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This article reports the design and experiment of a novel air-assisted nozzle for pesticide application in orchard. A novel air-assisted nozzle was designed based on the transverse jet atomization pattern. This article conducted the performance and deposition experiments and established the mathematical model of volume median diameter (D50) and liquid flow rate with the nozzle design parameters. The D50 of this air-assisted nozzle ranged from 52.45 μm to 113.67 μm, and the liquid flow rate ranged from 142.6 ml/min to 1,607.8 ml/min within the designed conditions. These performances meet the low-volume and ultra-low-volume pesticide application in orchard. The droplet deposition experiment results demonstrated that the droplet coverage distribution in different layers and columns is relatively uniform, and the predicted value of spray penetration (SP) numbers SPiA, SPiB, and SPiC (i = 1, 2, and 3) are approximately 70%, 60%, and 70%, respectively. The droplet deposits on the foliage of the canopy (inside and outside) uniformly bring benefit for plant protection and pesticide saving. Compared with the traditional air-assisted nozzle that adopts a coaxial flow atomization pattern, the atomization efficiency of this air-assisted nozzle is higher. Moreover, the nozzle air pressure and liquid flow rate are considerably lower and greater than the traditional air-assisted nozzle, and these results proved that this air-assisted nozzle has great potential in orchard pesticide application. The relationship between the D50 and nozzle liquid pressure of this air-assisted nozzle differs from that of traditional air-assisted nozzles due to the atomization pattern and process. While this article provides an explanation for this relationship, further study about the atomization process and mechanism is needed so as to improve the performance.
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1 Introduction

In the last decade, with the growth of the global fruit trade market, the high-density orchard model, which is suitable for mechanized management, has been widely promoted and adopted worldwide to continuously produce high-yielding and high-quality fruit production (Phuyal et al., 2020; Ou et al., 2024). Pest control is a crucial aspect of orchard management, which plays a significant role in ensuring the safety and quality of agricultural products (Zuoping et al., 2014; Appah et al., 2019). In high-density orchards, the use of pesticides has become essential for producing high-quality fruit. The nozzle is the key component for pesticide sprayers, and a conventional atomizing nozzle is inadequate for the fine atomization and high efficiency requirements of orchard pesticide application. Air-assisted sprayers guarantee that most of the fine pesticide droplets could deposited on the target surface, which were used to eradicate pests and prevent crop damage (Li et al., 2020a; Zhang et al., 2022). The liquid atomization process in the air-assisted nozzle depends on the collision and friction force resulting from the air–liquid velocity difference (Li et al., 2021; Wang et al., 2021). Nozzle atomization is a complex, multiphase, and transient process; it consumes a significant amount of atomization energy to break the liquid into liquid film or filament at the nozzle outlet. The liquid film or filament spreads into the break point by high-speed air, creating a large air–liquid velocity difference and finally forming droplets (Zhao et al., 2019). The air–liquid mass ratio had an effect on the nozzles. As the air–liquid mass ratio increases, the interaction between the air–liquid phase becomes stronger. The air–liquid mass ratio also has a great influence on the droplet size of the coaxial air–liquid atomization nozzle (Broumand et al., 2020; Chu et al., 2020). The air–liquid ratio can significantly improve the atomization effect of the nozzle and achieve fine atomization and low-capacity application; it can also reduce the droplet drift and improve the droplet deposition uniformity in the orchard pesticide application (Kang et al., 2018; Boiko et al., 2019; Chen et al., 2020). Some experimental studies were conducted for the mathematical model of the air-assisted nozzle’s atomization performance, and results indicated that the air in the nozzle has a significant influence on the droplet atomization quality (Czaczyk, 2012; Pizziol et al., 2017). The studies confirmed that the coaxial air–liquid air-assisted nozzle can effectively reduce the pesticide consumption and environmental pollution in the pesticide application (Patel et al., 2016, 2017). The similar study indicated that the number of liquid pores, liquid hole diameter, and stomatal diameter have different effects on the liquid flow rate and air rate performance of air-assisted atomization nozzles (Wang et al., 2019). An experimental study of fan-assisted nozzles revealed that the distribution uniformity of droplets firstly decreased and subsequently increased, and the droplet size firstly increased and subsequently decreased with the increased liquid pressure (Li et al., 2020b).

