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Fluid-structure interaction analysis on a low speed 200 W-class gyromill type

vertical axis wind turbine rotor blade
Woo-Seok Cho' - Young-Do Choi? - Hyun-Su Kim*
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Abstract : The purpose of this study is to examine the structural stability of a low speed 200 W class gyro-
mill type vertical axis wind turbine system. For the analysis, a commercial code is adopted. The pressure dis-
tribution on the rotor blade surface is examined in detail. In order to perform unidirectional
FSI(Fluid-Structure Interaction) analysis, the pressure resulted from CFD analysis has been mapped on the sur-
face of wind turbine as load condition. The rotational speed and gravitational force of wind turbine are also
considered. The results of FSI analysis show that the wind turbine reveals an enough structural margin. The
maximum structural displacement occurs at trailing edge of blade and the maximum stress occurs at the strut.
Keywords: Wind power generation, Vertical axis wind turbine, Gyromil type, CFD, FSI analysis
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Figure 1: Numerical model of 200 W class

gyromill type vertical axis wind turbine rotor blade.

Table 1: Specification of 200 W-class Gyromil
type vertical axis wind turbine model.

Rotor type Gyromill type
Blade airfoil NACA 63415
Rated wind speed 10 m/s
Number of blade 3
Rotor radius 0.63 m
Blade height 20 m
Blade chord length 0.23 m
Rotational speed 200 rpm

Rotation

=

Inflow Outflow

Bottom
Figure 2: Overall view of flow filed and
boundary conditions of 3-D numerical flow
field.
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Table 2: Boundary conditions of 3-D CFD analysis
for a 200 W class gyromil type vertical axis wind
turbine.

10 m/s, 60 m/s
0 Pa

200 rpm (10 m/s),
Stationary State (60 m/s)

GGl interface
No slip (wall)
Opening
Transient (10 m/s),
Steady state (60 m/s)

Inlet
Outlet

Rotational speed

RS interface
Rotor blade surface
Top and bottom

Analysis type

346



200 Wi #tol2d s 4% FEy

B: Static Structural
Impored Pressure 11
Unit: Pa

730,05 Max
648,94

B6T. 82

486, 7

405,59

324,47

243,35

162,24

f1.12
0,0037595 Min

Tmported Pressure

Tmported Pressure 65

mported Pressure

mported Pressure 10

Impored Pressure 2

Figure 4: Load condition mapped using the results
from CFD analysis.
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Figure 5: Rotational speed and dead load setup.

Table 3: Data of material properties.

Material SS400 Al6061

Young's

modulus 200,000 71,000
[MPa]

Poisson's
ratio 03 03

Densi

i /m2>]’ 7,850 2,770
Yield

strength 250 280
[MPa]
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Figure 6: Pressure distribution on rotor
surface by CFD Transient analysis
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Figure 8: Total deformation (Case 1; Azimuth angle of
48 deg. in Transient analysis)
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Figure 9: Equivalent stress (Case 1; Azimuth angle
of 48 deg. in Transient analysis)
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Figure 10: Total deformation (Case 3; Extreme wind
speed: 60m/s)
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Figure 11: Equivalent stress (Case 3; Extreme
wind speed: 60m/s)
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Table 4. Evaluation of structural stability.

- : 60 m/s

Wind speed 10 m/s (Transient) (Steady state)

FSI Case 1 Case 2
analysis (48deg.) (98deg.) Case 3
Total
deformation 6.70 6.65 9.05
[mm]
Equivalent
stress 125.78 125.54 126.81
[MPa]
Safety
factor 2.22 2.23 2.21
Yield
strength 280
[MPa]
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