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A B S T R A C T   

Crop protection pesticide spraying aims to greatly improve the utilization rate of pesticides. 
Controlling pesticides deposition requires a thorough understanding of the spatial behaviour of 
spray droplets.The Qinghai-Tibet Plateau, which is the headwaters of three largest water re
sources (Yangtze, Yellow and Lancang) in China, has exceptionally unique climatic characteris
tics. The goal is to reduce the amount of pesticides entering water resources. The wind tunnel 
experiment was used to validate the discrete phase method for tracking the trajectories. Coop
eration between the smaller and larger droplets (greater than 150 μm) in the dense area around 
the nozzle can undoubtedly enhance the initial dispersion of droplet sizes. Droplet coalescence, 
which lowers the proportion of readily dispersed droplets, can greatly boost droplet deposition 
onto the target location.The crucial drift height is presented and clarified when droplets gradually 
disperse by identifying the descending length at which efficiency of mass transit starts towards 
decrease off quickly. The pesticide transport efficiency will not be enhanced by reducing the 
initial relative spread of droplets if the actual spray height surpasses the crucial drift height, and 
may even worsen drift loss. The temperature and relative humidity of the air have a greater in
fluence on the evaporation losses of droplets smaller than 150 μm. In addition to providing in
formation about pesticide spraying, the results of studies on droplet drift behaviors also suggest a 
method for controlling drift.   

1. Introduction 

Spray technology, which can break up liquids into numerous tiny droplets, is used in a variety of applications, including pesticide- 
controlled agricultural spraying, vehicle painting, spray cooling for thermal management, and fuel injectors for diesel engines [1]. 
Spraying chemical pesticides is a successful strategy for preventing biological invasion of agriculture and ensuring national food se
curity [2]. Utilizing chemical insecticides sensibly can boost crop quality and agricultural production efficiency [3]. However, due to 
spatial drift caused by wind and interfacial runoff of crop leaves, the real deposition efficiency in the field is insufficient. The ISO [4] 
defines spray drift as "a part of the spray disperses into the atmosphere away from the region being treated, while another part drops to 
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the floor or vanishes rapidly." According to a recent announcement from China’s Ministry of Agriculture, 40.6 percent of all pesticides 
used in that year will be applied to the three major food crops: wheat, corn, and rice. Spray drift can transport 40–55 percent of 
pesticide application levels off-site, according to the research, and field spray tests of 20–50 percent sprayed dosages support this claim 
[5]. Additionally, the authors compiled the spray several orchards’ droplet drift and deposition ratios demonstrate that between 30 
and 50 percent of the spray is lost to evaporation during the spraying operation [6]. Without a question, spray drift poses an un
avoidable hazard to aquatic life, delicate plants, the environment, and human health. The spray droplet’s initial relative span (RS), RS 
= (Dv90 -Dv10)/D v50, also known as the original consistency of the droplet emitted through the nozzle, is simultaneously decreased [7]. 
This can significantly lessen reduction of drift and enhance the droppedlet’s consistency upon deposit [8]. Currently, most agricultural 
nozzles create droplets with varying and uneven starting relative spans. In prior investigations, the effects of transfer of pesticides were 
therefore rarely examined in depth [9,10]. Therefore, in order to inform the design and optimization of nozzles. 

In the field studies, the effectiveness of movement and accumulation of pesticides on different canopies was examined [11,12]. 
Through this methods and quantitative examination of chemicals, the effectiveness of pesticides’ conveyance and use can be assessed 
[13]. However, the effectiveness of transportation can easily be impacted by the local sample technique and the unpredictable weather 
in the field [14]. Agriculture has made extensive use of numerical simulation because of its high controllability and flexibility. It is also 
possible to track the spatial route of fog droplets to learn more about the specifics of droplet deposition efficiency [15,16]. A number of 
numerical models have been put forth recently for land application, orchard management, and aerial spraying. These models effec
tively forecast the effectiveness of droplet deposition on various canopy layers. Spray equipments and operating variables can also be 
improved to increase coverage and effectiveness [17–19]. 

