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Summary

The design of a sprayer nozzle used for chemicahtpprotection should fulfill technical, efficiencyand
environmental demands. The level of meeting theseashds as well as their optimizing can be besuetad by
gathering information during the machine operatibnis paper analyses functional accuracy concersprgy
coverage of upper and lower leaf surfaces in cass® of different nozzle designs operating atedmvorking
pressures. The research was conducted at the foljospraying pressures: 0.1, 0.2, 0.3, 0.4, andvPa for
three TeeJet nozzle designs, which are TeeJet 1100®4, and 11006. The average coverage in pagent
terms and the average droplet density of the dtapipact on upper and lower sides of wheat leaves a
determined. The quality of the disintegrated spdaposition is established by assessing droplet d¢tapan
water sensitive paper. The best average uppesidaicoverage is achieved by a TeeJet 11006 n(Zzl247%)
and somewhat weaker results are achieved by a fT&&084 nozzle (24.755%) and a TeeJet nozzle 11002
(22.355%). The average coverage of upper leaf seesufficient since the spray is present onlyraces. In
case when spray is applied by TeeJet 11006 no#zéeachieved coverage of upper leaf sides is 6.39%%
TeelJet 11004 nozzle achieved the coverage of 3.6208the weakest result by far is achieved by &teE0002
nozzle (0.27%). Higher spraying pressures usualylt in a better upper and lower wheat leaf saegrage,
and at the same time it produces a higher levdragplet disintegration, which is not the case feeJet 11002
and 11004 but for upper leaf sides. The resulta dérived regression analysis show the preseneesgtiare
dependence between the spraying pressure and rapeecti density on a leaf as well as a dependehce o
pressure and leaf coverage for all the aforemeatiorozzle types.
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1. INTRODUCTION

Plant protection machines apply chemicals overtplam surface or into soil. They include various
kinds of sprayers, atomizers, mist sprayers, pidees, and machines that apply pesticides into soil

Sprayers are machines used for chemical plant gfote which pump the pesticide droplets and
discharge them under pressure in a jet form overget area.

The main task of a sprayer is to disperse thediggtiinto droplets of a specific size, and to sgrthem
uniformly across the target area, Eichorn [1]. Tdisintegrated droplets, which are a result of prézed
atomisation, get dispersed, and due to the sudantact they deposit onto the surface. The geocadtiorm of
the surface changes, i.e. the droplet form chafrges a sphere into a spherical calotte. The caloti®upies a
significantly bigger area compared to a sphereclimeans that the coverage of a target area iffisagrily
better. A coverage level depends on the tensiom a@plet viscosity, area quality assessment, iadiaation,
droplet spectre, and similar, Maceljski [2]. Draptkeposition speed onto the target area is an irmpbfactor
for spray application efficiency assessment (pemidissolved in water). The following formula ised for
calculation of the droplet deposition speed ansl é result of the following analysis (Figure 1.).



Figure 1. Spray droplet as a spherical model andds acting upon it

A spray droplet as a spherical model falls throtighair due to the action of mass G. The downward
movement of the drop is opposed by lift force Fd ain resistance force Fw. In the beginning, thesna
bigger than both lift force and air resistancethsd the drop moves downwards with accelerationth&sdrop
speed increases resistance force increases aamelfter a certain time both lift and resistaiocees become
equal to the drop mass. The result of this is &tzon droplet speed from now on. The constant spaedbe
computed on the base of the forces equilibriurmgatin the droplet.

G=F,+F, )
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ie.
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v —droplet speed s

r- droplet diameter m

g- Earth acceleration ifs

n — fluid (spray) dynamic viscosity coefficient Pa-s
p — spray density in kgth

p,— air density in kg

George Stokes, an Irish mathematician and phydieihed a formula for force resistance whiclrjs6znrv
based on the assumption that a sphere moves at apeed in viscous fluid. The mean coefficient eafar
dynamic spray viscosity at a normal atmospherisguee of 1,013 hPa and air temperature of 20°00i3172
Pa-s, Landau, L.D. and Lifshitz, E. M. [3]. It ibwious from the formula (4) that the movement speéd
disintegrated droplets is in proportion with theamecoefficient value. A smaller diameter impliesraaller
speed and a bigger danger of missing the targetan undesirable deposition. Spray disintegrasamder the
influence of the nozzle orifice as well as the pres level, Sumanovac et al. [4]. Higher pressismiggrates
drops more strongly. The disintegration (dispersisrstronger at the initially lower spraying preiss. Jets with



smaller droplet spectre cover the target area faignily better than bigger droplet jets. The mfastourable
drop size applied to in plant protection is 100-500, Tuck C. R. et al. [5}yhich is due to the fact that smaller
drops are inclined to evaporation and drift, wherbagger ones drip off from target plants causiog and
underground water pollution. Due to these the igfficy of chemical plant protection is decreasedhéncase of
pesticide application whose carrier is water itasvtwo or three times a bigger area because dsoghanges
their form from a sphere into a calotte. If oilused as a carrier this change is even bigger aalérs a ten to
fifteen times bigger area. The droplet diametethatnozzle outlet is in this case bigger than 150Mitier, P.
C. H. and Hadfield, D. J. [6]. An average diameita droplet within a disintegrated spray jet spectan be
expressed in three ways:

> nd

Z . ()

The arithmetic mean diameter (NMD — number mediemeter) is calculated by the addition of the
diameters of all droplets. The total sum is furttierded by the total droplet number:

d/a -arithmetic mean diameter of a droplet)im

n —number of droplets

d —drop diameter in pm

d/a=

The diameter expressed in this way does not shgwnaportant jet characteristic, and in accordarncthat fact

is only rarely used, BoSnjakavj7].

The other diameter used to define a droplet sizthésvolume median diameter (VMD — volume median
diameter), which expresses the size of the dropsiblis the overall volume of discharged drops ivto equal
parts. Knowing this diameter you can calculate dhaplet number in a certain liquid quantity as wadl the
density (number) of the droplets on an area.

Z nd®
dN=3 ©6)
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d/V —dropletvolumediameter pm

n —droplet number

d —droplet diameter pm
The third diameter, which defines the droplet sisethe surface median diameter (SMD — surface amedi
diameter). It represents the diameter of the drbpse volume and surface proportion is the saméhtowhole
liquid quantity. This diameter allows calculatiftgettarget area droplet coverage.

nd®

d/VP= z 7
zndz ( )

d/VP -volume surface mean droplet diameter um

n —number of droplets
d —droplet diameter um

Pesticide amount is adjusted in sprayers in ordevbid insufficiency or excess. They can causeaahsed
efficiency level and phytotoxic effects as well inappropriate pesticide consumption. The leveligit jet
disintegration is highly dependent on the spraylagice, Sumanovac et al. [8]. One of the most ingdrparts
of a sprayer is a nozzle. They use hydraulic pressufor liquid dispersal. Further, they form &ged take care
of the range and amount of discharged spray. Todage you can most often find whirl nozzles (tliesm a
cone jet), TeeJet nozzles, slot nozzles (they farmapeze jet), and fan nozzles (they form an ir@gfan jet),
Srivastava, A. K. et al [9]. Technical charactécs of a nozzle depend on its design and kind. désign
influences the jet form and maximum distance caVetiee drop spectre and the machine capacity. Bvexyle
type produces a jet of certain characteristics um@etain circumstances, Ganzelmeier H. [10]. Nexthe
above-mentioned nozzle types the following nozgfees are also used but under specific conditionkiara
limited number: rotating, rain drop, hydropneumatitectrostatic, and vibrating nozzles. The redesscare
conducted on the standard TeeJet nozzle (Fig.rel&24.). It consists of a body, filter, inlet (e with a slot)
and a nut. The filter is made of copper alloy anthgtic materials with slots or a net made of metadynthetic
threads. The filter can have a ball-shaped valué @ispring that closes the nozzle outlet afterethé of the
operation in order to avoid spray dripping. Theefilnet density should match the outlet dimensidhe. density
is expressed as a nhumber of threads per inch lelgthsign 50 Mesh, for example, means that ther filas 50



threads along the length of 25,4 mm. The plate aslanof stainless steel, resistant copper alloysnties or
special synthetic materials. The nozzle outlénithe form of an elongated ellipse (elongated)slté depth is
3-4 mm, and it produces a fan-shaped jet of aneaofyb5° to 120°. The nut on a nozzle is usedifarg the
inlet (plate) with the outlet and the body or azlezarrier. It is made either of metal or synthetaterial. The
main task of a nozzle is to cover upper and unidesssof leaves in a satisfactory way, Sebastijanetal. [11].
High yield wheat sorts require an intensive disegsst, and weed control. If not, they can seripbsirm the
expected yield, Sumanovac [12]. The aforementiquretective actions should be performed during thela
vegetation period, which implies an intensive usagicultural machinery, in the first place ofdtar sprayers
Sumanova¢13]. The research aims to analyse the coverage and mwhbeoplets (impacts) per an area unit of
a wheat leaf related to the pressure change faethifferent nozzle types. Further, to recommendaire
technical solutions, which can improve the sprapliaption level, environmental protection, and #féciency
of agricultural production.
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Fig. 2. a) Main parts of a TeeJet nozzle Fig. 2. b) TeeJet nozzle inlet
1. Body, 2. Filter,
3. TeeJet nozzle inlet, 4. Nut
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Fig. 2. TeeJet nozzle in operation



