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ABSTRACT

Purpose: Experimentally substantiate the possibility of using the developed jet-centrifugal
spraying device in plants spraying technologies.

Design/methodology/approach: Many years of experience in creating spraying devices for
solving practical problems in various industries made it possible to propose a design diagram
of a single-phase jet-centrifugal spraying device. The tests were aimed at achieving device
characteristics that are acceptable for use in plants spraying technologies such as jet coverage
distance, droplet size and droplet deposition area (spray diameter). For this a several tests
series with different design parameters was done. Before testing, the tightness of the device
body was checked (the holding time under a pressure of 1 MPa is not less than 2 minutes).

Findings: Based on the obtained jet coverage distance, droplet size and droplet deposition
area, the developed spray device of some modifications can be used in plants spraying
technologies. However, it is necessary to determine the quality of the spray device according
to the BCPC classification; the device should be tested with some insecticides, fungicides
and in plants spraying technologies to develop recommendations for their use.

Research limitations/implications: The influence of design features of developed jet-
centrifugal spray device on the jet coverage distance, droplet size and droplet deposition
area was studied.

Practical implications: The results obtained are useful in the field of improving national
plants spraying technologies in order to improve the quality of the plant protection agent
application and reduce the loss of the drug into the environment.

m Research paper , © Copyright by International OCSCO World Press. All rights reserved. 2020



http://www.journalamme.org
http://www.journalamme.org
http://www.journalamme.org
http://www.journalamme.org
https://doi.org/10.5604/01.3001.0014.6326
mailto:er.nadimcivil%40gmail.com?subject=
https://orcid.org/0000-0002-8376-9020
https://orcid.org/0000-0003-4366-9639
https://orcid.org/0000-0003-4366-9639
https://orcid.org/0000-0001-9167-0058

Volume 102 ¢ Issue 1 « September 2020

Originality/value: To ensure maximum efficiency the proposed design of the jet-
centrifugal spray device can be upgraded directly by the farmer by installing interchangeable
nozzles that are attached with a union nut. Replaceable nozzles have different diameters
and modifications and can be selected depending on the required jet coverage distance and
spraying dispersion according to the current environmental conditions.

Keywords: Jet-centrifugal spray device, Experimental testing, Operational characteristics,
Plants spraying
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1. Introduction

An urgent practical problem is the spread of infections in
agricultural plants, as a result of which there is a loss of yield
[1,2]. Chemicals substances, in particular a plant protection
agent, are widely used to control diseases and insects in
crops. They should be applied to plants as spray, dust or fog.
This requires equipment for uniform and efficient
application to eliminate chemicals substances losses and
environmental degradation. As a rule, different sprayers’
types are used for delivering of active agent liquid to the
plants [3-6]. The main function of the sprayer is to break the
plant protection agent into effective droplets and distribute
them evenly over the surface or protected area [7]. Its other
function is to regulate the amount of the active agent liquid
to avoid overuse, which can be harmful or wasteful.
Herewith methods for delivering of an active agent liquid to

the plants and nozzles design used are of great importance,
which must ensure a high degree of deposition efficiency
and at the same time exclude excess consumption of the
plant protection agent in accordance with the established
standards. Deposition efficiency should be understood as
adequate coverage of the plant with a protective agent.

It has previously been shown that droplet size
distribution has a significant impact on the global efficiency
of the deposition process [8]. This is due to the fact that part
of the droplets can move due to air currents in the
surrounding areas, which leads to the phenomenon of drift
[9, 10]. Farmers should select nozzles according to the
classification that is based on the British Plant Protection
Council (BCPC), that is according to the spray quality
(Fig. 1) [11]. When selection is based on spray quality rather
than nozzle type, the user has the flexibility to select spray
configurations best suited to their local conditions.
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Fig. 1. A BCPC droplet size reference curve [11]
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Some companies aim to bring the user to a more efficient
sprayer. On the one hand, sprayers and nozzles from well-
known manufacturers are expensive for farmers with small
land plots in developing countries, including India and
Ukraine [5]. As a rule, spraying is traditionally done with
a knapsack. Spraying with knapsack sprayers requires
human efforts because of the load but also exposes the
operator to chemicals. This method takes a long time.
According to the surveys conducted, a similar situation,
namely a low level of mechanization, exists in other
countries of the world [12-15]. Thus, in order to improve the
working conditions of farmers and improve agricultural
development opportunities in the difficult economic
environment in the country, an attempt was made to develop
and test a locally produced centrifugal spray device
(following Turkey's example [6,16]), which can be easily
modified to meet specific tasks in the current environmental
conditions.