The majority of the study has been focused on starting diameter dispersion and ultimate effectiveness of deposition plants, both 
experimentally and numerically [20–22]. However, droplet distortion, collision, and evaporation between the nozzle and the target 
are absent. Droplet spatial behavior serves as a transitional link that can both represent the potential process of pesticide deposition 
and serve as feedback for the management of particle size [23–25]. The highest peak in the world, located in China’s Qinghai-Tibet 
Plateau, is where the Yellow, Yangtze, and Lancang rivers originate. With regard to the planting area, it has unquestionable benefits, 
and it is perennially windy, dry, and rainier. However, pesticide application technology need more scientific direction [26,27]. 

This study concentrate on the droplet’s spatial motion mechanism. When droplets leave the dense distribution close to the nozzle 
and progressively spread into the surrounding area, the trajectories of those droplets with various initial diameter distributions are 
monitored using proven discrete phase models. The droplet contact patterns in the dense zone are examined, along with how they 
affect the diameter distribution and efficacy of pesticide transport. At congested areas, contact mode of a droplet and its impact on 
particle size distribution and the effectiveness of pesticide delivery were evaluated. To limit the pesticide drift loss as droplets pro
gressively diffused, critical drift height of droplets in varying particle dimensions was developed. Additionally, various atmospheric 
variables’ effects on the evaporation behavior of droplets of various sizes were examined. This research will aid in understanding how 
pesticide droplets behave spatially and direct the development of regulatory mechanisms to lessen droplet formation. 

Fig. 1. Model of (A) The spatial trajectories of droplets traveling for 1.15 s (RS = 0.84, ua = 2.0 m/s, model results) and (B) Schematic of CFD 
numerical simulation. 
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2. Templates and methods 

2.1. Templates of CFD 

Between nozzle with the target surface, the droplet’s spatial behavior and transport effectiveness were investigated. Chemical 
pesticides are sprayed in an open area during the application process. The computer domain is built as a rectangle in shape measuring 
7.0 m by 1.5 m by 2.0 m. According to Fig. 1 A, splatter particles were introduced to area in place (0,0,1.0) in the form of a hollow cone 
with an initial velocity of 15 m/s and a liquid flow rate of 0.015 kg/s. In this investigation, aqueous solution with a densities of 976.91 
kg/m3, slickness of 2.02 mPa/s, and a surface stress of 0.018 N/m was employed to determine the characteristics. Crosswinds are 
considered to blow horizontally into the computation region with a homogeneous velocity distribution, and tiny velocity fluctuations 
within the height of the 1.5 m area are disregarded. Because atmospheric instability is not taken into account, the ground’s tem
perature is shown to be uniform. Numerical simulation was conducted using the Eulerian-Lagrangian method because of the droplet’s 
low volume fraction. The air velocity in the area is determined by resolving the conservation equations for mass, momentum, and 
energy [28]. The space motion trajectory of the droplet is tracked by solving the droplet motion equation. Spray droplet evaporation 
and random collision are also taken into account. Below is a diagram of the droplet phase’s Lagrangian model [29]. The source term 
couples the air phase and the droplet phase together during the calculation. 

The test materials are from Beijing Muyang Instrument Consumables Company, and the test site is located in Xiangride Town, 
Dulan County, Haixi Autonomous Prefecture, Qinghai Province. 

2.1.1. Size distribution of the drops 
The diameter dispersion at first of the droplet formed is described by Eq. (1) using Alousie function [30]. 

Ydp = e− (dp/dp)
R

(1)  

Where Ydp is the mass percentage of the droplet whose diameter is greater than dp and dp are the spray droplet’s circumference that was 
injected. R is the diffusion parameter, while dp is the average fog droplet diameter. 

2.1.2. Motion model for droplets 
The droplet inertia and various forces acting on the droplet are evaluated comprehensively to build a model for the movement 

trajectory of the spray droplet in the air, as indicated by Eqs. (2) and (3), [30]. 
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Where g = 9.80 m s− 2 (the gravitational quickening), ρa = 1.225 kg m− 3 (density), μ = 1.7894 × 10− 5 kg m− 1•s− 1 (viscosity), Re 
represents relative Reynolds number, and Fother are the Safferman two forces acting on the droplet are lift and virtual mass. 

