t)
Velocity of wave elevation at origin of
- {¢° (5) axes s i i
ystem (COG) in complex notation
b (x,y.2)= %ekz . g!lreost)shosin(i)

E(t)=—iw-g, e
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alculating hydrodynamic coeffiecient and diffraction force

Same for diffraction potential:

;= ER{¢7 (l)g(t)}
4 =7
{(t):—ia»{o gt
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Potential Theory

Forces and moments can be derived from pressures:
|f=—jj(p-ﬁ)ds
s

M :—H p-(Fxm)dS
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Calculating hydrodynamic coeffiecient and diffraction force

(m+a)-Z+b-2+c-z =( F)

\q>0+q>7 :—iw-(¢0+¢7)-§0»e’i”"|

Pressure:

(D, + P, 2 —iot
(OT-‘—):PW '(¢o+¢7)'¢o'e

= pressure due to incoming and diffracted wave

Py =-p
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Learning goals Module II, behavior of floating
bodies in waves

« Definition of ship motions

Motion Response in reqular waves:

+ How to s e RACTS

« Understand the terms in the equaton of mation: byckomechanic rescion forcss, wave exriting forces
« How to sclve R 205 from the equaticn of moton

Motion Response inirregular waves:

“iow to deteriime Tesponse in inegdiar waves from KA’ amd wave spectrum without forward speed

3D linear Potential Theory

i 10 debermine hychodynamic reaction coefficients and wave forces from Welodity Potertial
qCHow D determine Velocity Potertial

=S

‘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
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Potential Theory

0’0 *d  H
+—t—=
x> oyt ot

0

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
e At free surface:

P = Pamospherc (dynamic bc)

Water particles cannot leave free surface (kinematic bc)

e At ship hull: ship is watertight (thats what its a ship for isn't itt)

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

Potential Theory

Boundary Conditions:
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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

Source: ¢_i __ . . .
ource: Ll Sink o is negative

e At sea bottom: Sea bed is watertight
¢ At free surface: )
P = Patmospherc (dynamic bc) 9 ? 78(1) =0 atz=0
Water particles cannot leave free surface (kinematic bc) ot oz
oD
o At ship hull: ship is watertight (thats what its a ship forl) an =V, at So
lim®=0
e Far far away from the ship: no disturbances due to the ship’s presence R
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olving the Laplace equation

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

/@y Q’ Xy'>Q )

‘ ; tude of Green’s function: influence on
omplex amplitude o potential at (x,y,z) by source
potential in point (x,y,z located at(X, ¥,2)

Source strength at(%, ,7)
Mean wetted hull surface

RS taneneasaariLe
EsswassTATL
A aaEsaa RS RE bl

e
e

Solving the Laplace equation

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

e

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

0:
Potential field is created by source sheet on ship’s hull surface

)

The source sheet is a basic potential flow element and a solution of the Laplace equation

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

at (x ¥,7
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,zt)?
Let’s consider diffraction potential BC:
od, o0d
0 + - O
on on
. ob, 0D,
@, =5t { (x)-£ (1) o a0
(xy.2)= G gt L Rl ()£} Rl (x)¢0)
B i on on
é’()__lm'é/o'e % %:0
: on  on
@, =R{g (x)-£ (1)}
¢, =?
'FU Delft OE4630 2012-2013, Offshore Hydromechanics, Part 2 SESSION ID 152




Solving the Laplace equation

How to make sure the potential satisfies the b.c. at the hull surface ?
1 PN PN
(%, y.,2) :EI‘[O'J- (%9.2)-G(xy,2,%9,2)dS,
SO

For example: diffraction potential
8¢0 0¢7 Complex amplitude of normal velocity due to
—+— diffraction potential at (X)y,z)

on on
I
a(%,ekz ,eik(XCOS#WSi"ﬂm @J; o, ()‘zv ¥, f)vG (X, y,2,%, 9, i)dso )
0 /6

6n/// ] on -

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

Source strength 0, has to be calculated so that this equation is satisfied !!!

olving the Laplace equation

How to make sure the pot isfies the b.c. at the hul
o %Ij"v(;"i’-f)'G(X’y.Z.i,y,z)d

6(¢0)(X y Z) 7 So
. on o

on .

/ -

— T
0G(x,Y,2,%§,2 5,0

o, / .
o a5y SR

Source strength o5 (as a function of the location on the hull) has to be calculated so that

this equation is satisfied
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'FU Delft

Solving the Laplace equation

o) y,2)+@}>*(@507(*' 9,2)%&@

on Ka\w ) 7’/L 7//,

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
numerical approach
_— ‘\’\,,\\
() 1 oo 0G(XY,2,%9,2)
X Y,2) - Y0, (%, ¥, 2) +— ) e R ALLE (LT S
n (% y,2)H=th07 (%Y )+4”g3567( 9.2) p 0/
/
"o,
on

156
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olving the Laplace equation
numerical approach
1N oG a((po) This equation must be solved for every panel m
Opr+=——) 0p —AS, =—
— — Hom le "oen T on )
5(%) 1 ... OG (X, Y, Z, )?, )7, f) - Taking into account sources on all other panels
XY, 2)H=Yo,(X Y, 2)+—qbo, (X Y,7) ———=dS =0\
an (xy.2) 410 (x1:2) 47r(j;:-’S (29.2) an °/ "Iﬂ'ﬂy
o¢, / — ’ —— & “.ﬂ;{ﬂ” .
. —_— {2) ey e
) el LT ‘
Ay o Ay 017 on e
BG 6(¢0) : ‘. : . N = . .
' al:n A3 =7( on Ax o Aw) (o 7[5((&0)} M
m —
- on ),
1. o, .. . .
A= -3 (influence of source at panel n on Eat its own collocation point)
ﬂ Centroid of panel m is called collocation point (x,y,z) 1 0G o¢,
Only here boundary condition is satisfied. A= v ar':" AS,, (influence of source at panel n on Eat collocation point m)
Every panel has 1 collocation point a,, = unknown source strength of diffraction potential at panel n
Source strength is constant on each panel
« In summation: n=m (numerical form of P.V integral)
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otential theory

Radiation potentials

D, (x,1) =, () -V, (1) =R( (x)-—iws,e ")
/ N

Only space dependent Only time dependent

otential theory

Wation potential

IR 1Q oG,

2 /f. Yo, +——Y 0, —MAS, = f
®\ T nzf’ an !

Lo/

A
Au PXN 0'1‘1 (f1)1

ANl pNN Oy.j (fj)N

e | indicates which radiation potential is considered: j =1....6

Boundary condition at the hull surface:

Flow velocity in normal direction surge: f1 _ cos(n, X)

0.
e A, = 1 (influence of source at panel n on iat its own collocation point)
" 2 an

R sway: 1, ~cos(ny) [p75
L , f 2 og,
@ry on ! A\ B heave: f, = cos(n, z) e A, = 4i E}Sm AS, (influence of source at panel n on ai‘at collocation point m)
- o o e 3 7 on n
6¢j Local body velocity in normal direction { Foll : f, = ycos(n, z) —zcos(n, y) e o, , = unknown source strength of radiation potential (j=1...6) at panel n

= itch: f, =z n, x) —xcos(n, z _—
on ! pitc 5 cos(n, x) - xcos(n, 2) . (fj)m local normal direction due to motion in direction j at panel m
L yaw: f; =xcos(n,y)—ycos(n, x)
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Saving calculation time by use of symmetry

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

N panels means inverting an N x N matrix

A 1400 x N
B 440 x N
C 245 x N
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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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