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ABSTRACT

This study investigated the effects of four different strainer types on flow characteristics (orifice coefficient (k), exponent
coefficient (n), individual flow rate deviation (¢) and discharge coefficient (C))) of different nozzle types. The volumetric
flow rates of anti-drift (AD) and multi-range (LU) flat-fan nozzles of three different orifice sizes were determined at
different operational pressures (1.5, 3.0, 4.0, 6.0 and 8.0 bars). In each treatment, the nozzles were used together with
cup screen strainer of 50-mesh, slotted strainer, cylindrical strainers of 40-, 50-, and 80-meshes, and ball-check strainers
of 50- and 80-meshes. The flow rate measurements were also obtained without strainers. The relation between the flow
rate (Q) and spray pressure (P) for each nozzle combination (nozzle type, strainer type, and orifice size) was presented
using the power regression model . The “k” coefficient, which is the slope of the line referring to the relation between the
nozzle flow rate and spray pressure, was evaluated as a comparison parameter between the nozzle combinations. The “k”
mean values of the nozzle types using with ball-check strainers were lower than those of the without strainer, cup screen,
slotted and cylindrical strainers. This result showed that the volumetric flow rate decreased with respect to the other
nozzle combinations operated at the same operational pressure. Thus, the deviation rate from the nominal flow rate of
the nozzles used with the ball-check strainers exceeded the acceptable deviation limit of £10%. As the “n” coefficients
of the LU and AD nozzles used with cup screen, slotted, cylindrical strainers and without strainers were close to 0.50,
the ball-check strainers resulted in increasing the “n” coefficient of the nozzles. The “n” coefficient of the nozzles used
with the ball-check strainers of 50- and 80- meshes was determined as 0.586 and 0.608 for the AD nozzle, respectively
and, 0.576 and 0.584 for the LU nozzle, respectively. The ball-check strainers dramatically decreased the discharge
coefficient (C)) of the nozzles compared to the other strainers and the usage without strainer. For the cup screen, slotted,
cylindrical strainers and the usage without strainer, the C, means ranged from 0.67 to 0.77 for the AD nozzle, and 0.91
to 0.94 for the LU nozzle. The C, means of the nozzles used with the ball-check strainers of 50- and 80- meshes were
determined as 0.39 and 0.34 for the AD nozzle, respectively, and 0.56 and 0.53 for the LU nozzle, respectively.
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OZET

Bu calismada dort farkli siizgeg tipinin degisik meme tiplerinin akis karakteristikleri (orifis katsayisi (k), iis kuvvet
katsayisi (n), bireysel debi sapma orani (¢) ve akis katsayist (C))) iizerindeki etkileri aragtirilmistir. Ug farkh orifis
Olciisline sahip diisiik siiriiklenme potansiyelli (AD) ve yiiksek etki alanli (LU) yelpaze hiizmeli memelerin farkli isletme
basinglarinda (1.5, 3.0, 4.0, 6.0 ve 8.0 bar) hacimsel debileri belirlenmistir. Her bir denemede memeler yuvarlak siizgeg,
yarikli siizgeg, 40-, 50- ve 80-mesh’lik silindirik siizgegler ile 50- ve 80-mesh’lik ¢ek-valfli silindirik stizgeclerle birlikte
kullanilmistir. Debi 6lgiimleri siizgeg kullanilmadan da yapilmistir. Her bir meme kombinasyonu i¢in (meme tipi, siizgeg
tipi ve orifis dl¢iisii) debi (Q) ve piiskiirtme basinci (P) arasindaki iliski tissel regresyon esitligi kullanilarak verilmistir.
Meme debisi ve piiskiirtme basinci arasindaki iliskiye ait dogrunun egimi olan “A” katsayis1 meme kombinasyonlari
arasinda bir karsilastirma parametresi olarak degerlendirilmistir. Cek-valfli silindirik stiizgecle kullanilan meme tiplerinin
“k” ortalama degeri slizgegsiz, yuvarlak, yarikli ve silindirik siizgeglerin kullanimlarindan daha diisiik bulunmustur. Bu
sonug, hacimsel debinin ayni isletme basincinda isletilen diger meme kombinasyonlarina gére azaldigini gostermektedir.
Bununla birlikte, ¢ek-valfli stizgeglerle kullanilan memelerin nominal debideki sapma orant £% 10’luk limiti agmustir.
Yuvarlak siizgeg, yarikli siizgeg, silindirik siizge¢ ve siizgegsiz kullanilan LU ve AD tip memelerin “n” katsayisi
0.50’ye yakin iken, ¢ek-valfli silindirik siizgegler, her iki meme tipinin “n” katsayisiin artmasma neden olmustur.
50- ve 80-mesh’lik ¢ek-valfli silindirik siizgeglerle kullanilan AD tip memelerin “n” katsayisi sirastyla 0.586 ve 0.608
olarak bulunmustur. LU tip memelerde ise “n” katsayis1 50- ve 80- mesh’lik ¢ek-valfli silindirik siizgegler igin sirasiyla
0.576 ve 0.584 olarak belirlenmistir. Diger stizgeclerle ve siizgegsiz kullanimla karsilastirildiginda ¢ek-valfli olanlar
memelerin ortalama akis katsayismi (C) azaltmistir. Yuvarlak, yarikh ve silindirik stizgeglerle ve siizgegsiz kullanimda
AD memenin C, ortalamast 0.67-0.77 ve LU memenin 0.91-0.94 araliginda degismistir. 50- ve 80- mesh’lik ¢ek
valfli siizgeglerle kullanilan AD memenin C, ortalamast sirastyla 0.39 ve 0.34 iken LU memenin 0.56 ve 0.53 olarak

