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Study on the Performance and Layout Rules of the Savonius
Wind Turbine Cluster Under Actual Wind Conditions
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Abstract: To explore the effect of wind conditions on the power output and installation direction
of the Savonius wind turbine cluster, the power output of the proposed cluster under different
installation directions at eight typical sites in China was obtained based on the variable speed
control strategy and computational fluid dynamics simulation results. The optimal layout rules of
the cluster under actual wind conditions were analyzed, and their universality was verified. The
simulation results show that the output power can be increased to 1. 14, 1. 23, 1. 31, 1. 20, 1. 21,
1.24, 1. 12 and 1. 11 times by properly installing cluster in Shenyang, Xiamen, Kunming,
Hohhot, Qingdao, Kashgar, Dalian and Zhengzhou. For regions with an apparent single main
wind energy direction, the cluster should be placed facing that direction. For regions with a
significant phase difference between two main wind energy directions, the cluster should be
arranged in the direction with more abundant wind energy resources. For regions with three main

wind energy directions, no obvious main wind energy direction, or relatively uniform wind energy
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distribution, the cluster should be arranged in a direction avoiding the area where the wind

turbines block each other, and then the direction with more abundant wind energy resources

should be selected. This study maximizes the coupling gain of the Savonius wind turbine cluster

under actual wind conditions and provides references for the selection of cluster installation

directions under complex wind farm conditions.

Keywords: variable speed control; Savonius wind turbine cluster; coupling gain effect; installation

direction
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Fig. 1 Configuration of double-vane Savonius wind turbine
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Fig. 2 Computational domains of the Savonius wind turbine

cluster
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Fig. 3 Grid diagram of the computational domain and

boundary layer
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Table 1 Grid independence test

UES i A 5 R Cr
1 52 000 0. 250
2 81 000 0. 245
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4 208 000 0.233
5 201 000 0. 229
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Table 2 The optimal rotational speed and maximum output
power of the Savonius wind turbine at different

wind speed
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W/ (m = 75 . R H R /W
(rad * s~ )
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4.0 8. 27 10. 324
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Fig. 5 Optimal power curve of the isolated turbine
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Fig. 6 Configuration parameters and installation direction of

cluster 1
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Table 3 Number and location of the 8 sites
s gt wWisigi's  dLd/ O K&/ O
1 I FH 54342 41. 64 123. 48
2 1] 59134 24. 54 118.13
3 LA 56778 24. 99 102. 74
4 - 9 4 53463 40. 85 111. 82
5 Hi 54857 36. 27 120. 37
6 % A1 51709 39. 54 76.02
7 Rik 54662 38.97 121. 54
8 I 57083 34,52 113. 84
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Fig. 7 Wind energy rose charts at 8 sites
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Table 4 Coefficients for power predicted formula and coefficient of determination of three wind turbines

. 1244 2 S L4l 32 HL4l
a; b, 1 R? a, b, ¢y R: as by s R:

N 0.114 0.085 —0.170 0.9999 0.045 0.039 0 0.999 5 0 0 0

NNE 0.072 0.477 0 0.9856 0.101 0.425 0 0.992 0 0 0 0
NE 0.123 0.079 0 0.9997 0.161 —0.285 0.502 0.9999 0.155 0.130 —0.300 0.999 9
ENE 0.153 —0.038 0.065 0.9999 0.147 0. 006 0 0.9999 0.193 —0.081 0 0.999 9
E 0.137 0.163 —0.256 0.9999 0.114 0.172 0 0.999 5 0.141 0. 350 0 0.997 1
ESE 0.159 0.051 0 0.999 8 0.140 0.003 —0.068 0.9999 0.175 —0.003 0 0.999 9
SE 0.016 0. 367 0 0.978 3 0.175 —0.355 0.619 0.9999 0.195 —0.227 0.454 0.9999
SSE 0 0 0 0.153 0.000 2 0 0.999 8 0.168 0.070 0 0.999 7
S 0 0 0 0.08 0.518 —0.832 0.9999 0.118 0.327 —0.726 0.999 9
SSW 0.163 —0.035 0.101 0.9999 0 0 0 0.145 —0.015 0 0.999 9
SW 0.204 —0.079 0.386 0.9997 0.173 0. 209 0 0.999 3 0.123 0.076 0.023 0.999 9
WSwW 0.192 0.077 0 0.9999 0.216 —0.075 —0.019 0.9999 0.216 0.083 0 0.999 7
w 0.263 —0.449 0.693 0.9999 0.209 —0.121 0.264 0.9999 0.207 —0.296 0.687 0.999 9
WNW 0.195 0.128 0 0.9994 0.179 0.134 0 0.999 2 0.184 0. 05 —0.152 0.999 9
NW 0.206 —0.192 0.292 0.9999 0.198 0.014 —0.08 0.9999 0.153 0. 36 —0.813 0.999 9
NNW 0. 146 0. 055 0 0.999 8 0.107 0.112 0 0.998 7 0.180 —0.145 0.325 0.9999
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Fig. 8 Flow field diagram of SSW and NNE wind direction
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Table 5 Optimum installation direction and maximum average

power ratio for clusters at 8 sites
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