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Abstract 

Unmanned aerial vehicles has been gaining more attention in recent years in the agriculture 

field. Employment of the Unmanned Aerial Vehicles in agriculture field is to enable the 

operation related to crop monitoring and crop protection. Crop protection in agriculture field 

is enabled by employing the UAV spray as automated application. UAV spray carries 

fertilizer or pesticide. However, spray drift of the UAV is considered as major impact of the 

agriculture drones. In addition, various spray factors such as velocity, speed, height, 

orientatation of the nozzle play significant role in spray quality of the agriculture drone. In 

this paper, computational fluid dynamic model for designing optimal flow characteristic of 

spraydroplet at optimal velocity and orientation is designed and simulated in this work for 

effective spray deposit in the particular environment without losses. Design of Cone Straight 

Nozzle optimization on Nozzle Geometry using Controlled variable Method is carried out. 

Design considers the downwash properties of conestraight nozzles to the operation of 

dispersal and deposition of the pesticide or fertilizer. Further design of the nozzle of the spray 

unit in the drone is carried out on nozzle velocity combination using solid works to increase 

the quality of the spray and reduces the spray drift.  Using ANSYS Workbench numerical 

simulation software, turbulence model is simulated on basis of the nozzle geometry for 

uniform distribution of the various chemical to the specified environment. Model is analyzed 

on various spray pressures, converging angle and throat length for uniform distributions of 

the spraying chemical. Finally,it is established on the various setting of discrete phase model 

at nozzle exit to improve the performance of the model to structure the spray deposit on basis 

of target and its environment. Result of the model is used to improve spray quality of the 

agriculture UAV in depositing the dose at right quality is measure in mass flow rate.  

Keywords: Unmanned Aerial Vehicles, Cone Nozzle Design, Computation Fluid Dynamic, 

Discrete Phase Model, Spray Distributions, Nozzle Geometry 

1. Introduction  

            Unmanned Aerial vehicle is 

gaining more advantage in the area of the 

agriculture as it largely reduces the human 

efforts and economic cost. Especially 

UAV is employed as fertilizer spraying 

application or pesticide spraying 

application towards plant protection [1]. In 

order to increase its utilization to 

application, various improvement has been 
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made in existing literature with respect to 

movement trajectory of the UAV and 

deposition position of the UAV for 

pesticide droplet. However, it still lags in 

spray quality of downwash airflow nozzle 

of the rotor [2]. Further design of the 

nozzle of the spray unit in the drone is 

carried out on basis of the nozzle geometry 

for uniform distribution of the various 

chemical to the specified environment 

using solid works to increase the quality of 

the spray to the target and reduces the 

spray drift.  

           In order to improve the spray 

quality of the UAV for pesticide or 

fertilizer application, spary drift and other 

spray factors of the nozzle such as 

velocity, speed, height, orientatation, 

convergence angle and throat length of the 

nozzle has to be considered as it plays a 

significant role in spray quality of the 

agriculture drone to the particular target 

[3]. In this paper, computational fluid 

dynamic model for designing optimal flow 

characteristic of spray droplet at optimal 

velocity and orientation of nozzleto 

deposit the dose with respect to target is 

designed and simulated in this work. 

Design considers theCone Straight Nozzle 

optimization on Nozzle Geometry using 

Controlled variable Method for downwash 

properties of cone nozzles to the operation 

of dispersal and deposition of the pesticide 

or fertilizer [4].   

Using ANSYS Workbench numerical 

simulation software [5], turbulence model 

[6] for downwash flow characteristics and 

velocity distribution with respect to 

velocity of the drone and spiral effects of 

cone nozzle are simulated. Finally, it is 

established on the various setting of 

discrete phase model at nozzle exit to 

improve the performance of the model in 

the specified trajectory of the drone for 

effective droplet distributions. Numerical 

Result of the model is used to improve 

spray quality of the proposed agriculture 

UAV design. Further performance analysis 

is carried out on cone straight nozzle and 

streamlined nozzle on flow characteristics.  

           Rest of the paper is organized into 

following section which is as follows, 

section 2 discusses the review of literature 

related to the proposed analysis. Section 3 

provides the objective of the works and 

research methodology towards establishing 

the optimal flow characteristics and 

optimal velocity of the drone for spray 

application of the agriculture UAV with 

respect to nozzle design. Section 4 

provides the simulation analysis of 

proposed research methodology using 

ANSYS software with respect to 

computational fluid dynamics. Finally, 

section 5 provides the conclusion of work 

2. Related works 

In this section, flow characteristics and 

velocity distribution to reduce the spray 

drift and various effect impacting the spray 

quality is analyzed using computation fluid 

dynamics models to the design of 

agriculture UAV. Further simulation 

analysis of those design and its properties 

is evaluated using the ANSYS software.  

