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ABSTRACT: The efficiency expected from any pesticide depends largely on the type of plant protection machine used in
spraying and the operating parameters of the selected machine. Today, sprayers with different spraying wing width are widely
used in field spraying. Especially with field sprayers with large working widths, it is difficult to work at high spraying speeds due
to the wing width and wing weight. In this study, wingless field sprayer effectiveness was evaluated. Occasionally for spraying
instead of sprayers with standard type field spraying booms, the field sprayers with commercial name Electropar, which are
operated with high pressure and with oscillating nozzles are used. Since the sprayer has no wings, it can spray at high tractor
speeds. optimum working width of this sprayer, pestisit distribution uniformity on a horizontal surface, etc. Its parameters are
unknown. In this study, the optimum working width provided by the sprayer at different operating pressures and nozzle oscillation
rates, and volumetric fluid distribution throughout the working width and optimum working parameters were determined. The
three different working pressures (1, 2 and 3 MPa) and the transverse volumetric fluid distribution of the three jet nozzle units
moving in opposite directions relative to each other on a horizontal ground at two oscillations (44 and 60 rpm) were determined
by a portable patternator. Operation of the high-pressure cone jet nozzle unit at 1 MPa pressure and 60 rpm oscillating speeds
provided a more uniform transverse distribution than other operating parameters. The increase in operating pressure caused an
increase in the volume of fluid accumulated in the patternator's grooves at the same working height and sampling distance. The
optimum working width, depending on the operating conditions specified by the boomless sprayer, varied between 11.20 and
12.80 m depending on the spray unit oscillating speed and spray pressure.

Keywords: High pressure jet nozzles, Patternator, Transverse distribution, Spray width

Kolsuz Salinimh Tarla Piilverizatoriiniin Farkh Piiskiirtme Basin¢larinda ve Salimmm Hizlarinda
Performans Degerlendirmesi

OZ: Herhangi bir tarim ilacindan beklenen etkinlik, biiyiik oranda piilverizasyonda kullamlan bitki koruma makinasi gesidine ve
secilen makinanin igletme parametrelerine bagli olarak degismektedir. Giiniimiizde tarla ilaglamalarinda yaygin olarak farkli
ilaglama kanat genisligine sahip tarla piilverizatorleri kullamlmaktadir. Ozellikle biiyiik is genisligi olan genis ve agir kanatlara
sahip tarla piilverizatorleri ile yiiksek ilaglama hizlarinda ¢aligmak zorlasmaktadir. Bu calismada kanatsiz tarla piilverizatorii
etkinligi degerlendirilmistir. Zaman zaman piilverizasyon i¢in standart tip tarla piilverizatorleri yerine, yiiksek basingh ve
salinimli memelerle ¢alisan Elektropar ticari adl: tarla piilverizatorleri kullanilir. Kanad1 olmadig i¢in yiiksek traktor hizlarinda
piiskiirtme yapabilir. Bu piilverizatoriin optimum ¢aligma genisligi, yatay bir ylizeyde yaptig1 pestisit dagilimmin homojenligi, vb.
parametreleri bilinmemektedir. Bu ¢aligmada, farkli ¢aligma basinglarinda ve salinim hizlarinda piilverizatoriin sagladigi optimum
calisma genisligi ve ¢alisma genisligi boyunca hacimsel sivi dagilimi ve optimum g¢aligma parametreleri belirlenmistir. Yatay bir
zeminde birbirine gore zit yonlerde hareket eden {i¢ jet meme iinitesinin iki salinimli (44 ve 60 rpm) ti¢ farkl ¢aligma basmci (1, 2
ve 3 MPa) ve enine hacimsel sivi dagilimi tagmabilir bir paternatdr tarafindan belirlenmistir. Yiiksek basingli konik jet meme
tinitesinin 1 MPa basingta ve 60 rpm salinim hizinda ¢alismasi, diger ¢alisma parametrelerine gore daha diizgiin bir enine dagilim
saglamistir. Calisma basincindaki arti, ayni ¢aligma yiiksekligi ve drnekleme mesafesinde paternatoriin oluklarinda sivi birikimi
hacminde artisa neden olmustur. Kolsuz piilverizator tarafindan belirlenen ¢alisma kosullarina bagl olarak optimum g¢alisma
genisligi, piiskiirtme {initesinin salinim hizi ve piiskiirtme basincina bagli olarak 11.20 ile 12.80 m arasinda degismistir.

