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Experimental study of the time of pressure rise
and fall in the sprayer pipe

Abstract. A wide variety of meteorological factors, soil and climatic conditions, the saturation of fields with many types
of weeds, a significant set of cultivated plants and many other factors necessitate the implementation of innovative
technological schemes for the use of pesticides, which will reduce the pesticide load as much as possible and determine
the safe environmental effect of preparations. Experimental studies were carried out to determine the time of pressure
rise and fall in the sprayer pipe and to establish the corresponding functional dependencies. The automatic adjustment
system of the application rate was set to change the pressure when the green simulation surface hit 0.5 MPa, and the
yellow surface hit 0.2 MPa. Sensor impact on a surface of different colours was simulated. At the same time, the pressure
in the system changed. The pressure in the sprayer pipe of trailer sprayer OP-2000-2 was measured using a WIKAI EN837-1
pressure gauge and the readings were recorded with a Panasonic NV-GS75 digital video camera mounted on a Continent
TRIPOD A2 stand. As a result of calculating the experimental data, it was found that the arithmetic mean of pressure
reduction from 0.5 to 0.2 MPa is 1.94 s. And the arithmetic mean for four experiments, a pressure reduction of 0.05 MPa is
0.32 s. When calculating the experimental data of the pressure rise, it was found that the arithmetic mean of the pressure
rise from 0.2 to 0.5 MPa is 2.37 s. And the average value for four experiments, the pressure rise by 0.05 MPa is 0.395 s. After
approximation of experimental data obtained during single-factor experiments, when the pressure P and the corresponding
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time values t change, the corresponding polynomial functions describing the characteristic t=f(P) when operating a sprayer
with automatic application rate control were obtained. The results obtained would allow calculating the time of delay or
advance opening of the spray torch when working with variable standards for target plans, in order to avoid non-compliance

with the application rate with the specified values

Keywords: polynomial functions; boom; field sprayer; plant protection; application rate; spray swath

INTRODUCTION

Agricultural production is a complex process that requires
thoughtful and rational use of natural and climatic condi-
tions, soil resources, and the biological potential of plants.
To achieve optimal yields and ensure the sustainability of
crop production, it is important to effectively control factors
that may threaten the crop. In this context, the control of
weeds, pests, and diseases that can attack crops plays a key
role. These threats can spread to a variety of plant species,
creating significant difficulties for agricultural producers.

Due to the wide variety of meteorological conditions
and soil characteristics, and the presence of various types
of weeds in the fields, production faces various challenges.
This is where the introduction of advanced technological
methods for the use of pesticides becomes important. This
includes the use of advanced integrated plant protection
techniques that help reduce the pesticide burden on the
environment. This approach allows for effective control
of pests and diseases, while maintaining safety for nature
and agroecosystems. Consequently, the introduction of ad-
vanced technological solutions in the field of plant protec-
tion becomes a strategically important stage for ensuring
the sustainability and efficiency of agricultural production.

Many researchers have studied technological processes
and working bodies for chemical plant protection. M. Hu-
lin et al. (2021), M. Djoubhri et al. (2023) investigated models
of the drift of sprayed pesticides, the processes of scatter-
ing, evaporation of droplets, their deposition to the ground
and interception by air flow, and atmospheric stability and
turbulence modes. The researchers considered drift pat-
terns of sprayed pesticides by analysing the processes of
scattering, evaporation of droplets, precipitation to the
ground, and interception by air flow. In addition, they ana-
lysed atmospheric stability and turbulence regimes, which
contributed to a deeper understanding of the dynamics and
effects of sprayed pesticides in the environment.

B. Xiahou et al. (2020) conducted modelling and exper-
imental studies of the characteristics of droplet flow and
their deposition in the air flow field. They focused on care-
fully analysing the impact of these factors on the distribu-
tion of pesticides and developing strategies to optimise the
use of plant protection products to ensure efficiency and
environmental safety.

C.Dereumeaux et al. (2020), LW.P. Paulson et al. (2022)
studied in detail the experimental characteristics of the
aerodynamic footprint of a high-clearance sprayer when
changing the operating parameters. This helped to es-
tablish optimal conditions for ensuring the efficiency
of cutting and minimising the negative impact on the

environment. The study also revealed important relation-
ships between spray parameters and the distribution of
pesticides in the atmosphere, contributing to the develop-
ment of recommendations for improving the efficiency and
sustainability of sprayers in agriculture.