In this regard, the study purpose is to experimentally
substantiate the possibility of using the developed jet-
centrifugal spraying device in plants spraying technologies.

When developing the spraying device design, many
years of experience in creating similar devices in other areas
of technology related to liquid spraying were taken into
account [17-21].

Many years of experience in creating spraying devices
for solving practical problems in various industries made it
possible to propose a design diagram of a single-phase jet-
centrifugal spraying device shown in Figure 2.

The jet-centrifugal spraying device consists of a
cylindrical part, on one side of which there is a fitting for
connecting a rubber hose. On the other hand, there is a
conical part for placing replaceable nozzles of various
diameters on it. The nozzles are fixed to the end of the spray
device with a union nut. This design more accurately allows
you to adjust the range of the jet and, accordingly, the liquid
flow immediately before use, depending on the task. An
insert (swirler) with a central hole 6 mm in diameter and
grooves located along a generatrix 4 mm wide and 2.5 mm
deep is installed in the cylindrical part of the spray gun.
Swirler is designed to swirl the flow, increase the diameter
of the spray cone and improve dispersion. In order to
determine the possible device performance during testing,
the variables were the depth, grooves width and the
inclination angle. Based on the accumulated experience, the
placement of the swirler insert was chosen central, since its
location at the end of the conical part (as is done in fire
nozzles [22]) does not allow obtaining a sufficiently finely
dispersed structure. Since the use of adjustment of the height
of the spray device and the angle of the nozzle provides
positive results [23], then the spraying device is mounted on
a holder with a rod, which provides the ability to spraying
device rotate in azimuth and tilt to the horizon.

Before testing, the tightness of the device body was
checked when the valve was open and the outlet was closed.
The holding time under a pressure of 1 MPa is not less than
2 minutes. The quality of the compact jet was controlled
visually, namely:

e Formation of a compact jet at the outlet of the nozzle

(without grooves, stratification and signs of spraying);

e Uniform distribution of the liquid over the cone of the
spray jet.

241

933
930
]

-N
Q

Fig. 2. Structural diagram of the jet-centrifugal spraying device
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The tests were aimed at achieving device characteristics
that are acceptable for use in plants spraying technologies
such as jet coverage distance, droplet size and droplet
deposition area (spray diameter).

The liquid flow rate was measured using a DR-20-
60Ya42A turbine flow meter. Before installation in the test
system, the flow meter was calibrated. Was used a weighting
method. The accuracy of determining the flow rate is
+ 2.5%. When measuring the range of a compact jet, the
barrel was fixed at an angle of inclination to the horizon
(30° £ 1) at a height of (1 = 0.01) m from the exit cut to the
test site. The range (maximum, by extreme drops) of the jet
was measured from the projection of the barrel nozzle onto
the test site, using pre-installed beacons, using a tape
measure in accordance with GOST 7502-98. When
determining the range of the jet, the tester was opposite the
departure of the jet and set a mark at the point where the
extreme drops fell. Measurement accuracy + 0.2 m.

The droplet size was determined by taking samples from
a stream onto glass slides covered with a thin layer of
paraffin. The slides were photographed under a microscope
(Fig. 3) and the droplet diameter was determined using the
software.
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Fig. 3. Seven times magnification of droplets on a micro-
scope slide

2.3. Description of test series

In order to ensure the maximum possible jet coverage
distance and spray diameter for droplets of different
diameters, seventeen series of tests were carried out with
different design parameters of the device. In the present
study, only five series are presented in which the most
acceptable results were obtained. At the same time, it was
expected that some design changes to the device would
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provide the required result and would be selected for further

testing in plant spraying technologies.

Series 1. During testing, the variable parameter was the
diameter of the outlet nozzle, namely, Option 1: D = 9 mm;
Option 2: D = 10 mm; Option 3: D = 12 mm with a central
body diameter of 7.2 mm.