Anahtar Kelimeler: Yiiksek basingli jet memeler, Paternator, Enine dagilim, Piiskiirtme genisligi
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INTRODUCTION

In pest management, homogenous distribution
of sprayed pesticide on target surface is an important
aspect. The purpose is to carry out the most efficient
pest management through the least spraying for a
successful pest, disease and weed control. Thus,
environmental risks are reduced, and cost-efficient
agricultural management is performed. Homogenous
distribution of chemicals on target surface is closely
related with uniformity of covering branches and
leaves of plants with fungicides (G6hlich, 1985).

Distribution of pesticide is determined with
different methods in laboratory and field conditions.
The equipment called patternator is used in
laboratory environment for measuring distribution of
a steady nozzle (Harrell, 2003; Debouche et al.,
2000; Ozkan and Ackerman, 1992). The spray
distribution  significantly varies depending on
changes in pressure. Distribution quality of the
spraying nozzles are based on several parameters
such as the static and dynamic parameters of sprayer
boom. In addition to this, the distribution is also
affected by environmental conditions (Sinfort and
Herbst, 1996). Accumulation and distribution of
fungicide applied on the target surface is not only
affected by flow rate of a single nozzle, but also by
several factors such as nozzle spray pattern, spray
direction, auxiliary airflow, drop dynamics (Foqué et
al., 2012; Xie et al., 2015). For an ideal transverse
distribution of field sprayers, the fluid levels
collected in the receiving tubes of patternator grooves
should be as much as the others. in other words, the
volumes that accumulated in tubes must be in the
form of a straight line parallel to the horizontal
(Ergiil and Dursun, 2003).

There are some methods which are used for
determining the distribution quality of a spray on
horizontal surface of a farm field (Anonymous,
2017). One of these methods is to make a decision
based on the variability of spray water collected in
grooves of a horizontal patternator. On this purpose,
the CV% value which indicates the change in water
collecting in the grooves along the spray width,
should be calculated. Either the changes of the spray
pattern of a single nozzle or the changes of
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volumetric calculations along the spray booms of a
field crop sprayer can be evaluated in accordance
with the CV% value.

The commercial field sprayers are generally
effected by soil unevenness and on the sprayer
booms there are much vibrations which disturb spray
pattern, increase the CV % value. Itme¢ and Bayat
(2019), analyzed the most used sprayer booms (10 m)
in Turkey via a CAD program. As a result, fully
cantilever beam profile system’s natural frequency is
8.45 Hz. As the length of the boom increase, the
rigidity of the sprayer booms decreases. There are too
many studies about vibration damping and
determining the vibration characteristics of the field
sprayer boom (Lardoux et al., 2007; Ooms et al.,
2002; Anthonis and Ramon, 2003). Nation (1982),
explained that to resist these uncontrolled vibrations
field sprayer booms must be rigid as possible.
Therefore, the opinion of boomless field sprayer can
be innovative design. Some companies manufacture
an alternative sprayer for herbicide applications at
higher spray rates (L s') called as boomless
oscillating field sprayer (Electro-jet, Parlayan
Agriculture Company, Manisa/Turkey) which does
not have spraying booms to eliminate vibrations.
Instead of spray booms, these sprayers have only
three high-pressurized nozzles and an oscillation
system for those three nozzles.

In the study, boomless oscillating field sprayer
(Electro-jet) performance was evaluated. The
Electro-jet sprayer has two conical nozzles working
with high pressure and a fan nozzle. The spray
transverse distribution of the its sprayer is unknown.
In this study, it has been tried to determine the
optimum working width with the volumetric fluid
distribution provided by the sprayer on a horizontal
floor, at three different operating pressures and two
oscillation speeds.

