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Investigation on Near-surface Wireless Wind Speed Profiler
Based on Thermistors

LIU Haiyang CHANG Jiali HOU Zhanfeng CHEN Zhi XUAN Chuanzhong SHANG Xiaobin
(College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract; Currently, wind speed profilers in common use have many problems, such as complex wiring,
large volume, high power consumption, low measurement accuracy and automation level. They are also
unable to achieve the real time recording and data processing. These bring many difficulties to study the
variation law of near surface wind velocity, terrain roughness and its ability to resist wind erosion of
degraded grassland. A thermal wind speed sensor which had small volume, low power consumption, high
precision measurement was developed, and a near-surface velocity profiler with functions of automatic
wind-direction recognition and wireless data transmission was designed, which can realize data automatic
collection, wireless transmission and real-time data processing of environmental temperature, humidity,
atmospheric pressure and near-surface wind speeds. Experiment results showed that the rotating start-up
wind speed of the profiler was 3. 7 m/s, and the measurement range of the wind sensor whose maximum
response time was no more than 3 s was 0 ~ 16 m/s with accuracy not less than 0.3 m/s. Tt can work
continuously more than 7 h with one time charge, reflecting the change rule of the near-surface wind
speed in height accurately with goodness of fitting of wind speed profiles above 0.9. The system can
circularly scan up to six testing points, automatic collect and process wind speed data. The length of data
packet was 35 bytes, the effective transmission distance can reach 500m and the data transfer time for six
testing points was less than 10s under the conditions of 2. 4 kb/s transfer rate and maximum transmitting
power. The system had advantages of low power consumption, easy to use, simple operation, automatic
data acquisition, which can satisfy the needs of studying the change rule of near-surface wind speed.

Key words: wind profiler; thermistor; automatic acquisition; wireless transmission; real-time data

processing
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Fig.2  Structure charts of wind speed profiler
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Fig.3  Circuit schematic of wind velocity sensor
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Fig.7 Schematics of wireless data transmission process
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Fig.9 Interfaces of data processing software
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Tab.2 Calibrated data of wind velocity sensor 1

g/ (mes ") HLE/V R/ (mes™") CiNVAY
0 0.6553 4.95 2.4235
0.25 1.2347 5.40 2.4889
0.43 1.4114 6.11 2.5439
0.76 1.568 1 7.06 2.6113
1.19 1.6552 7. 60 2.6765
1.49 1.757 8 8.29 2.7458
1. 65 1.859 4 8. 82 2.7858
1.96 1.9230 9. 80 2.864 4
2.34 2.0270 10. 72 2.9104
2.61 2.1292 12.18 3.002 4
2.91 2.178 3 13.50 3.1207
3.57 2.2521 14. 37 3.1558
4.28 2.3559 15.37 3.243 1
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Calibration curves of wind velocity sensors

Fig. 11
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Tab.3 Fitting equations of eight wind velocity sensors

ETRE WG Ir WL R
15 y= -0.558x" +6.182x> —6. 806x +1.994 0.998
245 y =0.495x" +7. 871> =7.541x +1.716 0.998
345 y =0.793x> +0.5705> —0. 089x — 0. 004 0.998
45 y =7.337x" —7.760x" +4. 688x - 0. 768 0.998
5% y =0.324x> +1.279x> —0.979x +0. 194 0.997
65 y = —0.004x" +2.277x% - 1.033x +0. 23 0.996
75 y =0.690x° - 0. 686x> +0.569x —0. 188 0.999
85 y = —1.409%° +9. 146x% - 10. 01x +3. 023 0. 995
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Fig. 12 Experiments of wind speed profiler in wind tunnel
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Fig. 13 Wind profiles measured at different wind velocities
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Tab.4 Fitting equations at different wind velocities

H K/ (mes ™) TR EUU A 7 WA R
3 y =0.089e' 83 0.921
6 y =0.020e' 43 0. 905
9 y =0.035¢" 9% 0.912
12 y =0. 046" > 0.947
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Tab.S5 Wind speed at eight heights at different wind

(o) B (o) B BT

velocities on grassland m/s
W/ W/ (mes™")
cm 2 3 4 6 7 9 10

2 0.22  0.32 0.96 0.45 0.35 1.32 2.24
4 0.66 0.75 1.29 0.89 1.59 2.6 3.09
8 0.78 0.8 1.34  1.42 2.74 3.36 3.36
16 0.98 1.45 2.09 2.8 3.92 591 6.33
24 1.45 1.96 3.21 3.67 5.06 6.83 7.56
32 .72 2.56 4.09 4.74 595 8.26 9.21
48 2.01  3.11 4.27 576 7.15 8.66 10.07
64 0.22  0.32 0.96 0.45 0.35 1.32  2.24

F6 KHAMRARKET 8 /5 E LRHRE
Tab.6 Wind speed at eight heights at different

wind velocities on farmland m/s
1% Mt/ (mes™")
cm 2 3 5 9 12 13
0.53 0.82 1.27 3.90 4.51 5.92
1.18 1. 14 1.54 4.12 5.16 7.15
1.19 1.24 2.67 5.84 6.1 8.54
16 1.48 2.24 3.89 7.17 7.96 9.59
24 1.57 2.37 4. 11 7.68 8.53 10. 31
32 1. 69 2.54 4.24 7.87 9.39 11.25
48 2.01 2.79 4.98 8.83 11.22 12.01
64 2.12 3.09 5.36 9.12 11.99 12.73
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Fig. 15 Wind profiles at different wind velocities

on grassland
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on farmland
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