
Abstract
Spray booms can often tilt during operation due to factors

such as uneven ground, tires deformation and crop canopy struc-
ture and height, adversely affecting droplet deposition. Therefore,
it is crucial to study and understand how spray height and nozzle
tilt angle affect droplet deposition to enhance the effectiveness of
plant protection products (PPPs) application. The TeeJet®XR8002
nozzle was selected as the research object, and simulations and
spray tests were conducted at three spray heights (0.5, 0.6, and 0.8
m) and 10 tilt angles (1°~10°). The film length and nozzle tilt

angle were used to determine the relative position of the virtual
origin and the center coordinates to determine the tilt angle of the
spray model. Depositional characteristics at different spray
heights were analyzed using the ratio of deposition and changes in
the spray height. The dense spraying effect was observed when the
nozzle was tilted at spray heights of 0.5, 0.6, and 0.8 m. For spray
heights of 0.8, 0.6, and 0.5 m, the maximum allowable tilt angles
were 4°, 3°, and 4°, respectively, to ensure that the effect of
changes in tilt angle on droplets deposition is minimized. The
maximum relative errors with respect to the experimental tests for
the accurate deposition ratio and deposition ratio were 3.09% and
4.64%, respectively, thus validating the reliability of the simula-
tion results.

Introduction
Currently, 80% of domestic crops are sprayed, and the effec-

tive utilization ratio of pesticides is only approximately 30%
(Yang et al., 2005). Over the years, scholars have conducted rele-
vant experimental research on droplet deposition effectiveness
and drift, investigating influential factors that may reduce PPPs
usage, as well as minimize environment pollution. Therefore,
research on droplet deposition in spraying systems is necessary.

Song et al. (2006) showed that the directional angle of the fog
flow and the forward speed of the spray bar influence deposition.
Ding et al. (2020) found that spray pressure and fog flow angle
affect drift, and Lv et al. (2011) studied the influence of wind
speed and spray height on drift. Molle et al. (2012) reported that
droplets less than 1mm in diameter exhibited the greatest losses.
Losses due to evaporation represented 30~50% of the total loss;
the remaining 50~70% were due to wind causing small droplets to
drift outside the target zone. Due to the better atomization per-
formance and strong anti-drift properties of liquid droplets, flat
spray nozzles have always had a high usage rate in field opera-
tions, and to further improve the spraying effect of flat spray noz-
zles, many scholars have carried out research on them. Nuyttens et
al. (2007) found that for the same nozzle size and pressure, cone
nozzles produce the finest droplet size spectrum and the highest
proportion of droplets prone to drift, followed by standard flat
spray nozzles and low-drift flat spray nozzles. Thompson et al.
(2007) showed that increasing viscoelasticity of the test fluid can
stabilize the thin films produced by both flat spray and hollow-
cone spray nozzles, thereby shifting the break-up of the sheets to
larger flow rates. Negrisoli et al. (2012) showed that both angled
flat spray nozzles and standard flat spray nozzles were used to sig-
nificantly increase crop yield at a spray rate of 125 L/ha, thereby
reducing the impact of soybean rust. Foqué et al. (2012) reported
that the use of extended range standard flat spray nozzles without
air support, directed toward the crop and at a fixed spraying dis-
tance of 30 cm from the stem, usually produces the best spraying
results on laurel crops. B Sayinci (2015) determined the liquid
inlet and outlet velocities, discharge coefficients, and minimum
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spray pressures required for atomization of nozzles of different fil-
ter types based on dimensions, shape and area measurements relat-
ed to nozzle geometry. Post et al. (2017) measured the exit velocity
of standard, pre-orifice, and air-induction flat fan nozzles, at pres-
sure ranging from 1 to 6 bar to calculate the discharge coefficients
of the corresponding nozzles. Sayinci et al. (2020) reported that
compared with other nozzles, coarse droplet-producing nozzles at
higher speeds decreased, and more uniform distributions were
achieved. Kluza et al. (2019) established a model for predicting
droplet uniformity for a flat spray nozzle based on different nozzle
wear conditions.

In the case of crop sprayers, rugged road surfaces can cause the
spray boom to tilt during operation, leading to changes in spray
height and tilt angle, which significantly affect droplet deposition.
However, few studies have focused on the relationship between the
tilt angle and spray height of a flat spray nozzle and the distribution
of droplet deposition. In this study, a combination of test and CFD
techniques was used to obtain regions with a high percentage of
droplet deposition and dense deposition for three given spray
heights. The theoretical range of droplet deposition when the noz-
zle is not tilted is calculated according to the spraying parameters,
and the influence of the tilt angle on the deposition is described
according to the change of the ratio of droplet deposition in the
range at the same spray height, so as to determine a reasonable
range of the tilt angle of the nozzle.

