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Influencing factors research and performance experiment on droplets
deposition at low wind speed

Suming Ding?, Xinyu Xue'", Weicai Qin*, Wei Gu', Chen Cai’, Longfei Cui’
(Nanjing Research Institute of Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract: In view of the droplet drift during aerial spraying, a droplet deposition distribution measurement system was
designed to determine the droplet size under different spray pressures using LURMARK-04F80 nozzle. Wind tunnel was used
to simulate the natural wind by generating fixed-speed wind.  According to the international standard (ISO/FDIS 22856:2008),
nozzle was installed at 0.6 m above the wind tunnel bottom. Deposition drift was assessed by adding fluorescent tracer to the
spray mixture and measuring the quantities of droplet deposition on the PE Twines which were installed perpendicular to the
wind direction in a vertical and a horizontal array. At 2 m distant from the static nozzle at downwind direction and 0.1 m
above the wind tunnel bottom, five PE Twines are positioned vertically one above the other at interval of 0.1 m and seven PE
Twines are positioned horizontally one above the other at interval of 1 m. By analyzing the drift index at different positions,
the influences of spray angle, nozzle angle, side wind and spray pressure on the droplet drift were studied. Experimental
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results show that drift index on the line decreases as vertical and/or horizontal distance increase.

Spray pressure and wind

speed have great influence on the drift parameter. Droplets drift still exists at 7 m distant from the nozzle when spray pressure

attains 0.4 MPa. Wind speed attains 3 m/s and spray angle is 0° or wind speed attains 5 m/s.

Spray pressure attains 0.3 MPa

and spray angle is 0°. The drift index in the vertical and the horizontal direction when the spray angle is 0° is higher than that
of the other spray angles. When spray distance attains 4 m and nozzle angle attains 0°, the drift index is higher than that of the

other nozzle angles.

To reduce the droplet drift when the wind speed attains 5 m/s, spray operation creating droplet size

should be adopted and the spray angle should be adjusted. This study provides optimized operation parameter for aerial

nozzle and plays a vital role in reducing droplet drift.
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droplets deposition at low wind speed.

1 Introduction

Agricultural aerial spraying has been a significant means of
crop diseases and pest control!' . Ideally, deposit of pesticide
will be in the area of target in an aerial spraying application.
However, due to environmental conditions, the aerial applied
droplets will drift to the non-target area™®®, which results in poor
control effect, pesticide loss and environmental pollutiont ',
Thus, pesticide spray drift control of aerial spraying application
became a worldwide research hotspot.

Aerial spray drift is mainly influenced by spraying parameters
(nozzle types, spray pressure, spray angle, droplet size, etc.) and
application environment (wind speed, wind direction, temperature,
flying speed, etc.)!'>'”.  Recent years, two major research
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Influencing factors research and performance experiment on

methods were field and wind tunnel experiments. The
repeatability of field experiments was bad due to the unstable wind
speed and direction!'®. However, wind tunnel experiments can

control the spraying parameters and application environment, and

gain ideal repeatability!'"'®]. The influences of spraying
parameters and application environment upon the spray drift have
been reported in many studies. Geng et al.'” researched the

relationship between fan nozzles’ height and drift potential index
reduction percentage (DIXRP) by wind tunnel experiments.
Teskel et al.?*?! developed the AGDISP (Agricultural Dispersion)
and the AGDRIFT (Agricultural Drift) model to predict pesticide
spray drift in a field experiment. Nuyttens et al.”? researched the
spray drift prediction method at different spray pressures, nozzle
types and flying speed. Li et al™®! investigated the ground
deposition at different spray quantity and concentration based on
mathematical model by using a spectrophotometer. Qi et al.*¥
examined the influence of different nozzle types and wind speed on
the drift based on a quantitative analysis. Zhang et al.*>2¢
established regression analysis model of spray drift at different
dosage forms, nozzle types and wind speed.

