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Wind Environment Simulation and Optimization on the Spatial

Support Framework of Wind-solar Complementary System
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(School of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212000, China)

[ Abstract |

was addressed. A new type of spatial support frame for wind-solar complementary systems was proposed. The power generation efficien-

The technological demand for distributed wind energy and wind-solar complementary energy utilization on building roofs

cy of small vertical axis wind turbines was enhanced by using flow deflectors with combined wind collection and flow stabilization func-
tions. The wind collection effect and power generation efficiency of the framework were analyzed through theoretical methods. Numeri-
cal simulations were conducted to study the impact of flow deflector distancing and width on internal airflow velocity and turbulent
kinetic energy at different wind attack angles. Optimization parameters were identified. Wind tunnel experiments were performed to in-
vestigate the power generation performance of small wind turbines with the spatial support framework. The results show that the frame-
work significantly increases the airflow velocity entering the wind collection device and reduces turbulent kinetic energy in the internal
space. When the flow deflectors have a distance of 0. 53 m and a width of 0. 12 m, the wind speed increases by 1. 21 times and the
generator power increases by about 1. 77 times.

[ Keywords] wind-solar complementary; wind collection structure; flow deflector; numerical simulation; turbulent kinetic energy
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Table 1 Configuration parameters of wind-solar complementary system
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Fig. 1 Layout and size of wind-solar complementary system
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Fig. 2 Layout of flow deflectors and testing points
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Fig. 3 Wind collection theory
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Table 2 Structural parameters of flow deflectors
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0S 1.60 H —
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THL6 0.53 H/3 0.10
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Fig. 4 Size of flow deflectors
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Fig. 6  Simulation conditions
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Fig. 7 Wind speed profile of different distance
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Fig. 10 Wind speed profile of different width
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Table 3 Test voltage and current under different working conditions at different wind speeds
3.5 m/s 4.5 m/s 5.5 m/s 6.5 m/s

e HLE/V L/ mA AL/ V L/ mA ML/ LI/ mA AL/ V L/ mA
R 0.95 1.75 1.38 3.75 1.85 50 2.50 7.60

0S 1.12 2.41 1.74 4.82 2.32 6.46 2.97 10.36
TH1 1.08 2.39 1.68 4.77 2.11 6.80 2.87 10.26
T8 2 1.15 2.54 1.81 5.06 2.39 6.85 3.06 11.05
T3 1.14 2.39 1.77 4.78 2.31 6.57 3.03 10.29
T4 1.14 2.40 1.75 4.88 2.30 6.64 3.03 10.35
T8 S 1.13 2.44 1.76 4.89 2.34 6.55 3.00 10.51
T8 6 1.12 2.41 1.73 4.86 2.36 6.37 2.95 10. 46
T8 7 1.13 2.47 1.77 4.90 2.31 6.71 2.98 10. 68

7.5 m/s 8.5 m/s 9.5 m/s 10.5 m/s

R HLE/V HL i/ mA AL/ V L/ mA ML/ V LI/ mA A/ V HL i/ mA
PR 3.00 10.50 4.40 14.80 5.65 20.00 6.365 24.50

0S 4.14 12.33 5.35 19.72 7.01 26.11 8.540 29.58
T8 4.05 12.06 5.26 19.19 6.93 25.27 8.240 29.33
T2 4.26 13.16 5.51 20.92 7.22 27.86 8. 800 31.72
TH3 4.12 12.54 5.46 19.57 7.15 25.92 8.680 29.46
TH 4 4.12 12.62 5.45 19.72 7.15 26.08 8.670 29.68
T8 S 4.18 12.50 5.40 19.99 7.08 26.48 8.620 29.99
TH 6 4.11 12.45 5.36 19.74 7.01 26.19 8.610 29.42
T8 7 4.18 12.63 5.45 20.02 7.08 26.75 8.270 31.60

GEALF K

H R

B 13 RGIRH B0 S S T

Fig. 13 Wind tunnel testing equipment and key components
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