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Effect of water-sediment environment on
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Abstract: In order to explore the hydrodynamic characteristics of a tidal current turbine under a water-
sediment environment, the CFD-DPM model is employed to study the effect of sand particles on the
airfoil lift and drag coefficients of 120 kW tidal current turbine blade. Based on the blade element
momentum theory (BEM ), the 120 kW tidal current turbine power is calculated. From the perspective
of blade design, the method to make full use of or reduce the influence of sand particles on the
power of the tidal current turbine is put forward. The results show that when the particle diameter is 20
pm, as the concentration of sand grains increases, the sand particle can improve the tidal current
turbine power. When the particle diameter is 2 500 wm, the particle will reduce the power. As the angle of
attack increases, the lift coefficient increases, and the effect of the sand particle on the lift and drag
coefficients is enhanced. Airfoils with a small lift coefficient would receive power improvement with
small particles or power loss reduction with large particle diameters.
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Fig. 1 Sea test of power generation system of 120 kW tidal current turbine



118 iR R (HARRRARRD (FR9E30)

%62 4

F1 120 kW IR BENLAH TS50

Table 1 120 kW tidal current turbine design parameters
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Table 2 The chord length and twist

under different airfoil elements

FHE/m %K /m /) JRBE %
0 0. 460 22.50 100.0
0.4 0. 622 22.45 68. 1
0.8 0. 872 18.27 36. 1
1.25 0.718 12. 62 31.1
1.7 0.577 9.03 27.6
2.2 0. 469 6.37 25.0
2.8 0.391 4.19 22.2
3.4 0.326 2.61 21.0
3.8 0.268 1. 64 21.0
4.2 0.241 0.54 21.0
4.4 0.152 0 16.0
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Fig.2 Calculation domain and boundary conditions
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Table 3 The airfoil lift and drag coefficient under different

grid resolutions

P S Tt R% RIS
1936 784 0.92197 0.012 98
2577 494 0. 925 66 0.012 87
3239 204 0.928 25 0.012 82
3921914 0.928 83 0.012 81
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Fig.4 Comparison of the simulated turbine power with

the experimental data at different flow velocities
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Fig. 5 Erosion diagram caused by the sand of the 120 kW tidal current turbine
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Fig. 6 Comparison of the maximum erosion location of

the simulation and the experiment
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Fig. 7 The lift and drag coefficients versus particle concentration when the particle diameter is 20 pm
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Fig. 8 The blade power when the particle diameter is 20 pm
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Fig. 9 The lift and drag coefficients versus particle concentration when the particle diameter is 2 500 pm
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Fig. 10 The blade power when the particle diameter is 2 500 pwm
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Fig. 11 The particle trajectories and streamlines when the particle diameter is 20 pm
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Fig. 13 The lift coefficient versus particle diameter under different angles of attack
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Fig. 14 Particle velocity and fluid velocity without particles along the same particle trajectory under different angles of attack
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