In this study, a novel air-assisted nozzle, comprising an air flow part and a nozzle cover, is designed. The inner chamber of the air flow part consists of a cylindrical section and a conical section, the liquid flowing into the high-velocity air along the radial direction around the nozzle outlet. The effects of nozzle structure and working parameters on droplet size and liquid flow rate were studied through laboratory experiments. The droplet deposition experiment was conducted to analyze the droplet coverage and penetration within the imitated tree canopy. The results provide valuable experiences for the development of high-performance air-assisted sprayers.




2 Materials and methods



2.1 Air-assisted nozzle design

The atomization process of air-assisted nozzles is a complex air–liquid interaction. High-velocity air flows improve the atomization effect of nozzles and disturb the canopy of fruit trees in the orchard pesticide application, so as to improve the deposition rate and reduce the usage of pesticide (Salcedo et al., 2019; Wang et al., 2022a). The air-assisted nozzle in this article is designed based on the transverse jet atomization pattern, and the nozzle consists of the air flow part and nozzle cover, as shown in Figure 1. The high-pressure air enters the air flow part from the nozzle inlet and forms high-velocity transverse airflow at the nozzle outlet, and the liquid is atomized into droplets by the transverse air flow at the nozzle outlet. The liquid jet during this atomization process is an annular jet form when it passes the gap between the air flow part and the nozzle cover; this annular jet form increases the air–liquid contact area significantly compared with the traditional cylindrical jet form. In order to reduce the flow losses inside the nozzle and improve the airflow velocity in the nozzle outlet, the inner chamber of the air flow part is divided into cylindrical section and conical section; this design minimizes the flow losses when the high-pressure air passes the nozzle and is suitable for multi-nozzle sprayer development. The liquid is delivered from the liquid inlet to the liquid chamber, which is located between the air flow part and nozzle cover. Then, it flows into the high-velocity transverse airflow along the radial direction through the gap which is located between the end of the air flow part and the nozzle cover. Subsequently, the liquid is atomized into droplets in the nozzle outlet. The structural diagram is shown in Figure 1. This nozzle has a compact structure and a high-efficiency flow pattern.




Figure 1 | Structure of the air-assisted atomization nozzle.



Based on the governing equation for frictionless, adiabatic, steady, and one-dimensional isentropic compressible flow, under certain pressure and temperature conditions, the airflow velocity increases when it passes through a confined space. The pressure at the nozzle inlet is fixed for nozzle design. Once the environment pressure decreases, it results in an increase in the mass flow rate. A “choking” phenomenon occurs when the airflow velocity in the nozzle outlet reaches the speed of local sound. At this point, the airflow velocity is related to the temperature and pressure at the nozzle inlet. The airflow velocity V, nozzle inlet pressure P1, and environment pressure P2 are calculated with Equations (1), (2) and as follows:





where P1 is the inlet pressure of the nozzle (MPa); P2 is the environment pressure (MPa); γ is the adiabatic exponent, as 1.4 in nozzle design; V is the airflow velocity in the confined space (m/s); ρa is the air density (kg/m); and V refers to the airflow velocity at the nozzle outlet. The nozzle inlet air flow can be calculated with Equation (3) as follows.



where Qin is the nozzle inlet air flow (m3/h) and ∅1 is the nozzle outlet diameter (mm).

The shape and size of the nozzle cover are determined according to the size of the air flow part. The nozzle outlet diameter ∅1 is designed for 6 mm, 8 mm, and 10 mm; the nozzle inlet diameter is 44 mm, and the shrinking angle of the conical section is 60°. The ring gasket is used to adjust the gap width, which was designed for 0.2 mm, 0.4 mm, and 0.8 mm.




