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Protecting against the main sugarcane diseases and insect pests requires good control at
the base of the plant; therefore, higher droplet penetration is required during plant
protection. The objectives of this research were to explore the movement mechanism of
droplets in a sugarcane protection operation using a single-rotor unmanned aerial vehicle
(UAV) and establish the connection between the UAV downwash flow field and droplet
penetration. By considering the downwash flow field of a single-rotor UAV in layers, a
theoretical model of the vertical velocities of droplets was established, and verification
experiments were carried out in a sugarcane field. The results showed that the velocity of
the UAV downwash flow was the main factor affecting the final vertical velocity of the
droplets, the final vertical velocity of a droplet was positively correlated with the droplet
diameter, and the initial droplet velocity had no significant effect on the final droplet
velocity. In the transportation of droplets, the droplet velocity quickly approached the
velocity of the airflow, and the smaller the droplet diameter was, the higher the
acceleration. These research results can provide guidance for the theoretical study of
droplet deposition effects in sugarcane protection operations using single-rotor UAVs.

INTRODUCTION
Sugarcane is the most important sugar crop in the
world, and the annual output of sucrose accounts for more
than 76% of the total sugar produced (Canata et al., 2019;
Feng et al., 2019; Zhou et al., 2016). Sugarcane is the
most promising energy crop, accounting for 63.8% of
ethanol fuel raw materials (Li & Yang, 2009; Stevanato
et al., 2019). With the large-scale planting of
high-yielding and high-sucrose varieties, sugarcane
diseases and insect pests are increasingly common.
Survey results show that the average yield loss rate of
sugarcane harmed by cotton aphids and borers is 12%-16%
and reaches 40%-60% in severe cases, and the sugar
reduction rate can reach 0.93%-3.5% (Santos, 2019; Pan
et al., 2009; Zhang et al., 2019).
Protecting against the main sugarcane diseases, such
as sugarcane brown spot disease, and insect pests, such as
sugarcane aphids and borers, mostly requires good control

at the base of the plant; therefore, higher droplet penetration
is required during spraying. The airflow of an unmanned
aerial vehicle (UAV) can improve droplet penetration
during spraying (He, 2004), and UAV plant protection
operations are highly efficient, are not restricted by crop
growth, can deal with explosive diseases and insect pests
and can avoid problems that arise in the operation of ground
machinery in the middle and later stages of crop growth.
Although runoff can occur, the pesticide application rate is
20-30% lower than that of ground machines, and the
pesticide cost is lower (Qin et al., 2016). The operation
parameters of UAVs, such as flying height, operational
speed and nozzle flow, have a considerable influence on
penetration (Chen et al., 2017a). The airflow distributions in
different directions of the wind field are closely related to
the UAV flying height, flight speed and other operating
parameters. When the flying height increases, the vertical
velocity of the UAV downwash flow near the crop canopy
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will decrease (An et al., 2013; David et al., 2014; Lee et al.,
2014; Zhu et al., 2013). The downwash airflow of UAVs is
the direct cause of the change in droplet penetration, and
vertical wind speed has a greater effect than horizontal wind
speed. Droplet penetration is positively correlated with the
vertical velocity of airflow (Chen et al., 2017b).
The above studies indicate that the relationship
between UAV operation parameters and downwash flow
distribution has been researched, and the influence of
downwash flow on droplet penetration has also been
studied. However, the relationship between wind field
velocity and droplet velocity has not been reported, which
makes the influence of UAV downwash flow on droplet
penetration lack theoretical support.
In this paper, based on analyzing the specific
distribution of the downwash flow field of a single-rotor
UAV, the movement of droplets in the flow field was
theoretically studied, and the relationship between the
downwash flow velocity and the droplet velocity was
quantitatively described. This study aims to provide
theoretical guidance for establishing a deposition parameter
model such as a droplet penetration model.
MATERIAL AND METHODS

𝑣𝑓 is the airflow velocity, and
𝐶𝑑 is the drag coefficient, which takes the following
form:
𝐶𝑑 = 𝐶𝐷0

2𝜇𝑔 +3𝜇𝑑 +𝑘
3𝜇𝑔 +3𝜇𝑑 +𝑘

ℎ
(4)

