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Abstract — Hydrodynamic aspects on three-dimensional effects were investigated in this study for simple and
convenient conversion of tidal stream energy using a Vertical-Axis Turbine (VAT). Numerical approach was
made to reveal the differences of flow physics between 2-D estimation and rigorous 3-D simulation. It was
shown that the 3-D effects were dominant mainly due to the variation of tip vortices around the tip region of
rotor blade, causing the loss of lift for steadily translating hydrofoil and the reduction of torque for rotating tur-
bine blade. The 3-D effect was found to be rather prominent for the typical VATs considered in this paper. Sim-
ple and yet efficient 2-D approach with the correction of its three-dimensionality was also proposed for practical
design and analysis of VAT.

Keywords: Three-dimensional effects(3xF] &.3}), Vertical-axis turbine(5=2] % E1W), Tip flow(S7/NE %),
Fixed hydrofoil(32% <=%52]), Rotating Blade(3] 4 E71)
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Table 1. Summary of previous studies

Key research topics

- Open test
- Development of BEMT code

- Wind tunnel test
- Application of RANS model

- Application of DVM-UBC Vortex model

Paraschivoiu et al.[1988]

Howell et al.[2010]

Ye et al[2010] - No bottom, no turbulence
. - Wind tunnel test
Castelli ef al.[2011] - Application of RANS/Aerodynamic model
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Fig. 1. Comparison of power coefficient between numerical and
experimental results (Howell et al.[2010]).
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Fig. 2. Upwind and downwind interference factors (Paraschivoiu et
al.[1988]).
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Fig. 4. Schematics of 100 kW-class VAT.
Table 2. Principal particulars of 100 kW-class VAT
Designation Symbol
Diameter(m) D 5
Number of blade Z 3
Chord length(m) c 0.44
Solidity c 0.085
Span length to diameter ratio H/D 1.2

Blade section NACA 653-018
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Fig. 5. Grid system around a three-dimensional turbine.

Table 3. Calculation condition

Conditions
Turbulence model k-0 SST model (2 eq. model)
Turbine rotation Sliding mesh
y+ <5
Rotational speed (rad/s) 2.4
TSR 1.5~4.5
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Fig. 6. Comparison of power coefficient as azimuth angle (H/D=1.2).
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Fig. 7. Comparison of power coefficient between 2D and 3D results.

Table 4. Comparison of typical calculation time

Number of grid Hardware Time(hr)
2-D 270,000 Intel 3.1 GHz 8core 4
3-D 5,000,000 Intel 3.1 GHz 8core 170
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Table 5. Calculation conditions for hydrofoil

Hydrofoil
Turbulence model k- SST model (2 Eqn.)
Velocity (m/s) 6.82
Chord length (m) 0.44
Re 3.0x10°
y+ <5
Span length(m) 6
Angle of attack(deg) +22
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Fig. 9. Comparison of lift and drag coefficient.
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(@) o = 10 deg.
Fig. 11. Streamlines (2-D).
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Fig. 12. Pressure contours and streamlines (3-D).
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al [2012]).
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NOMENCLATURE

AR = aspect ratio, AR=H/c

¢ = chord length

C, = power coefficient (C,=Tw/0.5pV°’DH)
D = turbine diameter (D=2R)

H = span length

Re = Reynolds number

T = torque

TSR = tip speed ratio, TSR=Rw/V

V = free stream velocity

Z = number of blade

o = angle of attack

B = Ratio between 3-D and 2-D power coefficients (B<(Cp);.o/(Cp)o0)
p = fluid density

o = solidity, 6=Zc/nD

® = rotational speed
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