Materials and Methods
Geometrical modeling and meshing

The computational domain model was established using
Geometry, a 3D modeling software package in the Ansys 19.2
Workbench. The simulation domain was a rectangular paral-
lelepiped with a length (X-axis) of 1.92 m, a width (Y-axis) of 1 m,
and a height (Z-axis) of 0.8 m. The position of the nozzle was fixed
at coordinates (x=0.96 m, y=0.5 m), and its height (Z-axis) was set
at 0.8, 0.6, and 0.5 m respectively. To obtain the droplet distribu-
tion statistics, this study divided the bottom surface of the XOY
plane into 60 regions, each measuring 0.032 m×1 m, starting from
the origin along the positive X-axis direction. The nozzle was sit-
uated directly above the intersection line of regions No. 30 and No.
31, as depicted in Figure 1.

Referring to the formula for determining the accurate deposi-
tion ratio proposed by Chen et al. (2021), this study regarded the
accurate deposition range as an ellipse, as shown in Figure 2. The
accurate deposition range is defined as the droplet deposition range
when the nozzle is not tilted and can be calculated according to
Eqs. (1) and (2). Using MATLAB 2022 software, this study
screened and summed discrete points within this specified range:

                                                                                                  

                                                              (Eq. 1)

                                                    (Eq. 2)

where h represents the spray height (m), r represents the long half-
axis of the accurate range (m), d represents the short half-axis of
the accurate range (m), and a and lb are the short half-axis of the
spray nozzle and the length of the liquid film, respectively (m). θ1
is the spray half-angle (θ1=40°), θ2 is the diffusion angle (θ2 = 6°).

The long axis of the nozzle TeeJet®XR8002 is 1.57 mm, and
the short axis (2a) is 0.51 mm, and the formula for calculating the
length (lb, mm) and thickness (2 ht, mm) of the liquid film is shown

in Eqs. (3) and (4), according to Wang et al. (2019).

                                                              (Eq. 3)

                                                              (Eq. 4)

where p represents the nozzle pressure (MPa).
After confirming the fluid domain model, the fluid domain

model was imported into the Integrated Computer Engineering and
Manufacturing (ICEM) software for meshing. After importing, the
model was built and divided into blocks so that the blocks fit the
fluid domain model as well as possible. Since the fluid domain was
a regular geometry and the whole meshing process did not involve
point alignment, movement, the mesh quality could reach 1, and
the number of meshes is 501316.

The continuous phase of the model is air. The research focuses
on the influence of nozzle tilt angle and spray height on the droplet
deposition, without considering the effect of crossflow , therefore,
the velocity of the continuous phase is 0 m/s. Once the continuous
phase stabilized, this study introduced the discrete phase, which
signifies the introduction of droplets into the simulation.

The deposition ratios in different regions were calculated as
follows:

                                                                                                 

                                                   (Eq. 5)

where i represents the region number (i=1,2,3...,60) and mi repre-
sents the mass of liquid collected in the corresponding region.

                             Article

Figure 1. Fluid domain model. 1. Deposition region no. 1; 2. coor-
dinate origin; 3. nozzle position; 4. accurate deposition range; 5.
deposition region no. 60. 

Figure 2. Accurate deposition range.
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The distribution of droplets is an important indicator of depo-
sition characteristics. In this study, the deposition ratio was ana-
lyzed in different regions to observe the effect of spray height on
the deposition characteristics. In addition, this study studied the
effect of the tilt angle by considering the elliptical spray cross-sec-
tion of the flat spray nozzle and assuming the exit cross-section of
the nozzle as approximately elliptical (Wang et al. 2019). When
the nozzle was tilted, a new deposition range was created, as illus-
trated in Figure 3. The ratio of droplet deposition in the overlap
between the tilted nozzle deposition range and the accurate depo-
sition range is the accurate deposition ratio. A ratio closer to 1 indi-
cates that the deposition effect at a specific tilt angle closely
matches the standard situation. The formula for calculating the
accurate deposition ratio is shown in Eq. (6)

                                       (Eq. 6)

where Wn represents the accurate deposition ratio for different tilt
angles under the same spray height (n=1,2,3...,10°). Furthermore,
u, s, t, and j represent the range of the droplets deposition at a cer-
tain tilt angle under the same spray height, and p (x,y) represents
the mass of the droplets at the corresponding coordinates. The larg-
er the Wn value is, the smaller the offset of the droplet under the
corresponding tilt angle.

