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INTRODUCTION

Various impacts of pesticide spray drift have been

ABSTRACT

Spray drift leads to wastage of spraying material and poses a threat to non-targeted crops
and the environment. Therefore, the spray drift characteristics of a Ronnie Baugh (RB)
tractor-trailed boom sprayer were determined through computational fluid dynamics to
assist in designing the tractor for boom spraying with minimized spray drift. The wake
region of the RB tractor was characterized by investigating its velocity profile, turbulent
kinetic energy, and drag coefficient at different forward speeds. Additionally, spray
droplet sizes and drift distances from the boom sprayer were measured at forward speeds
of 4, 6, and 8 km/h, along with different wind directions. The RB tractor exhibits an
estimated drag coefficient of 0.7. The results further demonstrate that, at varying forward
speeds, the wake experiences low turbulent kinetic energy and minimal velocity profile
variations. No spray drift was observed at tractor speeds below 4 km/h, whereas a drift of
0.19 m and 0.33 m is predicted at 6 km/h and 8 kim/h, respectively. The tractor's wake is
significantly influenced by changes in wind direction, resulting in varying drift distances
from each nozzle due to exposure to both free and obstructed airflow. To minimize drift
at higher travel speeds, it is recommended that the tractor be operated in line with the
prevailing wind direction.

Spray drift refers to a portion of the applied pesticide
that fails to deposit on the target crop and is lost to non-

studied over the past ten years. In South Asian countries,
pesticides are considered a major contaminant in most of
the river systems as their levels exceed the recommended
standard limits in water systems, endangering the water’s
ecosystem (Sarker et al., 2021). Likewise, in the
Philippines, there has been a noteworthy rise in both the
quantity and frequency of pesticide usage, which raises
concern about their impact on human well-being and the
environment (Baurdoux et al., 2004). The assessment of Lu
(2017) of pesticide-related pollution and occupational
health among vegetable farmers in Benguet, revealed that
49% of the farmers complained of illness due to pesticide
exposure, leading to prevalent health symptoms such as
muscle pain, muscle weakness, and easy fatigability.

target ecosystems (Schonenberger et al., 2022). Studies
have shown that this is mostly affected by wind speed and
nozzle design (Jomantas et al., 2023). Moreover, Chethan et
al. (2019) wrote that spray pattern shape and accuracy of
nozzle spraying could become faulty over time as
influenced by pesticide formulation, nozzle type, orifice
material, and operating pressure. Several studies have
already addressed spray drift, utilizing mathematical
models, field tests, and computer simulations such as
computational fluid dynamics (CFD) simulations. These
simulations 'solve complex airflow and turbulence patterns
by solving the Navier-Stokes equations' (Hong et al., 2021,
p-2). The insights and advancements gleaned from prior
research have revealed the interconnected influences of
spray droplet size, wind velocity, and discharge height in
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boom spraying. Tsay et al. (2004) identified optimal
operational parameters and investigated the effects of wind
velocity and sprayer travel speed on spray drift.
Additionally, the studies conducted by Baetens et al. (2007)
and Zhong et al. (2020) demonstrated the accuracy of Ansys
boom spraying simulations in comparison to experimental
tests. Moreover, Al Heidary et al. (2020) utilized air
induction nozzles in boom spraying, showing a significant
mitigation effect on spray drift.

The Ronnie Baugh tractor represents a relatively
new design with only limited existing studies concerning its
characteristics and operational aspects and it will be
subjected to boom spraying simulations in this study using
CFD. The primary objective of this research is to analyze
the spray drift characteristics of a trailer-mounted boom
sprayer attached to the RB tractor. Specifically, the study
aims to ascertain the aerodynamic properties of the RB
tractor, evaluate spray drift characteristics across varying
forward speeds of the tractor, and examine spray drift
attributes under different wind directions.