2. OPERATING MODELS

The protection of winter wheaT (iticum aestivuni.) from plant diseases is performed by a RAU-268ptayer
on the fields of Mednik Company in Zupanja, East&lavonia, the Republic of Croatia. Alto Combi 42
preparation is used. 0.5 Ihas mixed with 200 Ihdof water. The research is performed for the folloyvi
spraying pressures: 0.1; 0.2; 0.3; 0.4; and 0.5 MPeelation with the three TeeJet nozzle typesOQPl
11004,11006) during wheat spike formation. The afeg angle of a nozzle is 110° (according to thgel
11002 the underlined number); the flow is 0.76 Ifmiwhich equals 0.2 US gal min(according to the label
11002 the underlined number). European manufagtwse similar labels but for flow which is markeditres
per minute (Imiff). The experiment is performed at an air tempeeatifi26°C in semi-cloudy windless weather.
The spraying speed is 6-7 kthHWVater sensitive paper is used to assess the dpmosition quality. The papers
are set apart at a meter’'s distance transversalthe sprayer. They are at 60-70 cm above the grotihe
average height of wheat is 85 cm. Five papers @rdiarizontally on the upper and lower leaf sidesdach
repetition of the experiment. The papers are fastea the wheat leaves by paper clips.

Fig. 3. The position of a water-sensitive papewimeat crops

The collected data are processed by an image amayBTOMAX Vsequipped by appropriate
measuring devices at the Institute for Hop Growimgalec, the Republic of Slovenia An average cager(%)
as well as average area impact density are ass@ies€d both for the upper and lower leaf sides of theN®A
winter wheat sort. Based on technical reasons atysis is performed in relation with the water-s8ws papers
used for the assessment of the performance ofsgepoperating at 0.5 MPa and applying TeeJet 11h0@4les
as well as TeeJet 11006 nozzles. Namely, experah@atpers were inundated so that it was not passdbl
determine either the coverage or surface density).

The choice of the regression equation among the ginssible ones (linear, square, potential, logauiit,
and exponential) is based on the biggest valueoefficients of correlation among the observed festu A
determination coefficientR?) represents the interpretation of the influence texeby an independent value to a
dependent one and is usually expressed as a pagee(ft). The alienation coefficie(itR2) expresses the
remaining effects due to the influence of some omkmfactors. It is also expressed as a percentage.



3. REASERCH RESULTS

In Tables 1. and 2. you can find thehgeed and processed daté; represents the arithmetic mean value,
oy is a standard deviation amZlv. (%) represents a variability coefficient. An arss$ of the leaf coverage
shows a very high variability in case when Teeld02 nozzle is used at different spraying pressurbae
coverage level ranges from 12.008% at 0.1MPa t66636 at 0.5 MPa.

The variability of the area density drbplet impacts (cff) is significantly smaller and ranges from
46.842% at the spraying pressure of 0.2 MPa to 8220 at 0.4 MPa. The lower leaf side coverage is
insignificant. It ranges from 0.121% to 0.400% fareJet 11002 nozzle. On the other side the aresitgeni
droplet impacts is very variable (& At the same time a higher level of droplet disgmation is achieved
during spray application by TeeJet 11006 nozzlésclwis not the case for TeeJet 11002 and Teel&41The
last refers to the lower leaf side. TeeJet 110@TaeJet11006 performed a significantly better ujgesf spray
coverage than a lower leaf coverage, which provdmettrue especially when the spraying pressureisased.

It results in a better disintegration of dropletgiich means that they are smaller and based onfabathey
leave an increased number of traces per a squat@negre. This finally results in proportional ingwement
wheat leaf coverage.

TeeJet 11006 achieves the best coverage on aveuaigg spray application, and it reaches 27.247%iHe
upper leaf side and 6.392% for the lower leaf sBe@mewhat weaker results are achieved by TeeJé&4110
nozzle. In this case the coverage of the upperdielsf is 24.755%. TeeJet 11002 achieves the wesd®sits
and the coverage is 22.355%. The coverage of therdpaf side ranges within the limits of 2.759%0datMPa
(TeeJdet 11006) to 43.566% at 0.5 MPa (TeeJet 11002) upper leaf coverage is unsatisfactory sihcaniges
from only 0.121% at 0.5 MPa (TeeJet 11002) to 28%2%t 0.4 MPa (TeeJet 11006). The research resudts

shown in Tables 1. and 2. and in histogram ché&itpi¢e 4., 5., and 6.)
Table 1. Average coverage of the upper and loweiase of a winter wheat leaf in dependence onnibezle

type and spraying pressure

Nozzletype
Pressure/ TeeJet 11002 TeeJet 11004 TeeJet 11006
MPa L eaf surface coverage %
Upper L ower Upper L ower Upper L ower

