SHIPS, WAVES AND MATH
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MARITIME _RESEARCH?LNST’ITUTENETHER"LANDS

Houston

* hydrodynamic research for maritime industry, nonprofit
*  founded 1929, 7 model basins, 350 employees, 42 M€ turnover
*  model tests, trials & full scale monitoring, simulations

* international market: design companies, shipyards, classification, ship
operators
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*  Ships: powering & resistance, seakeeping, manoeuvring for all ship
types

« Offshore: on/offloading, drilling platforms, windmill installation

* Nautical Simulator: harbour design, training

* Trials and Monitoring: full scale measurements

* Software: simulation

*  Production: model factory, instrumentation

* Research and Development: fundamental developments in experiments
and simulations



www.marin.nl (nice company video!)
www.youtube.com/marinmultimedia

MARIN

— Home - Organisation

Ships & Structures

Maritime Research Institute Netherlands

— Facilities & Tools — JIPs & Networks — R&D -~ Events — Publications — News - Contact

Research Topics Services
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MARIN present at 23rd HISWA
Symposium, November 17 & 18,
Amsterdam

MARIN will be presenting a paper
on "Early design estimation of
resistance and seakeeping
properties based on systematic
model experiments” at the 23rd
edition of the International HISWA
Symposium. MARIN is also co-
sponsor of the event.

Read more...

Record number of visitors at open day
Last Saturday November 8 a record number of 5500 visitors were introduced
to the world of model testing and hydrodynamics during the MARIN open day.

Throughout the day interactive demonstrations were given at the testing
facilities in Wageningen. Most basins were open to visitors, who got a chance
to see live model tests taking place. They could even ride on a towing
carriage and experience a real model test firsthand! On the route visitors
could see how ship models and propellers are manufactured and they could
even join the Captain on the simulator bridge.

Read more...

CRS meets in Wageningen, Differences in workload of both
December 1-5 skippers and pilots due to
From December 1-5 the CRS changes in environmental bank
(Cooperative Research Ships) will lights
meet again in Wageningen, for The effect of changes in
orking Group meetings, Steering environmental bank lights (puddie
Group Meetings and the Annual lights) on both inland skippers and
General Meeting. pilots is studied in a manoeuvring

simulator using physiological

workload measurements. Event
analysis is based on a combination
of analytical indicators (distance
between vessels) and cognitive...

Read more... Read more...

Disclaimer | print




Life can be beautiful ...
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Herald of Free Enterprise

Estonia

Costa Concordia

How can we help to avoid this?



 Set: Mode 4, 40.88372 Hz.
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LNG carriers
Sloshing in liquid cargo tanks How can we help ?
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bad weather

high waves
high loads
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Selkirk Settler - North Atlantic
[LPIc: Capt. George laniev
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THRUST ALLOCATlONr,Q-BJECTI)LES—e**"\ e :

Dynamic Positioning wind
feedforward Wind Model Wind
(DP) System Force Sensor
Thrust
:T' E,,:_::: Allocation Thrusters
Algorithm
= Wave
velocity Filter
. . Kalman
Thrust Allocation Algorithm Filter
° match required fOfCES Commanded Force Different Thrust Allocations
169 kN, 90° 164 kN, 90°
°  minimize power Py
. 169 kN, 90°
* account for hydrodynamic 1500 kN L
interaction effects Py I 5 P = 1954 KW
. - 107 kN, 70° ’
* respect physical limitations @ ™ @ / T
¢ maXimum rpm Change @ Azimuth Thruster [‘ikl‘l,mﬁf" ‘Mkn,mn,n
* maximum azimuth change P=1371 kW

MARIN'



THRUST ALLOCATION -
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thruster-current interaction

VRP

thruster-thruster interaction



forbidden zones

~n=1//_.

