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Abstract: In order to investigate the wake disturbance effects and overall output power under different wind farm
layout strategies, two horizontally arranged tandem wind turbines are analyzed, and the aerodynamic performance of
single and double wind turbines is compared and analyzed using FAST software and computational fluid dynamics
(CFD) method, and the accuracy of the proposed CFD simulation method is verified. The overall power generation
performance of the tandem dual wind turbines is then analyzed under different lateral spacings, tower height
difference and yaw angle. Based on the influence of different factors on the power output, the Taguchi optimization
design method is adopted, and a L9(3?) Taguchi orthogonal table is constructed with three parameters at three levels.
The results show that the overall output performance of the tandem dual wind turbines increases with the larger
lateral spacing and tower height difference, and first increases and then decreases with the increasing yaw angle,
reaching the maximum value at a yaw angle of 20°, and the main factors affecting the total power are the lateral

spacing and tower height difference, and the yaw angle has the least influence. The optimized parameter combination
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increases the total output power by 64. 65% compared with the initial design of wind turbine. This study provides a

useful reference for optimizing wind farm layout design.

Key words: new energy power generation; tandem dual wind turbines; wake effect; computational fluid dynamics;

pneumatic power; Taguchi method
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Fig. 1 Schematic diagram of the computation model.
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Fig. 2 Schematic diagram of the computational domai mesh.

(a) Transverse profile and (b) longitudinal profile.
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Table 1 Comparison of the thrust and power of wind turbine

for three different meshes
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Fig. 3 Changes in aerodynamic (a) power and (b) thrust of wind

turbines at different cut-in wind speed.
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Table 2 Downstream wind turbine power calculated by FAST

and CFD methods under different cases

PFAST/ PCFD/

T Ay/m  AH/m 6/(°) MW Mw‘ﬁi/%
A, 0 0 0 1.8 1.02 4519
A, -0.125D 0 0 2.08 1.26 39.39
A, -0.250D 0 0 2.38 214 10.16
A, -0.375D 0 0 2.8 3.25 15.13
A, -0.500D 0 0 3.33 3.76 13.05
B, 0 -0.15D0 0 1.90 1.32 30.64
B, 0 -0.300 0 214 2.22 3.69
B, 0 -0.45D 0 2.69 3.05 13.47
B, 0 -0.60D 0  3.44 3.78 9.82
C, 0 0.15D0 10 2.15 1.81 15.77
C, 0 0.300 20 2.75 2.78 0.98
C, 0 0.45D 30 3.67 3.43 6.51
C 0 0.60D 40 4.35 4.15 4.64
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Table 3 The average aerodynamic power and the overall power

increase ratio under different cases

TH Py /MW Py /MW P /MW RI%

A, 5.26 1.02 6.28

A, 5.26 1.26 6.52 3.82
A, 5.26 2. 14 7.40 17. 83
A, 5.26 3.25 8.51 35.51
A, 5.26 3.76 9.02 43.63
B, 5.26 1.32 6.58 4.78
B, 5.26 2.22 7.48 19. 11
B, 5.26 3.05 8.31 32.32
B, 5.26 3.78 9.04 43.95
B 5.26 1.12 6.38 1.59
B 5.26 1.95 7.21 14. 81
B, 5.26 2.88 8. 14 29.62
B 5.26 3.73 8.99 43.15
C, 5.15 1.81 6. 96 10. 83
G, 4.82 2.78 7.60 21.02
G, 4.04 3.43 7.47 18.95
C 3.20 4.15 7.35 17. 04
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Fig. 4 The velocity field diagram of two wind turbines arranged
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Fig. 5 Flow diagram of Taguchi optimization design method.
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Table 4 Optimization factors and level values

KK Ay/m AH/m 0/1(°)
IKHE 1 0 0 0
IKHE2 0.25D -0. 30D 10
K3 0. 50D -0. 60D 20

®5 L9G)HMIERZR
Table 5 L9(3°) Taguchi orthogonal table

T4 Ay/m AH/m 0/(%)
1 0 0 0
2 0 -0.30D 10
3 0 -0. 60D 20
4 0.25D 0 10
5 0.25D -0.30D 20
6 0.25D -0. 60D 0
7 0.50D 0 20
8 0.50D -0.30D 0
9 0.50D -0. 60D 10
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Table 6 Changes in the signal to noise ratio of the overall
aerodynamic power of the dual wind turbines under different

cases

TH P MW S/dB
1 6.28 15. 96
2 7.18 17.12
3 8.76 18.84
4 7.87 17.92
5 8. 87 18.96
6 9.35 19. 42
7 9.92 19.92
8 9.09 19.16
9 10. 34 20.28
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Table 7 Changes in the mean of signal to noise ratio under

different optimization factors dB
[AIFoK i Ay AH 0
K1 51.92 53.80 54.54
IKE2 56. 30 55.24 55.32
IKIE3 59. 36 58.54 57.72
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optimization factor.
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Table 8 Comparison of the overall aerodynamic power of dual
wind turbines under different cases
T Ay/m AH/m 60/(°) P/ MW P,/ MW
10 0.50D -0.60D 0 10. 27 9.63
11 0.50D -0.60D 20 9.93 9.48
R4S 0.50D -0.60D 10 10. 34 9.85
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