In addition, to determine the extent to which the variation
between adjacent tilt angles affect the accurate deposition ratio and
to determine the suitable range of tilt angles, the variation in the
accurate deposition ratio between adjacent tilt angles at the same
spray height Dn was used as a measure by referring to the study by
Xue et al. (2021) on the optimum spray height:

                                                                                                  

                                       (Eq. 7)

where Dn represents the change in the deposition ratio at the corre-
sponding tilt angle (n=1,2,3...,10°). When n=1, W0 is the accurate
deposition ratio when spraying vertically. The larger the corre-
sponding value of Dn is, the more the deposition ratio is affected by
the tilt angle between (n−1)° and n°.

Fluid calculation models
This simulation was a pressure-based transient simulation,

considering the effect of gravity, the direction was the negative Z-
axis, the gravitational acceleration was taken as 9.81 m/s2, and the
continuous phase model was adopted as the k–epsilon model,
whose transport equations are shown in Eqs. (8) and (9):

(Eq. 8)

(Eq. 9)

where k is the turbulent kinetic energy (m2/s2), ε is the turbulent
energy dissipation rate (m2/s3), σk and σε are simply the turbulent
Prandtl numbers for k and ε, respectively; Gk represents the pro-
duction of turbulence kinetic energy due to the mean velocity gra-
dient (Pa/s), Gb is the generation of turbulence kinetic energy due
to buoyancy (Pa/s); µ is the continuous phase kinetic viscosity
(Pa·s); µt is the turbulent viscosity (Pa·s); ρ is the continuous phase

density (kg/m3); t is time (s); ui is the velocity in the i-th direction
(m/s); YM is the effect of the pulsating expansion of compressible
turbulence on the total dissipation rate (Pa/s); Sk is a user-defined
term (Pa/s); Sε is a user-defined term (Pa/s2); and C1ε, C2ε, and C3ε
are empirical constants with values of 1.44, 1.92, and 0.09, respec-
tively.

The discrete phase droplet equations of motion were solved
according to the Euler–Lagrange method proposed by Crowe and
Smoot (1979), and the discrete phase particle equations of motion
are given in Eq. (10):

                                                                                                 

   (Eq. 10)

where u is the continuous phase velocity (m/s), up is the particle
velocity (m/s), ρp is the particle density (kg/m3), dp is the particle
diameter (m), gx is the gravitational acceleration (m/s2), Re is the
relative Reynolds number, and CD is the coefficient of drag.

Simulation test parameter settings
Parameters of the discrete-phase spray source: this study used

water as the discrete-phase material with droplet as the particle
type. The operating pressure of the nozzle was set to 0.3 MPa. The
position of the nozzle is the virtual origin position in the solver,
and the center coordinates are determined from the liquid film
length and the nozzle tilt angle, as shown in Figure 4. The formula

                             Article

Figure 3. Accurate deposition range and deposition range with
titled nozzle.

Figure 4. Relative position of the virtual origin to the center coor-
dinates.
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for calculating the length of the liquid film is shown in Eq. (3). The
nozzle flow rate was 0.013317 kg/s under the pressure of 0.3 MPa
according to Wang et al. (2019), with a spray half-angle of 40° and
a spray diffusion angle of 6°; in addition, unsteady particle track-
ing and Discrete Element Method (DEM) collisions were enabled.
The orifice width in the solver is the liquid film thickness, which
is calculated according to Eq. (4). The number of streams selected
was 2000. The changes in total droplet deposition obtained from
2500 and 3000 streams compared to 2000 streams are shown in
Table 1. A greater number of streams did not necessarily have a
greater impact on the data but increased the solution time more, so
the number of streams was 2000 in this study.

Boundary condition parameters: The continuous phase inlet at
x = −0.96 m was set as the velocity inlet, the continuous phase out-
let at face x = 0.96 m was set as the velocity outlet (outlet-vent),
and all other faces were wall boundaries (wall). For discrete-phase
boundary conditions, the velocity inlet and velocity exit were set to
Escape, the bottom face (Z=0) was Collect (Trap), and the rest
were Escape.

Simulation parameters: A nonstationary simulation was per-
formed considering the effect of gravity. The simulation was run
for 10 s with an iteration step of 0.05 s and a total of 200 steps. The
pressure–velocity coupling mode was selected as the SIMPLE, and
the default sub-relaxation factor was used. Standard initialization
was selected as the initialization method.