2.1.  Computation Fluid Dynamic model 

using variation law for effective 

downwash airflow of various nozzle 

type of agriculture UAV for plant 

Protection  

 In this literature, effectiveness of the 

unmanned aerial vehicle employed for 

pesticide spray is analyzed and simulated 

to various flow characteristic and velocity 

distributions of the downwash airflow 

generated by the quadrotor at different 

flight velocities. Analysis represents that 

velocity exceeding the flight height of 

UAV will tend to cause droplet effect [7]. 

Further on employment of variation law, 

effective velocity distribution range and 

flow characteristics is identified. Spray 

characteristics depends on biological 

effectiveness and external conditions.  

2.2.  Effective Design and analysis of the 

computation of fluid dynamics of UAV 
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Downwash Air flow based on strain 

effect 

In this literature, accurate measurement of 

the downwash flow trajectory and position 

of dropletof the unmanned aerial vehicle 

employed for pesticide spray is analyzed 

and simulated to various flow 

characteristic and velocity distributions 

which causes strain effects. Further 

optimization design to reduce the strain 

effects is modeled by solving the strain 

force with respect to the wind velocity. 

Finally, employment of optimization, 

effective velocity distribution range and 

flow characteristics is identified at various 

positions. Structure of spray deposit on 

basis of the nozzle velocity combination 

determines the strain effects [8].  

3. Research methodology  

In this section, Design of the optimal flow 

characteristics of the spray droplet and 

velocity distribution of UAV with respect 

to nozzle design on the particular 

environment and particular chemical has 

been carried out using turbulence model 

with following research objective. Further 

computational fluid dynamics is carried 

out using solid works and CATIA [9]. Its 

design is evaluated as simulation using the 

ANSYS 

3.1. Design Objectives of the Spray 

Quality of the Plant Protection UAV 

 It is to reduce the spray drift with 

respect to the structure of spray 

deposit 

 It is to increase optimal flow 

characteristics of droplet with 

respect to speed and size  

 It is to increase the volume 

distribution of droplet  

 It is to provide optimal velocity 

distribution of the UAV 

 It increases the uniformity of the 

liquid distributions on controlling 

the various spray effects  

 It is to identify the optimal nozzle 

orientation and nozzle distancing 

for uniform distributions 

 It is to analyze the biological 

effectiveness of the applied 

chemical and environment risk on 

basis of the velocity and size of the 

droplet.  

 It is to optimize Cone Straight 

Nozzle on Nozzle Geometry using 

Controlled variable Method 

3.2. Design of the Spray Nozzle of UAV 

using Computational Fluid Dynamics 

model through Solid Works  

            Design of the spray nozzle of 

unmanned Aerial Vehicle using 

computational fluid dynamics model is 

designed using various optimal flow 

characteristics and velocity distributions to 

meet above mentioned objectives. Design 

is carried out using CATIA software on 

modeling the design specification tree. 

Sprayer nozzle is important component in 

the spraying operations towards uniform 

liquid distributions. Nozzle is fabricated 

using various materials such as aluminum, 

copper, Brass, Stainless Steel and 

ceramics. It is available in shapes such as 

flat fan, cone type, hollow cone and 

straight cone [10].   

Optimal Parameter to the spray quality of 

the UAV determine the model efficiency 

to with respect to the position and 

distribution of the droplet. Further nozzle 

design of the spray is optimized reduce the 

spray drift and increase the volume 

distribution on basis of the droplet size and 

velocity of the droplet. Further losses 

during the spraying leads to effective 

spraying design based on different factors. 

Especially droplet size and target drift are 

important factor for efficient of spraying 

system. Further Characteristics of the 

sprayer nozzles with respect the structure 

of spray deposit effect the velocity and 

size of the droplet 
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Figure 1: Nozzle Geometry 

              In addition, Specification of Tree 

structuring along the appropriate features 

for producing the optimal flow 

characteristic of drop let and velocity 

distribution of the UAV on using the 

straight cone nozzle. Cone nozzle has 

better atomizing ability by comprising 

converging section, throat section and 

reaming section [11]. The converging 

section is used to concentrate the fluid and 

energy, the throat section to stabilize the 

flow status, and the reaming section to 

control jet exit diffusion angle and control 

cavitation.Influence of the nozzle 

geometry with respect to converging angle 

and throat length is simulated to identify 

the optimal distributions.  