The aerodynamic viscosity is 𝜇𝑔 = 1.8 × 10−5 𝑁 ⋅
𝑠 ⋅ 𝑚 , the hydrodynamic viscosity is 𝜇𝑑 = 0.001𝑁 ⋅ 𝑠 ⋅
𝑚−2 , k is the flow rate of the inner ring of the droplet
because inner ring flow is ignored, and 𝑘 = 0. The amount
of liquid deformation is ℎ = 1, and 𝐶𝑑 = 0.994𝐶𝐷0, where
−2

𝐶𝐷0

24/𝑅𝑒, 𝑅𝑒 < 6.2,
10𝑅𝑒 −1/2 , 6.2 ≤ 𝑅𝑒 < 500,
= 24
(1 + 0.15𝑅𝑒 0.687 ),500 ≤ 𝑅𝑒 < 800,

(5)

𝑅𝑒

0.44,800 ≤ 𝑅𝑒 < 2 × 105 ,

{

𝑅𝑒 is the Reynolds number and expressed as
𝑅𝑒 =

𝑑|𝑣⃗𝑓 −𝑣⃗𝑝 |𝜌𝑓

(6)

𝜇𝑔

Substituting eqs (2) and (3) into [eq. (1)] gives
𝑚𝑝

𝑑𝑣⃗𝑝
𝑑𝑡

1
1
= 𝜋𝐶𝑑 𝑑𝑝2 𝜌𝑓 |𝑣𝑓 − 𝑣𝑝 |(𝑣𝑓 − 𝑣𝑝 ) − 𝜋𝑑𝑝3 𝜌𝑝 𝑔 (7)
8

6

Theoretical analysis
By integrating [eq. (7)], the output parameters, such

Droplet kinetic equation and solution method
To study the motion of droplets in the downwash
flow field of a single-rotor UAV and reveal the influence of
airflow on droplet velocity, it is necessary to analyze the
forces on the droplets, establish a kinetic equation, and then
identify the relationship between the parameters to be
solved and the initial variables.
When droplets are transported, they are mainly
subject to the combined effects of gravity F g and air drag
force F D (Fritz et al., 2009). According to Newton's second
law, the kinetic equation of a droplet is
𝑚𝑝

𝑑𝑣⃗𝑝
𝑑𝑡

= 𝐹𝑔 + 𝐹𝐷

(1)

𝑣𝑝 is the droplet velocity, and gravity takes the
following form:
→
1
𝐹 𝑔 = 𝜋𝑑𝑝3 𝜌𝑝
(2)
6

d p is the droplet diameter, and  p is the droplet
density. The air drag force is expressed as
→
1
𝐹 𝐷 = 𝜋𝐶𝑑 𝑑𝑝2 𝜌𝑓 |𝑣𝑓 − 𝑣𝑝 |(𝑣𝑓 − 𝑣𝑝 )
8

Where:
𝜌𝑓 is the air density;

(3)

as the velocity and displacement, can be obtained.
Because
function of

Cd is a function of Re and Re is a

v p , it is difficult to obtain the analytic solution

to [eq. (7)]. These complex equations can be solved by
using a numerical method (Ahmed & Youssef, 2014; Yang
et al., 2013); thus this model uses the fourth-order
Runge-Kutta method to calculate the droplet velocity, and
then, the variation in droplet velocity can be obtained. Since
the horizontal velocity has very little influence on droplet
penetration, this paper studies only the change rules in the
vertical droplet velocities. When up is taken to be the
positive direction of the Y-axis, the vertical acceleration of
the droplet can be expressed as
𝑎𝑦 =

1
8𝑚𝑝

𝜋𝐶𝑑 𝑑𝑝2 𝜌𝑓 |𝑣𝑓𝑦 − 𝑣𝑝𝑦 |(𝑣𝑓𝑦 − 𝑣𝑝𝑦 ) − 𝑔 (8)

According to the vertical acceleration 𝑎𝑦 and the
initial vertical velocity 𝑣𝑦0 , the velocity v y can be obtained
by using the fourth-order Runge-Kutta method as follows:
𝑘1 = 𝑎𝑦(𝑛)
𝑡

𝑘2 = 𝑎𝑦(𝑛) + ∗ 𝑘1
2
𝑡

𝑘3 = 𝑎𝑦(𝑛) + ∗ 𝑘2
2

(9)

