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* Legal status: Ministerial Decree (Governmental Newspaper Nr. 1968B’/10-9-
2009)

* Scope: To cover educational and research activities of the School of Naval
Architecture and Marine Engineering, NTUA, in the fields of analysis and
design of marine structures, among with analysis and optimal design of
mooring systems and slender marine structures with applications to:

(a)

(b)
(c)
(d)

(f)

Offshore structures for the exploration, production and storage of hydrocarbons in the
marine environment (Semi-submersibles, TLP’s, Articulated Towers, Interconnected structures,
Spar Buoys, etc.)

Mooring Systems for offshore applications
Slender Marine Structures and flow lines for the transportation of oil and gas

Marine structures for the environmental protection (e.g. floating or submerged wave
breakers, floating booms for the oil spill protection, etc.)

Marine structures for sustainable energy development, along with industrial, fishing
(fishing cages for the open sea), touristic (e.g. floating marinas, etc.) and associated
infrastructures near- and offshore

Systems for the offshore wind and wave exploitation (wave energy converters: design and
efficiency assessment; floating wind turbines and wind parks)
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-Research an

Linear and Non-Linear Hydljod.ynamiC.A.nal{sis of Offshore
Structures (Diffraction, Radiation, Exciting L.oads and Motions)

Static and dynamic analysis and design of mooring systems

Hydomechanic analysis of single or interconnected moored
structures in frequency and time domain

Linear and Non - linear dynamics of marine risers and slender
marine structures

Wave Energy Converters’ analysis and efficiency evaluation
(heaving devices, OWC(’s concepts).

Floating Structures Applications (Floating Wind Turbine
analysis and design, Fishing Farms)

Analysis and design of oceanographic surface buoys and
underwater gliders

Wave propagation in harbors and motions of moored ships in
harbors
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 FLOATTECH: Floating Structures
Technology, DG Research, 2002-2006
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*Coordinated Action on Ocean Energy (2003-
«2007)

*Founding member European Association of
Ocean Energy (2007 -)

International Ship and Offshore Structures
Congress (ISSC, 1988 -)
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Sketch of the Assembly
(left) and panel
discretization for the
hydrodynamic analysis

(right)

Physical Model Tests
(left) and comparisons

Drift coefficient fy_fixed

between numerical
and experimental
results for the mean

fyl(0.5*rho*g*a*(H/2)A2)
>

drift forces (right).

=S

Experiments in BGO First,

Toulon, France s

12.5 15 17.5
Period T (sec)

—— NTM-D.L
—— NTM-F.F.

A experiments
——NTS D.I.

(*) EU two years (1.2.2005-31.1.2007) project, Gas Import Floating Terminal (GIFT), General Directorate for Transport, Project No: 012404,

collaboration with DORIS Engineering (France), LMC (UK), DnV (Norway), CAT(France)
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H=0.28 m, T=1.5 sec

Scale down model for the
experiments conducted in
EL PRADO Model basin,
Madrid, Spain (right )

Wave elevation around
structural components
(left); contours of the
second-order surge
forces in bi-chromatic
waves (right)
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(*) EU project within the “Transnational Access to Research Infrastructures’, carried out in the wave basin EL PRADO Model basin,

Madrid, Spain, 2005.
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ydrodynamic analysis 0

° H

- Panel discretization (above)

- Wave elevation in the internal basin (upper right)
- Response amplitude operation (RAQO) of the first
ship in heave motion (down left)

(*) EU project VISIONS, 2007, on “the cruise of tomorrow” : Developing
of autonomous cruising concepts by creating cruisers’ hubs at remote
destinations
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ydrodynamic Analysis of a four-ship cruisers’ assembly (*)
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Analysis of the slowly-varying motions of a four
cruisers assembly (*)

o
'S

gk

Body 3 (IIl) Sway motion under slow drift and wind action (m) and (m/s)
o
w

-0.1
o

I I I I I
500 1000 1500 2000 2500 3000
time (sec)

Absolute (above) and relative (down) transverse motions
and velocities under the combined action of wind and
wave. Ships Nrs. lll and Il

0.45

0.4

0.35—

Berthing of adjacent cruisers

0.3

(*) EU project VISIONS, 2007 “the cruise of tomorrow” : Developing of
autonomous cruising concepts by creating cruisers’ hubs at remote
destinations

0.25—

Relative motion between bodies 1 (1V) and 3 (Il under slow drift and wind action (m)

0.2
0

I I 1 I I
500 1000 1500 2000 2500 3000
time (sec)

LFSMS Research and Consultancy Activities © 9



i of multi-pury gy
Y d 4 ploitation a

G =5

> l'-

loading area

fuel cell, controlling,
office, habitation

storage area ‘ -y o) :
0,00 020 0,40 0,60 0,80 1,00 120 140 160
omega (rad /sec)