Dynamic model was used to calculate the droplet drag coefficient. The idea that drag varies linearly with droplet deformation 
underlies the deformation of droplet in space motion (Eqs. (4) and (5)) [31]. 
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Where, Cd,sphere is the resistance coefficient of spherical fog drops, yd is the deformation degree of fog drops, located between 0 (no 
deformation, spherical) and 1 (maximum deformation, disk shape). 

2.1.3. Droplet random collision model 
The O’Riourke’s collision technique [32], which is predicated on the possibility that two droplet packets could collide in the same 

cell, is utilized in this study to include droplet collisions. Eq. (6) calculates the anticipated the quantity of times two droplet packets 
collide. Eq. (7)’s Poisson probability distribution determines the precise collision number n. Coalescence and bounce were the results 
of droplet-droplet collisions, The important collision parameter, Y, was where b was the actual collision value ascertained by a random 
integer, bcrit, was established by Eqs. (8) and (9), [32]. Formula (9-10) [32], yields the critical collision parameter bcrit. The size and 
speed of the freshly formed droplet were determined by resolving the conservation equations for mass and momentum. 

n=
n2π(dL + dS)

2
|uL − uS|Δt

4Vc
(6) 
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Among them, n is the average collision frequency between two micelle, the larger and smaller droplets are denoted by the sub
scripts L and S. △t stands for time, Vc stands for the mesh, and n2 is how many fog droplets there are in the smallest microclusters. 

2.1.4. Model of droplet evaporation 
Droplets evaporatively transfer mass and energy to the air by convection and latent heat, which are calculated by Eqs. (11) and (12) 

respectively. The mass transfer coefficient and heat transfer coefficient are calculated by Eqs. (13) and (14) respectively. 

dmp

dt
= − ApMpkc(Cs − C∞) (11)  

Sh=
kcdp

Dm
= 2.0 + 0.6Re1/2Sc1/3 (12)  
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K
= 2.0 + 0.6Re1/2Pr1/3 (14) 

mp = 18.015 kg kmol− 1 (molecular weight), cp = 4.182 × 103 J kg− 1•K− 1(thermal capacity of droplets), kc stands for mass transfer 
coefficient that is established by combining of equation, h is the coefficient of convective heat transmission (Nu), which stands for 
product of Re or Pr, where Pr is 0.0242 W m− 1•K− 1. 

2.2. Trials with droplet spraying 

Through a wind tunnel test, the CFD model’s dependability was assessed. The average spray droplet diameter at various downwind 
points was observed, as seen in Fig. 1 B. The specific actions are: 

Firstly, a laser particle size analyzer (Winner 318C, China) operating at 0.3 MPa pressure was used to assess the droplet diameter 
distribution at 0.1 m below the TR80 005 nozzle. As the basis for a numerical simulation. WSPs are positioned in various locations 
downwind of 1.5 m. 3.5 m at intervals of 0.5 m to capture drifting spray droplets. The nozzles were installed at a height of 0.7 m inside 
the wind tunnel. A method for generating wind energy comprises of several tiny axial fans. Behind the fan, a honeycomb net and a 
damper screen are added to maintain horizontal stability and consistent wind speed. The turbulence level is less than 5 %, and the 
velocity variation at the measuring location is less than 1 %. The thermal anemometer measures the wind speed, which is modified by 
changing the fan’s input power. In spraying experiment, wind tunnel’s wind speed is at 2.5 m/s, and after air flow had settled, spraying 
began for 3 s. WSPs are not gathered and tagged after spraying has ended until the drops of spray within the wind tunnel have fully 
settled. At last, the WSPs underwent scanning at a resolution of 600 dpi and 8 grayscale to provide photographs of the deposited 
droplets. The USDA-ARS developed DepositScan software [33] can automatically determine the deposit area of a droplet and deter
mine the precise size of a single droplet. The applicability and accuracy of the CFD model were evaluated by measuring the average 
diameter of spray droplets deposited on three WSPs at each downwind position. 

Table 1 
Comparison of the mean diameter of deposited spray droplets in the experiments and CFD simulation.  