𝑘4 = 𝑎𝑦(𝑛) + 𝑡 ∗ 𝑘3
𝑡

{𝑣𝑦(𝑛+1) = 𝑣𝑦(𝑛) + 6 ∗ (𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4 )
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In addition to the velocity of the UAV
downwash flow field, the parameters that may affect
the final vertical droplet velocity include the initial
vertical velocity and the droplet diameter. To explore
the relationship between the final vertical and initial
vertical velocities and the droplet diameter, it is
necessary to determine the value range of each
parameter in the calculation process. The maximum
initial velocity of the droplet for centrifugal nozzles is
approximately 15 m/s (Zhou et al., 2017), and it is
approximately 19 m/s for hydraulic nozzles (Song et al.
2007). The range of initial vertical velocities was set
as 0-15 m/s in our study, with an interval of 3 m/s. The
droplet diameter range of diseases and insect pest
controls should be 30-150 μm (Yuan & Wang, 2015).
As the actual range of droplet sizes is often slightly
greater, the range of droplet diameters was set as
30-210 μm, with an interval of 30 μm.
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FIGURE 2. Downwash flow field of the TY-800
single-rotor UAV
To ensure that the airflow and droplets
penetrate the canopy, the airflow should meet the final
velocity principle (Wei et al., 2016). That is, the
airflow near the crop canopy must have a certain speed.
According to the characteristics of the crop canopy
morphology structure, the final velocities are generally
2-4 m/s. The nozzle was located 0.5 m below the plane
of the rotor. The vertical velocity of the downwash
flow was approximately 7.5 m/s near the nozzle and
1.8 m/s 3.0 m below the nozzle. To meet the final
velocity principle, the height difference between the
UAV and crop canopy was set to 3.5 m. To
quantitatively describe the influence of the downwash
flow of the UAV on the droplet velocity and analyze
the change rules in the droplet velocity, the downwash
flow field of the UAV was simplified: uniform flow
field layers were set every 0.5 m in the vertical direction,
and the flow speed of each layer was calculated by
averaging the actual speed data (Table 2).

Downwash flow field of a UAV
A TY-800 single-rotor UAV provided by Eagle
Brother Co., Ltd., in Shenzhen, China (Figure 1), with
a fully automatic flight control system, was selected
for the experiments. Its specific parameters are shown
in Table 1. The boom length is 1.5 m, with one nozzle
on each end.

TABLE 2. Vertical velocity distribution.
Distance below the nozzle plane (m)
0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0
Velocity
7.5
(m/s)

FIGURE 1. TY-800 single-rotor UAV.

Gross mass (kg)
Diameter of the main rotor (mm)
Tank volume (L)
Length of the lance boom (mm)
Motor power (kW)

Value
54
2455
25
1345
8

The vertical velocity of the downwash flow of a
single-rotor UAV has a significant influence on droplet
penetration (Chen et al., 2017d). The distribution of
the downwash flow field of the TY-800 single-rotor
UAV was simulated (Figure 2) with the method
described in the research of Yang et al. (2018).

3.8

3.5

2.8

1.8

Material and verification experiment methods

TABLE 1. Parameters of the TY-800 single-rotor UAV
Parameters

5.2

Experimental conditions
To study the effect of the downwash flow field
of the UAV and initial droplet vertical velocity on
droplet penetration, spray experiments were carried
out with the single-rotor UAV in a sugarcane field of
the Tropical Agricultural Machinery Research Institute
in Zhanjiang (110°13’50.566’’E, 21°12’36.882’’N),
Guangdong Province, China. The experiment was
conducted on December 10, 2019. The temperature
was 25°C, and there was no wind during the
experiment. The sugarcane field dimension was 50
m×50 m, the sugarcane height ranged from 3.0 to 3.5
m, and the planting density was approximately 48000
plants/ha.
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Experimental design

(Figure 3). There were two layers of fixed
water-sensitive paper on each rod, and the heights of
the upper and lower layers were 3.0 m and 1.5 m,
respectively. The water-sensitive paper had the
following dimensions: 0.03 m×0.02 m.

