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Design and CFD study of 360 W class wind turbine tree in accordance with

environmental scenery
Min-su Ha" - Won-hyuk Jung® - Nak-joon Choi’ - Young-chul Park®
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Abstract: The objective of this paper is to develop 360 W class wind turbine tree using a helical type
wind turbine. The performance of 100 W class helical wind turbine which finished the conceptual design
has been forecast through the CFD analysis. After performed the analysis of one wind turbine perform-
ance, four wind turbine have been installed at the structure of a tree type and then the change of a out-
put data has been verified through the CFD analysis. In this study, the CFD results of a helical wind
turbine tree have been shown by a velocity and pressure distribution. The result could obtain more than
rated power 360 W through the CFD analysis.
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Figure 1: NACA 0018 airfoil
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Table 1: Design specification of 100 W class heli-
cal rotor blade
Item Description
=9 (P) 100 W
AA F5 (V) 10 m/s
== As () 0.16
FE WA (A) 1.58 m?
<24 (h/2R) 1.1
2ZE w4 (R) 0.60 m
=¥ ¥o] (h) 1.32 m
A AEE (N) 130 rpm
F2:1) ()) 0.82
Y E (solidity) 0.3
Al)d o] (chord length) 0.283 m
Zgo]= 43(N) 4 EA
Eeol= AA A4 66.7°
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(a) Rotor surface mesh (b) Flow field
Figure 4: Numerical grids of helical rotor blade
with flow field
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Table 2: Mesh information for helical rotor blade
with flow field

Item Description
No. of nodes 4,474,602
No. of elements 21,417,240
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Figure 5: Region of boundary conditions of one
helical rotor for CFD analysis

Table 3: Boundary conditions of one helical rotor for
CFD analysis

Item Description
Inlet 10 m/s
Outlet Atmospheric pressure
Opening condition
Top/Bottom |17, ... = U, i+ V,, . j+ W,k

i, j =0, k=1 (flow direction)

RS interface General grid interface

Analysis type Transient
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Figure 6: Aerodynamic power output with the var-
iation of time by CFD analysis
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Figure 8: Velocity contour of the helical turbine
with azimuth angle of O degre.

81



Figure 92 @z2|4d ZE9| T4
T2 Jghya ot Egol=
Arnt AAedA ZA e,

ot Az

[ = aams
BhekEtEted

o

Figure 9: Pressure contour of the helical turbine
with azimuth angle of 0 degree
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Table 4: Mesh information for wind turbine tree
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Item Description

No. of nodes 15,658,178

No. of elements 58,428,597
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Figure 11: Region of boundary conditions fo the
wind turbine tree for CFD analysis

Table 5: Boundary conditions fo the wind turbine
tree for CFD analysis

Item Description
Inlet 10 m/s at the hub with wind shear
Outlet Atmospheric pressure
Opening condition
Top Uopening = Usepcd+ Vipeod T Wopeck
i, j =0, k=1 (flow direction)
Bottom No slip condition
RS interface General grid interface
Analysis
Steady-state
type
Table 5= 2t AAIEz9] AFU&S Uekd 2o
2 Y47 SEHEHR U 1 goldld AF F&ol
HEZ 9= #ol(wind shear) &FHE mHFAT
2 (3)& A= o] AkAE vERA AleltH9l.
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Figure 12: Calculated inlet wind speed according
to the height with a wind shear
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Figure 13: Wind direction of the wind turbine tree
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Table 6: Aerodynamic power output with the var-
iation of wind direction by CFD analysis

L Power (W)
Direction
WTL | WT2 WT3 WT4 | Total
+Z 162 | 177 1715 226 | 736
-Z 213 | 178 | 177.63 | 144 | 713
+X 162 | 424 | 123.11 | 235 | 562
-X 52.8 | 156 268.1 128 | 605
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Figure 14: Velocity contour of the wind turbine
tree under +Z wind direction

Figure 15: Pressure contour of the wind turbine
tree under +Z wind direction
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