2.2 Experiment design of droplet size measurement



2.2.1 Experiment system design

The droplet size is used to describe the atomization performance of the air-assisted nozzle, and it has a significant effect on the deposition distribution, drift, and deposition rate. The volume median diameter (D50) is used to characterize the atomization performance in this article (Nogueira Martins  et al., 2021; Yu et al., 2021). The experiment system to measure the droplet size included the air-supplied spray subsystem and the droplet size measurement subsystem, as shown in Figure 2. The air-supplied spray subsystem included vortex fan, frequency converter, air pressure gauge, air-assisted nozzle, water tank, electric diaphragm pump, battery, and liquid pressure regulator valve. The vortex fan (ASBA HG-2200S) provided high-pressure air flows for the air-assisted nozzle. The frequency converter (model: Instar) adjusted the air flows by changing the rotational speed of the vortex fan, and the air pressure in the nozzle inlet was measured by the air pressure gauge. The electric diaphragm pump (SEAFLO SFDP2) is powered by battery and delivers the liquid (tap water) from the water tank into the air-assisted nozzle. The liquid pressure regulator is used to adjust the liquid flow rate of the air-assisted nozzle. The droplet size measurement subsystem included the laser particle size analyzer (OMEC DP-02) and computer, and it was used to measure the droplet size information of nozzle in indoor test condition (Dai et al., 2022). The air-assisted nozzle used in the experiment was made by Teflon and manufactured by a CNC (computer numerical control) machine; the surface of the nozzle was very smooth and beneficial to reduce the flow losses, the tap water was very clean, and there was no filter before the liquid inlet during the experiments. The air-assisted nozzle was fixed on the test bench, the spray distance was set to 0.8 m according to the nozzle performance pre-test and previous experiences, and the air-assisted nozzle and laser beam were set in the same horizontal plane to ensure that the droplets could be fully collected by the laser particle size analyzer. Each experiment was repeated three times, and the mean value was taken as the experiment result in the analysis.




Figure 2 | Experiment system of the droplet size measurement.






2.2.2 Experiment parameter design

The air–liquid velocity difference is an important factor affecting the spray nozzle atomization effect. The nozzle outlet diameter and air pressure in the nozzle inlet (nozzle air pressure) are significant factors affecting the airflow velocity in the nozzle outlet. The gap width and liquid pressure in the liquid inlet (nozzle liquid pressure) are significant factors affecting the liquid velocity in the atomization (Ishimoto et al., 2008). The hybrid horizontal orthogonal experiment is conducted in this article. The nozzle outlet diameter d, gap width w, nozzle air pressure Pg, and nozzle liquid pressure Pl were variables in the experiment, and a mathematical model of D50 based on these variables was established (Miranda-Fuentes et al., 2018). The variable level table and experiment design are shown in Tables 1 and 2.


Table 1 | Variable level table of droplet size measurement experiment.




Table 2 | Orthogonal design scheme of droplet size measurement.







2.3 Experiment design of liquid flow rate measurement



2.3.1 Experiment system design

Liquid flow rate is one of the key parameters for the air-assisted nozzle. A weighing method was used for liquid flow rate measurement in this study. The liquid flow rate measurement system included an air-supplied spray subsystem and a liquid flow rate measurement subsystem, as shown in Figure 3. The air-supplied spray subsystem was stated before, and the liquid flow rate measurement subsystem included a droplet collecting device and an electronic balance (ACS-LQ300001). The droplet collection device included the droplet collection bucket and beaker. The droplet collection bucket was used to collect the droplets from the air-assisted nozzle, and the beaker was used to measure the droplets from the droplet collection bucket. After 1-min steady operation of experiment system, all the droplets have been collected in the beaker. Then, the mass of the beaker with liquid was measured by the electronic balance, and the liquid flow rate was calculated using the results. Each group of experiments was repeated three times, and the average value of the three experiments was taken as the experiment result.