MATERIAL AND METHOD

In the study, the tractor mounted type boomless
oscillating field sprayer with 600 L tank capacity and
a high pressure piston-membrane pump (Italian AR
1064, 106 L rpm, 4 pistons, 50 bar) was used (Figure
1).
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Figure 1. Electro-jet boomless sprayer (Parlayan Sprayer Company, Turkey)

The experiment was carried out at three
different pressures (1, 2, 3 MPa) and the volumetric
fluid distribution at the horizontal surface of the
spray jets at two oscillation rates (44 and 60 rpm)
was determined to find the optimum working width.
The water in the tank was sprayed by a double-
headed nozzle lances which were moving reverse
oscillation towards right-left on mounted instead of
standard spray booms of the sprayer. The lances were
operated by a DC motor having four bar mechanism
all in a closed box. The DC motor powered by
tractor’s battery which was operated in two different

revolutions and the nozzles on the spray unit were
designed to oscillate reverse to each other. Both of
oscillating nozzles sprayed along 180 degrees in each
oscillation.

One of the oscillating lance had two nozzles in
which of them was cone full nozzle (2.5 mm orifice
diameter) and other a flat fan nozzle (long edge 3.6
mm, short edge 2.2 mm) however, the other
oscillating lance had only one cone full nozzle (2.5
mm orifice diameter). The volume flow rate of the
boomless oscillating sprayer used in the research are
given in Table 1.

Table 1. Operating parameters of the Boomless oscillating field sprayer

Nozzle Flowrate (L rpm)

Nozzle Pressure

Lances with two nozzles

Lance with one nozzle

(MPa)
Cone nozzle Flat Fan nozzle Cone nozzle
7.60 4.02 7.75
10.30 5.43 10.70
12.40 6.93 12.70

In order to determine the transverse static spray
distribution of the boomless oscillating sprayer, a
1200x800 mm portable patternator with 50 mm
grooves depth and 50 mm grooves width equipped
with graduated tubes was used. On the patternator,
there were 23 grooves which can measure the
distance of 1.15 m horizontally. The boomless
oscillating sprayer was operated without a
patternator, at three different pressures 1 MPa, 2 MPa
and 3 MPa, and two oscillation revolution of 44 rpm
and 60 rpm. Because of the plate hole diameter is
larger than the nozzles used in field sprayers, nozzles
on the machine can create drops at high pressures,
just like a spray gun. Higher drop out speed is needed
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for higher spray width. This can be achieved with
high pressure. Because would be drop's speed just

before impact is V = 4/2gh (Halliday et al., 2017).

Here h indicates pressure in terms of column of
water. The electro-jet creates a spray pattern with
only 3 nozzles oscillating. In order to understand the
horizontal distribution pattern of the electro-jet in the
field spraying, the wetting area was determined by
operating the electro-jet at a speed of 44 rpm and a
pressure of 1 MPa. The rails on which the patternator
will move are extended to the midpoint of the wetting
area formed as a semicircle with a diameter of 14.30
m, perpendicular to the direction of progress (a =



2.70 m). Measurements were continued by advancing
the patterner on the rail from left to right each time as
much as its own length. The same procedures were
repeated for each patterner position of the spray
applications of three different pressures of the 60 rpm

A AN
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oscillation speed of the electro-jet. Accordingly, the
widest wetting area of the boomless oscillating field
sprayers’ operation was determined. Finally, the rail
system was mounted on the widest wetting area to
collect water in all operating conditions (Figure 2).

Figure 1. The mechanism in which experiments are carried out

As shown in Figure 3, via a rail system the
patternator was pulled along the wetting area left to
right according to the travelling of the simulated
tractor. In order to ensure that each spraying was
applied for 180 seconds, the spray flow was adjusted
through the control lever located on the sprayer
regulator. The patternator measurements were taken

in the same position each with three replications. By
the way, distribution of the application also
discovered and the data was overlapped. After
wetting area determination of each process condition,
the experiments were started with patternator which
was on a rail system with three different pressures
and two oscillating rates.

Figure 2. The method for measuring transverse spray distribution of field sprayer
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During the working of the boomless oscillating
sprayer, the pesticide must be overlapped a little bit
on the surface of the field in each pass to distribute
the pesticide better. In experiments data was obtained
stationary condition, therefore for each operation data
must be overlapped according to the middle axis. The
CV% values was calculated for both the steady and
the overlapped conditions which was determined for
each experiment.