belirlenmistir.
Anahtar Kelimeler: Diisiik stiriklenme potansiyelli meme; Yelpaze hiizmeli meme; Akis katsayisi; Debi; Yiiksek etki

alanli meme; Stizgeg

1. Introduction

Flat-fan nozzles have been widely used for broadcast
spraying of the crop protection products (Zhou et
al 1996). Multi-range spray nozzles are similar to
the standard flat-fan nozzles in terms of the design
features and produce droplets prone to drift at low
operational pressure (up to 2.5 bars) (Lechler 2013).

There is a tendency towards to usage of new
generation nozzles because of the droplets prone to
drift, and because the deposition efficiency of coarse
droplet produced by these nozzles is higher than the
fine droplets which are produced by standard flat-
fan nozzles.

Anti-drift nozzles as new generation nozzles
have a pre-chamber in nozzle body which reduces
the proportion of droplets which were prone to drift
(Wilkinson et al 1999). The pre-chamber into the
nozzle body disperses the pressure before the liquid
discharges and produces medium and coarse droplets

© Ankara Universitesi Ziraat Fakiiltesi

with low drift potential. The anti-drift nozzles have
been preferred operating at low pressure of 3.0 bars
(Knewitz et al 2002).

One of the most important distinctive features of
the anti-drift nozzles compared to the standard flat-fan
nozzles is that the orifice area of it is bigger than that
of the standard nozzles. Also, the circular diameter of
the pre-orifice is larger than the equivalent diameter of
the nozzle’s exit orifice which is V-shaped. Although
the orifice sizes of the standard and anti-drift nozzles
are different, they can be produced at identical
nominal flow capacity. This feature relating to the
nozzle geometry is an important design parameter
based on the flow dynamic.

Agricultural spray nozzles are manufactured
in accordance with the standardized colors and
nominal sizes, which were indicated by institutions
(ISO Standards 2005; ASABE Standards 2009). The
nominal sizes defined for each color of the nozzle
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body indicate the nominal flow rate (gal min™) at the
constant spray pressure of 2.8 bars.

Huyghebaert et al (2001) indicated that the
flow rate of a nozzle is the most important second
parameter which determines the manufacturing
quality. Therefore, after manufacturing, the spray
nozzles are tested in terms of both spray pattern and
suitability for the nominal flow rate (Huyghebaert et al
2001; Ergiil & Dursun 2003a; Ergiil & Dursun 2003b)
and their accuracy are compared with the reference
nozzles indicated in the Standards (Fritz et al 2012).