Figure 3 | Experiment system of the liquid flow rate measurement.






2.3.2 Experiment parameter design

The hybrid horizontal orthogonal experiment was designed for air-assisted nozzle performance research. The nozzle outlet diameter d, gap width w, and nozzle liquid pressure Pl were variables in the experiment. The nozzle air pressure Pg was set to 0.02 MPa, and the mathematical model of liquid flow rate based on these variables was established (Miranda-Fuentes et al., 2015). The variable level table and experiment design are shown in Tables 3 and 4, respectively.


Table 3 | Variable level table of liquid flow measurement experiment.




Table 4 | Orthogonal experiment scheme of liquid flow rate measurement.







2.4 Experiment design of droplet deposition



2.4.1 Experiment system design

In order to study the droplet deposition in the tree canopy, the imitated tree canopy was selected in the droplet deposition experiment. The height and radius of the tree were approximately 1.0 m and 0.5 m, respectively, and the average LAI (leaf area index) of the imitated tree canopy was approximately 5.9. The water-sensitive paper (26 × 76 mm) was used to measure the droplet coverage and deposition density, which were used to assess the deposition effect of the air-assisted nozzle (Nishida et al., 2012; Ventura et al., 2018). Nine water-sensitive paper layout points were set at different locations in the imitated tree canopy, and the imitated tree canopy was divided into three layers (1, 2, 3) and columns (A,B,C) in the vertical and horizontal directions (Wang et al., 2022b). The water-sensitive paper layout points were numbered according to the layer and column, as shown in Figure 4A.




Figure 4 | Droplet deposition experimental system. (A) is the schematic diagram of the droplet deposition experiment system; (B) is the experiment system site picture.



The deposition experiment system included the air-supplied spray subsystem and imitated tree canopy, as shown in Figure 4B. The nozzle was fixed on the spray test bench, which provided a spaying speed of 0 m/s~1 m/s; the spraying speed was 1 m/s; the spraying distance (D1) was 0.8 m; and the air-assisted nozzle was located at the height of layer 2 in the experiment (Dai et al., 2023). According to the results of nozzle droplet size and flow measurement, the nozzle outlet diameter and gap width were 6 mm and 0.4 mm, respectively, and the air pressure and liquid pressure were 0.02 MPa and 0.05 MPa respectively in the droplet deposition experiment. The environment temperature was 20°C ± 2°C, and the ambient humidity was 38% ± 5%.




2.4.2 Experiment data process method

Each group of experiments was repeated for three times, and the average value of the three experiments was taken as the droplet deposition experiment result. The water-sensitive papers after spraying operation were scanned with the scanner (M7628DNA, LENOVO) to obtain 8-bit greyscale images (600 dpi); the water-sensitive paper images were processed using “Deposit Scan” software to calculate the droplet coverage results (Zhu et al., 2011). The droplet coverage results in this experiment indicated the droplet deposition inside the imitated tree canopy, which is important to control the pests and diseases in orchard management; these results will also provide useful performance assessment for orchard pesticide sprayer development.

According to the water-sensitive paper layout, Cij represents the droplet coverage of water-sensitive paper which is located in layer i and column j, as shown in Figure 4A. In order to explore the droplet deposition inside the tree canopy, droplet coverage rate Ci is defined as the sum of the Cij (j=A, B, C) and calculated according to Equation (4).



In order to assess the nozzle performance and droplet-air penetration effect into the tree canopy, spray penetration (SP) was defined as the ratio of Cij to Ci and calculated according to Equation (5); this result is used for evaluating the penetration effect of droplet deposition inside the imitated tree canopy (Li et al., 2022).








3 Results and discussion



3.1 Experiment result of droplet size measurement

The droplet size measurement result and variance analysis are shown in Tables 5 and 6, respectively. The result demonstrated that the D50 value was between 52.45 μm and 113.67 μm in the experiment.


Table 5 | Experiment result of droplet size measurement.




Table 6 | Variance analysis of droplet size measurement experiment.



