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ABSTRACT This study examined numerically the spatial characteristics of the wind resource in Jeju Island using Computational fluid
Dynamics (CFD). The initial conditions for the numerical simulation were set to varying wind speeds (3, 5, 13 and 25 [m/s]), which
corresponded to wind speeds between the cut-in and cut-out for wind turbine operations, and 12 different wind directions. The result
shows that the normalized velocity decreases with height, having similar values between 500 m and 1100 m. The normalized velocity
also tended to increase at altitudes higher than 1100 m. The blocking effect by Mt.Halla located on the center of Jeju Island generates
a massive wake. The wind speed deficits by the wake effects have a large influence on the lee side of Mt.Halla up to more than 10 km.
Overall, the averaged values of normalized velocity and turbulence intensity lie in the range, 0.73~0.77 and 0.078~0.083, respectively.
Four regions (Eoseoungsaengak, Seongneol, Keunnokkome and Sanbangsan) with severe wind speed reductions were found, and
showed 70%, 55%, 50% and 50% wind speed reductions, respectively.
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Fig. 1. Topography of Jeju Island

715, FAAMEE okt eigt X@7Ie71E B/d5t
AU}, AFE AFEHL YILET} =oFAHA]
F2 o|FolR) L, Fhepih Bl A% £ 07 PAJE o
AUtk 52 SR hE = FARTe| Tt &
™, 27} o]o] @50l FHH A= Stk Skl Al
L olef 22 2 ol thalRt AF7&717F B/ o
AUt

B0 AR A E 1w (Digital Elevation Model)
LS SRTM(Shuttle Radar Topography Mission)< E-3l
Al&ER= 3= 30m(1 arc second) 2] X[ H|o]E{ 0]
H, EX] gE8rE §HQF7|(ESA, European Space
Agency)oA 2009 1€-12¢ 7]7F E91 MERIS $A
oJu| x5 ARME3le] ARFSE 300m SATEL] Glob Cover
20095 b3t >,

—_

I} Atg s vehdith, Al FAERFCR oF 73km,
GEHEEo 2 oF 31km Zo]o] EfF o g o]FojAQlc

Table 1. Configurations of computational domains

Parameter Value
Geometry Latitude 33°36'N
centre Longitude 126°55'E
Control Radius [km] 45
volume Height [km] 2.5
Mesh Horizontal [m] 100
resolution Vertical [m] 70
Vertical expansion factor 1.15
Number of nodes 4462237
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Fig. 2. Computational mesh in (a) the domain, (b) detailed
view of the central domain, (c) prism layer element
in the vertical section and (d) detailed view of the
prism layer near the ground surface
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Table 2. Initial conditions for CFD analysis

Parameter Value

Reference height [m] 80

Wind speed [m/s] 0.01, 3, 5, 13, 25

Wind direction 12 sectors
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Table 3. Wind direction—averaged values of 4 main para—
meters for different wind speed at 80 m above
ground level

Wind speed [m/s]
0.01 3 5) 13 25

Parameter

Normalised Velocity | 0.51 | 0,73 | 0.76 | 0.77 | 0.77

Turbulence intensity | 0,016 | 0,078 | 0,081 | 0,083 | 0,083

TKE* [m?/s7] 0 00802 | 177 | 657

Velocity [m/s] 0 2.18 | 3.78 | 10,07 | 19,37

* TKE: Turbulent Kinetic Energy
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Fig. 3. Profile of normalised velocity (A) and turbulence
intensity (B) with 100 m altitude bins
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Table 4. Prevailing wind direction—averaged values of 4
main parameters for different wind speed at 80 m
above ground level

Wind speed [m/s]
0.01 8 5] 13 25

Parameter

Normalised Velocity | 0,51 0.73 0.76 0.78 0,78

Turbulence intensity | 0,016 | 0,078 | 0,081 | 0,083 | 0,083

TKE [m’/s%] 0 0.08 | 0.25 | 1.77 | 6.57

Velocity [m/s] 0 2.19 | 3.79 | 10.08 | 19.40
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Fig. 4. Comparisons of profiles for normalised velocity (A)
and turbulence intensity (B) for prevailing (red) and
all wind directions (blue) for 13 m/s wind speed
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Table 5. Detailed information of area for the largest wind speed reduction and acceleration

Min/Max  normalised velocity [ ]
Location Elevation [m]
60° 150° 240° 330°

Mt, Halla 1950 0.28 1,05 0.5 1.27 0.74 1.12 0.10 1.12
Keunnokkome (KN) 834 0.64 1,01 0.57 0,97 0.64 1,03 0.50 1.11
Eoseoungsaengak (ES) 1169 0.69 1,10 0.67 1.08 0.85 1,10 0.30 1,14
Seongneol (SN) 1215 0.70 1.05 0.57 1.16 0.52 1.06 0.45 1.12
Sanbangsan (SB) 395 0.77 0.92 0.77 1.26 0.82 1,03 0.50 1,12
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