Series 2. The test was carried out for a jet-centrifugal
spraying device with a swirler having grooves 3 mm wide
and 5 mm deep along the cylinder generatrix. Tested 3
options for swirlers:

e The angle of inclination of the groove a = 7° with an
open central hole;

e The angle of inclination of the groove a = 6° with an
open central hole;

e The angle of inclination of the groove o = 6° with a
plugged central hole O 6;

Series 3. In this series of tests, the nozzle diameter was
11 mm and the slope of the swirler slots was 4°.

Series 4. In order to increase the range of the jet, the
following changes have been introduced into the design of
the jet-centrifugal atomizer:

e Insert 30 mm long with peripheral channels at an angle
of inclination of 4° to the axis;

e A plate twisted around the longitudinal axis is inserted
into the central hole @ 6;

e Flat plates 1 mm thick are inserted into the peripheral
grooves.

Series 5. Variable parameters were: the peripheral
channels inclination angle, the outlet nozzle diameter, and
the presence of a swirler in the central hole of the insert. The
following versions of the jet-centrifugal spraying device
have been tested:

e Option 1: nozzle diameter 11 mm, channel tilt angle 4°,
no swirler;

e Option 2: nozzle diameter 10 mm, channel tilt angle 4°,
no swirler;

e Option 3: nozzle diameter 12 mm, channel tilt angle 4°,
no swirler;

e Option 4: nozzle diameter 10 mm, channel tilt angle 4°,
a twisted plate is inserted into the central hole @ 6;

e Option 5: the diameter of the nozzle is 10 mm, the angle
of inclination of the channels is 6°, and a twisted plate is
inserted into the central hole @ 6;

e Option 6: nozzle diameter 10 mm, channel tilt angle 7°,
a twisted plate is inserted into the central hole @ 6;

e Option 7: nozzle diameter 10 mm, channel inclination
angle 9°, a twisted plate is inserted into the central hole
0 6;

e Option 8: nozzle diameter 11 mm, channel tilt angle 4°,
a twisted plate is inserted into the central hole @ 6.
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3. Results and discussion
Testing of a single-phase jet-centrifugal spraying device
Series 1

The tests of the jet-centrifugal spraying device with
different diameters of the outlet nozzle were carried out

(Fig. 4).
a) .
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Fig. 4. Constructive options for the spraying device during
the tests of Series 1: a) Option 1 and Option 2; b) Option 3

The results of tests of jet-centrifugal spraying device
Series 1 are summarized in Table 1 and are presented
graphically in Figures 5 and 6.

The spraying device (Fig. 4) provides the narrow stream,
insufficient dispersion and a wide range of droplet sizes.
With a nozzle diameter of 9 mm (Option 1 of Series 1), the
jet coverage distance is the greatest, and the spray diameter
is the smallest. The presence of a central body (Option 3 of
Series 1) increases the spray diameter, but at the same time
reduces the jet coverage distance. No effect on droplet size
was observed.

Table 1.
Test results of Series 1
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Fig. 5. Liquid flow consumption and spray pattern versus
absolute pressure as tested in Series 1
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Fig. 6. Jet coverage distance versus absolute pressure as
tested in Series 1

Liquid pressure, Liquid Jet coverage Spray diameter,  Droplet sizes (min-
No . .

MPa consumption, kg/s  distance, m mm max values), um
Option 1 0.39 1.55 23 20 352-1364
Option 1 0.49 1.7 25 25 338-1080
Option 1 0.59 1.76 26 30 335-1077
Option 1 0.64 1.81 26.5 35 298-811
Option 2 0.39 1.65 20 25 354-1299
Option 2 0.49 1.87 22 30 343-1011
Option 2 0.59 2.1 24 35 252-922
Option 2 0.61 2.12 25 40 249-741
Option 3 0.39 1.32 18 30 308-1201
Option 3 0.49 1.53 18 40 308-917
Option 3 0.59 1.68 21 50 287-844
Option 3 0.65 1.75 23 60 284-702
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Table 2.
Test results of Series 2
No Liquid Liquid consumption, Jet coverage Spray diameter, Droplet sizes (min-max
pressure, MPa kg/s distance, m mm values), pm
Option 1 0.39 2.22 12 200 215-306
Option 1 0.48 2.47 16 220 61-154
Option 1 0.54 2.58 16 220 43-88
Option 2 0.39 2.2 12 200 202-341
Option 2 0.49 2.47 13 200 38-113
Option 2 0.54 2.62 14 200 33-79
Option 3 0.39 1.83 14 80 354-762
Option 3 0.49 2.11 15 90 273-589
Option 3 0.59 2.36 17 110 209-448
Series 2 in the spray diameter and the decrease in the droplet size are

Figure 7 shows the jet-centrifugal spraying device with
a swirler. In this test series, droplet size reduction expected
without loss of jet coverage distance.