Fan nozzle is one of the major used nozzle types in the aerial
spraying. Through literature review, there are few researches on
spray drift of fan nozzles at different spray angle, nozzle angle,
wind and spray pressure. Thus, we generated constant speed wind
in a wind tunnel to simulate natural wind, and built a spray system
to study droplets deposition of a fan nozzle in both horizontal and
vertical directions in different work conditions. The work can
provide a reference for future research on aerial spraying
technology.
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2 Experimental design and methods the LURMARK-04F80 standard fan nozzle. We started the spray
system utill the spray pressure stabilizes, then started the laser
particle analyzer, and adjusted the position of the nozzle and the
analyzer to ensure the laser go straight through the spray sector.
The distance between laser and nozzle was 500 mm to ensure that
the entire spray area was sampled in the repeated measurements.
Then, the spray flow rate was measured at different spray pressure,
and the spray time was 60 seconds at each spray pressure. The
collected droplets were weighed on the scale and the measurement
repeat three times at each pressure.

The experiment was carried out in the Key Laboratory of
Modern Agricultural Equipment, Ministry of Agriculture, Nanjing,
China in May 2017. Environment temperature was 22°C, and
relative humidity was 55%.

2.1 Droplet size distribution measurement

Droplet size is a critical factor of pesticide drift and deposition.
At the same spray quantity, the smaller the droplet size, the more
the droplets will be, so the more evenly distributed and the more

covered area will be in the target. Due to their own properties 2.2 Spray deposition distribution measurement

(low momentum, small particle size, easy evaporation), small 221 Testbed

droplets are influenced by environmental factors (temperature, The measurement system of spray deposition distribution
humidity, wind speed).  Some small droplets will fail to reach the consists of spray system, wind tunnel system and collection system.

target. In order to measure the effect of different droplet size on Spray system consists of motor, liquid pump, water tank, pressure

the drift performance, we built a testbed (Figure 1) that consists of gauge, spray pressure regulating valve, LURMARK-04F80 nozzle,

spray system, DP-02 laser particle analyzer (measurement range: solenoid valve, timing relay, etc. The wind tunnel is NJS-1 wind
1-1500 pm, temperature: 5-3°C, relative humidity <85%), tunnel developed by Nanjing Research Institute of Agricultural
WTS002N electronic scale (measurement range: 0-500 g, accuracy: Mechanization, Ministry of Agriculture®”. By changing the
+0.01, made by Changzhou Wantai Scales Ltd., China), and etc. frequency of the frequency converter to control the revolving speed
According to different working conditions, spray pressure was set of the axial flow fan in the wind tunnel, it can obtain different
to 0.2, 0, and 0.4 MPa, respectively. The droplet size and flow stable wind speed. Its test section size is 1.2 mx1.8 mx10 m
rate were measured at three pressures. The installed nozzle was (width x height x length) and adjustable range is 0.5-10 m/s. The

collection system mainly consists of collection racks in different
height and interval. The nozzle is fixed at the center position of
0.6 m height from the wind tunnel bottom, and the nozzle direction
is vertically downward. The principle is that the spray long axis
and wind direction are perpendicular to each other. The droplets
are collected by PE Twines with a diameter of 2 mm. In the
downwind direction, at the position of 2 m from the nozzle, 5
collection lines with 0.1 m interval is placed between 0.1 and 0.5 m
height from the wind tunnel bottom. The bottom was covered by
artificial turf to avoid that droplets drop on the baseplate to splash
to the collection lines. These collection lines are used to detect
droplets passing through the vertical plane, named V1, V2, V3, V4
and V5, respectively. In addition, at the position of 0.1 m from
; 3 wind tunnel bottom, 5 collection lines with 0.1 m interval, named
1. Laser particle sizing instrument emission unit 2. Nozzle 3. Laser particle H1, H2, H3, H4 and HS, respectively, is placed to detect droplets

sizing instrument acceptance unit 4. Computer processing system drift from 2 m to 7 m in the horizontal direction. The testbed is
Fig 1 Schematic diagram of droplet diameter test shown in Figure 2.
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1. Water tank 2. Return water pressure regulating valve 3. Liquid pump 4. Spray pressure regulating valve 5. Timing relay 6. Flowmeter 7. Pressure gauge
8. Wind tunnel 9. Nozzle 10. Vertical collection rack 11. Horizontal collection rack.