According to the findings by R.N. Martins et al. (2021),
the effect of sprayer types and sprayer pipe pressure on the
characteristics of sprayed droplets was determined. These
results provide important information for understanding
the impact of these factors on droplet size, distribution,
and behaviour, which are key aspects of effective pesticide
use in agriculture. In addition, this study contributed to
the development of recommendations for optimising the
operating parameters of sprayers, which can lead to an im-
provement in the quality of spraying and minimise the loss
of pesticides as a result of uncontrolled dispersion of parti-
cles into the atmosphere. Consideration of these factors is
an important step in the practical implementation of envi-
ronmentally effective spraying strategies.

H.V. Mercaldi et al. (2017), J. Wawrzosek & S. Parafin-
iuk (2022) considered the use of a permutation algorithm
to suboptimise the location of spent nozzles on the spray-
er boom. The use of this algorithm allows optimising the
location of the nozzles, considering various parameters,
such as the width of the droplet flight, their concentration,
and uniformity of distribution. This approach may prove
important for improving the efficiency of sprayers by pro-
moting more accurate and cost-effective distribution of
pesticides. The results will help to identify optimal nozzle
configurations, contributing to the improvement of spray
technologies and reducing the impact on the environment.

The analysis of the papers by prominent researchers
showed that no studies of the time of pressure rise and fall
in the sprayer pipe have been carried out. Therefore, the
purpose of the experimental study was to determine the
time of pressure rise and fall in the sprayer pipe and estab-
lish the corresponding functional dependencies.

MATERIALS AND METHODS
The research was carried out at the National University of
Life and Environmental Sciences of Ukraine at the Depart-
ment of Agricultural Machinery and System Engineering
named after Academician P.M. Vasylenko in 2021-2023.
Since it is impossible to record the time of pressure rise and
fall in the sprayer pipe using a stopwatch and eyesight, it
was decided to record the pressure gauge readings using a
Panasonic NV-GS75 digital video camera (Japan), which al-
lows 25 frames per second. Experimental OP-2000-2 trailer
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sprayer (Ukraine) (Fig. 1) transported to the test site. A
driveshaft was attached to the sprayer pump and connect-
ed to the power take-off shaft (PTO) of the MTW-82 tractor
(Belarus). The tractor’s PTO speed was set at 540 rpm.
Collector pressure was monitored using a WIKAI
EN837-1 pressure gauge (WIKA Group, USA) in accordance
with DSTU 7224:2011 (2011). Since the sprayers operated
at a pressure of 0.2 to 0.5 MPa, the test was performed at
a pressure of 0.2 to 0.5 MPa. The Panasonic NV-GS75 digi-
tal video camera was mounted on a Continent TRIPOD A2
(Continent, China) stand. The height of the video camera
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installation was 1.5 metres above the ground, and 1 metre
from the WIKAT EN837-1 pressure gauge. The video camera
was set to a shutter speed of 1/500 of a second, an aper-
ture of D=8 to ensure the greatest clarity of shooting, and
a 5x optical zoom (Fig. 2). The automatic application rate
control system was set to change the pressure when the
green simulation surface hits by 0.5 MPa and the yellow by
0.2 MPa. They simulated the sensor hitting a surface of dif-
ferent colours. At the same time, the pressure in the system
changed. The survey was carried out in four-fold repetition,
to raise and lower the pressure.

Figure 1. Conducting experiments on a prototype trailer
sprayer OP-2000-2
Source: photo by authors

After the research, the camera was connected us-
ing a FireWire connector to a PC based on the Athlon
2800+ processor (China). The video was processed using
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Figure 2. Recording the readings of the WIKAI EN837-1
pressure gauge when raising and lowering the pressure in
the pipe

Source: photo by authors

Motion DV STUDIO 5.3 E (Fig. 3), where the time for

the pressure to drop and rise from 0.2 to 0.5 MPa was
calculated.
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Figure 3. Video data analysis in Motion DV STUDIO 5.3E