Among the unexplored facets are the tractor’s
aerodynamics and its potential impact on boom spraying
operations. A significant research gap exists regarding the
understanding of spray drift as influenced by tractor
aerodynamics. Furthermore, the RB tractor is presently
undergoing modifications by the Center for Agri-Fisheries
and Biosystems Mechanization (BIOMECH) to better suit
the agricultural conditions of the Philippines. This study
aims to address these gaps by providing valuable insights
into the design enhancement and operation of the RB tractor

for more efficient boom spraying. It will achieve this by
identifying optimal wind conditions for spraying operations
and determining suitable driving speeds for the tractor
through the application of CFD simulations.

MATERIAL AND METHODS
ANSYS Fluent Code Validation

Indirect validation was performed by replicating the
spray simulation conducted by Reichard et al. (1992) for
particle drift using Ansys Fluent and was validated against
experimental data. The choice of the same simulation
software for replication aimed to assess the software's
accuracy in producing precise results.

Determination of Aerodynamic Characteristics of the
RB Tractor at Different Forward Speeds

The simplified model of the RB tractor shown in
FIGURE 1 was imported to SpaceClaim and further
geometry simplifications were applied. Body sizing
methods were used to refine the mesh around the tractor and
its wake region. Moreover, the smallest mesh size is 30 mm,
and any tractor parts or features smaller than this mesh size
were removed. In the simulation set-up, steady-state
analysis was used which computed the mean values of
quantities measured. The k-omega SST turbulence model
was also employed to accurately capture near and far wall
turbulence by using both the k- model for the inner region
of the boundary layer and the k-¢ model in the outer
boundary layer as per the Ansys Fluent 12.0 Theory Guide.
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FIGURE 1. Flow domain geometry for tractor acrodynamics characterization.

The air was assumed to be still relative to the
traveling tractor at forward speeds of 0.3m/s, 0.7m/s, 1.4
m/s, 1.8 m/s, 2.2 m/s, 2.5 m/s and 2.9 m/s. A coupled
scheme of pressure-velocity coupling was used since it
obtained an efficient single-phase implementation for
steady-state flows. Lastly, CFD-Post was used to
investigate velocity and turbulent kinetic energy profiles at
the XZ and YZ planes to visualize the wake of the RB
tractor from different perspectives. Moreover, the drag
coefficient of the RB tractor was also computed by getting
the drag force at different forward speeds of the tractor
through the CFD-Post table viewer.

Determination of Spray Drift Characteristics at
Different Wind Directions and Tractor Forward Speeds

Geometry Setup

Spray drift characteristics were identified first at
different forward speeds of the tractor. The computational
domain was cut into half along the YZ symmetry plane, as
shown in Fig. 2 since the velocity distribution at the left and
right sides of the tractor were symmetrical near the ground
in which the spray droplets were investigated. The
generated mesh was converted to polyhedral in the Ansys
Fluent Solver to lower the original cell count and improve
the orthogonal quality and skewness of the mesh.
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FIGURE 2. Flow domain (a) geometry and (b) mesh for spray drift characterization.

Spray drift was investigated at wind angles of 0°, different wind angles of attack. The flow domain was
45°,90°, 135°, and 180° clockwise from the positive z-axis reoriented depending on the resultant direction of the wind
as shown in FIGURE 3. The tractor, with a forward speed coming from different angles with respect to the moving
of 8 km/h, was exposed to a wind speed of 1.5 m/s at tractor at 8 km/h.

varm15m/s 8. = 0°J,

T Vesew=2.22 /s (Bkph)  Dair = 457

ﬂm'r =90°

By — 135°

[sai, = 180°

FIGURE 3. Flow domain subjected to different wind direction.
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Simulation Setup