 

3.2.1. Design of Cone Straight Nozzle 

optimization on Nozzle Geometry using 

Controlled variable Method 

            The nozzle geometry contains two 

primary sections termed as the contraction 

section and the focus section is represented 

using computation fluid dynamics 2D 

model. Model uses the controlled variable 

method on the boundary condition of the 

various section.In contraction section, 

nozzle cross-sectional area is represented 

with pressure of 250Mpa and density with 

2600kg/m, the velocity of the mixture 

represented as mass flow rate as 0.1kg/s, 

and the abrasive particles are accelerated 

with diameter of 0.18mm. In Focus 

Section, velocity of the mixture reaches 

the peakwith pressure of 0.6Mpa. Figure 

2represents the nozzle geometry of the 

spray unit of the UAV with solid surface.  

 

 (a)  (b) 

Figure 2: Cone Nozzle Geometry (a) Cone Nozzle (b) Solid Surface of Cone Nozzle 
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4. Simulation Analysis  

                In this section,Analysis of 

Computation Fluid Dynamics on reduced 

angle of the cone nozzle with multiple 

holes is carried out using ANSYS software 

with respect to increasing the spray speed 

and spray volume to target. Analysis 

includes selecting the optimalflow 

characteristics and velocity distribution of 

the nozzle to evaluate the efficiency of the 

spray unit of UAV to target on various 

biological and environment condition of 

target.  Evaluation of the nozzle geometry 

on basis of angle reduction is represented 

in the figure 2 

 

(a)                                                                    (b) 

Figure 3: Illustration of the Angle Reduced Cone (a) Angle Reduced Cone and (b) Solid 

Surface 

              Evaluation of the multiple hole 

structure of the cone Nozzle employed to 

the pesticide spraying to the target on the 

flow characteristics and velocity 

distribution using controlled variable 

method along boundary condition is 

represented in the figure 4 

 

 (a)   (b) 

Figure 3: Illustration of the Angle Reduced Cone with multiple holes (a) Angle Reduced 

Cone and (b) Solid Surface 
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Computation analysis  

           Computational Analysis is carried 

out in ANSYS CFX software to measure 

the spray volume and spray speed to cone 

straight nozzle to the spraying dose to the 

target with respect to the target boundary 

condition. ANSYS CFX is fluid dynamic 

program with meshing technologies to 

provide computational fluid dynamics 

solutions for fluid structure interaction 

problems [12]. The CFD analysis is based 

on the energy equation, momentum 

equation and continuity equation for 

droplet size and its volume distribution to 

the target.  

          

                      (a)                                 (b)                         (c)                           (d) 

Figure 4: Illustration of the Cone Nozzle (a) Normal Velocity of Fluid (b) Vector 

Velocity of Fluid (c) streamline Velocity of the Fluid (d) ISO Surface Velocity of the 

Fluid 

Evaluation of the computational fluid 

dynamics to the cone straight nozzle to the 

spraying dose on the spray drift, spray 

angle and spray speed and spray volumes 

on boundary conditions such as velocity 

and droplet rate is represented in figure 4 

with normal velocity, vector velocity, ISO 

surface and streamlined velocity. Initially 

Pressure conditions [13], density and 

velocity of the particle is fixed to the 

applications. Figure 5 represents the 

velocity flow of the fluid with respect to 

the volume on the cone nozzle of the 

application. The water flow from nozzle 

which having mass flow rate1.037kg/s 

through the domain volume. 

 

 

Figure 5: Evaluation of the Cone Nozzle Velocity against the volume  
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Computational Analysis is carried out in 

ANSYS CFX software to measure the 

spray volume and spray speed to the 

multiple holes of angle reducecone straight 

nozzle to the spraying dose to the target 

with respect to the target boundary 

condition. ANSYS CFX is fluid dynamic 

program with meshing technologies to 

provide computational fluid dynamics 

solutions for fluid structure interaction 

problems. The CFD analysis [14] is based 

on the energy equation, momentum 

equation and continuity equation for 

droplet size and its volume distribution to 

the target. 

