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Abstract — It is essential to consider the effect of blade deformation in order to design a better tidal stream turbine
being operated in off-design condition. Flow load causes deformation on the blade, and the deformation affects the
turbine performance. In the present study, CFD analysis procedures were developed to predict open water perfor-
mance of horizontal axis tidal stream turbine (HATST). The developed procedures were verified by comparing the
results with existing experimental results. Fluid-structure interaction (FSI) analysis method, based on the verified
CFD procedure, have been carried out to estimate the turbine performance for a turbine with flexible composite
blades, and then the results were compared with those for rigid blades.

Keywords: Horizontal Axis Tidal Stream Turbine, HATST(5~% & %5+ %3 EJWI), Computational Fluid Dynamics,
CFD (3241938}, Fluid-Structure Interaction, FSICR-A-1-% ?i"* OH“)
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Fig. 1. Flow chart of strong coupling method for solving FSI problem.
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Fig. 2. Surface meshes for the fluid analysis.
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Fig. 4. Surface meshes for the structural analysis.

Table 1. Properties of the E-glass reinforcing fiber (Bazilevs et al. [2011a,
2011b], Daniel and Ishai [1994])

Property Value
p (kg/m?) 2100
E, (GPa) 39
E, (GPa) 8.6
Gy, (GPa) 3.8
V|, 0.28

EE AE Feieint. AR} SEE Al ul=7A18t3] (American
Society of Mechanical Engineers; ASME)el|X] AlRFsk= x}ol] up
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A& sl A3E =E519ith
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SRkl gt A ARl 2xtell 77k ghow I SI) Sate
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extrapolated relative error= 1.83%, grid convergence indext™ 2.33%%
LEHo], A 779 AR AR Zo R ddsiglon,
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Table 2. Verification test for the blade deformation problem

Coarse mesh Medium mesh Fine mesh

Total # of cells 998,300 2,332,798 5,523,567
Representative cell, / 354.615 267.333 200.605
Ratio of & - 1.33 1.33
Blade torque [Nm] 211273 -11790  -12040
Difference rate - 4.39% 2.08%
Apparent order, p 2.61

Extrapolated value, @2, -12264.01

Approximate relative error, £/ 2.08%

Extrapolated relative error, €7, 1.83%

Grid convergence index, GCI, 2.33%

Fig. 5. Photograph of the test rig (Bahaj et a/.[2007]) and constructed
blade geometry.
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Fig. 8. Pressure coefficient contours on the pressure and suction sides of
the baseline turbine with rigid blade.
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Fig. 11. Pressure coefficient contours on the pressure and suction side
of the baseline turbine with flexible blade.
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Fig. 12. C, of the baseline turbine with rigid and flexible blade.
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Fig. 13. Vorticity magnitude contours of the rigid and flexible blade.
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