The multiphase flow model was also used to
incorporate the inhomogeneous flow of the continuous
phase, which is the air in the Eulerian frame of reference,
and the spray droplets, which consist of the discrete phase
in the Lagrangian frame of reference. Solid cone injection
type was used and since pesticide solutions are mostly
composed of water, liquid properties of water were used to
characterize the spray droplets. Similar to the droplet
emission model of Djouhri et al. (2023), the nozzles were
modelled as point sources along the boom, defined by its x,
y, and z locations in the domain. Like in the simulation of
Zhong et al. (2020), injection properties were derived from
Lechler nozzles due to the comprehensive information
available online. The simulation used six Lechler full cone
nozzles with an orifice diameter of 0.095 inches at 15 psi
with a flow rate of 0.0504 kg/s and injection velocity of
11.04 m/s. The spray droplet size distribution is 200-400
microns. and the spacing of the nozzles is 30 inches which
is patterned to the row spacing of corn. Furthermore, the
boom height is 0.5 m from the ground. The Discrete Phase
Model (DPM) boundary condition of the ground wall is
“trap,” while the side and top wall have a DPM boundary
condition of “reflect.” At the outlet, the DPM boundary
condition is “escape.”

The RB Tractor has a traveling speed of 5.08 km/h
on dirt roads with a trailer load of 410 kg as tested by the
Agricultural Machinery Testing and Evaluation Center
(AMTEC, 2021). On the other hand, the trailed boom
sprayer reference for this study has a full weight of 430 kg

at 250-liter capacity. Hence, this study investigated spray
drift when the tractor is traveling at 4, 6, and 8 km/h,
considering that the weight of the sprayer tank decreases as
its content is applied on the field. Phase-coupled SIMPLE
algorithm was used in pressure-velocity coupling of the
phasic momentum, shared pressure, and phasic volume
fraction equations because it can solve a wide range of
multiphase flow. Moreover, hybrid initialization was
conducted and around 750 iterations were calculated.

CFD Post-processing

Graphs of particle tracks colored by droplet
diameter, velocity and drift distance were analyzed for the
results and discussion. Furthermore, the x and z components
of the farthest drifted droplets were determined using the
particle tracks colored by their x and z positions. The
velocity profile of the air at different wind directions was
visualized using a contour plot and this was analyzed in
relation to the drift distances of each nozzle along the boom.

Measurement of Spray Drift Distance

The z-component and x-component of the position
of the farthest droplet from the nozzle orifice were
measured using the color map of droplet tracks colored by
the z and x positions. Erro! Fonte de referéncia nao
encontrada. shows the drift distance measurement with
respect to the covered area of the full cone nozzle at a
stationary position. The maximum drift distance (Ad) was
computed by subtracting the resultant position (dr) of the x
and z component of the droplet to the radius (d) of the spray
coverage area with no drift as shown in [eq. (1)].

nozzle orifice
located 0.5 m above
the ground

(Ad)

max. drift distance ®:

]
:- drifted droplets
L]
]

A 4
&

FIGURE 4. Maximum drift distance measurement.
Ad =dp—d
in which:

Ad - spray drift distance (m);

M

dr - displacement of the farthest droplet from the nozzle (m),

d - radius of the spray coverage area with no drift (m).
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RESULTS AND DISCUSSION
ANSYS Fluent Code Validation

In TABLE 1, the replicated simulation results show less than 5% difference to the reference data of Reichard et al. (1992)
for all settings of wind velocity when the droplet diameter is 100 pum.

TABLE 1. Indirect validation of simulation results.

Droplet diameter Wind velocity Mearfl{flf?;‘fgicsiance Mealr?illﬁlfii[ies?ance Difference
(um) (m/s) e ) (%)
100 0.5 0.64 0.62 3.23
100 1.3 1.24 4.84
100 2 2.6 2.49 4.42
100 5.1 4.999 2.02

Determination of Aerodynamic Characteristics of RB Tractor

FIGURE 5 shows the isometric view of the flow domain and YZ planes were positioned at the boom nozzle locations to
investigate the turbulent kinetic energy and velocity profile near each nozzle.

FIGURE 5. Isometric view of the flow domain with YZ symmetry plane.