The boomless oscillating sprayer was driven at
a fixed height by a speed variator to give the desired
stable oscillating rate. Thus, possible changes of
machine progress rate and spray height was
prevented. The test runs were carried out in a closed
environment for preventing the impact of lateral and
frontal winds on distribution during all test runs. An
AC/DC convertor was used as the power supply for
the motor which was used for oscillating the spray
nozzles of the sprayer. A dual-outlet Pacific brand
power supply generating 0-30 Volt, 0-5 Ampere

70
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Oluklarda biriken sivi (mL)
(Liquid that accumulates in the
grooves (mL))

current has been used for 12 Volt power needed for
operating Boomless oscillating field sprayer device.
During test runs, the temperature was measured as 22
°C and humidity as 47%.

The experiments are assesed according to the
random block trial model, the triple repeat level of 2
factors the electro-jet device's two oscillating rates
and three spray pressures. Anonymous (2018),
package software was used in the mathematical and
statistical evaluations of the obtained results. Since
the data did not show normal distribution, the studies
were performed in 95% confidence interval
according to Friedman Multiple Variance Analysis.

RESULTS AND DISCUSSION

The volumetric distribution pattern obtained
from the experiments conducted at 44 rpm and three
different pressures are given in Figure 3.

Orta eksen
Middle
axis

MO~ T A OO N OMONNNTHOLL NS OM
A NN NI O OM~ND0VDOOODOOO A dNMMIT WO
o AN NN N NN NN
Oluklar

(Corrugations)

a1 \Pa

2 Mpa e 3MPa

Figure 3. Static pattern at 44 rpm oscillation speed and three different pressures

Generally, it has been observed that there was
more liquid accumulation at the left side of sprayer
travelling direction than the right side. There are two
nozzles on the left application lever of the device.
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Designed for application towards the center of the
target surface, the second nozzle appears to cause
more fluid to accumulate (Table 2) on the left surface
rather than its center (Figure 4).
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Figure 4. Field application representation pafterh of the sprayer '

Table 2.
(mL)

The amount of liquid sprayed by the electro-jet device to the left and right side of the middle axis

Liguid amount

Oscillation speed (rpm) Direction Pressure (MPa) (mL) v

1 2669 58

3 4187 54

44 rpm 1 1938 42
Right 2 2933 43

3 3589 46

1 3757 54

3 5293 56

60 rpm 1 3223 46
Right 2 2933 43

3 4167 44

Especially, it was observed that there is an
excessive liquid accumulation 300 to 540 cm from
the left side of the axis of the sprayer travelling
direction. This is close to the results reported by
Tiicer (2008). in addition, the difference between the
travel speeds in terms of drop numbers reaching
2.5m, 5m and 10 meters was found statistically
insignificant with 99% probability. This causes the
distribution to be irregular. Three different pressure
applications of 44 rpm speed are designed as field
applications considering 1SO 5682-2 (2017) standard.
By analyzing the distribution pattern of the device at
1 MPa, we can say that a bad distribution is obtained
with the high 57.33% coefficient of variance shown
in Table 3. According to the variation coefficient and
the standard deviation stated in Table 3 of this
application and the direction of movement specified
in Figure 4 according to, effective spray width is

obtained as 11.20 m when the indentation dimensions
in Figure 5 are applied (Table 3).

Spray distribution of the device at 44 rpm
oscillation speed and 2 MPa pressure has caused
accumulation on the right side and especially on the
left sides. On the left side of the direction of
travelling, more and relatively more favorable
distribution has occurred than on the right side. As
coming closer to the middle axis, the amount of
application liquid has reduced. this reduction is at a
level, which will distort the desired covering order.
The effective spray width of the patternator was
determined as 11.80 m according to the variation
coefficient and standard deviation related to Table 3
which was created taking into account the data
obtained from the position of the patternator on the
rail.
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Table 3. Standard deviation, standard error, %CV, and spray length values obtained from patternator

corrugations

Oscillation rate  Pressure Sandard Sandard Spray length
(rpm) (MPa) Pattern type deviation error CV % P {m) ’
1 12 0.79 57.33 14.30
2 Static 17 1.12 59.97 16.40
m 3 17 1.14 52.86 17.60
1 7 0.49 29.19 11.20
2 Overlapped 9 0.62 22.64 11.80
3 10 0.66 24.45 12.00
1 17 1.10 59.26 14.30
2 Static 18 1.12 65.17 16.40
60 3 20 1.23 52.25 17.60
1 7 0.47 17.28 11.55
2 Overlapped 9 0.61 23.49 11.55
3 11 0.73 23.28 12.80