    

              (a)                                    (b)                               (c)                                     (d) 

Figure 6: Illustration of the angle reduced Cone Nozzle (a) Plain Velocity of Fluid (b) 

Vector Velocity of Fluid (c) streamline Velocity of the Fluid (d) ISO Surface Velocity of 

the Fluid 

 

Evaluation of the computational fluid 

dynamics of angle reduced cone straight 

nozzle to the spraying dose achieves high 

efficiency in reducing the spray drift, spray 

angle and increasing the spray speed and 

spray volumes on boundary conditions 

such as velocity, and droplet rate is 

represented in figure 6 with normal 

velocity, vector velocity, ISO Surface 

Velocity and streamlined velocity. Initially 

Pressure conditions, density and velocity 

of the particle is fixed to the applications.  

Figure 7 represents the Evaluation of the 

Angle Reduced Cone Nozzle Velocity 

against the volume.The water flow from 

nozzle which having mass flow rate 

1.247kg/s through the domain volume.  

 

Figure 7: Evaluation of the Angle Reduced Cone Nozzle Velocity against the volume  
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Computational Analysis is carried out in 

ANSYS CFX software [15] to measure the 

spray volume and spray speed to the 

multiple holes of angle reducecone straight 

nozzle to the spraying dose to the target 

with respect to the target boundary 

condition. ANSYS CFX is fluid dynamic 

program with meshing technologies to 

provide computational fluid dynamics 

solutions for fluid structure interaction 

problems. The CFD analysis is based on 

the energy equation, momentum equation 

and continuity equation for droplet size 

and its volume distribution to the target. 

 

                (a)                              (b)                                   (c)                                 (d) 

Figure 8: Illustration of the Cone Nozzle with multiple hole (a) Normal Velocity of Fluid 

(b) Vector Velocity of Fluid (c) streamline Velocity of the Fluid (d) ISO Surface Velocity 

of the Fluid 

              Evaluation of the computational 

fluid dynamics to the multiple hole of 

angle reduced cone straight nozzle to the 

spraying dose achieves high efficiency in 

reducing the spray drift, spray angle and 

increasing the spray speed and spray 

volumes on boundary conditions such as 

velocity, and droplet rate is represented in 

figure 8 with normal velocity, vector 

velocity, ISO Surface Velocity and 

streamlined velocity. Initially Pressure 

conditions, density and velocity of the 

particle is fixed to the applications.  Figure 

9 represents the Evaluation of the Angle 

Reduced Cone Nozzle with multiple holes 

on Velocity against the volume.The water 

flow from nozzle which having mass flow 

rate 1.247kg/s through the domain volume.  

 

 

Figure 9: Evaluation of the Angle Reduced Cone Nozzle with multiple holes Velocity 

against the volume  
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          Finally, cone nozzle is evaluated on 

the computational fluid dynamic model is 

represented in the table 1 against the 

velocity and volume with respect to mass 

flow rate of the fluid to the target medium 

on the boundary conditions to the 

turbulence model along the various setting 

of the fluid medium with respect to the 

nozzle design such as angle reduced cone 

nozzle, angle reduced multiple hole cone 

nozzle for fluid displacement.  

Table 2: ANSYS Analysis of Computational fluid dynamics of spray on cone nozzle  

Cone 

Nozzle  

Plane 

Velocity   

Streamline 

Velocity  

Vector 

Velocity  

Iso Surface 

Velocity 

Mass Flow 

Rate  

Normal 

reduced 

Cone 

Nozzle 

2.405e+0ms 2.605e+0.1ms 2.705e+0.1ms 2.805e+0.1ms 1.11kg/s 

Angle 

Reduced 

Cone 

Nozzle  

3.235e+01ms 3.22e+01ms 3.24e+01ms 3.28e+01ms 1.037Kg/S  

Angle 

Reduced 

Cone 

Nozzle 

with 

Multiple 

holes 

1.74e+01ms 1.78e+01ms 1.73e+01ms 1.735e+01ms 1.247Kg/s 

 

Conclusion  

In this paper, design of the angle reduced 

cone nozzle is carried out using various 

fluid dynamic velocities. Angle reduced 

cone nozzle employed for spray unit of the 

agriculture UAV is optimized with process 

parameter for improved turbulence flow 

and spray quality with reduced spray drift. 

Computational fluid dynamic is carried out 

on ANSYS software to evaluate the spray 

speed, spray volume of cone nozzle with 

and without angle reduction to the spray 

unit to produce the continuous distribution 

of the dose to the target crop towards 

pesticide applications. Based on the 

analysis, it is concluded that optimal 

parameter to cone nozzle is considered to 

produce better velocity and speed of the 

fluid with mass flow rate of 1.247Kg/s.  
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