Mean diameters (μm) Downwind distance from the nozzle X (m) 

1.5 2.0 2.5 3.0 3.5 

Model results 180 160 140 122 115 
Experiment results 183 164 150 138 119  
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3. Results and discussions 

3.1. Model verification 

When wind speed is 2.5 m/s, Table 1 depicts average diameter of spray droplets deposited on the wall. The average droplet 
diameter drops monotonically as the downwind distance from the nozzle increases, showing that the greater the drift distance, the 
smaller the droplet must be. The experimental droplet diameter in the wind tunnel was somewhat greater than that results of the 
simulation. The overlap of fog droplets on the WSPs may be the cause of the overestimation of the mean diameter obtained by image 
processing techniques. According to the ASAE S572 droplet size classification standard [34], the Dv50 of the droplet produced by the 
TR80 005 nozzle at 0.3 MPa is 86.87 μm, which is classified as "Very Fine." The extended downwind location of the droplet provides a 
large overlapping coverage. At different downwind positions, the average diameter deviations between the simulation and experiment 
are usually less than 10 %, indicating some promise for predicting the spatial behavior of droplets from the nozzle using the CFD model. 

3.2. The impact of falling distance on droplet behavior and transport effectiveness 

The usual droplet dynamics characteristics and efficiency of transportation were explained using data of Dv50 = 144.12 μm, RS =
0.83, and ua = 1.9 m/s as an illustration. After leaving the nozzle, Fig. 2 depicts how pesticide droplets are transported. Fog droplets 
progressively spread out into the atmosphere thanks to the action of air from their initial dense dispersion. In Fig. 2, respectively, the 
variations of droplet total transport efficiency mACUM(%) and droplet mass fraction △m(%) with falling distances are portrayed. The 
cumulative mass fraction scarcely drops (approximately 0.35 %) when the drops fall 0.1 m away (Figur. 2), demonstrating that the 
droplets barely drift beyond 2 m in the downwind direction. However, there was a considerable change in the droplets’ mass per
centage of various sizes in this area, with a proportion of bigger droplets increasing and a percentage of smaller particles decreasing. 
Fig. 2 shows that in the thick area, fog droplet contact occurs frequently and primarily. 

The cumulative mass fraction steadily drops as a result of droplet evaporation and little drift when the droplet falls continuously 
within the range y = 0.1, y = 0.5 m. (Fig. 2). Additionally, the difference in the mass fraction of droplets of various sizes is less than 5 %. 
This suggests that droplet dispersion weakens droplet contact. As demonstrated in Fig. 2, the majority of droplets can be placed in the 
desired area. As shown in Fig. 2, the cumulative mass fraction started to rapidly and drastically decrease as the fog droplets approached 
the height of y = 0.5 m, suggesting that they were steadily drifting outside the target area. For instance, the pesticide delivery 
effectiveness rapidly decreases from 97.10 to 52.88 % when the droplet drops from y = 0.5 m to y = 1.0 m and the initial RS is 0.84. 
This suggests that, as illustrated in Fig. 2, there is a crucial drift elevation (y*) for the move effectiveness of drops of insecticide during 
the application process. The majority of droplets can be deposited in the target location when the spray elevation is smaller than y*. If 
not, the droplets will gradually stray from the intended area, wasting and losing insecticides quickly. 

The interaction behavior of droplets in dense regions and its impact on transport effectiveness will be further examined in the 
sections that follow. In order to give recommendations for field spraying, the critical drift height of various droplet sizes under various 
wind speeds and researchers looked into how droplets behaved when they evaporated in two common meteorological conditions. 

Fig. 2. Droplet behavior transition: Accumulative mass fraction of spray droplets with the falling distance (RS = 0.84 and u a = 2.0 m/s, 
model results). 

H. Chen et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e30935

6

3.3. Effects of droplet condensation on diameter distribution and mass transfer effectiveness 

The behavior of different RS droplet contacts in the dense region between y = 0 and y = 0.1 m is examined in this section. In 
Table 4, the droplet’s initial size distribution is displayed. Table 2 displays the characteristic droplet size Dv10, Dv50, and Dv90 char
acteristics. As can be seen, the percentage of droplet dispersal between 100 and 200 μm increases as RS decreases. In the meantime, the 
proportion of droplets that were both larger than 200 μm and less than 100 μm steadily decreased. It suggests a more uniform 
dispersion of spray droplet diameters with smaller RS. 