Source: photo by authors

The research data were processed using the method of
statistical processing of empirical data and evaluated by
the arithmetic mean of the time of pressure rise and fall
in the sprayer pipe, the standard deviation, and the coef-

ficient of variation. Calculations were performed using the
following equations (1)-(4):

O the arithmetic mean of the time of pressure rise and
fall in the sprayer pipe (Bugutsky, 1999):
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- XX
x =24, 1)

where x — time, s; N - number of experiments,
) mean square deviation (variance):

T(xi—%)?
o? ==, (2)

O mean square deviation (standard):
c=Vo?, (3)

O coefficient of variation based on the standard deviation:

. Average pressure reduction
No. of experiment 8ep

value t, s, by 0.05 MPa

Table 1. Results of experimental studies of pressure reduction

Variance

vV =7-100%. )

Experiments to determine the time of pressure rise
and fall in the sprayer pipe were carried out in four repeti-
tions. Calculations were performed using Microsoft Office
Excel 2007 software suite.

RESULTS AND DISCUSSION
The results of calculating the standard deviation (variance),
standard deviation (standard) and coefficient of variation
are presented in Table 1 (calculations were performed us-
ing equations 1-4)

Mean square deviation Variation coefficient

1 0.27 0.01 0.11 39.87
2 0.29 0.01 0.12 41.06
3 0.44 0.06 0.25 57.21
4 0.29 0.01 0.12 41.06

Source: compiled by the authors

As a result of calculating the experimental data, it was
found that the average value of the pressure drop from 0.5
to 0.2 MPa is 1.94 s. And the average value for four experi-

ments, a pressure drop of 0.05 MPa is 0.32 seconds. Results
of pressure drop by 5 to 2 atm (in increments of 1 atm) are
shown in Figure 4.

0.8 -
0.7
0.6
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0.4 -
0.3
0.2
0.1 ~

Time t, s

Pressure P, atm

From 3 to 2 atm

From 4 to 3 atm

From 5 to 4 atm

Figure 4. Diagram of the time t required to reduce the pressure in the sprayer pipe by 1 atm

Source: compiled by the authors

As a result of approximation of experimental values
obtained during a single-factor experiment with pressure
changes P and the corresponding calculated time values
t, it is established that the best corresponding function-
al dependencies are described by a polynomial function.
Therefore, the functional dependence describing the char-

acteristic t=f(P) (Fig. 5) when the sprayer with automatic
application rate control is as follows:

P=0.4017 - t*- 2.4051 - t + 5.1017, 5)

where P - pressure in the sprayer pipe, atm; t — time, s.
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Figure 5. Dependence of pressure in the sprayer pipe P on time t

Source: compiled by the authors

Coefficient of determination of this dependence
R?=0.9936. Equation (5) is appropriate, given that the
probability is 0.99 for the calculated value of the Fisher’s
criterion F_, =156 is much larger than the table value of
Fisher’s criterion F_, = 12.25. Based on the findings of
]J.F. Reyes et al. (2015), it can be argued that equation (5) is
significant and its coefficients cannot be ignored. The ma-
teriality of the coefficient of determination was estimated

using the Student’s t-test. The coefficient of determina-

tion of this dependence is significant because the proba-
bility of R=0.99, t_, =508 is much higher than ¢_,_=3.50
(Bugutsky, 1999).

The arithmetic mean of the pressure rise from 0.2 to
0.5 MPa, by 0.1 and 0.05 MPa was determined by the equa-
tion (1). The results of calculations of the standard devi-
ation (variance), standard deviation (standard) and coef-
ficient of variation are presented in Table 2 (calculations
were performed using equations 1-4).

Table 2. Results of experimental studies of pressure rise
Average value of pressure

No. of experiment rise t, s, by 0.05 MPa Variance Mean square deviation Variation coefficient
1 0.31 0.02 0.14 46.42
2 0.26 0.03 0.17 64.36
3 0.65 0.004 0.07 10.00
4 0.36 0.03 0.18 50.18

Source: compiled by the authors

As a result of calculating the experimental data, it was
found that the average time of pressure rise from 0.2 to
0.5 MPa is 2.37 s. And the average value for four experi-
ments, the pressure rise by 0.05 MPa is 0.395 s. As a result
of approximation of the experimental values of pressure
rise from 0.2 to 0.5 MPa obtained during a one-factor ex-
periment with a change in pressure P and the correspond-
ing calculated values of time t, it was found that the func-

tional dependencies described by the polynomial function
are the most appropriate. Therefore, a functional depend-
ency describing a characteristic t=f(P) (Fig. 6) when using
sprayer with automatic adjustment of the application rate,

has the following form:
P=0.2024-t2+0.8171-t + 1.9864, (6)

where P - pressure in the sprayer pipe, atm; t — time, s.

