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Abstract: Recently, multi-rotor unmanned aerial vehicle (UAV) becomes more and more significantly irreplaceable in the field 
of plant protection against diseases, pests and weeds of crops.  The easy takeoff and landing performance, hover function and 
high spraying efficiency of UAV are urgently required to spray pesticide for crop timely and effectively, especially in dispersed 
plots and hilly mountains.  In such situations, the current researches about UAV spray application mainly focus on studying 
the influence of the UAV spraying parameters on the droplet deposition, such as operation height, operation velocity and wind 
velocity.  The deposition and distribution of pesticide droplets on crops which depends on installation position of nozzle and 
airflow distribution characteristics of UAV are directly related to the control effect of pesticide and crop growth in different 
growth periods.  As a preliminary step, this study focuses on the dynamic development law and distribution characteristics of 
the downwash air flow for the SLK-5 six-rotor agricultural UAV.  Based on compressible Reynolds-averaged Navier-Stokes 
(RANS) equations with an RNG k-ε turbulence model and dynamic mesh technology, the efficient three-dimensional 
computational fluid dynamics (CFD) method was established to analyze the flow field distribution characteristics of UAV in 
hover.  Then the unsteady interaction flow field of the wing was investigated in detail.  The downwash wind speed of the 
marked points for the SLK-5 UAV in hover was also tested by weather tracker.  It was found that the maximum velocity value 
of the downwash flow was close to 10 m/s; the z-direction velocity was the main body of the wind velocity in the downwash 
airflow, and the comparison of the wind velocity experiment test and simulation showed that the relative error was less than 
12% between the experimental and simulated values of the z-direction velocity at the marked points.  Then the flow 
characteristics of the longitudinal and cross section were analyzed in detail, the results obtained can be used as a reference for 
drift and sedimentation studies for multi-rotor unmanned aerial vehicle. 
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1  Introduction  

Aerial spray application which has a history of more 
than a century is one of the major forms of pesticide 
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application[1], and the fixed wing aircraft is the major 
application carrier typically.  However, in recent years, 
unmanned aircraft systems (UASs), also referred to as 
unmanned aerial vehicles (UAVs), have been applied in 
many fields and captured the public attentions[2,3].  The 
agricultural UAV offers potential significant 
contributions to agriculture[4], it is the best choice for 
spraying pesticide operation in the dispersed plots and 
hilly mountains.  At present, extensive countries, 
ranging from Uruguay, Argentina, Brazil, to Australia are 
also using UAVs in agriculture to survey crop health, 
detect harvest readiness, and as a tool for surveying the 
damage from drought, flooding, weeds, and pests[5].  
Japan has an estimated 10 000 UAVs deployed for 
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agricultural use, which cover 90% operations of the aerial 
crop dusting[6]; due to the small scale cultivation and hilly 
terrain, small helicopter aerial spray equipment is the 
leading spraying equipment in Japan[7].  While, from the 
current situation of China, fixed-wing aircraft has already 
become the main plant protection equipment in the 
agricultural reclamation areas of the Northeast and 
Xinjiang; application of multi-rotor UAV for plant 
protection field is also initially launched in the scattered 
farmland and hilly mountains of the Southern China[7,8].  
Because of the poor working conditions in paddy network 
of Southern China, the traditional self-propelled and 
human-carrying land-spraying machine are inefficient 
and requires high intensity human labor[8].  The spraying 
operation of land-spraying machine leads to pesticide 
waste easily, it also threatens people’s health and 
endangers the environment[9].  In addition, due to the 
inefficiency of land-spraying machine, timely and 
effective spraying application for crops nearly cannot be 
achieved in the pest and disease outbreaks season[10].  
Therefore, the use of UAVs in plant protection has been 
developing rapidly in China, especially the aerial 
spraying application in Southern China[11].  Compared to 
fixed wing aircraft, the UAVs do not need specific 
takeoff and landing runway, it has low altitude flight 
performance[12]. Additional, in comparison with 
traditional land-spraying machine, UAVs have the 
advantages of good mobility and high spraying 
efficiency[13]. 