Figure 2 Measurement system of spray deposition distribution

According to ISO/FDIS 22856:2008 Equipment for crop different wind speed, spray pressure and nozzle angle. The flow
protection —Methods for the laboratory measurement of spray of the nozzle was controlled by an electromagnetic valve with an
drift — Wind tunnels, the drift index was measured by changing electronic timer to ensure that spray time was fixed at 10 s each
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time. Spray solution was prepared by using fluorescent tracer
RHB and water, and the RHB concentration was 0.35 g/L. After
spraying test, we put collection lines into plastic bags, and added
50 mL deionized water to sufficient wash. Then, the fluorescent
tracer content was measured by the calibrated fluorimeter. The
testbed layout was shown in Figure 3.

Figure 3 Testbed
2.2.2  Test design

In order to study the influence of different spraying parameters
on the droplet size distribution, we designed the spray droplets
deposition distribution test at different wind speed, spray angle,
nozzle angle and spray pressure. The spray angle and nozzle
angle were shown in Figure 4. Each test was repeated 3 times,
and the average value was taken as the final data.

Wind
Wind

a. Spray angle b. Nozzle angle

Note: The spray angle is the direction of the spray flow when the observer is at
the side of the wind tunnel; the nozzle angle of the nozzle is the direction of the
spray flow when the observer is at the top of the wind tunnel.

Figure 4 Nozzle installation diagram

When small aircraft spraying, spray pressure of its fan nozzles
is generally set as 0.2-0.4 MPa, the wind speed should be chosen
within 5 m/s. There is no literature reported about spray angle
and nozzle angle at present, but they may have a certain influence
on deposition distribution. So our testing parameters were set as
follows.

(1) The influence of spray pressure on deposition distribution:
at 0.2 MPa, 0.3 MPa and 0.4 MPa spray pressure, 3 m/s wind speed
and 0° spray angle.

(2) The influence of wind speed on deposition distribution: at
1 m/s, 3 m/s and 5 m/s wind speed, 0.3 MPa spray pressure and 0°
spray angle.

(3) The influence of spray angle on deposition distribution: at
—15°, 0° and 15° spray angle, 3 m/s wind speed and 0.3 MPa spray
pressure.

(4) The influence of nozzle angle on deposition distribution: at
0°, 15° and 30° nozzle angle, 3 m/s wind speed and 0.3 MPa spray
pressure.

2.2.3 Calculation method
The fluorescent tracer content is measured by the fluorimeter.

Open Access at https://www.ijpaa.org Vol. 2 No. 1
Drift index is calculated by using Equation (1) and (2).
R=—D 6 1)
K %1000
i
DP = Td x100% Q)

where, Pj is spray deposition of each collection line for one minute
(L/min); A; is fluorescent tracer content of each collection line
(ng/L); K is fluorescent tracer concentration (0.3 g/L); L is
horizontal interval distance of each collection line (1000 mm); d is
diameter of the collection line (2 mm); P is spray quantity of the
nozzle for one minute (L/min); DP is drift index, and DP; is drift
index of each collection line (%).

3 Results and analysis

3.1 The influence of spray pressure on droplet size and flow
rate
The spray flow rate increased with the increase of pressure,
and the droplet size decreases with the increase of pressure (Table
1).
Table1 Spray flow rate and droplet size at different spray

pressure
Spray pressure/MPa
0.2 0.3 0.4
Flow rate/L-min™' 1.165 1.426 1.715
Droplet size/um 358 310 290

3.2 Influence of spray pressure on spray drift index

DP of each line decreased with the increase of the distance
from the ground along the vertical direction, and decreased with the
increase of pressure. DP of V1 was always greatest, and DP of
V5 was always minimal at any pressure (Figure 5a). DP of each
line decreased with the increase of the distance from the ground
along the horizontal direction, and decreases with the increase of
pressure. DP of H1 was always greatest, and DP of H6 was
always minimal at any pressure (Figure 5b). When spray pressure
was 0.2 MPa, DPs of V4, V5 and V6 were all 0. It was mainly
due to that the increase of spray pressure caused the increase of its
own momentum. The penetration performance of droplets was
enhanced, and the result was that the upper drift decreased with the
Most droplets
drifted in 2 m from the nozzle in the horizontal direction and 0.1 m
to 0.3 m in the vertical direction. The spray droplets became
thinner with the increase of pressure, which caused the drift
inversely proportional to the spray pressure at interval of 6 m to
7 m horizontally.
3.3 Influence of wind speed on spray drift index