In FIGURE 6, the wind velocity profile at 0.38 m
away from the YZ symmetry plane of the tractor has the
most observable changes when the tractor forward speed is
increased. The velocity contour plot shows that the velocity
gradually decreases in magnitude in the wake of the tractor
and as it goes closer to the ground. The ground has a
computed roughness height of 0.6 m and a roughness length
of 0.03 m for an open agricultural area with no hedge rows
and few obstacles (Wieringa, 1992). At a forward speed of
2.9 m/s, the velocity at the wake at the level of the rare
wheels drops to around 2 m/s. At 1.14 m and 1.9 m away

from the symmetry plane of the tractor, the effect of the
tractor obstruction on the wind velocity profile is negligible.

Furthermore, the wake region extends up to around
five times the length of the tractor as seen in Figure 7. The
velocity decreased by 0.07 m/s, 0.44 m/s, and 0.7 m/s at the
wake at a forward speed of 1 km/h, 6.5 km/h, and 10.4 km/h
respectively However, the velocity drop at the wake is very
small, especially at the recommended boom spraying speed
of 4-8 km/h. Moreover, the width of the wake is
approximately 2 meters which is the same as the projected
width of the tractor.

Engenharia Agricola, Jaboticabal, v.43, n.5, e20230122, 2023
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=03 m/s (1 knv/h)
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FIGURE 7. Velocity vector near the inlet and outlet of the flow domain at 10.4 km/h forward speed.

In FIGURE 8, the changes in the turbulent kinetic
energy (TKE) profile at the wake of the RB tractor are
gradual and have minimal variation. The TKE of the air at the
wake of the tractor increases when the forward speed is
increased from a minimum speed of 1 km/h up to the tractor’s
top speed of 10.4 km/h. At 0.38 meters away from the YZ
symmetry plane, tractor obstruction has a slight influence on
the increase of TKE at the wake. The TKE behind the tractor
is around 0.001 m?%s?, 0.05 m?/s?, and 0.20 m?/s* at forward

speeds of 1 km/h, 6.5 km/h and 10.4 km/h respectively. The
TKE developed at the wake is low due to the slow driving
speed of the tractor recommended for boom spraying
operation. High turbulent kinetic energy is avoided because
it interferes with the flow of the droplet particles which can
cause change in the droplet trajectories and the drift distances.
Small droplets measuring 100 microns or less are highly
prone to drift that is dependent on the irregularities of
turbulent air than gravity alone (Kruger et al., 2019).

Engenharia Agricola, Jaboticabal, v.43, n.5, e20230122, 2023
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FIGURE 8. TKE profile at 0.38 m away from YZ symmetry plane.

The TKE of the RB tractor at its top speed is close to
the computed TKE by Cai et al. (2020) for a truck running
at 18 km/h with a TKE value of 0.26 m2/s2. The TKE of the
RB tractor running at its top speed of 10.4 km/h is only
below 0.25 m?/s? at the wake region where the boom sprayer
is positioned which is why the droplets travel at trajectories
along the direction of the wind and the droplet flow appears
laminar at all setups with different forward tractor forward

speeds. The kinetic energy generated is not enough to
cause significant turbulence in the movement of the
droplets. FIGURE 9 shows that the change in TKE is most
pronounced at the tractor’s top speed of 10.4 km/h and
TKE diminishes as it goes farther behind the wake region.
Lower turbulent kinetic energy is developed behind the
tractor wheels, and this extends towards the outlet
boundary of the domain.

[m s-1]

FIGURE 9. XZ plane wind velocity profile at 10.4 km/h forward speed.
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Moving on, TABLE 2 presents the simulation results
at different forward speeds and their corresponding drag
and lift forces. The drag coefficient is defined by [eq. (2)].
To solve for the drag coefficient, a constant ratio of the drag
force and the square of velocity was computed first by
quadratic regression in the form of [eq. (3)] as the fit method.