The change in fog drop mass fraction with various RS in the dense area is depicted in Table 4. The findings revealed that while the 
fraction of bigger droplets increased dramatically. There was a considerable reduction in the proportion of fog drops smaller than 150 
μm. The evolution of droplet size and number in the initial release stream is depicted in S-Video in order to more thoroughly research 
the behavior of droplet interaction in this area. The findings reveal that while the number of droplets in the packet is greatly decreased, 
the droplet diameter less than 150 μm remains essentially unaltered. The number of droplets remained constant, but the diameter of 
those greater than 150 μm rose. No spray droplets strayed or totally melted after falling 0.1 m, it implies that the larger droplets 
combined with the smaller ones. Therefore, Individual mass fraction of droplets with different sizes is more likely to evolve as a result 
of droplets merging below 150 μm and above 150 μm. As seen in S-Video, the combined droplets formed when droplets of various sizes 
collide have a diameter that is more similar to that of large droplets. Additionally, it has been demonstrated that droplet agglomeration 
behavior can be promoted by increasing the size ratio of droplets [35,36]. 

Furthermore, the effects of RS about droplet fusion are investigated. While the mass decrease tendency is the reverse for droplets 
with diameters between 100 and 150 μm. It steadily rises as RS grows for droplets with sizes ranging from 50 to 100 μm. (Table 4). The 
reason behind this is that when RS values are high, there are more droplets distributed between 50 and 100 μm (like 1.30 and 1.08), 
making them easier to combine with other droplets during the collision process. The fraction of droplets with sizes between 100 and 
150 μm, on the other hand, rises as RS lowers, leading to increased collisions between these droplets. It has been demonstrated that, 
particularly in the case of multi-nozzle spraying, by changing the original RS, the topic of droplet contact can be selectively changed. 

It is remarkable how droplet merging affects the diameter distribution and mass transfer effectiveness. Droplet diameter distri
butions at various RS after convergence are shown in Table 4. The findings demonstrate that by lowering the number of small droplets, 
droplet aggregation in dense regions can increase droplet homogeneity. As seen in Table 4, differently, the percentage of droplets 
smaller than 100 μm decreases by 20.92 %, 15.37 %, 11.14 %, and 5.61 %., depending on the inception RS value. The improvement 
impact is evident for the droplet with a bigger ratio coefficient, but not for the droplet with a smaller ratio coefficient. Although droplet 
clustering behavior is more frequent when the relative ratio is bigger, even as the relative ratio falls, the droplet uniformity in the y =
0.1 m plane continues to rise, demonstrating that the improvement effect is constrained by the starting relative ratio difference. 

Reducing smaller droplets can enhance drift resistance and decrease spatial drift loss in addition to enhancing the initial droplet 
distribution. Most droplets can be deposited in the target region in the range between y = 0.1 m and y = 0.5 m, mostly as a consequence 
of droplet mergers near the nozzle. Table 4 displays the droplet diameter distribution that was deposited on y = 0.5 m. The findings 
demonstrate that enhancing the uniformity of deposition can be achieved by lowering the initial spray droplet RS and the fraction of 
tiny droplets. 

3.4. Different-sized droplet critical drift height 

The crucial drift height is the drop distance at which the droplet mass fraction starts to quickly decline as the droplet approaches the 
target. This is mostly determined by the field spraying process’s connection of droplet size and air speed. The migration of droplet off- 
target will not only reduce the effectiveness of the pesticide’s use but also negatively impact the nearby delicate crops. Therefore, in 
order to establish a foundation for the create of the field spray high, the relationship between the critical drift height and droplet 
diameter, air velocity, and beginning droplet RS must be examined. 