DP of each line decreased with the increase of the distance
from the ground along the vertical direction, and increased with the
increase of wind speed. DP of V1 was always greatest, and DP of
V5 was always minimal at any wind speed (Figure 6a). DP of
each line decreased with the increase of the distance from the

increase of pressure in the vertical direction.

ground along the horizontal direction, and increased with the
increase of wind speed. DP of H1 was always greatest, and DP of
H6 was always minimal at any wind speed (Figure 6b). When
wind speed was 1 m/s and 3 m/s, DP s of V4 and V5 were both 0.
When wind speed was 1 m/s, DPs of H3, H4, H5 and H6 were all 0.
It was the increase of wind speed that resulted in droplets being
transported to the non-target area.
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3.4 Influence of spray angle on spray drift index

DP of each line decreased with the increase of the distance
DP of V1 was
always greatest, and DP of V5 was always minimal at any spray
angle (Figure 7a). DP of each line decreases with the increase of
the distance from the ground along the horizontal direction. DP of
H1 was always greatest, and DP of H6 was always minimal at any
spray angle (Figure 7b). When spray angle was 0°, DPs of both
vertical and horizontal direction were larger than other angles.
When spray angle was —15°, DPs of V4, V5 and H6 were all 0. In
the wind direction, the windward area of spray flow increased,
when the nozzle front and rear tilted. As a result, the effect of
wind speed on spray flow was weakened, and the target deposition

from the ground along the vertical direction.

increased.
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Note: Wind speed is 3 m/s, spray angle is 0°, spray medium is water.

3.5 Influence of nozzle angle on spray drift index

DP of each line decreased with the increase of the distance
DP of V1 was
always greatest, and DP of V5 was always minimal at any nozzle
angle (Figure 8a). DP of each line decreased with the increase of
the distance from the ground along the horizontal direction. DP of
H1 was always greatest, and DP of H6 was always minimal at any
nozzle angle (Figure 8b). DPs of V4, V5 and H6 were all 0 at any
nozzle angle, and DPs were similar between V1 and H2. The
spray surface was changed by reason of different nozzle angle.

from the ground along the vertical direction.

Under the action of wind speed, the collision probability increased
to make the droplets larger. When nozzle angle was 0°, DP was
greatest, but the spraying swath was widest.

W02MPa W03MPa & 0.4MPa
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Downwind distance from the nozzle/m

b. Horizontal direction

Figure 5 Drift index in the vertical and horizontal direction in different spray directions.
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Figure 6 Drift index in the vertical and horizontal direction at different wind speed
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Figure 7 Drift index in vertical and horizontal direction in different spray direction
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Figure 8 Drift index in vertical and horizontal direction in different nozzle direction

3 Conclusions

A spray drift index experiment was conducted with the
LURMARK-04F80 nozzle in a wind tunnel at different wind speed,
spray pressure, spray angle, and nozzle angle, and provided
optimized operation parameter for aerial nozzle and droplet drift
reduction.

(1) Drift index decreased with vertical distance increasing.
Drift index attained greatest at 0.1 m height from the ground.
Drift index decreased with horizontal distance increasing. Drift
index attained greatest at 2.0 m horizontal distance from the nozzle
with any nozzle angle.

(2) Spray pressure and wind speed had great influence on the
drift parameter. Spray droplet drift still existed 7 m distant from
the nozzle when spray pressure attained 0.4 MPa, wind speed
attained 3 m/s and spray angle was 0°, or when wind speed attained
Sm/s, spray pressure attained 0.3 MPa and spray angle was 0°.

(3) Drift index in the vertical and the horizontal direction when
the spray angle is 0° was higher than that of the other spray angles.
When spray distance attained 4 m and nozzle angle attained 0°, the
drift index was higher than that of other nozzle angles.

(4) To reduce the droplet drift when the wind speed attained
5 m/s, spray operation creating droplet size should be adopted and
the spray angle should be adjusted.
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