The variation trends of D50 with the nozzle outlet diameter, gap width, nozzle air pressure, and nozzle liquid pressure are shown in Figures 5A–D, respectively. D50 increased with the increase of the nozzle outlet diameter and decreased with the increase of the nozzle air pressure. The gap width has no significant correlation with D50. With the increase of liquid pressure, D50 decreased firstly and increased afterward; there is a minimum value of D50 during the experiments, which is useful for the air-assisted nozzle design.




Figure 5 | The variation trends of D50. (A) is the relationship between the nozzle outlet diameter with D50; (B) is the relationship between the gap width with D50; (C) is the relationship between the nozzle air pressure with D50; (D) is the relationship between the nozzle liquid pressure with D50.



The nozzle outlet diameter, gap width, nozzle air pressure, and nozzle liquid pressure are the most important factors in nozzle development. As the nozzle outlet diameter increased, the airflow velocity in the nozzle outlet decreased, the air–liquid velocity difference decreased, and the interaction intensity between the air and liquid phase decreased accordingly, which caused the droplet size increase (Musiu et al., 2019). The gap width was adjusted by the ring gasket with different thicknesses during the experiment; once the gap width increased, the liquid flow rate increased accordingly, and then the atomization effect was reduced and the droplet size became larger (Jadhav and Deivanathan, 2020). With the increase of nozzle air pressure, the airflow velocity in the nozzle outlet increased, and the air–liquid velocity difference increased. The interaction intensity between the air and liquid phase increased accordingly, and then the droplet size became smaller (Balsari et al., 2019). As the nozzle liquid pressure increased, D50 decreased firstly and increased afterward. The increase of liquid velocity affects the mechanism of the liquid jet in the atomization space; the liquid flows into the nozzle outlet from the annular gap and forms an annular jet along the radial direction. This novel design is different from the conventional air-assisted nozzle used in pesticide application. The atomization performance of this design is also different with the conventional air-assisted nozzle; the nozzle air pressure of this novel air-assisted nozzle is lower and the liquid flow rate is greater than the conventional air-assisted nozzle (Amighi and Ashgriz, 2019; Han et al., 2020).

Linear regression analysis was conducted based on the droplet size measurement results, and the mathematical model of D50 was established as shown in Equation (6) (Liao et al., 2019). The linear regression analysis results of D50 are shown in Table 7.


Table 7 | Linear regression analysis results of D50 measurement experiment.



	(6)

where D50 is the volume median diameter (μm); d is the nozzle outlet diameter (mm); w is the gap width (mm); Pg is the nozzle air pressure (MPa); and Pl is the nozzle liquid pressure (MPa).

The data of Table 7 show that the R2 value of the regression equation is 0.835 and the Revised R2 value is 0.784. The linear relationship between D50 and d, w, Pg, and Pl is significant, and there is a positive correlation between the nozzle outlet diameter and D50. Both the nozzle air pressure and nozzle liquid pressure have significant negative correlations with D50, and these two parameters are the most important factors during the nozzle design. The regression coefficient of gap width is 6.845(t = 0.614, p = 0.550 > 0.05), indicating that gap width has a smaller effect on D50. These results are basically consistent with the results of variance analysis, and the mathematical model based on the nozzle outlet diameter, gap width, nozzle air pressure, and nozzle liquid pressure is useful for the development of this novel air-assisted nozzle.




3.2 Experimental result of the liquid flow rate

The liquid flow rate measurement result and variance analysis are shown in Tables 8 and 9, respectively. The result demonstrated that the liquid flow rate was between 142.6 ml/min and 1607.8 ml/min in the experiment.


Table 8 | Experimental results of liquid flow rate measurement.




Table 9 | Variance analysis table of liquid flow rate measurement experiment.