Droplet spraying test and equipment 
To assess the reliability of the CFD model, the setup is illus-

trated in Figures 5 and 6. It is made up by three parts: the spraying
system, the regulating devices and the collection test bench. The
spraying system mainly consisted of a water tank, air compressor,

and TeeJet®XR8002 spray nozzle. Air is passed through the com-
pressor and then through the regulator into the water tank; the
water is pressurized and then passed through the pipeline to the
spray nozzle for atomization, as shown in Figure 5. The regulating
device mainly consists of a regulator, a manometer, a tilt angle
adjustment device, and a solenoid valve. The tilt angle adjustment
device is directly connected to the nozzle so that the nozzle tilt
angle can be easily changed during the test. As shown in Figure 7,
because pressure is one of the most important indicators of droplet
size, it is necessary to control the pressure through the regulator.
The collection device is composed of a “V”- type patternator with
60 regions and corresponding 60 test tubes. Each recess represents
a deposition region, as shown in Figure 5 and Figure 8.

Prior to the test, the nozzle was positioned above the intersect-
ing line of the 30th and 31st regions to ensure vertical alignment.
The mass of the test tube under the “V” - type patternator was
measured. The spraying parameters were as follows: pressure=0.3
MPa, nozzle flow rate=0.799 L/min (0.013317 kg/s), and spray
half-angle (θ1) =40°. The spray heights were 0.8, 0.6, and 0.5 m.
The nozzle sprayed at all given heights with a tilt angle in the range
of 0° to 10° and an interval of 1°. The pre-spraying time was 5 s
each test, which makes sure the spraying was stable. After pre-
spraying, immediately move the test tubes to the droplet collection
position, and collect the droplets for 65 s. The droplets deposited
in each region were collected into corresponding test tubes. After
each test, weigh the test tube with a balance. The mass of droplet
deposition in the region was expressed by corresponding tube mass
difference before and after the test. Each test was repeated three
times. During the tests, the air temperature was 27°C and the rela-
tive humidity was 50%.

                             Article

Figure 5. Photographs of the test site. 1. Air compressor; 2. pres-
sure gauge; 3. water tank; 4. timing relay; 5. regulator; 6. switch.

Figure 6. Schematic of the test setup. 1. Air compressor; 2. regu-
lator; 3. pressure gauge; 4. timing relay; 5. nozzle; 6. no. 1 region;
7. no. 60 region.

Table 1. Changes in droplet deposition compared to 2000 streams.

Spray height (m) and tilt angles (°)                       Number of data streams (2500)                   Number of data streams (3000)

0.6 m and 10°                                                                                                0.973%                                                                      1.513%
0.5 m and 8°                                                                                                  0.036%                                                                      0.142%
0.8 m and 6°                                                                                                  0.497%                                                                      0.210%
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Evaluation indicators and data processing
This paper evaluated the effect of spray height on deposition

characteristics as a function of the droplet deposition in different
regions and described the effect of tilt angle on deposition charac-
teristics through the accurate deposition ratio. The number of
regions covered by the radius of the accurate deposition range was
calculated using Eqs. (1) and (11):

                                                                                                 

                                                                        (Eq. 11)

where r is the half-length axis of the accurate deposition range (m),
and n represents the number of regions covered by the half-length
axis of the accurate deposition range.

According to Eqs. (1) and (11), the number of regions covered
by the radius of the accurate deposition range is generally a deci-
mal. To improve the accuracy of the test, a special method of tak-
ing integers was adopted, taking the region to the right of the noz-
zle (X-axis positive) as an example:

                                                                                                 

                                                                      (Eq. 12)

where [n] represents an integer to n, and p[n] and p[n+1] represent the
masses of the droplets in the corresponding deposition region (g).
The ([n]+1)-th region on the right side of the nozzle is not included
in the accurate deposition range if c< 0.5. Otherwise, this region is
included in the accurate deposition range.

After determining the accurate deposition range on both sides
of the nozzle at a certain spray height, when the nozzle was tilted,
the accurate deposition ratio zn corresponding to the tilt angle can
be expressed as follows:

                                                                                                 
                                                                                                        

                                                             (Eq. 13)

                                                                                                 

where f and l represent the accurate deposition range, c and y rep-
resent the deposition range at a certain tilt angle, and mi represents
the regional deposition mass. The larger the value of zn is, the
smaller the effect of the tilt angle on the deposition.