[\

n<1l

- N<1 thruster efficiency

* rpm, azimuth
* other thrusters
* current



- T; power minimization

generate required forces

J

account for hydrodynamic
N interactions
Z[T(x,; -sina; —y;-cosa;)] —M, =0
Lk.i=1 \
{ I' = Tnax R
[:yAa < Adyax
Lb <T < Ub - a1 physical limitations
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Updates

Linearization

No
Simplex Steep. Desc.

Check

Phys Lim ON
Phys Lim OFF

Steepest descent

convergence

V(=20 | Solution {1} {a})
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THRUST ALLOCATION = MATCH REQUIREMENTS _

-~

- —#— q-_:sW

—
=

Fx
E Eﬂﬂﬂ T 1 1 I |
i : — Reguired Forces
g 0 : ———— Delivered Forces |
i ———————
Li ‘zum 1 1 | 1 |
0 20 40 &0 &0 100 120
Tirme [5]
thn
E 15':“;' T T __—-—._\_‘I_\_‘_\_' |
=, : Reqguired Forces
E 1000 - ; : —— Delivered Forces|
(TR Em i | | | ] ]
L] 20 40 60 &80 100 120
Time [s]
= x10° Mz
E 1 ¥ T L I i
&, — Required Forces
g or ———— Delivered Forces|
-1 1 i 1 1 l
= 0 20 40 80 80 100 120
Tirme [5]
o ¥ 10’ Power
g Maximum Power
g )= . —— Total Power |
[l D [] | | | |
0 20 40 60 &0 100 120
Time [5]

MARIN



OCATION = RESPECT PHYSICAL LIMITS

~ THRUST ALL

T for thrusters i alfa for thrusters
0 50 Lm0 g O 50 — Lim. |50
T1 — T1
z i ‘ et | S— ]
0 50 ~— Lim. 30 -E 0 50 —— Lim. S50
— T2 — ——_ T2
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research started at SWI 2011
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— MANOEUVERING E' UAHONS —M-ATHEMATJ-CAL MODEL

maneuvering model: set of coupled ordinary
differential equations (ODEs) describing ship motions
in calm water, including nonlinear hull forces and
nonlinear propulsion forces

many hull parameters ( ~ 30 ) and propulsion
parameters ( ~ 20 ) involved

many of these parameters are determined by
experiments (scale models) and CFD

MARIN'



* Propeller-Rudder Model: used in MARIN maneuvering
simulation program SURSIM
L, ((m=+m’,, i) = mr'v
L,(m+m, N +m, ) =-mTr'u
I—pp(m'rv v + (I 'zz+mlrr )rﬂ):

* (simplified) Thruster Model:

L, ((m=+m’,, i) =mrv +X',
L,(m+m, v +m\ ) =-m'ru +Y',
Lpp(mlrvv +(I .ZZ+m'rr)rl): + N'H

+7CO0Sx

+7Sina
+ X, rSina

PS

SB

ER MARIN
24




MANOEUVERING EQ,HA'HONS SGEHTIGNS; g

u=F(u,4)

obvious thing to do = direct simulation
— time integration with initial conditions

* constant propulsion parameters: e.g. straight line,
turning circle

* NOTE for these motions g = Q

* time-dependent propulsion parameters: e.g. zig-zag
manoeuver

* NOTE for these periodic motions g - Q

. MARIN



Alternative: Numerical Continuation Method

NCM = a robust and fast method to

find parameter-dependent set of ‘equilibria” of ODEs

(equilibrium = steady / stationary state solution)

determine stability properties of equilibria

find bifurcations and e.g. trace periodic solutions
(bifurcation = transition from stable to unstable)

26
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,f IVI»‘\NOEUVERING EQS, NUMEBEAifONﬂNUATION

NCM is based on Implicit Function Theorem, stating that

« relationsz can be transformed into functions »

n-vector (state variables, n=3, 4)

| >

: continuation parameters (select 1)

. MARIN
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MANOEUVERING EQHA'FIONS NCM_WITH AUTO z

pseudo arc- Iength natural parameter
continuation (AUTO) continuation
Newton
) iteration
Newton
" iteration
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MANOEUVERING EQ,HA'FIONS ' IUR’Nl'N& c|
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u=20kn
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m

Non-dimensional steady diameter R’ [-]
& =
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Non-dimension:

: : ; : i : ;
—60 —40 -20 ] 20 40 60
Thruster angle o [deg]

29 influence of the thruster angle m
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MANOEUVERING EQ,HA'ILIONS YAWCONTROL
W

add yaw as state variable
u=(u,v,r,y)

I

add extra ODE:
w=r

add yaw restoring control.:

a=ay+s, (v-wo)
g =0
(a is a parameter,
not a state variable!)