Shear Forces in x-Direction

8,00E+03
7,00E+03
6,00E+03

5,00E+03

Fx(kN)

4,00E+03
3,00E+03
2,00E+03

1,00E+03

0,00E+00
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6

omega (rad/sec)

\—.—0 deg —=— 30 deg 60 deg > 90 deg \

(*) EU project VISIONS, 2006, on “mobile power” : Analyzing of a large multi-purpose offshore installation for wind energy exploitation
and storage LFSMS Research and Consultancy Activities © 10
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(*) EU project within the “Transnational Access to Research Infrastructures’, METRI -2, carried out in the wave basin IFREMER, Brest,
France, 2009 . 11
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Y /epl:e%eﬂt -
L :%/ (Hydrodynamic analysis of vertical cylinders with moon pools:
- Application to oscillating water column wave energy converters)

! b |

Hydrodynamics of Concentric Cylinders(*)

System Sketch (upper right) and physical
Model (down right) "

CONCENTRIC CYLINDERS CONFIGURA TION 1
RAO FXO

= 5=0, H=180
— NTUA

0.0 1.0 20 30 40 50
Te(s)
Horizontal exciting wave forces on the external torus. Numerical

results versus experiments. Experiments were conducted at CEHIPAR,
Spain.

(*) EU project within the “Transnational Access to Research Infrastructures’,
HYDRALAB III, carried out in the wave basin CEHIPAR, Madrid, Spain, 2009.,"%
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-Represen S
(Non-linear hydrodynamic analysis of vertical cylinders)

o Second-order interaction between vertical cylinders and
incident surface waves in mono- and bi-chromatic excitation (*)

N

[
=
i
=l
=
&
-
L]

Second-order wave run up Vertical exciting second-order forces in
bi-chromatic waves

(*) Three-year research project (1.3.2004 - 28.2.2006), sponsored by the Greek Ministry for Education, Program PYTHAGORAS:
“Hydrodynamic and Hydroelastic Analysis of moored floating or constrained vertical axisymmetric bodies for applications as wave
energy converters”
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® Wave - Current Interaction on Multiple Cylinders in low
Current Speeds (*)

Change in exciting forces in a 3-cylinder
configuration due to the interaction of
waves with a current field

V waves around a cylinder due to
moderate current speeds

(*) Two-year research project (1.1.2005 - 31.12.2006), sponsored by the Greek Ministry for Education, PYTHAGORAS IT“Wave -
Current - Vertical Cylinder Array interaction
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® Dynamic analysis of deep water moorings with attached
submerged buoys (*), (**)

J000

about 100 m

2 2750

b
o
o
o

£5 m aeptn

total tension (N)
p%]
M
o
o

peer e el

2000
LEGEND
SPRING
BUOY (ONLY O OF THE THO S RSTRUMENTED i) 1500 N RN RN EEER RN R R R R
o 0 5 1005 18 T20-1 D5 30035 40
Chan time (sec)

A
8
c
0
E
F
1
2
3

Large scale experiments in 25m water depth lake and comparisons with numerical predictions

(*) “Feasibility Study for Deep Water Anchoring Systems’, Two years (1986-1988 ), Research project sponsored by the Hydrocarbon

Division, Energy Directorate, EU.
(**) “Use of Buoys to Reduce Static and Dynamic Tension in Deep Water Mooring Lines: A Pilot Study’, Two -years project sponsored by

the Hydrocarbon Division, Energy Directorate, EU, 1988-1990, in collaboration with Tecnomare SpA.
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* Dynamic Response of Vertical and Catenary Shaped Riser-Type
Slender marine structures (*
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(*) EU project within the “Transnational Access to Research Infrastructures’, METRI -2, carried out in the wave basin IFREMER, Brest,

France, 2007 .
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igher-order hydrodynamlc
of Wave Energy Converters — WEC’s)

Cy evaluation

N
N

® Heaving Devices in Front of
a Vertical Breakwater (*)

Transmission rr
System

SIDE VIEW Bi-parallel lever

Wave power converter with sensors
Breakwater

Half immersed sphere g, e
excited to heave motion

incident

SWL standing wave of

increased energy due -
to reflection Shaft spinning in constant

- ) direction despite the direction
= Wave properties and floater size not fthe | .
shown at the same scale of the lever rotation

T TOPVIEW

o ~ —Concrete block ~Girder — -
ore —~————— _
N ———— . L - 0 power control unit

[T .
.-\|||||||||||l Generator

i

anNgn

1|||“
~O—C0 - O O

Water dAepth uEto 45m

G " Draught=0.5m
onverter Float (IialnetW Draught=2.0
2500 5 Draught=1.0

Breakwater Draught=1.5

Floater

[
=1
=
=]