1.5 m

3.0 m

As the pretest showed that the effective spray
width of droplets was within 8 m, two rows of
sampling rods were arranged in the sugarcane field,
with 17 rods in each row and a rod spacing of 0.5 m

3m

Serial number

FIGURE 3. Arrangement of the sampling rods.
A Mayatech-12 centrifugal nozzle (Figure 4)
with an atomizing disc with a 0.06 m outer diameter
was selected for the experiments. The droplet
spectrum was 50-200 μm (VMD), and the suitable

spray volume was 0.1-1.5 L/min. The conical nozzle
used in the experiment was a Teejet TX-VK6 nozzle,
the suitable spray volume was 0.5-1.0 L/min, and the
droplet spectrum was 50-160 μm (VMD).
Electric Motor

Intake pipe
Atomizing disc

FIGURE 4. Mayatech-12 centrifugal nozzle.
The UAV flew uniformly along the centerline
according to the preset operating parameters, and
water was used instead of pesticide in the
experiment. Each flight of the UAV started 20 m
from the sampling area to ensure the high accuracy

of droplet collection.
According to the research of Qin (2017) and the
characteristics of the TY-800 UAV parameters, the
operation parameters of the TY-800 single rotor UAV
are shown in Table 3.

TABLE 3. Experimental parameters.
Treatment

Nozzle type

Flying height (m)

Flight velocity (m/s)

1

Centrifugal nozzle

5.5

2.5

2

Centrifugal nozzle

6.0

2.5

3

Centrifugal nozzle

6.5

2.5

4

Cone nozzle

6.0

2.5
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To ensure that the droplets of the cone nozzle
and the centrifugal nozzle had the same size, the
nozzle operating parameters were controlled as
presented in Table 4. The droplet size of the
centrifugal nozzle was controlled by the rotating speed
of the atomizing disc, and the droplet diameter of
the cone nozzle was controlled by the flow rate of the
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water. The initial droplet velocity of the centrifugal
nozzle was calculated based on the outside diameter
and rotation speed of the atomizing disc (Zhou et al.
2017), and the initial droplet velocity of the cone
nozzle was obtained by solving the Bernoulli equation
and continuity equation (Song et al. 2007).

TABLE 4. Nozzle operating parameters.
Spray volume (L/min)

VMD (μm)a

Initial vertical velocity (m/s)

Centrifugal nozzle

0.75

130-150

0

Cone nozzle

0.60

140-160

10-12

Nozzle type

a VMD

represents the volume median diameter of the droplets

The collected water-sensitive papers were scanned by an HP-200 scanner, and the scanned images were
analyzed by Deposit Scan (V1.2). To improve the accuracy, the deposition amounts of the two rows of sampling rods
were averaged.
RESULTS AND DISCUSSION
Theoretical studies
Results and regression analysis of vertical droplet velocity
According to Eq. (10), the final vertical velocities of the droplets in the layered flow field can be obtained (Table 5).
TABLE 5. Statistical table of the final droplet velocities.
Droplet diameter
(μm)
30

Initial velocity Final vertical velocity Droplet diameter
(m/s)
(m/s)
(μm)
0
1.92619
120

Initial velocity Final vertical velocity
(m/s)
(m/s)
9
2.30664

30

3

1.92619

120

12

2.30653

30

6

1.92619

120

15

2.30654

30

9

1.92619

150

0

2.44006

30

12

1.92619

150

3

2.43963

30

15

1.92619

150

6

2.44006

60

0

2.05238

150

9

2.44006

60

3

2.05238

150

12

2.44006

60

6

2.05238

150

15

2.43963

60

9

2.05238

180

0

2.58330

60

12

2.05238

180

3

2.58437

60

15

2.05238

180

6

2.58330

90

0

2.17868

180

9

2.58330

90

3

2.17867

180

12

2.58231

90

6

2.17867

180

15

2.58331

90

9

2.17868

210

0

2.73783

90

12

2.17867

210

3

2.73783

90

15

2.17867

210

6

2.73963

120

0

2.30653

210

9

2.73786

120

3

2.30643

210

12

2.73777

120

6

2.30654

210

15

2.73968
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The regression analysis results are presented in Table 6:
TABLE 6. Regression analysis results.
Parameters

Regression coefficient

P-value

0.00448

1.16971×10-56

Initial velocity

8.70873×10-7

0.99788

Constant term

1.78080

7.87298×10-30

Droplet diameter

As the P-value of the initial droplet velocity is
greater than 0.05, the initial velocity does not have a
significant influence on the final velocity and should
be removed. The P-value of the droplet diameter is
less than 0.01, so it has a highly significant influence
on the final velocity. According to Table 6, the linear
regression equation is as follows:
(10)

𝑉𝑦 = 0.00448𝑑 + 1.78080
Where:
𝑉𝑦 is the droplet vertical velocity, and
𝑑is the droplet diameter.