@

2Fg
Cqg = —
pLreA

in which:

Cq - drag coefficient;

TABLE 2. Drag and lift forces at different forward speeds.

Fq4 - drag force parallel to the direction of the wind (N);

p - air density at STP (1.225 kg/m>);

v - velocity of the tractor (m/s);

A - projected area of the tractor normal to the wind

direction (m?).

Fy=mxv? 3)
in which:

m - constant equal to 0.652507.

Velocity (m/s) Drag force (N) Lift force (N)
0.3 0.0587 0.0099
0.7 0.3271 0.0586
1.1 0.7998 0.1484
1.4 1.2900 0.2433
1.8 2.1180 0.4122
2.2 3.1630 0.5973
2.5 4.0800 0.8054
2.9 5.4780 1.0480

As observed in FIGURE 10, the drag produced increases at a parabolic rate as the forward speed of the tractor increases.

Drag Force (N)
O B N W M~ U O

y = 0.652507x
R’ =0.9999

2 3 4

Velocity (m/s)

FIGURE 10. Curve fit of drag versus velocity.

Moreover, the frontal projected area of the RB .
tractor was measured in SpaceClaim with a value of 1.49
m?. With all the needed values obtained, the drag coefficient
of the RB tractor was solved in [eq. (4)].

2xm 2%0.652507

cy = =0.72 )

pA  1225%%.1.4868m2
m

Sarkar et al. (2019) noted that a higher drag coefficient
increases fuel consumption and power loss while reducing the
top speed of a vehicle. Eckert et al. (2014) presented different
types of vehicles showing that streamlined design vehicles
have lower c; while open convertible cars and motorcycles
have higher c,; ranging from 0.5-0.7. The computed ¢, of the
RB tractor is near this range because of its low projected

surface area, just like in bicycles, motorcycles, and cabriolets,
which have high c; values.

Spray Drift Characteristics at Different Forward Speeds

At a boom height of 0.5 meters, spray pressure of 15
psi, and spray angle of 60°, the spray coverage of the full
cone nozzle on the ground is 0.21 m? with a radius (d) of
0.26 m. This was the basis for determining the drift
distances (Ad) from the nozzle outlets (see Fig. 4). In the
simulations, the drift distance of droplets increased as the
tractor sped up. At a forward speed of 1.11 m/s (4 km/h) and
below, there is no observable drift of droplets (FIGURE 11)
and the approximate circular area covered by spraying
was preserved.

Engenharia Agricola, Jaboticabal, v.43, n.5, e20230122, 2023
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FIGURE 11. Droplet tracks colored by droplet Z position.

This is consistent with the result of Xue et al. (2021),
wherein the droplets did not deposit farther away than 2
meters for droplets up to 250 um at wind speed of 1 m/s and
nozzle height can still be adjusted above 5 meters from the
ground with little to no drifted spray particles. The airflow
generated at the wake was not strong enough to disrupt the
trajectories of the spray droplets created by the nozzle
pressure. In addition, Musiu et al. (2019) indicated that
spray deposition decreases with a decrease in the volumetric
flow rate but increases distribution uniformity. As the
spraying speed was increased to 6 km/h and 8 km/h, spray
drift developed because of the intensified airflow.
According to Al Heidary et al. (2014) trajectories of the
droplets are modified due to the drag force induced by the
air velocity and stronger air velocity increases the drag force

on the spray droplets. The spray coverage area becomes
irregular when the forward speed is 1.67 m/s and 2.22 m/s
as some of the spray particles change trajectory and drift
downstream. The droplets located at the periphery of the
covered area were most prone to drift, and this is most
observable at a forward speed 0f 2.22 m/s. At1.11 m/s, 1.67
m/s, and 2.2 m/s, the spray droplets were deposited furthest
at 0.26 m, 0.45 m, and 0.59 m from the nozzle orifice
respectively. Subtracting this to d, it was found that the
maximum spray drift at forward speeds of 6 km/h and 8
km/h was 0.19 m and 0.33 m, respectively. In Figure 12, the
particle droplets colored by particle size diameter show that
finer droplets with a diameter of 200 um drifted farthest
from the nozzle outlet.