The variation trends of the liquid flow rate with the nozzle outlet diameter, gap width, and nozzle liquid pressure are shown in Figures 6A–C, respectively. The liquid flow rate increased with the increase of the nozzle outlet diameter, and it increased firstly and remained unchanged afterward with increase of the gap width. Meanwhile, the liquid flow rate increased with the increase of the nozzle liquid pressure gradually.




Figure 6 | The variation trends of the liquid flow rate. (A) is the relationship between the nozzle outlet diameter with the liquid flow rate; (B) is the relationship between the gap width with the liquid flow rate; (C) is the relationship between the nozzle liquid pressure with the liquid flow rate.



The relationship between the liquid flow rate and the nozzle outlet diameter, gap width, and nozzle liquid pressure are governed by fluid resistance and friction loss theory. The nozzle outlet diameter and gap width determine the flow cross section for this air-assisted nozzle, and the nozzle liquid pressure provides the original fluid dynamic energy for the liquid (Wang et al., 2020; Xue et al., 2021).

Linear regression analysis was conducted based the liquid flow rate measurement results; the mathematical model of Q was established as shown in Equation (7). The linear regression analysis results of Q were shown in Table 10.


Table 10 | Linear regression analysis results of liquid flow measurement experiment.





where Q is the liquid flow rate (ml/min); d is the nozzle outlet diameter (mm); w is the gap width (mm); and Pl is the nozzle liquid pressure (MPa).

The data of Table 10 show that the R2 value of the regression equation is 0.802 and the adjusted R2 value is 0.760. The linear relationship between Q and d, w, and Pl is significant, and the nozzle outlet diameter, gap width, and nozzle liquid pressure all have significant positive correlations with the liquid flow rate. These results are consistent with the fluid resistance and friction loss, and mathematical model is useful for the development of this novel air-assisted nozzle.




3.3 Experimental result of the droplet deposition

According to the above experiment results and requirement of the pesticide application in orchard, the parameters of the air-assisted nozzle used for droplet deposition experiment are as a flower: the nozzle outlet diameter is 6 mm; the gap width is 0.4 mm; the nozzle air pressure is 0.02 MPa; and the nozzle liquid pressure is 0.05 MPa.

The droplet deposition experiment was conducted for valuing the droplet deposition results in the imitated tree canopy condition. The results of droplet deposition experiment are shown in Figure 7. With the distance between the air-assisted nozzle and the water-sensitive paper increasing, the droplet coverage decreased significantly in all the three layers, and CiA > CiB > CiC (i = 1, 2, and 3) is clearly observed from the results. The results demonstrated that SP1A, SP2A, and SP3A are approximately 69%, 60%, and 67%, respectively; SP1B, SP2B, and SP3B are approximately 28%, 33%, and 29%, and the SP1C, SP2C, and SP3C are approximately 3%, 7%, and 4%, respectively. The average droplet coverage of water-sensitive paper in column A is approximately 65% of the total droplet coverage; meanwhile, there are approximately 30% and 5% of average droplet coverage in columns B and C, respectively.




Figure 7 | The results of droplet coverage and spray penetration.



The droplet coverage decreased due to the increase of spray distance and canopy obstacle effect. These data indicated that most of the droplet–air jet from the air-assisted nozzle reached columns A and B, and the average values of droplet coverage in columns A, B, and C are approximately 25%, 12%, and 2%, respectively. The pesticide sprayer normally sprays one row twice and operates from the two sides of the tree, respectively; according to the operation method in orchard, the predicted values of SPiA, SPiB, and SPiC (i = 1, 2, and 3) are approximately 70%, 60%, and 70%, and the predicted values of droplet coverage in columns A, B, and C are approximately 27%, 24%, and 27%, respectively. These results indicated that the SP results in the columns are good and meet the pesticide penetration requirement in the orchard; the droplet coverage distribution in different columns is uniform and could be adjusted in the actual pesticide application according the pesticide requirement (Duga et al., 2015; Ferguson et al., 2016).