Principal wave direction

Float diameter = 1.5m Draught=0.5m
ge————————Fraugit-10
Draught=1.5

Draught=2.0

1500 o
Experiments in the Laboratory for harbor works and numerical
predictions

1000 4

Average Power per Float (W)

Wave parameters
Hg = 1.0m

(*) LABBUOY: «Economically Efficient Floating Device for Wave Power Conversion "1 Water dopth - 5m
into Electricity; Phase I: Mathematical and Physical Model Testing», Two-year
(1/1/2002 - 31/12/2003), EU Project, sponsored by the Direction General for Energy

1]

2 3 4 3 6
Horizontal distance among Centers of Floats (m)
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* Tightly Moored Point Absorbers

mﬁe_?hyd rodynamic

of Wave Energy Converters — WEC’s)

Table 1. Vertically moving floater, Linear PTO system
Produced primary power [kW] — (efficiency %)

21 order forced 21 order forced Increase
not mcluded included [%o]
10,6 (24%) 11.6 (26%) 9.4

Table 2. Freely moving floater, hydraulic PTO system
Produced hydraulic power [kW] — (efficiency %)

21 order forced 2 order forced Increase
not meluded mcluded [%0]
5,8 (13%) 6.4 (14%) 10,3

*REFERENCES

System Sketch
(right) and
floaters
Geometries
examined
(down)

Cy evaluation

eMavrakos, S.A., Mclver, P. “Comparison of Methods for computing hydrodynamic characteristics

of arrays of wave power devices”, Applied Ocean Research, 19, 1997, 283-291.

eMavrakos, S.A., Katsaounis, G. “Parametric evaluation of the performance characteristics of
tightly moored wave energy converters for several floaters’ geometries”, Proceedings, 8t
European Wave and Tidal Energy Conference (EWTEC 2009), September 2009, Uppsala, Sweden.
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* Hydrodynamic analysis and design of fish farm cages for open

%k _
sea applications (*) =1
E .-'f; _;’{- _,II - j;*
‘ : / ’f,-’ : ,‘(’}T-"‘
E i f" .'f I A ."“;".I"
& / /; -.{- | T:l..: \’1_.““ .
] L L A
: WA
o0 40 M 2 { "
7. 7771 l_ I
;7 I i
,/:’ / ——————— ] l :
- —- 3 00 3
: ]
Sketch of the examined configuration (upper); Numerical results for = . -
the dynamic interconnection Loads in the horizontal and vertical 2
directions (right upper and down, respectively)
(*) Research Project sponsored by the Greek fishing farm company 000 :

THALASSA S.A.
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Sketch of the examined configuration (upper);

Numerical results for the heave motion (right

upper) and the heave exciting force (right down)

(*) Research Project sponsored by the NESTOR Institute, Greece
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oating Structures Applicatio

P ® Hydrodynamic analysis and design of the NESTOR institute floating structure for
Neutrino measurements (*)

RAO for the Heave Motion. Float with three compound cylinders. Interactions considered

§3/(H2]

P | e A A

2.oor~ou 2.50f706

omega (radisec)

| —+—Disp. 100mt —=— Disp. 125 mt

Disp. 150mt |

Total Exciting Fz Force for the 1st design with compound cylinders. Displacement 150 mt.
Interactions considered

(H2))

Fzi(p*g*a*2'n

Y

- ANA A
ﬁj \/

A

1,00E+00

2,00E+00

——tot_fz —@— 1st_exciting

single_exciting

2,50E+00



: (Analysis and design of oceanogr
® Analysis of the Oceanographic Buoy MEDOUSA

Experiments at the Laboratory of Naval and Marine Hydrodynamics
(down); Physical model (upper right); Heave response (down right)

LFSMS Research and Consultancy Activities ©
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(*) Design of autonomous underwater vehicle
advancing though buoyancy control for oceanographic
applications, Gen. Secretariat for Research and
Technology, PENED 2003, Three-years doctorate
program

Discretization of the flow field

e Drag and pressure drop
ressure 0 R ¢ 7 Skin
cheficen resistance coffen

Position (m) Pasition (m)

FLUENT 8.3 (3d, ¢

FLUENT 6.3 (3
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* Wave Propagation Analysis into the Katakolo Harbour, Prefecture of llia,

(Units in meter)

L
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POMHBEVS
J

¢
?,

® Jo
AN

-y
=l

Greece

2400
2350
2300
2250
2200
2150
2100

2050 SR

eter)

2000

(Units in m:

1050

1900

1850

1800

1750

1700

1650

1600

South -east wave incidence. Hs=4m, Tp=38 sec. South wave incidence. Swell case. Monochromatic
Y=3.1582 incidence waves, H=0.5m, T=55 sec.