The test results are shown in Table 2, and Figures 8 and
9 show graphs corresponding to the data obtained.
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Fig. 7. Design parameters of the Series 2 spraying device
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Fig. 8. Liquid flow consumption and spray pattern versus
absolute pressure as tested in Series 2

Tests have shown significant change in spray quality.
With an increase in swirl (slots' inclination 7°), an increase

Developed jet-centrifugal spray devices: experimental testing to establish the possibility of their application in plants ...

observed. The jet coverage distance is shorter than in the
Series 1 tests. The worst case of Series 2 is Option 3, since
it showed not very satisfactory results both in terms of spray
diameter and droplet sizes.
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Fig. 9. Jet coverage distance versus absolute pressure as

tested in Series 2

Series 3

To increase the jet coverage distance compared to Series
2, the swirl of the flow was reduced to 4°. The spraying device
modified design for Series 3 test is shown in Figure 10.

The test results are presented in Table 3.

Slot' inclination to the axis 4°

=

011

Fig. 10. Design parameters of the Series 3 spraying device
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Table 3.
Test results of Series 3

Liquid pressure, Liquid consumption,

Jet coverage distance,

Spray diameter, Droplet sizes (min-max

MPa kg/s m mm values), pm

0.39 1.88 15 20 351-848

0.49 2.17 16 25 309-653

0.57 2.37 17 30 254-457
Table 4.

Test results of Series 4

Liquid pressure, Liquid Jet coverage Spray diameter, Droplet sizes (min-max
No . .

MPa consumption, kg/s distance, m mm values), pm
Option 1 0.39 2.32 22 40 209-811
Option 1 0.48 2.77 24 50 199-463
Option 1 0.52 2.8 25 55 128-242
Option 2 0.39 2.39 22 45 201-612
Option 2 0.48 2.71 23 50 157-482
Option 2 0.51 2.81 25 60 83-207
Option 3 0.39 2.3 23 40 122-557
Option 3 0.49 2.66 25 45 91-354
Option 3 0.53 2.81 26 50 68-171

With a decrease in the swirl of the flow to 4° in
comparison with the Series 2 tests, a decrease in the spray
diameter is observed; the droplets become larger while the
jet coverage distance has hardly changed.

Series 4

To increase the jet coverage distance, as well as to
provide a small range of droplet sizes, some design
improvements were made again and three modifications
were presented for the Series 4 tests. The spraying device
modified design for Series 4 test is shown in Figure 11.

Twisted plate Plate flat

30 40

Fig. 11. Design parameters of the Series 4 spraying device

The test results are presented in Table 4 and Figure 12,
13. This test series demonstrates a significant increase in jet
coverage distance with decreasing spray diameter. The jet is
uniform, at a pressure of 0.52 MPa (Option 1 of Series 4),
0.51 MPa (Option 2 of Series 4) and 0.53 MPa (Option 3 of
Series 4), a small range of droplet sizes is observed, and,
therefore, the droplet spectrum is more uniform, which
increases the efficiency of droplet control.
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Series 5

The spraying device modified design for Series 5 test is
shown in Figure 14.
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Fig. 14. Design parameters of the Series 5 spraying device

The test results are presented in Table 5.

Table 5.

