FLANEERERD-HDBR - RRFZH LRIEBEORIET

ol

Numerical study of wave and wind conditions and weather window for construction of offshore wind
power plants
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Abstract

In this study, numerical simulations for waves and winds are carried out using SWAN and RAMS and the
predicted significant wave height, wave period and wind speed are compared with measurement. Annual average
values of absolute monthly error of wave height, wave period and wind speed are 15.0%, 8.7% and 9.2%,
respectively. Occurrence of significant wave heights smaller than 1.0m depends on season and shows higher value
during summer. However, small seasonal variations in occurrence are observed for significant wave periods smaller
than 8sec and wind speeds below 10m/s. Monthly bias correction is adopted to improve the accuracy of predicted
occurrence of significant wave height and wind speed. For significant wave periods lower than 6sec, the weather
window of construction remains very low throughout the year. A significant improvement in the weather window of
autumn and winter is obtained by increasing maximum allowable wave period to 8sec and wave height from 1.0m
to 1.3m. Monthly variations of the available construction periods are predicted well by the numerical simulations.
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Table 1 List of symbols used in SWAN

Symbol Definition

N action wave density spectrum

E wave energy density spectrum( £ =o' N )

X,y coordinate of east-west and north-south

1 time

o,0 wave radian frequency, wave direction

¢.c, propagation velocities in spatial x and y
’ space

c.c propagation velocities in spectral space o

and @ space

¢.c, wave phase velocity, wave group velocity

k wave number

h water depth

g gravitational constant

S wave generation by wind

Sy dissipation of white-capping

Sy dissipation of surf breaking

Shr dissipation of bottom friction

S, quadruplet nonlinear wave-wave interactions

S,i trinity nonlinear wave-wave interactions

Domain |

Fig.1 Computational domain for SWAN

Table 2 Computational conditions and grid resolution

Domain I Domain II
Computational domain | 138°~145°E 140°~143°E

32°~39°N 34°~37°N
Grid resolution 0.2°x0.2° 0.05°x0.05°
Grid number 35%35 6060

ECMWF
Boundary | Lateral reanalysis Nestdown
condition (ERA40)

Surface Mesoscale analysis (0.5°%0.5°)

Bathymetry grid | 2500250 | 0.025°0.025°
resolution
Spectrum resolution 3?0%;%329&13]2]f;cqucnucs
Time step 20min. [ 10min.

AWFFE TR LI & H, 7D ICARZILE — 28]
WT, 1%, % % WAST VB HURIZ IR



T,=141,,, =142z JoEo.0)dodo (5)
P '“ ﬂ E(c.0)dodl

ZIT T, EAI VM CH5 7,
B OBUEE R LA D72012, SWAN THIESh-H

i AR S a7y T ra B kb bnS
AREWE H L AREE T, OB, H,,, = H,
T,y = T, DIBIBIRA D DEBELT ¥, A3
EORIESREL o 1B @23 — U — A I ZHED 721 1.0,
DN BIE 0,95 HOMAVREINTOD 7, K
WFZETIL, ¢ % 1.0 LT, A RIEEMORIERE o, 13,
FEAT 12 LD W S DA S LU S L DR S oD b
OEEL 1.8 ELTz,

22 [RFA

P LR ) 58 B A ki D BRI B SR OO IR 5]
T —HEGHIZOIT, AR TIL, 2nI R RFETHIES
Nl AY 2l — L5 %€ 5 b RAMS (Regional
Atmospheric Modeling System) * % Jil\ \/=, A/ 25 —1
KRET /v RAMS (&, B, FGRL, =727 —B%K,
A A TER AT DB AL ORAF R EE) BLOR AR, 24
N2 AL KRGy D OrRAFRIIZBUER) T AifE . FII 51,
BERREO T TUHRER ORI E({LZ RO D, xy.z T
Mo 3 SOEERSY BT DEE T RRIL, ThEh
LLFOIoic&KEhb,

ot ox oy oz ox
0 0 0 0 0 o) ©
+i[K?H %]4_(_ KHI ﬂ +(_[KJH %]
Ox ox) oy ov) oz Oz
o _ —u@—v——w@—ﬂ)ai—ﬁf
ot ox oy Oz oy ™
i[KHF @]-‘—i KJ'H g +£[KHJ @]
Ox ox) oy dv ) oz oz
ow ow ow 0w or' gb'
— = U——V— W — =
ot ox Oy z z 6, ®
+E[KHJ @J—FE K"F @ +i[KHI ﬂ]
Ox ox ) oy ay ) oz 0z
Fio HRRAFRNZLLFOI RSN D,
E:_ Rfrﬂ 5p090u+89090v+5,0090w (9)
ot P\ Ox Oy 0Oz

RAMS TIN50 &4 L LT, Tripoli and
Cotton(1982)IZ k> THRES NI K DIHE(IZ DS T
PRAFSN DR R CH DR « [EFH O FH 4 1Rz (ice-liquid
potential temperature)a i\, #) 2 FRUE, LT OX
ANIREIND,

00,
ox J

o oy
M%)
+ —
ot rad
(10)

Ox

ox
Kh —] + 0 0'9.-'.1'
y

_T(K.ﬁ -

cz
F72, ARAOERAERN T, Y TREND,
(’/?y (94
5,
+—

%] [Kh %] [Kh
o) oy\ " oy

oy
0z
KPORLEOEREZE 3 ITRT,
Table 3 List of symbols in RAMS
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Symbol Definition

u east-west wind component

v north-south wind component

w vertical wind component

x cast-west coordinate

v north-south coordinate

z vertical coordinate

t time

f Coriolis parameter

Ko eddy diffusivity for moment

K, eddy diffusivity for heat

& layer domain-averaged potential temperature

(/M potential temperature

O ice-liquid water potential temperature

oy water mixing ratio species of total water, rain,
and aggregates

Do layer domain-averaged density

rad subscript denoting tendency from radiation
parameterization

g gravitational constant

Ty exner function

T perturbation exner function
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Fig.2 Computational domain for RAMS

Table 4 Computational conditions and grid resolution

Domain 1 Domain II
Computational domain | 139°30°E 140°45°E
center 36°00°N 36°00°N
Grid number (xxyxz) 77%53%30 T6x84=34
Horizontal grid interval
Axeny Y okmo10km | 2kmo<2km
Vertical grid interval 40~1000m 20~1000m
Boundary condition ECMWF Nestdown
analysis
Time Step 40sec 20sec
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Table 5 Description of wave and wind observation

Observation period | Year 2000
Kashima wave observation
Location facility (NOWPHAS)
Wave N35°53°55"  E140°45°14"
Water depth 24.5m
Measuring Ultrasonic Wave Detector
instrument
Averaging time 20min. per every even hour
Observation period | Year 2000
Choshi Local
Location Meteorological Observatory
. N35°44°18"  E140°51°24"
Wind Observation height | 28.2m
Measurmg Propeller-Vane Anemometer
instrument
Averaging time 10min
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Fig.9 Seasonal variation in occurrence frequencies of significant wave height, wave period and wind speed
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Fig.10 Monthly variation of weather window with maximum allowable wave heights for T< 6s and U< 10m/s
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