                             Article

Figure 8. Droplet collection device. 1. Wave through; 2. test tube
diagrams.  

Figure 9. Spray pattern under different spraying conditions. 
A) Spraying height: 0.5 m - tilt angle: 1°. B) Spraying height: 0.6
m - tilt angle: 1°. C) Spraying height: 0.8m - tilt angle: 1°..

Figure 10. Deposition ratio at three heights: 60 cm (A); 50 cm (B);
80 cm (C).

Figure 7. Nozzle tilt angle adjustment device. 1. Inclination-
adjusting device; 2. nozzle; 3. bracket.
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Results
Numerical simulation results

In the absence of lateral winds, the discrete phase droplets were
distributed in a sector with a spray half-angle of 40° when the nozzle
tilt angle and spray height were varied. With the change of spray
height and tilt angle, the deposition range changed significantly. The
spray patterns under different conditions were shown in Figure 9,
and the deposition ratios under different conditions were shown in
Figure 10. As shown in Figure 10, the deposition rate in the deposi-
tion area were generally large, which was in line with the character-
istics of flat spray nozzles, but the bimodal pattern in the middle area
showed that the simulation model needed to be further optimized.

Deposition ratios at different spray heights
The deposition ratios at different tilt angles for spray heights of

0.8, 0.6, and 0.5 m are shown in Figure 10. As the spray height
increased, there was a corresponding increase in deposition range,
allowing droplets to cover more regions. At spray heights of 0.8,
0.6, and 0.5 m, as the tilt angle increased, there was an increase in
droplet deposition towards the nozzle tilt direction, while deposi-
tion in the opposite direction decreased. Although changes in the
nozzle’s tilt angle can affect droplet distribution, the average ratios
of deposition within the range spanning from No.19 to No.38 were
70.59%, 80.62%, and 89.03% at spray heights of 0.8, 0.6, and 0.5
m, respectively. Deposition ranges at different tilt angles may vary,
and the range ratios of regions 19–38 may also be different.
However, under all the given parameters, the deposition ratios of
regions 19–38 were still higher compared with their range ratios.
This suggests a denser distribution of droplets within this No.19 to
No.38 region, as depicted in Figure 11. According to Eq. (1), as the
total spraying amount remains constant, increasing the spray
height results in greater coverage of the nozzle with droplets, while
the ratio of deposition in the region from No. 19 to No. 38 decreas-
es. Moreover, collisions between droplets are influenced, causing
changes in droplet size distribution. The resistance experienced by
droplets during descent is associated with deposition velocity and
atmospheric turbulence; smaller droplets face greater resistance.

                             Article

Figure 11. Deposition ratio at three heights: 60 cm (A); 50 cm (B);
80 cm (C).  

Figure 12. Accurate deposition ratios at different heights.

Figure 13. Changes in the accurate deposition ratio between adja-
cent tilt angles.

                                                             [Journal of Agricultural Engineering 2025; LVI:1708]                                            [page 91]

Non
-co

mmerc
ial

 us
e o

nly



Consequently, even at very low droplet velocities, some droplets
settle further away (Løfstrøm et al., 2013). Therefore, the ratio of
droplet deposition in the region from No.19 to No.38 was notably
lower than the deposition ratio between 0.5 m and 0.6 m at a spray
height of 0.8 m. Droplet size influences deposition distribution
(Gil et al., 2014). To this end, Jia et al. (2018) showed that under
the same conditions, the particle size of droplet increased consid-

erably when the spray height was between 0.3 m and 0.5 m, while
the growth trend of particle size was slower when the spray height
was between 0.5 m and 0.7 m. Therefore, the ratio of droplet dep-
osition in regions No.19~38 was similarly affected by the tilt angle
at spray heights of 0.5 m vs 0.6 m but significantly different from
that at 0.8 m.

                             Article

Figure 14. Comparison graphs of the simulation and test results.
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Effect of tilt angle on deposition characteristics
As shown in Figure 10, as the nozzle was tilted, the overall

deposition range moved in the direction of the nozzle tilt. To fur-
ther assess the effect of tilt on deposition characteristics and deter-
mine the maximum allowable tilt angle for the TeeJet®XR8002
nozzle at different spray heights, this study examined the accurate
deposition ratio under various conditions, as shown in Figure 12.
The changes in the deposition ratio Dn are shown in Figure 13.