As an emerging agriculture spraying equipment, there 
are still a lot of practical problems for UAVs spraying 
before popularization and application widely, such as low 
droplet coverage ratio, poor penetrability, ambiguous 
spraying operation parameters[14].  Recent studies[4,15,16] 
indicate that the spraying parameters, such as nozzle 
configurations, release height and weather, not only 
impact the control effect against the pest and disease but 
also are closely related to the pesticide drift.  In the 
analysis, control effect and drift are the different 
expression forms of movement for pesticide droplet in the 
coupled wind field.  Drift of pesticide has uncertain 
impact on environment and human body, the efficiency 
and drift of aerial spray application are the major concern 

for the users, legislators and the public[1].  However, 
pesticide drift can’t be absolutely avoided, extensive 
study has been conducted to predict and minimize drift[17].  

Generally speaking, spray drift is related to 
background atmospheric conditions, aircraft wing 
behavior and droplet size.  Natural wind is the original 
aerodynamic factor which leads to aerial spray drift, 
while, drift occurs even when there is no wind, since 
wing rotating flow field plays a significant role in the 
behavior of the pesticide droplet after the release of 
pesticide[18].  Wing downwash flow field and wing 
vortices are the evolving consequence during the take-off, 
flight and landing process of UAVs.  The counter 
rotating vortices produce up wash velocity areas near the 
wing tips where pesticide droplets are blown upwards 
beyond the wing tips, then it is prone to pesticide drift, 
whereas the wing downwash flow field happens under the 
wing tips, which can effectively enhance the deposition 
and reduce drift by moving pesticide droplets downwards 
crops.  The deep study of tip interference and flow field 
distribution characteristics for multi rotor agricultural 
UAVs can provide the basis for the research on the 
movement law of droplets in the flow field, then the 
nozzle can be arranged at the better position in where the 
pesticide drift can be minimized. 
   In the western countries, after decades of field 
experimental and basic data accumulation, some models 
have been developed to predict the drift and deposition of 
aerial spray application, two of them are Forest Service 
Cramer-Barry Grim (FSCBG) and Agricultural Dispersal 
(AGDISP), which are still being constantly updated[19-22].  
FSCBG was developed by Dumbauld et al. in 1980[23], it 
is based on Gaussian model which is appropriate well for 
predicting long-range drift and simulating the effects of 
atmospheric stability, rather than the droplet distribution, 
deposition and drift.  In contrast to FSCBG, the 
AGDISP[24] is the modified version based on Lagrangian 
approach that solves equations of wake vortex motion 
developed by Reed[25].  Wingtip interference 
characteristics of aerocraft are not considered in 
AGDISP[26], furthermore there is no model forecasting 
pesticide drift for small UAVs, and the AGDISP model 
also does not contain pesticide drift modular of the multi 
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rotor UAVs.  Variable nature of atmosphere conditions 
is so fleeting that the effects of them on the drift and 
dispersion in the aerial spraying application are difficult 
to assess with field experiment studies only.  Therefore, 
it is quite necessary to study the intrinsic physical 
mechanism between flow field and the droplet 
transportation law under the influence of wing multi-rotor 
UAVs.  The computational fluid dynamics (CFD) 
techniques happen to be used to achieve it, with witch the 
effects of variables on the drift and dispersion can be 
studied in isolation. 

Nowadays, as the numerical analysis method, CFD 
has become a robust design tool in agriculture 
application[27].  Spray drift potentials were simulated to 
improve sprayer performance[28-30], and assist design of a 
pneumatic shielded spraying system was established for 
increasing spray deposition and reducing spray drift[31].  
Considerable efforts of CFD simulation application have 
also been devoted to research the relative effects of 
droplet size, wind speed, turbulent intensity, initial 
droplet velocity, droplet discharge height, temperature 
and relative humidity on droplet displacement[32,33] and 
collection efficiency[34] in wind tunnel.  CFD simulation 
has also been used to the aerial spraying field.  The three 
dimensional near-field wake vortices of the Air Tractor 
AT-802 were simulated by Ryan et al.[35], the results 
clearly showed that the significant entrainment of 
droplets exited in the aircraft’s wingtip vortices, and 
droplets were moved outwards as well as lifted upwards 
by the wingtip vortices.  The velocity field of Thrush 
510 in the wake of fixed wing monoplane was studied in 
extreme ground effect with and without crosswind by 
Zhang et al.[1]  Zhang et al.[36] simulated the pesticide 
drift condition of the N-3 unmanned helicopter spraying 
operation, and the results have some significance for the 
actual production. 