6

P y=0.2024x%+0.8171x+1.9864
g R2=0.9971 /‘/#
Ay
gs
=}
] *4//
g 2
="

1

0

0 0.5 1 1.5 2 2.5

Timet, s

Figure 6. Dependence of the pressure in the sprayer pipe P on time t

Source: compiled by the authors
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Coefficient of determination of this dependence is
R?=0.9971. Equation (6) is appropriate because, with a
probability of 0.99, the calculated value of the Fisher’s
criterion F__ =172 is much larger than the table value of
Fisher’s criterion F,_ = 12.25. Based on the findings of
J.F. Reyes (2015), it can be argued that equation (6) is sig-
nificant and its coefficients cannot be ignored. The mate-
riality of the coefficient of determination was evaluated
according to the Student’s t-test. The coefficient of deter-
mination of this dependence is correspondingly signifi-
cant because if the probability p=0.99, t_, =607, which is
much larger thant, _, =3.50 (Bugutsky, 1999).].V. Fabula et
al. (2020) investigated the effect of pipe pressure uniform-
ity and droplet size when using pulse-width modulation
spray technology. D. Nuyttens et al. (2017) investigated
the drift of working fluid droplets by different application
methods using a drift test bench and compared it with oth-
er evaluation methods.

Similar studies have been conducted by D.G. Voy-
tyuk (2015), where the researcher reviewed and analysed
machine protection devices, describing their character-
istics, technological schemes, settings, and methods of
use. The study has provided important insights into un-
derstanding the diversity and functionality of protective
devices, including their adaptation to different conditions
and types of cultivated fields, and highlighted not only the
technical aspects of plant protection machines, but also
considered their technological purpose and optimal set-
tings for effective use. The review included an analysis of
various technological schemes used in such machines, and
determined their suitability for various types of agricultur-
al land. Special attention is paid to the adaptation of pro-
tective devices to different conditions and types of culti-
vated fields. This is important to ensure optimal efficiency
in a diverse agricultural landscape. The results of the study
helped not only to improve existing plant protection ma-
chines, but also to develop recommendations for the selec-
tion and effective use of such technical means, depending
on specific business conditions.

A. Sharda et al. (2011) investigated the norm of work-
ing fluid from a single series of sprayers when using wa-
ter-sensitive paper maps. This approach helps to deter-
mine in detail the distribution of liquid on the surface and
evaluate the efficiency of sprayers. The study considered
the interaction of the liquid with the surface based on the
characteristics of each sprayer. The results obtained have a
positive impact on improving the accuracy and efficiency
of sprayers in agriculture, and on the rational use of work-
ing fluids. O.I. Melezhik (2010) improved the dispersion of
pesticide spraying, and developed a new type of centrifu-
gal sprayer. This approach helps to determine in detail the
distribution of liquid on the surface and evaluate the effi-
ciency of sprayers. The study considered the interaction of
the liquid with the surface based on the characteristics of
each sprayer. The results obtained have a positive impact
on improving the accuracy and efficiency of sprayers in ag-
riculture, and on the rational use of working fluids.

V.M. Polischuk (2005) substantiated the parameters
of the pneumohydraulic system for dosing and supply-
ing working fluid in sprayers. He investigated the optimal
characteristics of this system to maximise the accuracy and
efficiency of spraying, reduce fluid loss, and optimise the
flow rate of working material. Based on the findings, it can
be stated that the developed parameters of the pneumohy-
draulic dosing system are of great importance for improv-
ing the control of the spraying process. This approach helps
not only to increase the efficiency of sprayers, but also to
reduce the negative impact on the environment through
more accurate dosing of the working fluid. J.D. Luck et
al. (2011), A.B. Dorneles et al. (2018) investigated the flow
characteristics, spray pattern, and droplet spectra of an ac-
tively controlled nozzle with a variable opening at constant
carrier pressure. Their results helped to identify optimal
operating modes of the nozzle, ensuring maximum spray
efficiency and saving working material. This study occupies
an important place in understanding the technical aspects
of the operation of actively controlled injectors and indi-
cates the prospects for their use in modern spray systems.
The analytical approach to investigating the characteristics
of injectors contributes to the development and improve-
ment of spraying technologies, which affects the quality
and efficiency of using working fluids in agriculture.