In the regression analysis model, 𝑅2 = 0.998,
the fitting degree is high, and the data points are
concentrated near the regression line. The P-value of
the significance coefficient of the equation is
4.48204×10-58, which is less than 0.01; thus, the
equation describes a significant linear relationship, and
the model is reliable.
Change rules of vertical droplet velocity

Velocity (m/s)

According to [eq. (10)], it can be concluded
that the final droplet velocity will increase with
16
14
12
10
8
6
4
2
0

increasing droplet diameter, which is consistent with the
research conclusions of Gao & Zhao (2020). However,
due to the small coefficient of the droplet diameter, the
final droplet velocity mainly depends on the constant
term. Taking the 90 μm droplet as an example, the
calculation result of the one-degree term of [eq. (10)] is
0.40320, far less than the constant term of 1.78080. The
final velocity of the downwash flow of the UAV has a
significant effect on the constant term and is the main
factor that influences the final velocity of the droplet.
Under the action of downwash flow, the droplet
velocity will quickly approach the downwash flow
velocity. For the 90 μm droplet, the velocity variation
process can be completed in approximately 0.03 s
(Figure 5). The droplet acceleration will decrease
when the droplet diameter increases and will increase
with the increase of the difference between the
downwash flow velocity and the droplet velocity
(Figures 5 and 6). If the area of the uniform flow field
is large enough, the droplet velocity will reach a
certain critical value, and then, the droplet will move
uniformly at this speed.

droplet velocity
airflow velocity

-0,1

0

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Time (s)

FIGURE 5. Comparison diagrams of the airflow velocity and the velocity of droplets with a diameter of 90 μm
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droplet velocity
airflow velocity

-0,1

0

0,1

0,2

0,3 0,4
Time (s)

0,5

0,6

0,7

FIGURE 6. Comparison diagrams of the airflow velocity and the velocity of droplets with a diameter of 150 μm.
According to the above analysis, the velocity of
droplets near the canopy mainly depends on the
velocity of the downwash flow of the single-rotor UAV.
Thus, when the vertical velocity of the downwash flow
of the UAV increases, the final vertical velocity of
droplets will also increase. According to the research
conclusion of Chen et al. (2017b), droplet penetration

in the sugarcane canopy will be enhanced.
Experimental results and discussion
Results of droplet deposition
The results of the droplet deposition amount are
shown in Table 7.

TABLE 7. Results of the droplet deposition amount.
Droplet deposition amount (µl/cm2)
Serial number

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Upper

Lower

Upper

Lower

Upper

Lower

Upper

Lower

1

0.0551

0.0020

0.0132

0.0045

0.0072

0.0244

0.0076

0.0046

2

0.0309

0.0052

0.0273

0.0282

0.0190

0.0488

0.0042

0.0003

3

0.0783

0.0006

0.0448

0.0415

0.2587

0.1229

0.0087

0.0042

4

0.0131

0.0014

0.2458

0.0460

0.2761

0.0505

0.0110

0.0129

5

0.4839

0.1031

0.8432

0.3887

0.7157

0.3049

0.0514

0.0310

6

0.1402

0.0453

1.1764

0.2214

0.9818

0.3491

0.0165

0.0137

7

0.5301

0.2351

0.9456

0.2533

0.0583

0.0468

0.0211

0.0080

8

0.0520

0.0358

0.2659

0.0321

0.0964

0.0309

0.2560

0.1244

9

0.0242

0.0148

0.4403

0.0097

0.0579

0.0316

0.0857

0.0423

10

0.0459

0.0359

0.1215

0.0293

0.0314

0.0229

0.0235

0.0194

11

0.0650

0.0538

0.0808

0.0479

0.0380

0.0236

0.0213

0.0049

12

0.0613

0.0591

0.0137

0.0275

0.0063

0.0199

0.0098

0.0213

13

0.0038

0.0018

0.0582

0.0123

0.0000

0.0010

0.0196

0.0137

14

0.0436

0.0032

0.0063

0.0067

0.0004

0.0029

0.0185

0.0082

15

0.0057

0.0001

0.0311

0.0015

0.0001

0.0041

0.0111

0.0050

16

0.0013

0.0003

0.0132

0.0006

0.0008

0.0086

0.0096

0.0003

17

0.0002

0.0001

0.0090

0.0001

0.0002

0.0005

0.0014

0.0026

Influences of the initial droplet velocities on droplet
penetration in sugarcane protection
When the UAV carried out the agricultural
spraying operation, the effective point was judged at
the time when the droplet coverage density reached at
least 15 droplets/cm2 (Chen et al., 2017c). To
characterize droplet penetration, the coefficient of
variation (CV) of the droplet deposition amount in the