Despite these preceding studies, the multi-rotor UAVs 
have been applied in aerial spraying field of China, while, 
synchronous research is lacking.  The drift and 
deposition are affected by the crosswind, downwash air 
flow, and wing interference, which make up the content 
of the present investigation.  As a preliminary step, the 
paper focuses on the velocity field of the UAV in hover, 

as well as its temporal evolution during spray application.  
The inclusion of sprayed droplets and their drift and 
deposition are scheduled for a subsequent paper. 

2  Working principle for six-rotor UAV 

The six-rotor UAV for simulation in this paper was 
provided by the Xi’an Wideworldz Aviation Science and 
Technology Co., Ltd, the SLK-5 plant protection UAV is 
shown in Figure 1. 

 
Figure 1  SLK-5 plant protection UAV 

 
Figure 2  Six-axis UAV motion system 

 

The speed of six-rotor UAV is relatively low, and the 
line speed, attitude and position can be measured based 
on ground point in the ground coordinate system 
OeXeYeZe in Figure 2.  The UAV body coordinate system 
ObXbYbZb in Figure 2 is the base of rotorcrafts to be 
connected with each other and change with it.  Six rotors 
are uniformly distributed along the circumferential 
direction, all rotor support arms are in same length and 
the included angle between any two arms is 60º, and 
rotation directions of the adjacent rotors are contrary, as 
shown in Figure 2.  The Ψ, θ and Φ are the yaw angle 
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rotating round the Zb axis, the pitch angle rotating round 
the Yb axis, the roll angle rotating round the Xb axis 
separately[37,38].  Lifting force (fi, i=1,2,3,4,5,6) 
generated by each motor is proportional to the square of 
the speed of the motor, that is fi =bɷ2, so the flight attitude 
of the UAVs can be accomplished by adjusting the motor 
speed of the six motors. 

Related to the aircraft attitude are up, down and hover.  
While increasing the speed of each rotor, the total lifting 
force is sufficient to overcome the gravity of the aircraft 
itself, and aircraft will rise.  On the contrary, while 
reducing the rotational speed of each rotor, so that the 
total lifting force is less than gravity, the aircraft 
descended.  Similarly, when the lift generated by the 
rotor and the body self gravity are equal, the UAVs will 
be in a hover state. 

3  Numerical simulation model 

3.1  Numerical method 
Defined coordinate system in the inertial frame, the 

RANS equation of conservation integral form was 
established as the main control equation in which the 
effective parameters are the absolute physical quantities.  
Compared to the fixed (inertial) coordinate system, the 
RANS equation rotating (non-inertial) coordinate system 
attached a rotation due to the specific form of the source 
term to bring the equation can be expressed by Roberts 
and Murman[39]. 
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where, W is the conserved variable vector; F(W) and  

G(W) are non viscous flux and viscous flux respectively, 
Q is the source term caused by rotor rotation; ρ and p and 
are the density and pressure of the fluid; u, ν, ω are fluid 
velocity components; E is the internal energy of a fluid 

unit; [ , , ]x y zn n n=n
 
denotes the normal vector of the 

control surface; Vol denotes the unit volume, and Ω 

denotes rotating speed of rotor; n x y zq un n nν ω= + +
 

and b b x b y b zq u n n nν ω= + +  denote  fluid velocity and 

speed grid along the normal component of mesh surface 
respectively; τxx/yy/zz, τxy/xz/yz and Φx/y/y are the related 
viscous quantities; μ, k, T denote viscosity coefficient, 
thermal conductivity and absolute temperature 
respectively. 

