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Introduction

> FLOAWER Project, ESR 5 (WP5-Advanced Floater Analysis)
* Topic
Hydrodynamic analysis and numerical modeling of Heave Plates
* Expected results (2020 ~ 2023, 3yrs)
a. Hydrodynamic database
b. Improved engineering models

> Heave plate in Floating Wind Turbine
* Increase Added Mass

. m-+m
v" Escape from resonance period 7, = 2m lm :
* Increase Total Damping &he T

v Reduce the wave induced response

e Improve Structural Design
v" Floater, column and mooring lines
* Improve Power Output of Floating Wind Turbine
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| " LHEEA ﬁ m a. Windfloat (D. Roddier et al., 2010) b. Floatgen (Floatgen report #3.1)

FL_OF\\//ER Figure 2. Floating offsho;?a\fcv;r;d turbine with the heave 2/6



Key Features
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Table 1. Floating Platform Models Figure 3. Definition of parameters

. .
Geqmeltrlcal Parameters Type Semi1 Semi2 Semi3 Semi4 Spar1 Spar2 Barge
v Diameter ratio ,
Column Dia. D.[m] 12.02 10.5 7.0 15.8 6.5/9.4° 4.4 34.0
1.0< Dp /D, <36 .
. Heave Plate Dia. Dy [m] 24.0 36.9 20.0 228 - - 38.4
v Draft ratio
Draft d[m] 20.0 18.0 15.5 220 120.0 78.0 7.0
0.4<d/rp <255
1 Plate Thickness ty[m] 6.0 thin plate 0.1 thin plate - - thin plate
wherery, is = Dp
2 Diameter Ratio Dy/D¢ 2.0 3.6 2.9 1.4 1.0 1.0 1.1

" LHEEA @ N Draft Ratio h/r 17 1.2 16 19 25.5¢ 10.8¢ 0.4
CENTRALE
MANTES H 2Offset column, b tapered column, 4 Draft ratio with column diameter

FLOAMER < Note > Semi1: DeepCWind (0C4), Semi2: Windfloat, Semi3: HiPRWind (OC3), Semi4: 00-STAR, Spar1: Hywind, Spar2: Hywind-Scotland, Barge: Floatgen (Idéyf)6



Hydrodynamic Database with Heave Plate

> List of Previsous Database

* Forced oscillation in Heave motion
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Fig 6. Hydrodynamic database with KCc vs draft ratio

* Classic Offshore Platforms (TLP & Spar, (1): Thiagarajan et al. (2002), Tao & Thiagarajan (2003), Tao et al. (2007)

Garrido-Mendoza et al. (2014), Lopez-Pavon et al. (2015), Bezunartea-Barrio et al (2019), Thiagarajan & Moreno
, Boulluec et al. (2016)) 4/6



Summary for Future Works

> Methodologies

> Test Campaign

1.Forced Oscillation (Radiation Problem)

Foreed Motion

Incident wave

\ 2 Radiation wave
14

A I
A ~ASetE A '
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Restoring
Vortex Shedding g — Friction
(thin plate)

& T
Flow Separation @

SN———

Vortex Shedding

-— (thick Edge)
3 &

Flow Separation

™ Added Mass
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Bottom

Including free surface and wave effect
Complex motion (regular and irregular)

Experiment & Numerical Analysis (OpenFOAM)
* Forced oscillation and Captive Test

< Model >
T

SN ———-

Single Column
with Heave Plate

< Output >
v'"Hydrodynamic D/B
v'Numerical Scheme

Fig 6. Ocean Engineering Tank (LHEEA) and CFD (OpenFOAM)

2.Captive (Diffraction Problem)

Water on deck (Green water)
Wave Run-up

\ FA v Radiation wave
Incident wave /'\\\l/
X
~—/ —
—_— .
. Drift force
P /(D Fixed Body .D
° A
Vortex Shedding %
& Friction
Flow Separation
d A A A
Rattom
*  Wave drift force

¢ Wave run-up (with heave plate)
Upright & inclined conditions
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APPENDIX A — Formula for Added Mass Coefficients

Configuration | Section Added mass (or coefficient) Ref.
Isolated . _ l.pd 1
heave plate Cir ma = 5p0, [11]

: '{--:-:I !: " :'IFJ. ::‘
Cir. - [19]
A cylinder
with 4 2 o i 2 i
heave plate Co=fn (k -1 [3*;: R=r3+ (k= VB =73) (2k+ VA= :ﬁ)]) .
g"::’ 1.00;  Circular heave plate [20]
Re(:-‘ k= ky-ka, ky =1+ 02KC, ks = ¢ 0.95: Octagonal heave plate -
. 0.75;  Square heave plate
for = §oD3/ (4x(D3ta + D21,))
. a_ 2. 3 ET JE 25_ 373 .
Cir. = i._‘Zawt 127 D7 12x07::,25|:':zib 3:];: +12r D3 L—n" L [19]
A cylinder
with ( s . 2 .
multiple fro (2""! —a [3"j K =i+ (k -k = ’?{) (2" k- "j)]
heave plates
— 5 [12ar3ry, + (2k — wrp)2(dk + 7)) ;
Cir., Ca= forr, < 2k/w
Oct., [20]
Rec.
. 2
Jra (21-”; - :—: [3!’3 e s (k — k2 — "d) (2k + m)])
forry > 2k/=
!1-2 = lngr:Jf] (%‘7(203:& + Dﬁh-))
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APPENDIX B — Formula for Drag Coefficients

