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Orthogonal wind pressure vector decomposition wind measurement method
based on multi-rotor UAV

Hou Tianhao'*, Xing Hongyan'*, Liu Yang'’

(1. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information
Science & Technology, Nanjing 210044, China; 2.Jiangsu Key Laboratory of Meteorological Observation and Information
Processing , Nanjing University of Information Science& Technology, Nanjing 210044, China)

Abstract ; Aiming at the problem that wind measurement equipment on the multi-rotor unmanned aerial vehicle (UAV) platform suffers
from the rotor-wing turbulent flow interference, based on Bernoulli’s equation, an algorithm is proposed, which utilizes orthogonality
type wind pressure vector decomposition to inverse wind speed and wind direction and is suitable to be applied in multi-rotor UAV.
Through designing the layout and structure of the pressure sensing cavity, the impact of the rotor-wing turbulent flow is further
decreased. The Space claim and Meshing software was utilized to establish the wind measurement model, and the Fluent software was
used to change the speed and direction of the airflow in the flow field; the simulation study on the wind measurement method was
carried out in different flow fields. During actual measurement, when the wind speed is higher than 2 m/s, the wind measurement error
of the proposed orthogonal wind pressure vector decomposition wind measurement method is kept within 10% , which proves that the
proposed method could effectively decrease the interference of the rotor-wing turbulent flow on wind measurement, and achieve high
accuracy wind measurement.

Keywords : multi-rotor unmanned aerial vehicle(UAV) ; wind measurement; wind pressure; flow field; fairing
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Fig.1 Schematic diagram of wind measurement principle with

wind pressure method
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Fig.4 Speed vector diagram of UAV hovering wind field
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(a) Speed contour of UAV hovering wind field
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(b) Pressure contour of UAV hovering wind field
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Fig.5 Contours of UAV hovering wind field
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(a) Overall pressure contour of the fairing and pressure
sensing cavity in UAV hovering wind field
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(b) Local pressure contour of the fairing and
pressure sensing cavity in UAV hovering wind field
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Fig.7 Pressure contours of fairing and pressure sensing

cavity in UAV hovering wind field
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Table 1 The measurement values at different wind speeds

SR R a=0° a=45°
(mes™)  RFERKE/ (mes™) kg (mes™)  a/(°)
0. 000 0. 099 0. 000 0.0
1.000 0. 964 0.959 44.8
2. 000 2.052 1.972 45.0
3.000 3.085 3.025 4.9
4.000 4.072 4.050 45.0
5. 000 5.080 5.047 45.0
6. 000 6. 056 6. 060 45.1
7.000 7.039 6.987 45.0
8. 000 8. 006 7.994 44. 8
9. 000 8. 990 9. 090 45.0
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Fig.9 Orthogonal wind pressure vector decomposition

wind measurement system
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Table 3 The actually measured data at 9:00 a.m. on April 12

Hhis V/(mes) a/(°)
SR 3.52 21.0 SE
FrfE$idE 3.34 21.2 SE
AHXT 1R 2 5. 4% 0. 9%

#=3 4A 12 BT4 15:00 LiUEE
Table 4 The actually measured data at 15:00 a.m. on April 12

K V/(m-s™) a/(°)
S INEHE 1.17 61.3 NE
PR 1.32 60. 8 NE
AHXS 18 22 11. 4% 0. 8%

&4 4716 HLESF9:00 LT
Table 5 The actually measured data at 9:00 am on April 16

Bt V/(m-s™") o/°
SN A 5.54 2.2 NE
PR 5.78 2.2 NE
AHXS 1% 22 4.1% 0%

&S5 4716 BT 15:00 STi#E
Table 6 The actually measured data at 15:00 p.m. on April 16

iEiT V/(m-s!) a/°
F s 1.71 74.7 SE
bR 1.87 73.1 SE
AHXS 18 22 8. 6% 0. 5%
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