Test results of Series 5

The test results showed good spray quality in Option 2
of Series 5 with a nozzle diameter of 10 mm. Option 2 of
Series 5 provides a good jet coverage distance of 17-20 m
and good dispersion 43-117 um with a small range of droplet
diameters. Also, good results were obtained in Option 8 of
Series 5 when the swirler plate was installed in the central
hole and the nozzle diameter was 11 mm. In this variant, the
jet coverage distance is less than in Option 2 of Series 5 and
is 15-17 m, but at the same time the spray diameter is more
than 110-170 mm (compared to 60-80 mm in Option 2 of
Series 5) as well as droplets size and the range of droplet
diameters is smaller, which is 27-88 pm. Also noteworthy is
the test of the Option 4 of Series 5 device at a pressure of
0.57 MPa. This option provides a jet coverage distance close
to 20 m, dispersion 65-150 um (this is comparable to the
dispersion of Option 2 of Series 5 and slightly exceeds the
dispersion of Option 8 of Series 5) and the spray diameter of
160 mm (in contrast to Option 2 of Series 5 where the
scattering diameter is 60-80 mm).

Liquid pressure, Liquid Jet coverage Spray diameter,  Droplet sizes (min-max
No . .

MPa consumption, kg/s distance, m mm values), pm
Option 1 0.39 2.12 25 40 221-650
Option 1 0.49 2.47 23 50 203-554
Option 1 0.54 2.63 26 60 151-508
Option 2 0.39 1.9 16 30 202-457
Option 2 0.49 2.04 17 60 48-117
Option 2 0.59 2.26 20 80 43-105
Option 3 0.39 2.49 24 40 205-443
Option 3 0.49 2.86 26 40 181-304
Option 3 0.51 2.87 27 40 156-251
Option 4 0.39 1.94 17 100 169-273
Option 4 0.49 2.15 18 120 108-211
Option 4 0.57 2.41 20 160 65-150
Option 5 0.39 1.9 15 100 122-257
Option 5 0.49 2.24 17 120 86-209
Option 5 0.57 2.41 18 160 65-155
Option 6 0.39 1.95 13 170 114-207
Option 6 0.49 2.25 14 200 71-178
Option 6 0.57 2.44 15 220 54-157
Option 7 0.39 1.96 14 200 49-181
Option 7 0.49 2.26 15 250 45-159
Option 7 0.56 2.44 16 250 42-122
Option 8 0.39 1.89 15 110 47-88
Option 8 0.49 2.17 16 130 37-86
Option 8 0.57 2.38 17 170 27-78
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It is known that reducing droplet size improves overall
coverage by increasing the droplets number, and the
efficiency of plants spray treatment can be improved by
reducing droplet size, which increases the density of the
droplets, and therefore improves spray application to the
target [24].

At the same time, modern experience with spray
application technology shows that the diameter of a droplet
determines the final velocity or deposition rate at which it
falls to the target (in the absence of wind). For example, a
250 pm droplet has a settling velocity of about 1 m/s and
will therefore fall to the ground from most spray devices
within seconds of being released. However, a 100 um
droplet has a deposition rate of 0.25 m/s and can be subject
to significant drift. Such droplets can settle several hundred
meters from the target area. This distance depends on the
drop formation height and wind speed. A drop of 10 pm has
a deposition rate of 0.003 m/s and can be considered as being
practically in the air. A few droplets 10 um in size or the size
of an aerosol may end up settling on fine surfaces such as
hair, but most of them, due to evaporation, will eventually
become residual particles and are lost to the atmosphere
[11]. The evaporation rate of a drop depends on its size.
Experiments have shown that water droplets less than 150
pum in size evaporate about 27% faster than droplets larger
than this size. This is due to the change in airflow that occurs
with smaller droplets. More than 150 pm, the air flow is
separated from the base of the droplet, and evaporation from
this area does not occur. In contrast, the flow is attached
everywhere on droplets less than 150 pm in size, and
evaporation occurs from the entire surface [25].

For better plant protection agent deposition the authors
of [26] recommend reducing the loss of fungicides and
insecticides by avoiding very small droplets that are prone
to drift and evaporation, and very large droplets that run off
the leaves and pollute the soil.

In [7], the following Optimum Droplet Sizes for
Different Targets (Tab. 6).

Table 7.

Table 6.
Optimum droplet sizes for different targets [7]
Target type Droplet sizes, um

10-15
Crawling and sucking insect (drift) 30-50
Plant surfaces (limited drift) 60-150

Flying insects (drift)

Based on the foregoing, according to the test results, the
device designs presented in Table 7 are promising.