Viscous force is not negligible in the numerical 
simulation of rotor rotating wind field, otherwise it will 
produce a significant deviation.  At present, the RANS 
equation has been widely used in numerical simulation of 
rotor flow field[40].  In this paper, we choose the RNG 
k-ε turbulence model which is suitable for both high 
Reynolds number and low Reynolds number[41]. 

In this paper, the finite volume method was used to 
discrete the governing equations of the flow field.  In 
order to improve the clarity of the flow field, the 
convection field was calculated by using the coupling 
algorithm under the double precision mode.  The solving 
process of coupling algorithm is shown in Figure 3. 

 
Figure 3  Calculation flowchart of coupling algorithm 

 

3.2  Model description 
The computational domain was defined as a cylinder,  

its radius is 2 m, and the column height is 4.1 m.  
Additionally, the center coordinates of the cross-section 
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of the wing, upper and lower surfaces of the 
computational domain are (0, 0, 0.426), (0, 0, –0.124), 
and (0, 0, 3.976) respectively, as shown in Figure 4.  It 
should be noted that the radial distance between the 
rotating center of the wing and center axis of the 
computational domain was 0.55 m. 

 
Figure 4  Calculation area diagram schematic diagram 

 

In the SLK-5 plant protection UAV, rotor is the most 
important part.  Therefore, three dimensional 
Optimscan5-2015011K05 provided by Manfrotto was 
used to scan the rotor, then the 3D modeling of the rotor 
was obtained by using the Geomagic software to deal 
with the point cloud, as shown in Figure 5.  

 
a. Calibration plate      b. Calibration Process       c. Wing mark 

 
d. Locating surface                e. Point cloud synthesis 

Figure 5  Wing scanning and point cloud processing 
 

Several components of UAV were not considered in 
the three-dimensional numerical model, including the 
landing gear and cantilever.  Due to lower height of the 
landing gear and long distance between the wings and 
fuselage, this simplification has little effect on the 

development and evolution of the downwash airflow.  A 
grid sensitivity study was carried out.  Three sets of grid 
(coarse, medium, and fine) were generated, with the grid 
number spacing ranging from 3.2 million, 5.6 million and 
720 million.  Grid sensitivity study results showed that 
3.2 million was enough to capture the flow field evolution 
process.  To ensure higher accuracy, the medium grid 
was chosen to perform the simulations which were used 
to simulate field conditions.  Hexahedral structured grid 
scheme was adopted to mesh all the computational 
domain, and the total number of grid reached 5.6 million 
finally.  In the numerical simulation model, no slip 
adiabatic wall boundary was adopted for all the solid wall.  
In addition, in the hovering state, the speed of the wing is 
288 rad/s. 

4  Downwash airflow speed test  

The SLK-5 plant protection machine was hovering at 
the vertical height of 3.55 m above the ground.  The 
Kestrel 4500 Pocket Weather Tracker, fixing on the top 
of the movable platform, was used to measure the wind 
vertical velocity of the marked points, as shown in the 
Figures 6 and 7.  The center coordinates of the two 
tested surfaces are (0, 0, 1.426) and (0, 0, 2.426).  The 
marking points on the tested surfaces are Point 1/2-1, 
Point 1/2-2, Point 1/2-3, Point 1/2-4, Point 1/2-5, Point 
1/2-6, under the 6 rotors of the SLK-5 plant protection 
machine at the vertical height of 1 m and 2 m from the 
wing, as shown in Figure 8.  The meteorological 
conditions were also measured and recorded, such as 
temperature, barometric pressure, and horizontal wind 
speed, which were 35ºC, 94430 Pa, 0.2 m/s, respectively.  
These data would be used as boundary conditions for the 
numerical computation. 

 
Figure 6  Pocket weather tracker 
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Figure 7  Wind velocity test experiment photos 

 
Figure 8  Distribution of wind velocity measurement points 

 

Table 1 shows the experimental measurements and 
simulation values of the z-direction velocity for the 
marked points, the relative error between the two values 
is also given, and the overall situation on the numerical 
calculation will be described later.   