(*) «Wave propagation and motion response analysis of large Cruiser ships berthed in the new Katakolo Harbor, Project
sponsored by the Prefecture of Ilia, Greece, June, 2007.
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.2 /Motions of ships and floating structuresin harbors)

Al

N

®* Mooring and Motion Response Analysis of three Floating Docks for the
Greek Navy in Souda Bay, Crete (*)

First Order X-Motion. Dock No7. Tension at the Ist Mooring Line. Dock No3. Second Order Y-Motion Spectrum. Dock No 7
\

6.00 i , : ‘ I 8000.00 ‘ i : i ; ; ‘ 12.00 i : i : ‘ : I
; \
o —— Angle of Heading 210 deg i i A : =
1 3 I Angle of Heading 210 deg
\ - - - Angle of Heading 270 deg & - I Angle of Heading 270 deg
400 — ! — [N , 8.00 — —
[ £ it Angle of heading 210 deg ’g
—~ Z 7]
o 1 - %
= 1 | - - - Angle of heading 270 de;
g 1 = 400000 4 1, g FAAE E y i
» ) ey E
& ! i
2.00 —| o ", — 400 - ol
A "
A h
i\ Al A} =}
0.00 N S \
0.00 ‘ i ] S e 0.00 i i
0.00 0.40 0.80 1.20 1.60
Frequency (rad/sec) 0.00 040 0.80 120 1.60 0.00 0.05 0.10 0.15 0.20 0.25
Frequency (rad/sec) Frequency (rad/sec)

(*) Research Project sponsored by the Greek Navy, 1995
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Wind Turbines (W/T) (*)
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Wave & current loading ~ — 1 Wave ang. -'4() Wind ng. 0% i J
Literature: ADVANCED HYDRO-AERO-ELASTIC ﬂ n ﬂ ﬂ ” ﬂ m ﬂ nﬂ ﬂ n ﬂ ” ” ” ﬂ ﬂ n
MODELING OF FLOATING WIND TURBINES g os
Dimitrios Manolas!, Giorgos Katsaounis, g
Vasilis Riziotis, Spyros Mavrakos, Spyros Voutsinas = - A

S |
£ -0.5 i
SHH R
-1.5 4 . A
600 650 700 750

time [sec]

(*) “Dynamic response of floating offshore wind turbines under random waves and wind action’, Completed EU program within the
7th FP: “Integrated Infrastructure Initiative HYDRALAB IV: Assess to major experimental facilities’, Experimental campaign in DHI
Wave Basin, Copenhagen, Denmark, 1 - 31 October 2012.
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“Setting-up of a National Program for the exploitation of the
offshore wind energy sources in the Aegean Sea for an up to
sMw Wind Turbine”, Three - year program (2011- 2014),
Supported by the Greek General Secretariat for Research and
Technology, SYNERGASIA 2009

Partners: Center for Renewable Energy Sources
(CRES), National Technical University of Athens,
National Center for Marine Research (NCMR),
ELICA A., ENTEKA AE, EXERGIA AE, X. POKAX
ABEE, TERNA ENEPI'EIAKH ABETE, JASPER

AIOAIKH EAAAAOX AE, .
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Surge motion for wave heading 30 degrees.
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“POSEIDON: Multi-purpose floating
structures for offshore wind and
wave energy sources exploitation for
an up to 5 MW W/T”, Three - years
Program (2013- 2015), Sponsored by
the Greek General Secretariat for

research and Technology, Program:
ARISTEIA 2011
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“REFOS: Life — Cycle Assessment of a
Renewable Energy Multi - Purpose Floating
Offshore System for an up to 10 MW Wind
Turbine” Research Fund for Coal and Steel
Call: RFCS-2015, EU Fund.

oo

Partners:

« NTUA - LFSMS, Leader, Greece
(NTUA LABS: LA, LSMH, LHYT, FEL)
 Univesrity of Thessaly, Greece

. CSM, Italy et

 EUROPIPE, Germany
« IDESA, Spain
« ELTECH-ANEMOS, Greece

Duration: o1/07/2016 - 31/12/2019

Laboratory for Floating Structures and Mooring Systems, NTUA
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® “]ABACO: Development of Modular Steel

Jacket for Offshore Windfarms”, Research
Fund for Coal and Steel, Call: RFCS-2014,
EU Fund.

* Partners:

+ CSM, Italy, Leader

- NTUA (LFSMS, LA), Greece

+ Univesrity of Thessaly, Greece

+ IDESA, Spain

+ RAMBOLL, Germany

+ OCAS, Belgium

® Duration: o1/07/2015 — 31/12/2018
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