Fig. S1(a)~(c) displays how RS affects the distance and mass fraction of different droplets at which they fall. The findings 
demonstrate that, regardless of the size of the drag factor, proportion of fog drops with diameter between 100 and 150 μm exhibits a 
mildly declining trend in the range of y = 1/10 to 1/2 m. The portion of fog drops, however, starts to drastically decline when the 
airflow hits 2.0 m/s when the fog drops pass through the plane 0.5 m distant from the nozzle. According to the findings, after falling 
0.5 m, droplets with a diameter of 100–150 μm start to stray outside the designated spot. Additionally, the droplet’s spatial trajectory 
exhibits its drifting nature (as shown in "①" in Fig. 1A). As a result, for a velocity of the wind of 2.0 m/s, critical drift height of a 
100–150 μm droplet is 1/2 m. In a similar vein, for different RS, the ration of fog drops reduces abruptly when 150–200 μm fog drops 
pass over y = 3/10 m plane, showing crucial drift high was 7/10 m. In Fig. 1A, drift behavior is displayed (labeled "②"). 

At comparison, the droplet that was deposited in the target zone between 200 and 250 μm has reduced drift loss. In general, RS 

Table 2 
The initial droplet size distribution of spray droplets with different RS.  

Dv10 (μm) Dv50 (μm) Dv90 (μm) RS 

62.17 129.99 232.77 1.30 
71.11 140.18 222.43 1.08 
80.76 142.89 200.95 0.84 
99.01 149.38 188.37 0.60  
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largely affects the initial droplet’s mass distribution and has little bearing on a single droplet’s critical drift height. On the other hand, 
as droplet diameter decreases, the critical drift height drops quite dramatically. 

However, as illustrated in Fig. S1(d)., RS has an impact on the cumulative transport efficiency of pesticides and is strongly 
correlated with the height of falling distance. The findings indicate that decreasing the benefits of RS has a favorable impact for 
transport efficiency in the vicinity of 0.8 m below the nozzle. However, as the droplet moves forward, the fall in RS will gradually have 
a detrimental effect on the effectiveness of the transport system. The drift loss of the drop at a distance of 1.0 m is 45.70 %, 46.81 %, 
46.21 %, and 51.12 %, respectively, with the starting RS = 1.31, 1.17, 0.73, and 0.59. The findings demonstrate decreasing droplet’s 
original RS value was advantageous for delivering pesticide within the constrained landing distance. The drift loss and ecological risk 
of pesticides will increase after real high of spray surpasses critical drift high of needed droplet. 

Finding the sudden decrease points in transport efficiency, as Fig. S2(a)–(c) illustrates, helps to clarify how air velocity affects 
different droplet critical heights. According to the findings, droplets rarely move between 100 and 250 μm at 1 m/s of air speed. The 
mass spot decreases as the falling long increases with air velocity, increasing space drift loss as a result. In contrast, the critical height of 
small droplets is more significantly affected by wind speed, particularly for droplets that are smaller than 150 μm. Table 3 includes a 
summary of critical drift high of various drsoplets in a typical atmospheric spraying. The findings demonstrate that as air velocity and 
droplet diameter increase. Fig. S3(d) demonstrates how air velocity significantly affected the overall transport effectiveness of in
secticides. The overall drift loss is 2.54, 2.94, 10.76, and 24.29 %, respectively, when the drop distance is 0.5 m. Air speed plays a major 
role in drift loss as the droplet continues to descend. The total drift loss increased to 8.37, 47.12, 85.50, and 96.01 %, respectively, 
when the droplet distance was raised to 1.0 m, demonstrating that the worse the field wind speed, the worse the drift loss. Spraying 
insecticides in the field is not recommended when the air flow rate is greater than 3 m/s, particularly for fog droplets that are smaller 
than 150 μm. 

3.5. Different-sized spray droplet evaporation loss 

The continual mass and heat exchange between fog droplets and the environment caused by space travel results in a decrease of fog 
droplet width or a lost of pesticide. Diffusion, which is primarily governed by droplet diameter, air temperature T, and relative hu
midity RH, regulates spatial evaporation of pesticide droplets. 