At spray heights of 0.8, 0.6, and 0.5 m, the accurate deposition
ratio gradually decreased with increasing tilt angle. The average
values of the change in the accurate deposition ratio between adja-
cent tilt angles Dn for spray heights of 0.8, 0.6, and 0.5 m were
0.503%, 1.064%, and 1.056%, respectively. As shown in Figures
12 and 13, at a spray height of 0.8 m, the largest accurate deposi-
tion ratio at all tilt angles with the smallest change in deposition
ratio between adjacent tilt angles was observed. However, at this
spray height, when the tilt angle reached 4°, 5°, and 7°, the corre-
sponding change in accurate deposition ratios D4, D5, and D7 were
0.41%, 0.47%, and 0.61%, respectively. Although the change in
the accurate deposition ratio D7 exceeded the mean value for the
first time at 7°, the Dn values before the tilt angle of 4° were sig-
nificantly smaller than the mean value. The change in the accurate
deposition ratio D4 when the tilt angle reached 4° was significantly
greater than the change in D at all previous tilt angles, with 4°
being the maximum permissible tilt angle under a spray height of
0.8 m. Similarly, at a spray height of 0.6 m, although the change in
the accurate deposition ratio at 7° (D7) was 1.38%, exceeding the
average value for the first time, the change in the accurate deposi-
tion ratio between adjacent tilt angles at 3° (D3) was 0.95%, which
is significantly greater than the change in D at all previous tilt
angles. Therefore, 3° was considered the maximum permissible tilt
angle at a spray height of 0.6 m. When the spray height was 0.5 m,
the change in the accurate deposition ratio between adjacent tilt
angles at 4° was 1.098%, which is greater than the average value
of the change in the accurate deposition ratio at the same spray
height. All the D values before 4° were small and changed steadily.
Therefore, 4° was considered the maximum permissible tilt angle
under a spray height of 0.5 m.

Discussion
In the simulation, deposition ratio in regions of No.19~No.38

was used to describe the influence of the spray height on the dep-
osition characteristics of the TeeJet®XR8002 nozzle, and the accu-
rate deposition ratio and the change between neighboring tilt
angles were used to describe the influence of the spray angle on the
deposition characteristics. Comparison graphs of the simulation
and test results for these metrics are shown in Figure 14.

The test data show that at all three spray heights, the deposition
ratio of the TeeJet®XR8002 nozzle decreased with increasing tilt
angle. The accurate deposition ratio was greater at 4°, 3°, and 4° at
spray heights of 0.8, 0.6, and 0.5 m, respectively, and the changes
in the accurate deposition ratio before that were small and relative-
ly stable. Thus, 4°, 3°, and 4° were considered the maximum per-
missible tilt angles at 0.8, 0.6, and 0.5 m, respectively, which are
consistent with the simulation results. The average ratios of depo-
sition within the range spanning from No.19 to No.38 at 0.8, 0.6,
and 0.5 m in the test results were 67.77%, 78.21%, and 86.21%,
respectively. These results are close to the corresponding simula-
tion results of 70.59%, 80.62%, and 89.03%, respectively, with rel-
ative errors of <5%. The presence of side winds in the test environ-
ment affected the test results, deviating from the theoretical values.

However, the maximum relative error of the deposition ratio in the
No.19~No.38 regions was 4.64% (when the spray height was 0.5
m and the tilt angle was 4°), and the maximum relative error of the
accurate deposition ratio was 3.09% (when the spray height was
0.6 m and the tilt angle was 10°), which is consistent with the sim-
ulation results and further illustrates the accuracy of the simulation
results.

Conclusions
This study focused on the TeeJet®XR8002 flat spray nozzle

and utilized the CFD discrete phase model to simulate droplet dep-
osition characteristics at spray heights of 0.5, 0.6, and 0.8 m. The
results were validated experimentally, yielding the following con-
clusions:

The best spraying effect was observed when the nozzle was
deflected within the range of 0.384 m on the left side to 0.256 m
on the right side at spray heights of 0.5, 0.6, and 0.8 m.

To ensure high deposition efficiency, the maximum permissi-
ble tilt angles under spray heights of 0.8, 0.6, and 0.5 m were found
to be 4°, 3°, and 4°, respectively. When the spray height was 0.5
m, the deposition ratio was most affected by the tilt angle, and
when the spray height was 0.8 m, the deposition ratio was least
affected by the tilt angle .

The deposition characteristics of a single nozzle can serve as a
foundation for future research on the deposition patterns of spray
boom. This exploration could aid in refining the design of automat-
ed spraying control systems, ultimately enhancing droplet deposi-
tion efficiency and precision in agricultural spraying applications.
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