32
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MANOEUVERING EQU,A'I—'«IONS YAW CONTRQL

&, = 1200 deg/deg
g, = 100 deg/deg
&, = 10 deg/deg
= 1 deg/deg

,x dlrectlon of
<<y Increasmg course stability

20
15

u [kn]

33 ship velocities for several periodic solutions m
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MANOEUVERING EQH.A'FIONS YAW CONTRQL

125 ! ! ! = ! ! !
100N m .............. ............. _____________ ............. .............

Ty DR AR S S S S S S

eps_r [s]
\

oS S smBe

1Y AT S AU .~ g S AR S

I

eps_psi

34 with AUTO it is easy to trace out the stability boundary ... m
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consider half zigzag only and oo (PRM)3DOF DEITA ZZ/PERSOL)
use anti-symmetric boundary conditions = A

(S LU

Perjod

psi_acc [m]
o

\ 4

<
> <

secpnd execute

N Reach | -1500

— L L L 1 1 L L 1 1
/ m 200%.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Heading check angle t

Heading angle \

Initial course / /
Overshoot
. angle

I

Overshoot time

Fmax
Rate of change / v

of heading

r acc [m/s]

Start of test End of test

Time
- >
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PARAMETRIC ROLLING-%SIMPLEGBE MODEL e

simulation over large time intervals

(1 + A+ B(p)d+C(t)dp =0 C(t)=pgV(GM +GM (1))

waves = k()= () = D 2d(a,b)cos(w 1 +7,),
wave force s A
oGM (t) =D A /2d(a,b) cos(w t+y, +B;)
i=0

transfer coefficients for amplitude change and phase shift
of waves acting upon metacentric height: A, =A(w;) 6;=6(w))
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PARAMETRIC ROLLING.-«EXIT‘TIMEQSTRATEGY ==

exit time strategy:

* very long time domain simulation

(1+A)o+B()d+C(t)p=0 C(t)=C +pgVoGM(t)

* oObserve energy E(¢,é9) = %(I%—A)(i)z +%E¢2

1 —
* define critical amplitude and critical energy Egit = 5 C(Pcnt

MARIN'



Ecrit

~+ Y

tin,:L tout,1 tin, 2 tc:-ut,z

Fraction of runs arriving within time T at Egit. q(T) = min (TT , 1)

int

Weighted average over all safe zones: G(T)

MARIN'



iy . A

-\-&"-o —~—

PARAMEfRIC RdLLING.«PROBABIHTY e

| statlonary solutlon W|th resonant | |
T O PO IS U USROS PPN SOOI SRRt SOSTURODUPPRE PO e ; ...... ...... } ......

forcmg and amplltude cbmax

Lo O 1 0O ©

N T R TN T TN N (N T T TN (N F TN U M (NN SN N N A
6 7 8 910111213 1415161718192021222324252627 282930
T [s]

p
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-SHORT CRES?EB WA\LES e

e

long crested waves
are ‘easy’:

* to analyse

* tosimulate

however:
real waves are

short crested
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< SHORT CRESTED WAVES.—

o SAGPI ap T g

find wave spreading functions that match
theoretical and measured wave height distributions
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< SHORT CRESTED WAVES.—

o SAGPI ap T g

find wave spreading functions that match
theoretical and measured wave height distributions




wave callbratlon using IVIaX|mum Likelihood Method

207003p F5
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— find wave spreading functions that match measured cross
spectra with theoretical wave height transfer function
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PARNASSOS FSBC

N

Experiment

MARIN



Consider plane surface waves on 2D uniform flow. Linearise in these waves.
They are represented by Fourier components:

/u\ /G\
g=|w|= H W "% dkds
W) v,

Substitute this in the linearised and discretised RANS equations:

q = [| L, (k,s)-Ge™ “dkds =0

N

Lh = RANS-operator, | =discrete Fourier symbol of this operator

h

Non-trivial solution only exists if determinant of Lh vanishes.