0.1 12.008 0.216 9.178 14.167 2.759 1.492
0.2 16.712 0.140 31.284 0.164 29.219 0.296
0.3 22.839 0.400 23.425 0.104 35.289 2.524
0.4 16.652 0.486 35.134 0.080 41.722 21.258
0.5 43.566 0.121 - - - -
X 22.355 0.272 24.755 3.629 27.247 6.392
o 12.465 0.162 11.471 7.026 17.105 9.952

Cv. % 55.759 59.559 46.338 193.607 62.777 155.69¢

Table 2. Average area impact density on a winter wheat Iradependence on the nozzle type and spraying

pressure
Nozzletype
Pressure/ Teelet 11002 | TeeJet 11004 | TeeJet 11006
MPa Areaimpact density on the leaf surface cm™
Upper L ower Upper L ower Upper L ower
0.1 49.837 2.351 17.439 21.972 6.301 11.611
0.2 46.842 1.943 43.168 28.949 35.148 4.603
0.3 47.234 20.786 40.262 0.716 47.292 13.604
0.4 71.082 18.106 46.703 0.716 67.963 31.771
0.5 47.947 49.840 - - - -
X 52.588 18.605 36.893 13.088 39.176 15.394
O 10.402 19.509 13.234 14.567 25.765 11.579
C.v. (%) 19.780 104.86 35.871 111.300 65.767 75.198
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Fig. 4. Average coverage and area impact densittherupper and lower winter wheat leaf sides inecafsthe
use of TeeJet 11002
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4. REGRESSION ANALYSIS
4.1. The influence of a spraying pressure and eoyple on the pesticide coverage of winter whesftdarfaces

The results of the regression analysis show theepiee of a square form of dependence between thgirsg
pressures and upper wheat leaf coverage for thHebges of TeedJet 11002 and 11006. Here youiodritie
TeelJet 11002 dependence regression equation unasesfiprm:

y =229.33x2 - 74.541x +49 (8)
The correlation coefficient is R=0.871.
The TeeJdet 11006 dependence is defined by theniokipequation:

y =-500-75 x2 + 373.348.533 9)
The correlation coefficient is very high R=0.987.
Square form equations define spray coverage dbiher leaf sides for all the three nozzles:
- TeeJet 11002:

y =-5-3714 x2 + 3-3789x — 0.1502 (20)
The correlation coefficient is R=0.637.
- Teeldet 11004
y = 349.48-217.06x+31.683 (12)

The correlation coefficient is R=-0.967
- TeelJet 11006:
y =498.25x? - 187.6x + 15.923 (12)
The correlation coefficient is R=0.985.
A potential equatioy=83.229 8% (13) defines the influence of the spraying pressewel on the upper wheat
leaf coverage in case when TeeJet 11004 is usedcdrinelation coefficient is R=0.870.
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5. CONCLUSION

The obtained results concerning the spray depaosifimlity applied by a RAU-2000 sprayer at the gnés
pressure levels are satisfactory as far as therupaesurface and on the assumption that a constmrating
speed of 6-7 knihis maintained. The achieved coverage for TeeJ#®@ tanges from 2.759% at the spraying
pressure of 0.1 MPa to 43.566% at 0.5 MPa for TtekElJ802 nozzle. The upper leaf coverage at theysra
pressure of 0.4 MPa is significantly lower thaneoted. This should be paid special attention fotiare
researches in order to give the reasons for tfffisrdihce. Pesticide deposition on both leaf sidedl aesearched
pressures and for all types of nozzles is inswfitiwhich is of great importance for the contrioplant



diseases. In most cases a disease occurs on leafesurfaces, but a disintegrated spray is hamihjied to this
side of a leaf, which decreases the phytotheraggffect and results in an unsatisfactory pratedevel. An
improved level of droplet disintegration and leaferage could be achieved by the incorporationjef a
disintegration hydropneumatic device (Sleeve Bodwin Sprayer, Tehnostroj, RAU-Air Plus), which afte
the liquid jet from nozzles by a strong airflow.this way it disintegrates the jet in a better wayd due to air
turbulences and reflections the lower leaves gt ebvered with spray. The wheat leaf coverageamfrpm
80-100% for the upper leaf side and 60-80% fordkneer leaf side in case of use of the aforementicaevices.
The coverage is better and the wind drift is logiace the droplets are an integral part of thetpiaass. In this
way less spray is used and there is no unnecessgipnmental pollution.
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