upper and lower layers of each sampling rod was used
to measure droplet penetration. The smaller the CV is,
the better the droplet penetration.
Although the cone nozzle and the centrifugal
nozzle have different initial vertical velocities, there is
no significant difference in their penetration in the
effective range (Table 8). The initial vertical velocity of
the droplet does not advance the optimum penetration,
which is consistent with the theoretical analysis (Table 9).
Engenharia Agrícola, Jaboticabal, v.41, n.2, p.235-244, mar./apr. 2021

Ping Zhang, Wei Zhang, Haitian Sun, et al.

242

TABLE 8. Coefficients of variation of the droplet amount.
Treatment

Serial number
of effective
points

1

3

Coefficient of Mean coefficients
Serial number
variation
of variation
Treatment of effective
(%)
(%)
points

Coefficient of Mean coefficients
variation
of variation
(%)
(%)

5

91.74

4

36.02

6

72.35

5

9.26

7

54.52

6

84.38

8

26.09

7

61.72

9

34.09

8

47.54

10

17.29

9

85.01

11

13.33

10

14.22

12

2.58

11

12.27

3

50.33

4

97.69

5

35.01

5

56.92

6

13.11

6

67.23

7

63.66

7

15.47

8

48.92

8

72.77

9

47.95

9

41.56

10

13.52

10

22.14

11

88.52

11

33.06

39.00

2

50.80

4

43.80

44.39

TABLE 9. Relative error of theoretical and experimental results.
Theoretical results
Nozzle type

Initial vertical
velocity

Final vertical
velocity

Centrifugal

0

2.44006

Cone

12

2.44006

Experiment results
Relative error
(%)

Droplet
penetration

0

43.80

12

44.39

0

Influences of UAV flying heights on droplet
penetration

Relative error
(%)
1.34

are 39.00%, 43.80% and 50.80%, respectively (Table
8); therefore, it can be concluded that when the flying
height decreases, droplet penetration improves
(Figure 7).

The coefficients of variation of the droplet
amounts with flying heights of 5.5 m, 6.0 m and 6.5 m
Coefficients of variation (%)

Initial vertical
velocity

60
50
40
30
20
10
0
5,3

5,5

5,7
5,9
6,1
Flying height (s)

6,3

6,5

FIGURE 7. Effect of flying height on droplet penetration.
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Qin (2017) showed that the downwash flow
velocity near the crop canopy increases with
decreasing UAV flying height. According to the
calculation results in this paper, the vertical velocity of
droplets will also increase. Therefore, the following
conclusion can be drawn: an increase in the vertical
velocity of droplets will improve droplet penetration,
which is complementary to the research results of
Chen et al. (2017b).
The amount of droplets deposited at the lower
collection point can be greater than that at the upper
collection point (Table 7). This situation occurs
because the sugarcane plant may tilt under the action
of rotor downwash flow, disturbing the leaves. A
similar situation was reported by Chen et al. (2017d).
The penetration of droplets is not only related
to the final droplet velocity but also affected by the
plant height and canopy leaf area index (Sun & Liu,
2019). In addition, the droplet horizontal velocity has
an important influence on the effective spray width
and the deposition uniformity, so the flying height of
the UAV should not be too low. In sugarcane
protection using the TY-800 single-rotor UAV, the
flying height should not be lower than 5.5 m to ensure
that the sugarcane canopy does not shake violently.
Drag force is a decisive factor in droplet
movement in the airflow field, and the properties of
chemical pesticides barely influence droplet trajectory
(Sun, 2018). Although the density and other physical
properties of chemical pesticides are not the same as
those of water, the research results of this paper can
provide guidance for sugarcane plant protection.
CONCLUSIONS
When a droplet moves in the downwash flow
field of a single-rotor UAV, the final vertical velocity
of the droplet is positively related to the droplet
diameter. The major factor affecting the droplet
velocity is the downwash flow field of the UAV. There
is no significant correlation between the final vertical
droplet velocity and the initial droplet vertical velocity.
In the process of droplet transportation, the
droplet velocity quickly approaches the downwash
flow velocity. The droplet acceleration increases when
the droplet diameter decreases and when the difference
between the downwash flow velocity and the droplet
velocity increases.
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