 

Table 1  Experimental measurements and simulation values of 
the z-direction velocity for the marked points 

Wind z-direction velocity 
magnitude, m·s-1 Rotor 1 Rotor 2 Rotor 3 Rotor 4 Rotor 5 Rotor 6

Experimental 
value 8.1 7.8 8.2 8.1 7.9 7.9 

Calculated  
value 8.85 8.80 8.83 8.85 8.87 8.83

Vertical  
height  

1 m from  
the wing 

Absolute  
relative error 8.5% 11.3% 7.1% 8.4% 10.9% 10.5%

Experimental 
value 4.5 4.6 4.4 4.5 4.5 4.6 

Calculated  
value 4.92 5.06 4.98 4.83 4.90 5.03

Vertical  
height  

2 m from  
the wing 

Absolute  
relative error 8.5% 9.1% 11.6% 6.8% 8.2% 8.5%

 

From the Table 1, we can see that the relative error of 
the numerical value is less than 12% compared to the 
experimental value.  Taking the weak atmospheric 
turbulence interference into account, the accuracy of 
numerical simulation is acceptable.  Through the 

experiment, only the wind speed of some points can be 
measured, while the experiment appears powerless to the 
description of the flow pattern and flow characteristics of 
the down wash flow.  So, we can see that numerical 
simulation appears very important. 

5  Numerical simulation of downwash air flow 
in hover 

The velocity distribution of the x-, y-, and z-directions 
on the yoz plane are presented in Figure 9 after the full 
development of the downwash airflow at 2.3722 s.  As it 
can be seen from the Figure 9, in the development 
process, a clear discontinuity phenomenon happened for 
the downwash air flow at 1.6272 s.  It also shows that 
the max velocity value of the z-direction is close to    
9.6 m/s at 2.3722 s, clearly the largest proportion before 
the downwash airflow develops to the ground.  With the 
development of downwash airflow, the velocity of 
x-direction and y-direction gradually declined to 0.  
While stagnation occurred to the velocity of airflow in the 
z-direction, and airflow direction changed to the 
y-direction, then the velocity magnitude of y-direction 
increased suddenly. 

Due to the existence of turbulence and the disturbance 
of rotor rotation, the downwash airflow air flow was not 
stable, and breaking phenomenon occurred in the middle 
of downwash airflow.  As shown in Figures 9c and 9f, 
the velocity distribution of z-direction indicated that the 
velocity at airflow broken part was negative direction.  
We could infer the downwash airflow instability led to 
the emergence of the vortex structure. 

The research on the distribution law of the downwash 
airflow, the development process of the flow field, and 
the flow attenuation mechanism could be of great 
significance to deepen the understanding of the pesticide 
drift and improve the effect of inhibiting drift.  Six 
rotors are uniformly distributed along the circumferential 
direction, and rotation directions of the adjacent rotors are 
contrary, as shown in Figure 10, the flow field has a 
certain period symmetry.  So, Figure 11 shows the total 
velocity distribution disciplinarian of the two typical 
cross sections yoz and xoz planes.  In the main section of 
the yoz plane, the down wash flow presents good 
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symmetry, after the transport of 3.55 m, the velocity of 
the down wash flow is reduced from 10 m/s to less than  
5 m/s.  Rotor high-speed rotation makes the flow 
velocity of inner circle is also increases, resulting in the 

pressure reduction in the inner circle.  So, in conjunction 
with Figure 12, we can see that it appears a significant 
“shrinkage characteristic” in the downwash flow under 
the extrusion of the atmospheric pressure. 

 
              a. x-direction                                   b. y-direction                                 c. z-direction 

t=1.6272 s 

 
                 d. x-direction                                    e. y-direction                                    f. z-direction 

t=2.3722 s 

Figure 9  Velocity distribution in three directions of YOZ plane  
 

 
a. Inflow  b. Outflow 

 

Figure 10  Two motion states of adjacent wings 
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a. t = 1.6272 s, yox plane b. t = 2.3722 s, yoz plane c. t = 1.6272 s, xoz plane d. t = 2.3722 s, yoz plane 

 