Series 3 modification can be used to spray broadleaf
plants as droplets of this size, due to their greater mass and
fall rate, tend to settle quickly on horizontal surfaces near
their point of release [11]. Other device modifications can
be used to spray crops such as cotton, corn, sunflower,
millet, etc. [7,24]. The main advantage of these modifi-
cations is the narrow droplet size range. The smaller the
droplet diameters range, the more uniform the droplet
spectra. Unfortunately, none of the practical nozzles
produces the same droplet size. All commercial nozzles
produce different droplet sizes. [11].

The droplet size, its initial velocity, evaporation rate and
meteorological conditions all affect the droplet movement
through the air. [27]. Wind speed and movement have a clear
influence on spray drift, namely the higher the speed, the
greater the spray drift, for both air drift and target deposits
[28-30]. One of the important technical factors influencing
spray drift is the percentage of small spray droplets [31-34].
The smaller the droplet size, the longer it remains in the air
and the higher the probability of being carried away by a side
wind [35]. Droplets less than 100 um in diameter make a
significant contribution to drift losses [36,37], to avoid
which the correct deposition strategy must be chosen [7,24].

The jet coverage distance is of great importance, since
if the jet coverage distance is greater, then there is no need
to use bulky boom sprayers [35,38]. In addition, the
problems of asynchronous operation, poor stability of the
sprayer boom and high production costs are known [39,40].

The device constructive modifications, which are selected for further testing, and their parameters

The device constructive Liquid pressure,

Jet coverage

Spray diameter, Droplet sizes (min-max

modifications MPa distance, m mm values), pm
Series 3 0.57 17 30 254-457
Series 4, Option 2 0.51 25 60 83-207
Series 5, Option 2 0.49 17 60 48-117
Series 5, Option 2 0.59 20 80 43-105
Series 5, Option 4 0.57 20 160 65-150
Series 5, Option 8 0.49 16 130 37-86
Series 5, Option 8 0.57 17 170 27-78
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Therefore, for further tests, spraying device modifications of
the with the greatest jet coverage distance while ensuring
other acceptable parameters were selected. Due to the fact
that an increase in the jet coverage distance leads to a jet
narrowing, it is logical to use azimuthal scanning of the
sprayed area by rotating the spraying device. To implement
this possibility, a holder design similar to that for fixing the
telescope [41,42] can be recommended. It is important that
this design allows for vertical lift and azimuth rotation of the
spray device. The spraying device can be mounted on any
transport; both ground (car, tractor, cart, etc.) and air (small
airplanes or UAVs). However, with increasing jet coverage
distance, the likelihood in drift losses also increases, which,
as a rule, occurs at small and medium drops [43]. This can
lead to a decrease in the effectiveness of the phytosanitary
treatment and an increase in negative environmental impact
[44] and that would contradict the land legislative acts [45].
Therefore, further research is needed to establish the quality
category of the spraying device in accordance with the
BCPC classification (Fig. 1) [11] and develop recommen-
dations for the application technology.

Thus, it is clear from the study results that:

1) Based on the obtained jet coverage distance, droplet size
and droplet deposition area, the developed spray device
of some modifications can be used in plants spraying
technologies.

2) To ensure maximum convenience and economy the
proposed design of the spraying device can be upgraded
directly by the farmer by installing interchangeable
nozzles that are attached with a union nut. Replaceable
nozzles have different diameters and modifications as
shown in Series 1-5 tests and can be selected depending
on the required jet coverage distance and spraying
dispersion according to the current environmental
conditions.

3) At the same time, these results are not enough to
recommend the device for use. For the most promising
injectors selected in this study, the following tests should
be performed:

e the device must be tested with some insecticides,
fungicides, since this study presents tests with water,
and the physical properties of the plant protection
agent (density, viscosity, etc.) may differ from water
properties. You should also remember about safety
during research and use of plant treatment products,
since maintaining health is the main priority in the
work [46];

e it is necessary to determine the quality of the spray
device in accordance with the BCPC classification,
that is, it is necessary to determine the percentage of
uniform droplets;

e it is necessary to test the device in plants spraying
technologies and develop recommendations for their
use.

Only on the basis of the results of the above tests can the

device be recommended or not recommended for use in
plants spraying technologies.
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