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Horizontal wave flow turbine blade optimization analysis based on the

theory of orthogonal design

WANG Shiming ZHAO Fei TIAN Ka

( Engineering College Shanghai Ocean University Shanghai 201306 China)

Abstract: Based on the existing wave and tidal current energy generation device’ s research status and in order to reach the goal of
utilizing both wave and tide a new wave flow turbine generating apparatus is designed in the form of a horizontal device absorbing both
level wave spiral force and tidal current energy. According to the orthogonal experimental design the best three-index combination of
turbine blade parameters are for FLUENT flow field analysis. By comparing different torques thrusts and turbine powers this paper
illuminates the blade parameters” effects on the trend of turbine flow field and chooses the best model. At last the flume experiments
confirm effectively that the horizontal flow turbine is feasible for absorbing wave and tidal current.
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Fig. 1  Structures of the horizontal turbine
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Fig.2 Hydrodynamic performance of one blade 2
of the turbine in different position angles ¢ V. 1% a
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Tab. 1 Summary of the turbine blade’s factor levels for the orthogonal test
A: D:
B: N C: C/m
R/m b/m
1 0.32 3 0.08 0.8
2 0.42 4 0.10 1.0
3 0.52 5 0.12 1.2
4 0.62 6 0.14 1.4
16
N 3 o
3
Fig.3 Primary & secondary analysis diagram for factor and index
b=1.4 C=
0.14 R=0.32 N=5, cb=1.4 €C=0.14 R=0.62 N=5,

cb=1.4 C=0.14 R=0.32 N=3,



112 34

2

Tab. 2 Portfolio & the index results for the orthogonal experimental design

FyIN 0/(N *m) PIW
R N c b
1 A1B1CI1D1 0.32 3 0.08 0.8 220 211 3039
2 A1B2C2D1 0.32 4 0.10 1.0 344 440 6 334
3 A1B3C3D1 0.32 5 0.12 1.2 496 793 11 403
4 A1B4C4D1 0.32 6 0.14 1.4 674 1295 18 621
5 A2BI1CID1 0.42 3 0.1 1.2 413 520 5 699
6 A2B2C2D1 0.42 4 0.08 1.4 385 647 7 095.6
7 A2B3C3D1 0.42 5 0.14 0.8 385 809 8 869.5
8 A2B4(C4D1 0.42 6 0.12 1.0 41 103 1137.7
9 A3B1C1D1 0.52 3 0.12 1.4 578 902 7979.3
10 A3B2C2D1 0.52 4 0.14 1.2 578 1202 10 639
11 A3B3C3D1 0.52 5 0.08 1.0 275 715 6332.8
12 A3B4C4D1 0.52 6 0.1 0.8 275 859 7599.3
13 A4BICID1 0.62 3 0.14 1.0 481 896 6 650.5
14 A4B2C2D1 0.62 4 0.12 0.8 330 819 6 079
15 A4B3C3D1 0.62 5 0.1 1.4 481 1494 11 094
16 A4B4C4D1 0.62 6 0.08 1.2 330 1229 9119
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Fig.4 Fluid computing area for 2D turbine
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Fig.5 Torque analysis charts for 3 model turbines
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Fig.6  Thrust charts for the blade by FLUENT
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Tab. 3 Wave-tide working condition

programs of the sink test

+
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Fig.8 Tank experiments schematics of the wave-tide turbine
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Fig.9 Installation of wave turbine sinking experiment
M =M +M(5.1),
10, 0.3 m 2 m/s 459 W 140 r/min 42.5 N *m
21.2% 23W ; 0.3 m/s
1.5 m/s 181 W 17.8% 13W 1
o 0.2 m
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Fig. 10 Curves of the power and torque of the turbine
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cb=1.4 C=0.14 R=0.32 N=5;

cb=1.4 C=0.14 R=0.32 N=3;
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