Figure 11  Total velocity magnitude distribution of two planes 

 
a. t = 1.6272 s, yoz plane b. t = 2.3722 s, yoz plane c. t = 1.6272 s, xoz plane d. t = 2.3722 s, xoz plane 

 

Figure 12  Pressure distribution of two planes 
 

In Figure 11, there is a “significant asymmetry” in the 
velocity distribution of the xoz plane.  Figure 10 shows 
the rotation law of adjacent wing, the rotation directions 
of rotor 1 and rotor 6 are opposite, while both the two 
rotors induce flow into the inner circle.  On the contrary, 
the rotor 5 and rotor 6 induce flow to the outer circle.  
So we can see from the xoz plane in the Figure 9, the 
velocity of the x negative direction is significantly less 
than the velocity of x positive direction under the vertical 
regions not far from the rotor.  Along with the increase 
of distance, the influence of the wing inducement is 
weakened, the velocity of the xoz plane tends to be 
uniform.  Figure 12 shows the pressure distribution of 
the downwash airflow.  As shown in Figure 12, under 
the disturbance of the wing and the pressure of the 
external atmosphere, some vortexes appeared in the 
downwash airflow.  Air pressure is significantly reduced 
in the vortex region. “Stagnation phenomenon” happens 
after the downwash airflow develops to the ground, then 
air pressure increased obviously. 

Figure 13 shows the distribution law of the total flow  

velocity in the z-direction of each typical height section.  
It can be seen from the Figure 13, high speed regions and 
low speed areas are quite distinct from each other, 
especially in the areas near the wing.  The high speed 
areas focused on the region under the wing, which are 
symmetrical distribution of 6 circular areas.  With the 
vertical distance from the rotor farther and farther, the 
high speed areas gradually reduced, the maximum 
velocity also showed a trend of decline.  From the 
Figure 13f, we can see that in the plane of z=3.426, the 
wind speed difference in the core area of the down wash 
air is significantly decreased. 

Combined Figure 14a and Figure 11, under the 
suction of the next wash, the external pressure is greater 
than the air pressure in the lower air flow area, peripheral 
airflow also flows to the central area of the downwash air 
flow.  By comparing Figure 14b and Figure 13, a 
conclusion can be drawn that if the two adjacent wings 
induce airflow to the rotor inner circle, then the maximum 
air velocity value between the two wings is obviously 
larger. 
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a. z = 0.6 m b. z = 0.926 m c. z = 1.226 m 

 
d. z = 1.426 m e. z = 1.926 m f. z = 2.926 m 

 

Figure 13  Velocity magnitude distribution of xoy plane at different heights for z-direction (t = 2.3722 s)   

 
a. yoz plane t=2.3722 s  b. xoz plane t=2.3722 s 

 

Figure 14  Streamline diagram of yoz and xoz planes (z = 0.6 m) 
 

In the previous description, the flow pattern and 

velocity distribution of the down wash flow are analyzed 
qualitatively.  In order to make a more intuitive research 

on the distribution of the downwash air and characteristic 

of wing interference, Figures 15 shows the velocity 

distribution along the y-direction of different heights on 
the two typical cross sections, the yoz plane and xoz plane.  

There are two kinds of flow states between adjacent 
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wings, the inflow and outflow, as shown in Figure 12, 
and this is the root cause of the interference between the 

wings.  As can be seen from Figure 15a, the air velocity 
has two peaks along the y direction, while the two peaks 

are completely different at different heights.  With the 

distance from the wings getting farther and farther, the 
difference of the two peaks at the same height is growing, 

and then gradually tend to unify, while the maximum 
peaks of different heights are gradually increased and 

then gradually shrink.  The cause of this phenomenon 

can be analyzed from the following process.  We know 
that Figure 15a and xoz plane in Figure 12 are 

corresponding to each other.  By comparing the two 
Figures, it can be seen that wing rotating induction is the 

dominant factor for the velocity distribution, while wing 

interference phenomenon is not obvious; with the 
distance from the wings getting farther, the interference 

effect caused by the inconsistency between the wings is 
increasing; with the further increase of the distance, the 

influence of the wing on the downwash flow is reduced, 
and the two peaks of the two velocity on the specific 

plane are also uniform. 