Engenharia Agricola, Jaboticabal, v.43, n.5, e20230122, 2023
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v . =151 m/s (4 km/h)
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tra

FIGURE 12. Droplet tracks colored by droplet diameter.

On the other hand, coarsest droplets with a diameter
of 400 um were deposited first and were most resistant to
being drifted. At different forwards speeds, most spray
particles greater than 200 um were concentrated inside the
approximately circular area below the nozzle outlets. This
result is consistent with the findings of Reichard et al.
(1992) in which even at a wind speed of 4 m/s, water
droplets with a size of 200 um and coarser did not drift
farther than 0.3 m below the nozzle. At different forward
speeds, most spray particles over 200 pm were concentrated
inside the spray area with no drift. According to Nowatzki
et. al (2017), drift is far less likely to be a problem when
droplets are 200 microns or larger, which is why the

maximum drift distance is near drift (<5 m) even at 8 km/h
traveling speed of the tractor. Moreover, droplets with a
diameter of 200 microns travelled less than 0.64 m from the
nozzle which is accurate to the computed drift distance at
different forward speeds.

Spray Drift Characteristics at Different Wind Angles
of Attack

The resultant velocity of the wind (vr) relative to the
tractor moving at 8 km/h at various wind directions shown
in Figure 3 is tabulated in TABLE 3. The resultant velocity
of the air relative to the tractor decreases from 0° to 180°
wind direction with respect to the positive z-axis.

TABLE 3. Resultant velocity of the air with respect to the tractor at different wind directions.

Wind direction WRT VR Angle of vk WRT
Positive z-axis (°) (m/s) positive z-axis (°)
0 3.72 0
45 3.45 17.92
90 2.68 34.05
135 1.57 42.46
180 0.72 0

Engenharia Agricola, Jaboticabal, v.43, n.5, e20230122, 2023
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As the direction of the wind deviates clockwise from
the tractor, the resultant velocity of the air decreases.
Maximum generated resultant wind velocity was 3.72 m/s
at 0° wind angle where the wind blows opposite the
direction of the tractor while resultant wind velocity at 180°
wind angle is only 0.72 m/s resulting to no occurrence of
spray drift. Since the resultant velocity of air with respect to
tractor, Vg, decreases as the wind deviates from the positive

z-axis, the general trend of drift distances is also decreasing.
However, due to the obstruction of the tractor to the wind
coming from different angles, the orientation and shape of
the wake area also change, resulting in a non-linear decrease
of spray drift from each nozzle, as visualized in FIGURE
13. Droplet Z position at different wind directions. at
different wind angles.

0° wind direction
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FIGURE 13. Droplet Z position at different wind directions.

It can be observed that the drift distances from each
nozzle vary at different wind directions. Spray droplets are
drifted along the direction of resultant wind velocity. At 0°
wind direction, the drift distances from the nozzles were
relatively more uniform with the nozzles at the ends of the
boom experiencing slightly farther drift distance. At 45°
wind direction, nozzles B, D, E, and F have relatively longer
drift distances than nozzles A and C. At 90° wind direction,
longer spray drifts are more observable at nozzles D, E, and
F. At this angle, the wind speed is higher than 1.5 m/s, and
according to the mathematical model assumption used by
Renaudo et al. (2023), the turbulent dispersion along the

wind direction follows a Gaussian distribution whilst
dispersion along the z-axis is assumed negligible as
convective effects of the wind transport are greater than the
turbulent dispersion effect. On the other hand, short to no
drift can be noticed at 135° and at 180° wind direction.
Changes in the wake region is visualized in FIGURE 14 at
different wind directions to show how the drift distances
from each nozzle vary due to the changes in the wake. At
90° wind direction, spray drift is minimal at the nozzles
covered by the wake of the tractor components, which block
the incoming air, such as the tractor wheels and the boom
sprayer tank.
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FIGURE 14. Wind velocity profile overlaid on droplet tracks at different wind directions.