O. Baranovskyi & V. Polischuk (2001), O. Barano-
vskyi et al. (2010) studied a jet pump for direct delivery of
pesticides to the sprayer discharge line and analysed the
metering systems of boom sprayers. They analysed the
dosing systems of boom sprayers aimed at improving the
accuracy and efficiency of the distribution of working fluids
during spraying.

Research on this aspect of spraying technology is im-
portant for agriculture, as it aims to develop and improve
systems that ensure efficient delivery of pesticides to the
field. The results obtained can affect the rational use of
working fluids, increase productivity, and reduce material
losses during spraying. These results should be consid-
ered when developing and implementing modern spraying
technologies in order to optimise the use of pesticides and
ensure sustainable production in agriculture.

CONCLUSIONS

As a result of calculating the experimental data, it was
found that the arithmetic mean of pressure reduction from
0.5 to 0.2 MPa is 1.94 s, and the arithmetic mean for four
experiments, a pressure drop of 0.05 MPa, is 0.32 s. As a
result of approximation of experimental values obtained
during a single-factor experiment with pressure reduction
P and the corresponding calculated time values t, it is es-
tablished that the best corresponding functional depend-
encies are described by a polynomial function. Therefore,
a functional dependency describing a characteristic t=f(P)
when the pressure drops, has the following form: P=0.4017
t*+2.4051 t+5.1017. When calculating the experimental
data of the pressure rise, it was found that the arithmetic
mean of the pressure rise from 0.2 to 0.5 MPa is 2.37 s. And
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the average value for four experiments, the pressure rise
of 0.05 MPa is 0.395 s. As a result of the approximation of
the experimental values of the pressure rise from 0.2 to
0.5 MPa obtained during a single-factor experiment with
a change in pressure P and the corresponding calculated
values of time t, it was found that the polynomial func-
tion describes the best corresponding functional depend-
ences. Therefore, a functional dependency describing a
characteristic t=f(P) when the pressure rises, is P=0.2024
t?+0.8171 t + 1.9864. These experiments in the future
would allow calculating the time of delay or advance of
opening the spray swath when working with variable
standards on target plans.

Further research can be aimed at experimentally stud-
ying the time of pressure rise and fall in the sprayer pipe.
A detailed analysis of these parameters is key to optimis-
ing the operation of sprayers and improving the efficien-
cy of pesticide use in agriculture. The study of the pres-
sure rise time in the pipe will help determine the optimal

B. Onyshchenko et al.

parameters for a quick and efficient start-up of the spray-
ing system. Pressure reduction is a critical factor in ensur-
ing the accuracy of the working fluid distribution, so a de-
tailed study of this process can lead to improvements in the
design and functionality of sprayers. Optimisation of these
parameters can improve spray efficiency, reduce working
fluid loss, and affect the consistency and accuracy of the
process. Such studies will be an important contribution to
the improvement of modern spraying technologies in agri-
cultural production.
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EKCnepuMeHTaslbHe AOCNIMKEHHS Yacy NiAHATTS Ta 3SHUKEHHSA TUCKY
B KONeKTopi o6npuckyBava

