ISSN 1738-3935 (Print)

New & Renewable Energy 2024. 6 Vol. 20, No. 2 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2024.0013

[2024—-6-S-WD-003]
M) Check for updates

HIZ-IR QXTI QAP 15 MW 594

SHAZERIC| 52 STt S5 SEH

Ojxl= S

2)

Sangwon Lee” - Seongkeon Kim” - Bumsuk Kim¥"

Received 6 April 2024 Revised 13 May 2024 Accepted 20 May 2024 Published online 18 June 2024

ABSTRACT Floating offshore wind turbines (FOWTs) have been developed to overcome large water depths and leverage the
abundant wind resource in deep seas. However, wind-wave misalignment can occur depending on the weather conditions, and most
megawatt (MW)-class turbines are horizontal-axis wind turbines subjected to yaw errors. Therefore, the power performance and
dynamic response of super-large FOWTs exposed simultaneously to these external conditions must be analyzed. In this study, several
scenarios combining wind-wave misalignment and yaw error were considered. The IEA 15 MW reference FOWT (v1.1.2) and
OpenFAST (v3.4.1) were used to perform numerical simulations. The results show that the power performance was affected more
significantly by the yaw error; therefore, the generator power reduction and variability increased significantly. However, the dynamic
response was affected more significantly by the wind-wave misalignment increased; thus, the change in the platform 6-DOF and tower
loads (top and base) increased significantly. These results can be facilitate improvements to the power performance and structural
integrity of FOWTs during the design process.

Key words Floating offshore wind turbine(3--§-4] 3l A2 €] 41), Design load case(d 4| 515 % 7), Wind-wave misalignment(=}
-k @ A ), Yaw error( 2 2 2}), Degrees of freedom(A}-8-=)

Nomenclature

1) Master Program Student, Faculty of Wind Energy Engineering,
Graduate School, Jeju National University Hj : significant wave height, m

2) Ph.D. Candidate, Multidisciplinary Graduate School Program for T : peak spectral period, s

Wind Energy, Jeju National University . o
. ) o B :wind-wave misalignment, °
3) Associate Professor, Faculty of Wind Energy Engineering,

Graduate School, Jeju National University v :yaw error, °

*Corresponding author: bkim@jejunu.ac.kr
Tel: +82-64-754-4400 Fax: +82-64-702-2479

Copyright (©)2024 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7849/ksnre.2024.0013&domain=https://journalksnre.com/&uri_scheme=http:&cm_version=v1.5

HIZ-If QX @ 9Pt 15 MWE £RAl shAESlEI0l B2 Msut S SHo| Dkl B

Subscript

DOF : degrees of freedom
DLC : design load case

NTM : normal turbulence model
NSS : normal sea state

MIS : misaligned

RMS : root mean square
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Table 1. Key parameters for the IEA 15 MW offshore reference
wind turbine'™

Parameter Value
Rated power [MW] 15.00
Rotor orientation Upwind
Number of blades 3

Class IEC Class 1B

Drive—train Direct drive

Hub height,

150, 240
Rotor diameter [m] ’

Cut—in, Rated, Cut—out

wind speed [m/] 3.00, 10,59, 25.00

Minimum, Maximum 5.00, 7.56

rotor speed [rpm]

Table 2. Key parameters for the VolturnUS—S reference platforn{m]

Parameter Value
Platform type Semi—submersible
Number of columns 4
Draft [m] 20
Freeboard [m] 15
Hull displacement [m®] 20,206
Platform mass [t] 17,839

Mooring system Three—line chain catenary
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Table 3. Comparison of rigid—body free decay result between

JNU and IEA
Rigid—body DOF JNU [Hz] IEA [Hz]
Surge 0.007 0.007
Sway 0.007 0.007
Heave 0,048 0,049
Pitch 0,034 0.036
Roll 0.035 0.036
Yaw 0.011 0.011
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Fig. 1. Comparison of steady—state analysis result between
JNU and IEA
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Table 4. Design load case 1.1 applying MIS condition

Design situation DLC Wind Wave | Directionality

Power production 1.1 NTM NSS MIS, UNIL
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Table 5. Simulation environment parameter

Description Value

Wind speed [m/s] 10,59

Turbulence intensity 0,14
Wave spectrum JONSWAP

Hs [m) 1.641

Tp [s] 7.544

Current speed [m/s] 1.78
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