n

LHEEA
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Configuration | Section Drag coefficient Ref.
Caform) = A(KC)"
Isolated Cir [23
heave plate : A= 11.8 nel - 1/3  for flat plate -
T AT 10 for diamond cylinder
Cuf form) = A(KC)"
Cir. 0.15 —~3/4  for independent vortex shedding [24]
A=4¢ 25 ,n=4¢ —1/5 forinteractive vortex shedding
4.0 —1/4  for uni-directional vortex shedding
A cylinder
with
heave plate €y = min {1_77‘;1!3.7 (K C)—m-u . 12}
Cir.,
Oct., 2.5;  Circular heave plate [20]
Ree. ks = ¢ 2.5 Octagonal heave plate
3.0;  Square heave plate
) . I V2 A Vi i w—1/ks Y 4 € aql .
A eylinder oi min {1.? (‘: vl T ) (KC) = 3Tk +2.9rp. 24} ;
with Otl.rl . forry < 2k /m [20]
. " Ty = ’ . 2
multiple Rec. mm{l.? (?‘;‘;f“” + :;ﬂ”) (KC)_IM:’ .24} ;
heave plate

forry = 2k /m




APPENDIX C - Test Set-up

Surge, Sway: + 0.465 m
Heave: £ 0.300 m
Roll, Pitch: 30 deg
Yaw: 45 deg

Tripod length (upper)

Wave height
f

——— Hexapod/--
Tripod width (@ FS) 1%4/ —————

Hexapod height 1.29 m

1 Free space 5.9 m

Movable Heave motion

“lnterference
Water depth 5m

‘ / 1

Tripod

Tripod height 7.19m

A

| I-I LHEEA @
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Tripod length (lower)

v



APPENDIX D — Time series

From Geometry 2 ' i
“CFD-Case0(ORI)
1800 | CFD-Casel(dt2) |7
. . CFD-Case2(grid/2)
Frcasured = —Max(t) — Begu(t) — pgAwx(t) + pgV 1600 | ——— CAL-Zhang&lshihara |
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1400

Computed by Zhang & Ishihara formula 1200
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APPENDIX E - Vorticity Fields

f

< Main Dimensions >

Nomenclature | Unit | Value Note
Dc m 0.350 Column diameter
h m 0.775 Dratft of floater
Dd m 1.000 | Disc diameter (heave plate)
td m 0.005 Disc thickness
Amplitude m 0.140 Heave amplitude
Period s 2,519 Heave period
KC - 0.866 KC number
Beta - 411738 frequency parameter

< Test Cases for convergence >

Case0l | Case02 | Case03

Turbulence Model kOmegaSST
Motion Moving wall velocity
Freesurace Volume of Fraction
Time Step 0.002 0.001 0.002
Number of Grids 0.8M 0.8M 1.6M

LHEEA 0
CENTRALE
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Case03

a. t/71=8.69

b.t/T=8.73
Case02 Case03

c. t/T=8.77

Case02 Case03

d. t/T=9.21

Case03

e.t/T=9.25

f.t/T=9.29



APPENDIX F — Experiment (C.Lopez)

KCd=0.866 & Amp.=0.14 m & Period=2.5s

1000 1 N
z £
g 0 3 05
< Main Dimensions > - ool . L 2513
Nomenclature | Unit | Value Note ik . e . :
De m 0.350 Column diameter Phase different 2 £
h m 0.775 Draft of floater g D@A\W/\’ g
T b =
Dd m 1.000 | Disc diameter (heave plate) 1000 : : : e LHE
. . a 5 10 ) 15 20 25
td m 0.005 Disc thickness Time [5]
p B 1000
Amplitude m 0.140 Heave amplitude =
Period s 2.519 Heave period Phase shifting g off N>
KC - 0.866 KC number £ o0 | EXP-C.Lopez cmclnseoa(grmz)|
Beta - 411738 frequency parameter " 2 TR o &

< Test Cases for convergence >

Case0l | Case(2 ‘ Case03

Turbulence Model

kOmegaSST

| I-I LHEEA @
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Motion Moving wall velocity
Freesurace Volume of Fraction
Time Step 0.002 0.001 0.002 =
Number of Grids | 08M | 08M | 16M | §
-800
-10000

1000

KCd=0.866 & Amp.=0.14 m & Period=2.5s

800 -

EXP-C.Lopez
CFD-CASEQL(ORI}

T
CFD-CASED2(dY/2)
CFD-CASED3(grid2) | 0.8

5 10 15 20
Time [s]

(@)

Fig. Force time history comparison (EXP vs CFD) (a) Full time history and (b) Zoom in

Force (N)

1000

800

-800

KCd=0.866 & Amp.=0.14 m & Period=2.5s

T
CFD-CASED2(dt/2)

EXP-C.Lopez
CFD-CASEQL(ORI}

-1000
10

T 12 13 14
Time [s]

(b)

CFD-CASED3(grid2) |- 0.8
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