The maximum drift distances from each nozzle are
shown in TABLE 4. Maximum drift distances at 0° wind
direction are more uniform ranging from 0.62 m to 0.76 m
while at 180° where Vr is lowest, negligible spray droplets
drifted from all the nozzles. Spray drift from end nozzle was
consistently decreasing since it was more exposed to the

free flow of wind at different wind directions. Noticeably,
nozzle C has negligible spray drift at wind angles of 45° to
180° since it is close to the sprayer tank, while nozzles A
and B experienced negligible drift at 135° to 180°. Also,
drift distances at 45°, 90° and 135° were less uniform
among all the nozzles.

TABLE 4. Maximum drift distance from the nozzles at different wind angles.

Maximum drift distance (m)

Angle of attack with

. R Nozzle A Nozzle B Nozzle C Nozzle D Nozzle E Nozzle F
resp. to negative z-axis (°)
0 0.76 0.62 0.68 0.68 0.62 0.76
45 0.25 0.74 * 0.54 0.79 0.69
90 0.22 0.29 * 0.60 0.70 0.61
135 * * * 0.34 0.29 0.13

* negligible spray drift.

Additionally, even though the highest resultant
velocity of wind is computed at 0° wind direction, the drift
distances from nozzles B and E were higher at 45° wind
direction since they are more exposed to the unobstructed
wind with a computed drift of 0.74 m and 0.79 m respectively.

The recommended driving speeds are shown in
TABLE 5, which is expected to lower the resultant velocity

of the wind (Vr) at different wind directions when the wind
condition is ideal for spraying at around 1.5 m/s. The spray
trajectories from all the nozzles were relatively more
uniform when the wind direction was along the tractor's
direction. Hence, it is recommended to perform boom
spraying at 0° and 180° wind direction and adjust the
driving speed as necessary to minimize spray drift further.
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TABLE 5. Recommended RB tractor driving speed at different wind direction.

Widdreion () RO dne Vit e amomaded gy gt
0 4 3.72 2.61 minimal
45 4 3.45 2.42 minimal
90 4 2.68 1.87 minimal

135 5 1.57 1.11 negligible

180 8 0.72 0.72 negligible

The RB tractor can be operated up to 8 km/h for a
more time-efficient spraying with negligible spray drift when
the wind direction is at 180°. While at 0° wind direction, the
RB tractor must be driven to the minimum recommended
driving speed of 4 km/h to minimize spray drift.

CONCLUSIONS

Spray drift characteristics of an RB tractor-trailed
boom sprayer were assessed using computational fluid
dynamics. First, the aerodynamics of the RB tractor was
characterized by analyzing the velocity and turbulent
kinetic energy profile in relation to its wake region and by
determining its drag coefficient. Furthermore, the spray
drift characteristics at different forward speeds and at
different wind angles of attack were estimated. Results
showed that the wake length of the RB tractor extends
beyond five times its length and at its various forward
speeds with a top speed of 10.4 km/h, the turbulent kinetic
energy profile and velocity profile at the wake has small
variation implying that the tractor obstruction to the flow of
air does not greatly disturb the airflow at the wake.
Moreover, there was negligible spray drift at tractor speeds
lower than 4 km/h. The drift of spray droplets when the
wind angle of attack changes from 0° to 180° theoretically
should decrease, but due to the changes in the wake region
of the tractor, the spray drift from each nozzle along the
boom exhibited non-uniform drift distances. At light breeze
wind conditions, low travel speeds (up to 4 km/h) are
recommended at 0° to 90° wind direction to minimize the
drift, and at higher travel speeds (up to 8 km/h), it is
preferred that the tractor should be operated along with the
prevailing wind direction.
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