MARIN'



Continuous problem: wave number K, =1/ Fn?

Discretised problem: wave number K , dependent on all difference
schemes used.

Damping and dispersion determined by Kk / k0

Dispersion determined by real part
Damping determined by imaginary part



Standard:
2"d-order dispersion,
3rd-order damping

It is possible to design a dp/dx
scheme for the FSBC that
cancels leading-order error
terms from other difference
schemes: ‘Balanced scheme’:
3d-order dispersion,
5th-order damping

Re(k/k0)
o o
(o] (o]
\\\\I\\\\I\\\\I\\\\I\

o
\]

o
o))

0.4

Im(k/kO)
o
N

first order

third order

second order

40

first order

20 10 5

Gridnodes / wavelength

second orde

20 10 5

Gridnodes / wavelength

MARIN'
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NUMERICAL DAMPINELAND DISPERSiON <
e B

Dyne tanker, Fn=0.165, Cb=0.87

model scale: 553x121x45 = 3.0M cells, full scale: 553x161x45 = 4.0M cells
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'Dyne tanker, y/B=1.44, balanced scheme
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ANTI ROI-.L TANKS VALIDATIONDFCFD

5 ReFRESCO, M-S (Kerkvliet,2014) —
45F S - ReFRESCO, F-S (Kerkvliet,2014) -o- .
4BgS Flow-3D, F-S (Thanyamanta,2012) o
4 S O - AN STAR-CCM+, F-S (Delaunay,2012) &
A, Exp., M-S (Gunsing,2014)
'Exp., M-S (Field Martin,1975)  +

|98
(8] L
T T
L

Damping (Nms/rad)
b
OO

[E—
N
I
N
q
L

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Freq (rad/s)

: MARIN
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ANTI ROI-.L:"I'ANKWS CGMRLEX OR S’rMPlE APPROACH ?

full scale / model scale expariments

ane-phase fow (fuid anly) HYB = +0.40 A, = 2/60rad = 191deg
no divergence

RV § MR

Mavier-Stokes aquainns.- Comprissible CO m p I eX E Py Tp—

imcomprassitie fuld . EE :m‘:m

i geometries: E% s

MerﬁmanTm—lmmuﬂhh use CFD Or EE::E

faviscid futd :

agh experiments

non-gimenalonal roll trequency
Euler aquations e
valocty independent of
vertical co-avdinate
] HTB = +0.40 A, = 2/60rad = 1.91deg
Buusslmsimnﬁuﬂs SI m p | e

no dispersion .

.y geometries:

shallow water wave equalions
| tncar woves use
e analytolcal-
| unamcsonanaves  €MPITICAl
o pation models =

. MARIN



- o \
e~

= REDUCTION 0|= OFF

4-"‘%';.

* rectangular basin (44.8m x36m),
adjustable depth up to 10 m

* individually controlled wave flaps on
2 sides (112/90)

 beaches on opposite sides

 wind and current

 due to the finite dimension of the
basin, long crested waves are not
entirely long crested

* reflections due to presence of test
models (ships/offshore platforms)
may affect test results
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REDUCTIONOF 6#5&:1&5 BASIN EFFECTS ~

linearized potential flow model frequency domain
Ag =0 F(H)=Fe "
2
79 g% o
ot numerical solution:
o¢p —\/ A boundary element (panel)
on method with zero speed

Green functions G(P,Q)

$'(P) = [ o(Q)G(P,Q)dS

S

o (P)

on

ac5(P Q) ys

=2no(P) + I 5(Q)

M‘l‘m
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REDUCTION OF OFFSHDRE BAS]N EFFECTS

discretization: constant source per panel

$(P) = Y o; [ G(P.Q)dS

-1 s,

o (P) N 9G(P,Q)
= —27rc5(P)+i§1c5,Sji P dSQ %
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= HORE BASIN EFFECTS .

