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Abstract: [Objective] In order to meet the field operation requirements, the UAV needs not only a rotor with
the function of flexible take-off and landing, but also fixed wings with the characteristics of long endurance. A
new agricultural plant protection UAV with X-shaped rotor and fixed wing hybrid structure as well as tilting
function was designed. [Method] According to the load dynamic requirements of farmland spraying operation,
the airfoil and parameters of the lifting device of UAV were designed. The body structure of the plant protection
UAYV was built using SolidWorks software. The aerodynamic simulation analysis of the increasing lift and speed
parameters of the plant protection UAV was carried out using the Fluent software and Spalart-Allmaras
turbulence model. [Result] The simulation results showed that the lift coefficient was positively correlated
with the attack angle and the airspeed, and the influence of the attack angle was stronger when it changed from
4° to 6°. The lift coefficient reached 0.81 when the attack angle corresponded to the 5°—30° tilt angle. At the

airspeed of 5 m/s, the relationship between the attack angle and the tilt angle almost showed linear distribution.
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Forward tilt of the nose could increase the lift coefficient, and then increase the payload, so that the overall

operational efficiency of plant protection UAV was improved. [ Conclusion] The study provides a basis for the

design of plant protection UAV with tilt wing, and also offers a new idea for improving the endurance time and

operation efficiency of plant protection UAV.
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Fig.1 Structural configuration diagram of plant
protection UAV
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Fig. 2 The diagram of tilting wing of plant protection UAV
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Table1 Corresponding table of airspeed and Reynolds number

2k /(ms ™) Gl ZFH/(m-s™) Gl ZFH/(m-s ) Gl
Airspeed Reynolds number Airspeed Reynolds number Airspeed Reynolds number

1 13691 6 82151 11 151469

2 27383 7 95843 12 164313

3 41075 8 109535 13 177986

4 54767 9 123226 14 192384

5 68459 10 136918 15 205378
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Table 2 Calculation data of wing area and span

Fd/(msh)  FHHRK HERm  HEREKMm
Airspeed  Lift coefficient ~Wing area Wing span
(va) () (S) (%)
1 0.35 14.25 80.0
2 0.36 3.27 18.0
3 0.48 1.05 5.8
4 0.68 0.42 2.3
5 0.81 0.24 1.3
6 0.90 0.15 0.8
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Table 3 Lift coefficient at different airspeed and attack angle

ZFH/(m-s™)

Airspeed o ¥ 6 ¥
5 0.81 0.90 1.02 1.17 1.22
7 0.84 0.93 1.03 1.19 1.24
9 0.87 0.95 1.04 1.21 1.25
11 0.89 0.97 1.08 1.22 1.26
13 0.91 0.99 1.10 1.23 1.26
15 0.93 1.00 1.11 1.24 1.26
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Table 4 Drag coefficient at different airspeed and attack

angle
iE/(m-s ™)
Airspeed 2 ¥ 6 8
5 0.050 0.056 0.064 0.076  0.072
7 0.051 0.057  0.065  0.077  0.074
9 0.052  0.057 0.066 0.079  0.076
11 0.052  0.058  0.068  0.081 0.079
13 0.053  0.060 0.070  0.084  0.082
15 0.054  0.062 0.072  0.087  0.086
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Table 5 Lift coefficient at different airspeed and propeller
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Table 7 Propeller tilt angle and attack angle correspond

tilt angle to lift coefficient
TR/ s 10° 20° 30° 40° HHILAIC) 2° 3° 4° 5°
Airspeed Tilt angle

5 0.56 0.63 0.67 0.69 5 0.55 0.60 0.66 0.73 0.80
7 0.59 0.69 0.74 0.75 10 0.60 0.65 0.71 0.78 0.86
9 0.64 0.75 0.79 0.80 15 0.64 0.69 0.75 0.82

11 0.70 0.79 0.82 0.83 20 0.67 0.72 0.78 0.85

13 0.76 0.83 0.85 091 25 0.70 0.75 0.80

15 0.82 0.87 0.88 0.93 30 0.71 0.76 0.82
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Table 6 Drag coefficient at different airspeed and
propeller tilt angle

7S /(m-s ™)

Airspeed 10° 20° 30° 40°
5 0.56 0.63 0.67 0.69
7 0.59 0.69 0.74 0.75
9 0.64 0.75 0.79 0.80
11 0.70 0.79 0.82 0.83
13 0.76 0.83 0.85 0.91
15 0.82 0.87 0.88 0.93
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