::::f: r:;:’; P:’f::;:f Trrn rigitt fin) Turn left (i)
1 2.95 3.50
“ 2 3.60 4.20
3 3.10 175
1 3.55 4.40
& z 330 420
3 3.15 3.00

Figure 5. Indentations to be considered in turns for a proper distribution in field application

Considering the variation factors of effective
spray width and standard deviation consisting a
stable distribution of this application where, for a
good practice, the activities should be carried out in
accordance with the effective spray width by
considering the covering rate. If, the graphic
indicating the distribution pattern at 44 rpm
oscillation speed and 3 MPa pressure is analyzed, the
most significant characteristic of distribution is that
the device distorts the order by accumulating
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distribution from the center point to right and left
side. It has been observed that there was more
accumulation at the left side while there was also a
hill formed distribution on both sides. Considering
that the positions of the patternator on the track with
17.60 m maximum covering width (wetting width)
measured directly at the application area, it has been
determined based on the standar deviation and
coefficient of variation the effective spray width was
12.00 m (Table 3). In 3 MPa pressure setting at the



same oscillation speed, the coefficient of variation
factor has given the highest result with 24.45% value.
3 MPa pressure application 44 rpm oscillation speed
gives and the worst distribution pattern results which
should be avoided

When the spray values obtained at the same
speed at different pressures are compared, all three
distributions cannot achieve the desired level of
distribution according to the coefficient of variation.
According to the standard error in Table 3, it can be
said that there is an increase in deterioration with
increasing pressure. Wolf et al. (2014), reported that
at low pressures, they formed a uniform volumetric
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distribution throughout the transverse distribution of
the nozzles, and at high pressures, pattern distortions
occurred. The most important disadvantage of
working at low pressures is application with a small
amount of liquid.

Figure 6 is formed by overlapping the covering
rates obtained by the indentation sizes indicated in
Figure 5 of the right and left booms of the nozzles.
Accordingly, the best spray pattern at an oscillation
rate of 44 rpm is obtained by applying 2 MPa
pressure with a variation coefficient of 22.64%, and 1
MPa pressure with a variation coefficient of 29.19%.

)
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Figure 6. Static pattern with overlapping pulverization application at 44 rpm oscillation speed and covering

rate addition at three different pressures

The distribution data obtained from the second
speed level of boomless oscillating field sprayer
device which is 60 rpm oscillation speed and 1 MPa
pressure are given in Figure 7. While, the maximum
spray width directly determined during application
has been found as 14.30 m, it has been detected that
the effective spray width is 11.55 m considering the
standard deviation and coefficient of variation (Tablo
3).

In addition, the spray pattern obtained from the
same pressure and different oscillation speeds gave
different results when compared to standard errors.
According to the pattern data which was obtained at
60 rpm oscillation speed and 2 MPa pressure, there

has been approximately more accumulation from 180
to 420 cm at the left side of axis of travelling
direction. For both oscillating speed, this pressure has
accumulated the liquid amount applied on the axis of
travelling direction at edges and caused important
distortions by leaving the center significantly empty.
Consequently, it is not recommended to work at this
pressure for obtaining a proper distribution pattern.
During the application, it has been determined that
the effective spray width is 11.55 m (Table 3)
according to the standard deviation and coefficient of
variation in this distribution where the maximum
covering spray width was measured as 16.40 m.