=S

s
R
' '}_’ oy

£ .

use ship motion program to calculate basin waves (why not?)
waves generated by flaps

each flap is modeled as a separate moving body

wave snapshot [m/rad] due to flap unit rotation, ©®= 4.9 rad/s

; ﬁ : o 0.4
Yy Y RIRY e PRI linear superposition of waves
o = - - - . ~
300 ™ -sl'ngle ﬂa'p U"Q“O\l\ \‘ 0.2
25'. ‘:o ‘:..-“‘\ O \\\ | Npaddle
T na(ve)= 3 An(xye)
?20'.'.0 RPN \\ \\ \\ o2 k=1
2 1o g e e TS N\ N
S W e e D0, \\\\\ -
. - beaches are modeled as
: \\‘ \ ‘ | l open boundaries (nO
i j ; -0.8 .
0 0B 40 reflections)

MARIN'
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REDUCTIONOF OFFSHQR-E BASJN EFFECTS’ }, '

-

waves generated by all flaps on south side moving identically

— this is not long-crested !!!

wave snapshot [m/rad] due to flap unit rotation, »= 4.9 rad/s wave RAO [m/rad] due to flap unit rotation, »= 4.9 rad/s

30
25
0.5
k] b7
] 0 )
=3 =3
> 15 >

e
(=]

o1

o

5 10 15 20 25 30 35 40
X (South) [m] X (South) [m]

[
o
B
o
IS
o

-
A L

15 20 25 30



35

30

25

Y (West) [m]
o S

-
[=]

(5]

W‘*w

f = S

-

e R s>~
REDUCTIONOF OFFSH,D.RE BASLN EFFECTS’ ;n '-

- - _—r—_

-

linear amplitude fade-out of outer 7 flaps
(default solution in basin wave control software)

wave snapshot due to flap unit rotation [m/rad], «= 4.9 rad/s, linear fade out 7 outer flaps

F 0.5

F 05

-1.5

5 10 15 20 25 30 35 40 45
X (South) [m]

— already much better !!!

Y (West) [m]

wave RAO due to flap unit rotation [m/rad], = 4.9 rad/s, linear fade out 7 outer flaps

2
35
18
30
16
25 F 14
P2
1
- s
0.6
10
04
5
0.2
0
0 5 10 15 2 30 35 40 45

X (South) [m]

b
[=]

—_
a
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Can we do better than linear fade-out? Use optimization techniques!

Minimize the objective function

F (Al Ay ) = \//G(ntot,r )2 + O-(ntot,i )2

77tot,r real part total wave elevation on optimization line
77tot,i imaginary part total wave elevation on optimization line

A, ... A, complex amplitudes of M flap motions

optimization line
45 deg waves

\(20,18.2)

optimization line
90 deg waves

flaps West

flaps South
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REDUCTION
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45 degrees waves

wave RAO [m/rad] due to flap unit rotation, «= 4.9 rad/s

3
35 35
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*and people from other disciplines, of course

applied mathematics is essential for research on ship
hydromechanics

successful application of mathematics requires knowledge of
mathematical solution techniques and understanding of
physical / technical problems

we need mathematicians that can think/talk/do (ship)
hydromechanics and naval architects* that can think/talk/do
(applied) mathematics, both at a sufficient level to ‘reach out

V4
and touch EVERYTHING SHOULD

BE MADE AS SIMPLE

we need ability and courage to model: FRS- AS POSSIBLE,
' BUT NOT ONE BIT

reduce & assume : 2 5 SIMPLER.
extrapolate & validate :
think ‘out of the box’
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