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CFD Study on Aerodynamic Power Output of 6 MW Offshore Wind

Farm According to the Wind Turbine Separation Distance
Nak-Joon Choi' - Sang-Hyun Nam® - Jong-Hyun Jeong” - Kyung-Chun Kim*
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Abstract: This paper presents aerodynamic power outputs of wind turbine of 6 MW wind farm composed
of 3 sets of 2 MW wind turbine according to the separation distance by using CFD. Layout design
including offshore wind farm and onshore wind farm is key factor for the initial investment cost, annual
energy production and maintenance cost. For each wind turbine rotor, not actuator disc model with
momentum source but full 3-dimensional model is used for CFD and it has a great technical meaning. The
results of this study can be applied to the offshore wind farm layout design effectively.

Key words: Offshore wind farm, Layout, Computational fluid dynamics, Separation distance, Aerodynamics
power output
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Figure 1: Offshore wind farm wake.
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Figure 2: Various offshore wind farm layout.
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(a) Front view. (b) Side view.
Figure 3: 2 MW wind turbine.

Table 1: Main specifications of 2 MW wind turbine.

Item Description
Type upwind
Rotor diameter (m) 84.2
Rated power output (kW) 2,000
Rated wind speed (m/s) 11
Rotational speed (rpm) 18.7
Tip speed ratio 7.5
Tilting angle (°) 5
Hub height (m) 80.5
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Figure 4: 6 MW offshore wind farm layout and
wind turbine identification.
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Table 2: Separation distance according to the
analysis cases.
Case no. L1 L2 L3 Remark
Case 1 7D 3D 17D
Case 2 7D 4D 17D |1) D=84.2 m
Case 3 7D 5D 17D (Rotor dia.)
Case 4 7D 6D 17D |2) Height=6D
Case 5 7D 7D 17D
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Table 3: Mesh information for rotational region and
stationary region based on the elements.

Item No. of elements
Rotational region 11,618,532
Stationary region 2,692,118
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Figure 5: Rotational region mesh.
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Figure 6: Stationary region mesh.
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Table 4: Boundary conditions.
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Figure 8: Calculated inlet wind speed according to
the height with wind shear.
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Table 5: CFD results according to the separation

Ttem Description distance for the 6 MW offshore wind farm.
Inlet 11 m/s at the hub with wind shear . . | Power | Power
Wind |Aerodynamic . .
Outlet | Atmospheric pressure Case turbine |power output {;t;%/ {:’t_;(;/
Side | Symmetry 1o L.D. (kW) ( (
. - WT1) | WT1)
Top Free s.hp con.d%tlon WTI1 2,030
Bottom | No slip condition Case 1| WT2 309 15% 3.6%
WT3 74
z WT1 2,052
V=1, “ 1 2
o zh) M Case 2| WT2 611 30% 18%
AN, V, Vo z oz B o' A7 Eold) mE WT3 364
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SEA A A EAE o 5]H o] W ’?"_]E_ 2] =z 5
o et e l HE Fe] R *M_ 1 Case 3| w2 838 41% | 29%
S8 olul A Figure 8% QoA A7) WT3 607
AE =R X5 Ve WT1 2,068
Z71UEE [EC 61400-1904 FA 3 1.225 ky/m’ Case 4| WT2 1,007 49% 35%
S Agsgiol. ANFEHLL WE FEHA W13 718
AZES 09l ANSYS CFDE AHE3sY vfF & Wil 2,106
- = = oA = Case 5| WT2 1,185 56% 44%
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Figure 9: Aerodynamic power output of WT2 and
WT3 according to the separation distance.
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Figure 10: Wake region with respect to the rotor
diameter D.

ot dA ol g e e« #3548 AIgE, 2011.

HEul oA B2 /95 Y WsAT 93

Figure 1138 Figure 137}X:= 2

787y 242+ 3D, 5D ¥ 7Doﬂ cHs}oq S H ol
Mo S T 4 F
7—10]1:].

HEHle] o|AAY I} Tt
WT2 ‘;‘ ZHEN WI3E ¢
HolJ ol $1A3 FHE R
FHY A3t aEo FHERIY
4 Zgo| FrFstoi11].

Vemcny in Stn Frame u

@

onAONma
SoroNw©OD

PNOALO
Amamo

[m s~

Figure 11: Axial direction wind speed at the hub
height for the case no. 1 of L2 with 3D.
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Figure 12: Axial direction wind speed at the hub
height for the case no. 3 of L2 with 5D.
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Figure 13: Axial direction wind speed at the hub
height for the case no. 5 of L2 with 7D.
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