Combined with Figure 10b and Figure 15b, it can be 
seen that the air velocity has nearly two symmetrical 

peaks along the y-direction on the yoz plane.  With the 
increase of the distance from the wing, the highest peak 

of air velocity decreases gradually.  Another point of 

concern is that the distance between the two peaks is 
getting closer and closer.  The above phenomenon can 

be explained from the following two aspects: with the 
distance from the wings getting farther and farther, the 

downwash air flow gradually weakened; and the 

downwash airflow shrinks inward under the extrusion of 
outer circle atmospheric pressure at the same time. 

 
a. xoz plane  b. yoz plane 

 

Figure 15  Velocity magnitude at different heights 
 

Figures 16a and 16b show the velocity components of 

x-, y-, and z-directions along the y-direction at the height 
of z=1.426 m and z=3.426 m on the xoz plane.  As can 

be seen from Figure 16a, in the middle of the downwash 

air flow, the effects of wing interferences on the velocity 
of the three directions are very severe.  Combined with 

Figure 16a and Figure 14, it can be seen that 
superposition of the three directional wing effects leads to 

a huge difference between the two peaks.  Figure 16b 

shows that the influence of wing interference on the 
velocity distribution is gradually weakened when the 

distance from the wing reaches a certain level. 

Figures 16c and 16d show the velocity components of 

x-, y-, and z-directions along the y-direction at the height 
of z=1.426 m and z=3.426 m on the yoz plane.  From the 

two figures, the velocity components of x-, y-, and 

z-directions are substantially symmetrical.  With the 
distance from the wings getting farther and farther, 

velocity of the three directions all appear different 
degrees of attenuation, and the velocity peak of 

z-direction is the most obvious.  However, with the 

diffusion of the down wash flow, velocity in local area of 
z-direction increases, and the range of effective action for 

downwash air flow is further increased. 
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a. xoz plane at the height of z = 1.426 m  b. xoz plane at the height of z = 3.426 m 

 
c. yoz plane at the height of z = 1.426 m  d. yoz plane at the height of z = 3.426 m 

 

Figure 16  Velocity distribution in three directions of different planes at the distinct height 
 

 

6  Conclusions 

For the application of UAVs in plant protection field, 
obtaining the distribution law of the unique downwash air 
flow is the key step to control and improve 
spraying quality. The downwash airflow of the SLK-5 
plant protection UAV in hover was studied based on the 
numerical simulation and wind velocity test .  The 
following conclusions were obtained.  

(1) Based on compressible Reynolds-averaged 
Navier-Stokes (RANS) equations with the RNG k-ε 
turbulence model, the efficient three-dimensional 
computational fluid dynamics (CFD) method was 
established.  Downwash airflow of the SLK-5 plant 
protection UAVs in hover was simulated.  

(2) Combined with wind velocity test experiment, 
reliability and validity of numerical calculations has been 
verified.  The comparison results show that the relative 
error is less than 12% between the experimental and 

simulated values of the z-direction velocity at the marked 
points. 

(3) The velocity distribution law obtained by the 
numerical simulation shows that the z-direction velocity 
is dominant in the main area of the down wash air flow.  
After the down wash flow developed to the ground, 
stagnation occurred to the airflow of z-direction velocity 
component decays significantly, and y-direction velocity 
component increases obviously in the yoz section. 

(4) The maximum velocity value of the downwash 
flow is close to 10 m/s.  The influence of wing 
interference on the x, y, z velocity components 
distribution is so significant in the longitudinal section 
between two wings that the two velocity peaks in the 
section are completely different, especially in the middle 
area of the downwash flow.  While the velocity 
components of x-, y-, and z-directions are substantially 
symmetrical at different height on the yoz plane.  With 
the distance from the wings getting farther and farther, 
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downwash air flow gradually weakens, and the velocity 
distribution tends to be uniform on the xoy radial cross 
section. 

(5) In order to avoid the effects of wing interference 
on pesticide application, it is suggested that the working 
height from the crop top of the SLK-5 plant protection 
UAVs should be about 0.6 m. 
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