135



Performance Evaluation of a Boomless Oscillating Field Sprayer at Different Spraying Pressures and Oscillating Rates

100

&
=+
g c
~ =
]
=h
EEE
)
%Ev
ol
=09
= o >
=58
ST =
- D
S =
=5
23 A0 NDONONT 0L ND©
= NANMNTDOOO~NNDO DO
— —
-
a1 MPa

113
120
127
134
141
148
155
162
169
176
183
190
197
204
211
218
225
232
239
246
253

Orta Eksen
Middle axis

Oluklar
Corugations
2Mpa e=—3MPa

Figure 7. The static pattern at 60 rpm oscillation speed and three different pressures

Three different pressure applications of 60 rpm
speed are designed as field applications considering
ISO 5682-2 (2017) standard. The covering ratios
formed by the spray nozzles were determined by
overlapping the data obtained from the corrugations
with each other during simulated turns. The 17.28%
coefficient of variation, standard deviation and
Figure 8 which has been obtained from 60 rpm
oscillation speed and 1 MPa pressure application is
the most efficient pulverization application done by
Boomless oscillating field sprayer device. The
acceptable CV% differs based on the research sector.
Basically, CV <10 is very good, 10-20 is good, 20-30
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is acceptable and CV> 30 is unacceptable (Gomes,
2009).

According to this, spraying should be done at 60
rpm oscillation speed and 1 MPa pressure setting in
an operation to be conducted by this device with an
efficient spray width, amount of liquid and proper
distribution pattern. The variation factor for the
distribution pattern obtained at the same speed and 3
MPa pressure setting has been determined as an
intermediate level as 23.28%. During this spraying
application, the maximum covering width has been
determined as 17.60 while its effective spray width
has been determined as 12.80 m.
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Figure 8. Static pattern with overlapping pulverization application at 60 rpm oscillation speed and covering

rate addition at three different pressures
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When the oscillation rates in Table 3 are
compared according to standard errors, it was
observed that the spray data obtained from 44 rpm
oscillation speed 1 MPa pressure and 60 rpm
oscillation speed 1 MPa pressure give close results.

Effective work widths achieved are greater than
the maximum work width specified by Anonymous
(2020) and Tiicer (2008).

Table 4. Statistical analysis

M.C. Toraman, A. Bayat, M. Itmec

In the statistical comparison of the average
corrugations data obtained from the sprays in two
different oscillation speeds and three different
pressure applications the differences between the
groups were found to be significant at P <0.05
confidence level (Table 4).

Test Statistics?

N
Chi-Square
df
Asymp. Sig.

6831
9095,075
2

,000

a. Friedman Test

Test Statistics®

Pressure - Speed Data - Speed Data - Pressure
z -28,104° -70,322° -70,070°
Asymp. Sig. (2-tailed) ,000 ,000 ,000

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

CONCLUSIONS

The change of spray swath of boomless
oscillating field sprayer caused by the increasing
pressure gives similar results for classical type
sprayers with similar capacities. However, the
distribution smoothness of a classical type sprayer
decreases after the outer spray jet of the last nozzle,
this decrease can be obtained from boomless
oscillating field sprayer in a longer distance.
Consequently, while shorter marker recesses are left
for covering parts of classical type sprayers in turns
for ensuring proper distribution on the field surface,
the obtained results that this recess should be more
for boomless oscillating field sprayer.

Considering the field applications, it is
estimated that there will be excessive liquid
accumulation at the left side of travelling direction of
the tractor. And a less accumulation will be applied
at the right side during an application to be carried
out by boomless oscillating field sprayer. On the
other hand, as the left side of the travelling direction
will be subjected to excessive fungicide/herbicide
accumulation as the left and right boom applications
always correspond to the same direction in turns and
there will be less accumulation at the right side, there
will be an irregular distribution pattern on the field.

The second fan nozzle placed on the lever
carrying out spraying at left side of the travelling
direction of Boomless oscillating field sprayer device
loads along the left lance it is connected to instead of
spraying the liquid to the target zone which is the
center. Instead of this, if this nozzle is reconfigured

in order to provide 90° of spraying on axis of
travelling direction as running as an independent
lance, it is inevitable to obtain a spraying pattern with
proper distribution. Additional constructions lances
up to the working width can be attached to the
sprayer. Spray width can be increased three times
with two new electro-jets placed on the right and left
sides.
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