Within the same column, the droplet coverage values of different layers are close to each other. The maximum of droplet coverage differences in CiA, CiB, and CiC (i = 1, 2, and 3) are approximately 4%, 3%, and 1%, respectively. The droplet coverage in layer 2 is greater than in layer 1 and 3 because the nozzle centerline and layer 2 are in the same height, and both the droplet and air velocity near the nozzle centerline are greater than in other spaces. The droplet coverage in layer 3 is slightly greater than in layer 1 due to the gravity effect. These results indicate that the droplet deposition is significantly affected by the inertia and air jet. Furthermore, the droplet and air jet distribution of the air-assisted nozzle are uniform for orchard pesticide application.





4 Conclusions

This article provided the design and experiment studies of a novel air-assisted nozzle used in orchard pesticide application. This study established the mathematical model of volume median diameter and liquid flow rate with the design parameters and provided useful prediction models for nozzle development. The droplet deposition experiment was conducted using an imitated tree canopy for droplet deposition evaluation in realistic orchard condition, and the results proved that this air-assisted nozzle has good droplet coverage for pesticide application. According to the pesticide application method in orchard, the predicted droplet coverage distribution in different layers and columns are relatively uniform and the droplet deposition in the inside canopy is basically equal with the outside canopy. This is beneficial for plant protection and pesticide precision spraying.

The experiment results demonstrated that this air-assisted nozzle has advantages in nozzle air pressure and droplet atomization performance, and the volume median diameter and flow rate of this nozzle are 52.45 μm and 734.3 ml/min, respectively; under the design conditions, these performances are suitable for orchard sprayer development, which could meet the low-volume and ultra-low volume pesticide application requirements. The air pressure of this air-assisted nozzle is only approximately one-fourth of the inlet air pressure of MaxCharge nozzle development by Electrostatic Spray System Company (Pascuzzi and Cerruto, 2015), the D50 of these two nozzles are about the same, and the flow rate is approximately three times that of the MaxCharge nozzle; these parameters are important for orchard sprayer development and increasing the operation efficiency. These results reveal that the structure design of this air-assisted nozzle enhanced the atomization ability. Specifically, this air-assisted nozzle uses the transverse jet atomization pattern in the design instead of the coaxial flow atomization pattern, which is used widely in a traditional air-assisted nozzle, and the atomization efficiency of this air-assisted nozzle is higher than the traditional air-assisted nozzle. In addition, the traditional air-assisted nozzle normally uses liquid tubular jet flow into high-velocity airflow for atomization. The liquid in this air-assisted nozzle flows into the atomization space (nozzle outlet) along the radial direction as annular jet instead of the tubular jet, and the cross section of annular jet flow is bigger than the tubular jet and brings a greater liquid flow rate to this air-assisted nozzle. Therefore, the sprayer uses this air-assisted nozzle, and this advantage is beneficial for sprayer design and pesticide application.

The droplet size experiment results demonstrated that there is minimum value of volume median diameter when the nozzle liquid pressure increased. Nevertheless, the volume median diameter has a negative relationship with the nozzle liquid pressure in the nozzle using the coaxial flow atomization pattern. It can be inferred that when the annular jet flows into the center of the nozzle outlet with the increase of the nozzle liquid pressure, once the annular jet reaches the center of the nozzle outlet, the air–liquid velocity difference reaches the maximum, and the volume median diameter reaches the minimum. When the nozzle liquid pressure increases continuedly, the liquid flows outward after reaching the center of the nozzle outlet and the air–liquid velocity difference starts to decrease after the maximum. Although some basic theory and experiment results are completed in this study, the atomization mechanism of this air-assisted nozzle using typical pesticide is not clear, and the droplet deposition experiment results using imitated tree only proved the preliminary deposition performance and applicability. Considering that the pesticide has influence on the atomization mechanism and the droplet deposition is usually influenced by leaf size, LAI, spaying distance, spaying speed, working parameters, and environmental wind, the nozzle atomization mechanism and deposition performance are very complex issues under a real-world operating environment; further studies about the atomization and droplet deposition in real-world are needed and contribute to the application.
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