AHoTAaUiq. Beke pisHOMaHITTS MeTeoponoridyHMX HaKTOPiB, IPYHTOBO-KIIMAaTUYHUX YMOB, HACUMYEHICTh MOJIiB 6araTbma
BUIamu 6yp’siHiB, 3HAYHMIT Habip KyJIbTYPHMUX POCINH i 6araTo iHmmx GakTopiB 06yMOBIIIOIOTh HEOOXiIHICTb BTiI€HHS
iHHOBaIIi/IHMX TEXHOJOTIUHMX CXeM BMKOPUCTaHHS OTPYTOXiMiKaTiB, 11e JJ03BOIUTbh MakCYMaIbHO 3MEHUIUTY TEeCTULIMIHE
HaBaHTasKeHHS Ta 3yMOBUTb 6e3MeUHy eKOJIOTiuHy Jio mpernapariB. EkcriepyuMeHTanbHi JOCTiIKeHHS Oy/Iy MPOBeJeHi
3 METOI0 BU3HaUEHHS Yacy MMiTHSATTS Ta 3HMKEHHS TUCKY B KOJIEKTOPi O6IIPMCKyBaya Ta BCTAHOBJIEHHS BifMOBiTHUX
¢dbyHKIIiOHANBHUX 3a7eXXKHOCTel. CHCTeMY aBTOMATUMYHOTO PETY/II0OBAaHHS HOPMY BHECeHHSI Oy/I0 HA/IalITOBAHO Ha 3MiHY
TUCKY ITPY IOTPAIVISIHHI 3eeHoi imiTauiiiHoi moBepxHi Ha 0,5 MITa, a skoBToi Ha 0,2 MITa. IMiTOBaHO MOTPATUISTHHS CEHCOPA
Ha MOBePXHIO Pi3HOT0 Kombopy. IIpu 11bOMY 3MiHIOBABCSI TUCK B cucTeMi. THMCK B KosieKTOpi ob6mpuckyBaya OIT-2000-2
BUMIipIoBaBcs 3a mornomoroio maHomerpa WIKAI EN837-1 ta ¢inbMoBaHO moka3aHHs IM(POBOIO BigeoKaMepoio
Panasonic NV-GS75 BcraHoBneHolo Ha mtaTuB Continent TRIPOD A2. B pe3ynbTaTi 06paxyHKy eKCcriepuMeHTaaAbHUX
IaHVUX BCTAHOBJIEHO, IO CepeaHE apudpMeTHUHe 3HAUEHHS 3HVDKeHHST TUCKY Bif 0.5 o 0.2 MITa ctraHoBuTb 1.94 c. A
cepenHe apubMeTHUHe 3HAYEHHS [10 YOTUPHOM JIOCTigaM, 3HMKeHHSI TUCKy Ha 0.05 MIIa cranoBuTb 0.32 c. IIpy 06paxyHKy
eKCTIepMMeHTaTbHMX JaHUX MiIHSATTS TUCKY BCTAHOBJIEHO, 10 cepeqHe apudmeTryHe 3HAUEHHS MiTHATTS TUCKY Big 0.2 1o
0.5 MITa craHOBUTb 2.37 C. A cepefHe 3HAUEHHS 110 YOTUPHOM AO0CTiAaM, MigHITTs TUCKY Ha 0.05 MIIa craHoBuTb 0.395 c.
ITicnst ampoKcuMaliii eKcriepMMeHTaTbHIX JAaHUX, OTPUMAaHMX IIPU MPOBeJeHHi 0fHO (HaKTOPHUX eKCTIepUMEHTIB, TPy 3MiHi
TUCKY P i BiIMOBiIHMX 3HaUeHb Yacy t, OTpUMaHi BiAoBigHi mosiHOMianbHi QyHKIIi1, [0 OMMUCYIOTh XapaKTePUCTUKY t=f(P)
mpu po6OTi 06TIPUCKyBaya 3 aBTOMATUYHUM PeryIi0BaHHSIM HOpMM BHeceHHsI. OTpUMaHi pe3ynbTaT B MaitbyTHbOMY Ial0Th
MOX/TMBiCTb PO3PaxyBaTH Yac 3aTPUMKM ab0 BUITIepeIKeHHSI PO3KPUTTS dhakeny po3nmioBava Mpu poboTi 3 3SMiHHUMU
HOpMaMU 110 KapTaM 3aBJaHb, /151 YHUKHEHHS HeBiIMOBiAHOCTI HOPMi BHECEHHS 3a[laHMM 3HaUeHHSIM

KniouoBi cnosa: moiinomianbHi QYHKIIIT; [IITAaHTa; TTOJIbOBMIT OOMIPUCKYBAY; 3aXMCT POCIMH; HOpMa BHECEHHS; GaKes
pPO3MUITY
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