Two typical atmospheric conditions are shown in Fig. S3(a) (moderate T and moderate RH; High T, low RH). Fig. S3(b) (c) displays 
the in line with the ratio of mass loss diameter reduction. The findings demonstrate that droplets with particle sizes greater than 150 
μm have smaller diameter decrease rates and mass loss rates than other droplets. The evaporation loss of these droplets is therefore 
negligible and can be disregarded. However, in conditions of medium atmosphere, droplets smaller than 80 μm evaporate more quickly 
or perhaps completely. These droplets evaporate faster at higher ambient temperatures and lower relative humidity. This recommends 
that due to the significant evaporation loss, the first section of the droplet should be decreased as much as feasible. As opposed to this, 
droplets with diameters of 100 and 150 μm evaporate at rates that are more susceptible to atmospheric circumstances. When the 
temperature is 30 ◦C and the relative humidity is 60 %, the diameter reduction rate of these droplets is 4–14 %, while corresponding 
mass loss is 12–35 %. Diameter reduction rate and mass loss rate are 12–38 % and 31 and 76 %, respectively, at the extreme tem
peratures of 40 ◦C and 30 % relative humidity. In general, excellent wettability and translocation ability are exhibited by droplets 
between 100 and 150 μm on the target surface and within the leaf, respectively. Peoples can refrain from insecticides between fields 
when the weather is too arid. Contrarily, it is advised to combine useful adjuncts, with agricultural liquid first in order to modify the 
interfacial film’s structure and prevent evaporation loss. 

In addition to offering input on front-end design choices such as adjuvant synthesis and nozzle selection, the spatial behavior of the 
droplet also sets the stage for back-end application decisions like interface extension and internal translocation of plant leaves. In 
general, there are two ways to achieve the adjustment of space drift loss. One the one hand, the novel nozzles and adjuvants’ creative 
designs can make fewer droplets susceptible to drift evaporation, lowering RS and enhancing the consistency of the first few drops. 
Making more droplets spread within the target’s ideal diameter range is crucial for increasing the effectiveness of pesticide use. 
Conversely, collision behavior of droplets traveling through space can be controlled by active human involvement, encourage the 
binding of droplets that are prone to drifting, and minimize the loss of pesticides due to drift. 

4. Conclusion 

Under the nozzle, droplets have a distinctive spatial behavior as they transition from a dense to a scattered distribution, which 
significantly impacts the pesticides’ ability to travel and their biological effects. The ratio of easily floating droplets is decreased, and 
the initial diameter distribution is more uniform, especially for droplets with large initial RS, in the vicinity of the nozzle at the droplet 

Table 3 
The critical drift heights of droplets with different diameters under various velocities.  

Critical drift height (y*) Ua = 1.0 m/s Ua = 1.0 m/s Ua = 1.0 m/s Ua = 1.0 m/s 

Dp = 100–150 μm None 0.5 m 0.4 m 0.3 m 
Dp = 150–200 μm None 0.7 m 0.6 m 0.5 m 
Dp = 200–250 μm None >1.0 m 0.8 m 0.7 m 

Note: “None” means that droplets can almost deposit within 2 m downwind from the nozzle. 
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interaction area where droplets smaller than 150 μm are more likely to merge with droplets larger than 150 μm. The droplet drift 
resistance can be increased by reducing the droplet size to less than 100 μm. At various wind speeds, critical drift height of droplets 
with sizes between 100 and 250 μm was found. The amount of droplets smaller than 150 μm that evaporate is greatly influenced by 
atmospheric conditions. By controlling the factors of droplet fusion, deposition uniformity, droplet drift and evaporation in this study, 
We can significantly increase the rate at which pesticides are used, decrease the amount of pesticides used, and safeguard the Qinghai 
Plateau’s ecological environment. 
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Table 4 
Droplet coalescence and its impact on the diameter distribution and mass transport efficiency.  

Falling distance （m） Diameter (μm) Mass fraction (%) 

RS = 1.30 RS = 1.08 RS = 0.84 RS = 0.60 

initial diameter distribution of injected droplets (0 m) 25 0 0 0 0 
75 34 25 18 10 
125 24 29 35 41 
175 18 25 32 44 
225 15 15 11 4 
275 4 3 2 0 
325 0 0 0 0 

droplet diameter distribution after droplet interactions (0.1 m) 25 0 0 0 0 
75 12 9 8 5 
125 21 22 23 25 
175 25 28 34 42 
225 20 23 23 22 
275 15 13 7 4 
325 0 0 0 0 

droplet diameter distribution when droplets are falling a distance of 0.5 m 25 0 0 0 0 
75 9 8 6 4 
125 19 18 20 22 
175 23 27 32 39 
225 21 21 24 23 
275 15 12 10 6 
325 4 3 2 1  
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