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<Abstract>

Numerical Study on the Performance Improvement of

Floating Wave and Offshore Wind Hybrid Power Generation System

Graduate School
Jeju National University

Major in Faculty of Wind Energy Engineering

Kim, Dong Eun

Recently, environmental problems such as greenhouse gases and fine dust
have emerged, and the importance of eco-friendly and sustainable alternative
energy has been mentioned. The world including Korea is paying attention to
new and renewable energy, and many research institutes and universities are
interested in research and development.

If two or more of the various renewable energy sources are combined,
efficient development can be made in a limited space. Among them, the floating
wave energy converter and offshore wind turbine combined power generation
system that produces electric energy using wave and wind energies at the same
time was focused. In this paper, the study was conducted on the platform where
the concept and basic design were performed in the research project called
'Development of the design technologies for a 10MW class wave-offshore wind
hybrid power generation system’. The platform is a semi-submersible structure
moored with 8 mooring lines. It has four 3MW horizontal axis wind turbines on
the platform, and a total of twenty four 100kW wave energy converters on each
sides of the platform. Here, the wave energy converter produces electric energy
from waves, and also reduces the motions of the platform by absorbing wave energy.

The behavior of each wave energy converters is different due to the fluid-
dynamic interaction between the wave energy converter which is contiguous to

platform and the influence of the Power take-off (PTO) mechanism. However, if

- vii -



the motion system of the wave energy converter is linearly assumed, it is
amplified proportionally to the wave height of the incident wave, so it can be
expected that the performance of the wave energy converters can be improved
by placing at a high wave height point among various positions inside the
platform. Based on this, to improve the overall power performance of floating
wave and offshore wind hybrid power generation system, by altering the
position of 8 wave energy converters whose efficiency is low are chosen among
the 24 wave energy converters. Since the wave height inside the platform
during irregular wave is different according to period of incident wave, it was

divided into two cases: peak period (1;,:6.67sec) in the installation area and
natural period (7)=5.46sec) in a single wave energy converter.

The behavior of individual wave energy converters was first calculated by
using WAMIT, a three-dimensional diffraction/radiation analysis program based
on the potential theory in the frequency domain, and the motion response was
calculated by multi-body analysis technique. Following, time domain analysis
was carried out based on the results of frequency domain to consider the effects
of wvarious nonlinear external forces acting on platform and wave energy
converters. For this purpose, multi-degree of freedom equations for the 6-degree
of freedom of the platform and the 24-degree of freedom of the individual wave
energy converter's heave motion were constructed and the motion response was
calculated by numerical method.

Based on the present study, it i1s verified that the time domain motion
response is effective by comparing it with the frequency domain response, and
then numerical analysis is carried in the time domain with the regular and
irregular wave conditions. Finally, the possibility of performance improvement is
carried by comparing the overall average extraction powers of the existing

arrangement and the rearrangement.

Keywords: Floating, Wind turbine, Wave energy converter, Hybrid power

generation system, Numerical Analysis, Performance improvement, Rearrangement
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(c) Hybrid system(Wave Star) (d) W2Power(Pelagic Power)
Fig. 9. Overseas cases of floating wave-offshore wind hybrid system
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(a) Floating Power Plant
(b) Numerical and experimental analysis of a hybrid wind-wave offshore floating platform’s hull[23]
(c) Wavestar
(d) Pelagic Power
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Table 1. Specifications of wind turbine

Unit Value
Type HAWT
Total mass of 4 wind turbines ton 1,780
Rated power MW 3
Rotor diameter m 105
Blade length m 51
Hub diameter m 3
Hub height from SWL m 75.5

Shaft tilt deg 5
Cut in / Rated / Cut off wind speed m/s 3/ 11.4/ 25

Table 2. Specifications of wave energy converter

Unit Value
Total mass of 24 WECs ton 1,777
Rated power kW 100
Diameter m 4
Draft of WEC m 5
Center of gravity of WEC(from SWL) m 1.91
Natural frequency of single WEC rad/sec  1.15
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(3) =& E(Platform)

AbZb o] Wi EEF o b Aol Sl 4719 7l Slel SHeAT|vY
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Fig. 11 F35 99 #2340 448 59 ofele] TAF Faoln, Fo
A Y- Table 30 YEFAT

Fig. 11. Submerged part of the platform

Table 3. Specifications of platform

Unit Value
Mass of only platform ton 23,366
Moment of Inertia - I, ton-m> 82,749,290
Moment of Inertia - I, ton-m?> 82,749,290
Moment of Inertia - I, ton-m? 160,270,900
Mass of mooring system ton 343
Draft of platform m 15
Height m 27
Column span of platform m 150
CoG of Platform with mooring system(from SWL) m -0.66
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(M+ A)E(t) + /OOB(T)E(t—T)dT +o"TOet) + Fpt,8) + (C+ G )et) = Ft) (1)
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AN WMEES 04FE0] wet 3074e] @Y 92 FAE A8 Fo Gy

ojlth. M3} Av Zt7} A (Mass) 5 A EWE(Moment of inertia)$} 3 AFT}
T35 w—ood W] FEI7HH P (Added mass) F2 F7HAH I EWE(Added
mass moment of inertia)E WeErWH, »7%= PTO #4]A5=(PTO damping
coefficient) & ¢ mlgtth. C+= A4 599 (Hydrostatic coefficient), C, & F-+4
Aol og B9 o] PFHola, Fi)= 3 712 (Wave exciting force)9]
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g GGl Ao AR A9 (Radiation  damping  coefficient) b’,fjf“l (w)(Z2
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and Massie(2001)[28]).
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) 1 ) )
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Table 4. Environmental conditions(wave)

Unit Value
Type JONSWAP
Water depth m 80
Significant wave height m 3
Peak wave period sec 6.67

gz oz AHEE JONSWAP ~¥ E%(SJ(CU»% 2l (15)¢F #Zo] 7T

(Angular frequency)®] Stz e A TFGoda(1988)[30].
HZ(,U4 -4 exp -szz)z
550 =875 gl 2] |71
w W,
0.0624 (1.094—0.01915In) (16)

0.23+0.03367—0.185(1.9+7) "

18) Joint North Sea Wave Project
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Radiation damping coefficient of WEC3
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Table 5. Average power of WECs(original arrangement), irregular wave
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Table 6. Environmental conditions(wind)

Unit Value
IEC standard IEC 61400-3
IEC turbulence type NTM20)
Turbulence model IEC Kaimal
Turbulence characteristic A
Wind profile type Power law
Power law exponent 0.14
Mean wind speed at hub height m/s 11.7
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Fig. 34. Power data of wind turbines with regular wave
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