Nozzle strainers manufactured in different mesh
sizes are used behind the spray nozzles. Generally,
the strainers of the 50 mesh and 80-100 mesh are
recommended for the spray nozzles, nominal flow
rate of which are between 0.7-3.8 L min™', and smaller
than 0.6 L min"', respectively. The nozzle capacity
higher than 3.8 L min™' is commonly operated without
strainers (Hofman & Solseng 2004). Since the nozzle
strainers are manufactured in different types such as
cup, slotted, cylindrical, and ball-check, they might
have some constructive properties which can affect
the flow characteristics of the nozzles. It is known
that the strainers used in hydraulic systems, such as
piping line lead to head loss (Giiner & Keskin 2012).
However, the losses are not explicit for the nozzle
strainers used in sprayers.

The factors increasing the energy loss and
friction can be explained with the discharge
coefficient known also as flow coefficient depending
on the construction characteristics of the nozzle and
components used on the spray line.

While the nozzle flow rate at a constant pressure
depends on its orifice size, the flow rate of the
nozzle decreases because of an energy loss and
friction occurring through the nozzle during the
flow. So, in the ASABE standards, it was indicated
that a nozzle flow rate is measured without using
a strainer (ASABE Standards 2009) due to its
restrictor impact. But, the usage of the strainers
is compulsory for practical conditions such as
calibration and chemical application.

The aim of this study is to reveal the effects
of different types and orifice sizes of nozzles with

different types of strainers on the flow characteristics,
estimating the discharge coefficient of the nozzles
used together with and without strainers, and
determining the flow rate deviation limits of the
nozzles with different types of the strainers.

2. Material and Methods

2.1. Spray nozzles

In this study, two different types of flat-fan nozzles
with different nominal sizes were used: multi-
range flat-fan nozzles (LU120015, LU12003 and
LU12005, Lechler GmbH) and anti-drift flat-fan
nozzles (AD120015, AD12003 and AD12004,
Lechler GmbH). Technical properties of the nozzles
are given at Table 1. The dimensional properties
measured using stereo zoom microscope (Olympus
SZ60, JP) equipped with micrometer were displayed
on Figure 1.

@Do
0y
Front side

Top side

Pre-orifice for
AD nozzle

Figure 1- Dimensions of AD and LU flat-fan nozzles
(8°, V-slot angle; h, V-slot height; @D entry orifice
diameter; OD,, diameter of hole on pre-orifice
plate; Ap, projected area; L, orifice major length; W,
orifice minor length)

Sekil 1- AD ve LU tip yelpaze hiizmeli memelerin
olgiileri (0°, V-yarik agisi; h, V-yarik yiiksekligi; aD,,
giris orifisi ¢api; @D, on orifis plakast delik ¢api;
A, izdiigiim alan; L, orifisin en biiyiik uzunlugu; W,
orifisin en kii¢tik uzunlugu)
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Table 1- Technical properties of multi-range (LU) and anti-drift (AD) flat-fan nozzles (Q, , nominal flow
rate; °, spray angle; W, orifice minor length; L, orifice major length; 6°, V-slot angle; OD , entry orifice
diameter; OD , diameter of hole on pre-orifice plate; A, V-slot height; 4 . projected area)

Cizelge I- Yiiksek etki alanli (LU) ve diisiik stiriiklenme potansiyelli (AD) yelpaze hiizmeli memelerin teknik
ozellikleri (Q, , nominal debi; a°, piiskiirtme agisi; W, orifisin en kiigiik uzunlugu; L, orifisin en biiyiik uzunlugu; 6°,
V-yarik agisi; @D , giris orifisi capr;, @D, on orifis plakast delik ¢api; h, V-yarik yiiksekligi; A " izdiigtim alani)

Technical Multi-range flat-fan nozzles Anti-drift flat-fan nozzles

" 8 B B B B Be
LUI120015 LUI2003 LUI12005 AD120015 AD12003 AD12004

Material* POM POM POM POM POM POM

Color Green Blue Brown Green Blue Red

0, (gal min™) 0.15 0.30 0.50 0.15 0.30 0.40

0, L min")f 0.57 1.14 1.89 0.57 1.14 1.51

a(®) 120° 120° 120° 120° 120° 120°

W (mm) 0.38 0.42 0.65 0.48 0.62 0.68

L (mm)} 1.70 2.20 2.60 2.20 2.60 2.80

W (mm) 0.33 0.42 0.67 0.35 0.51 0.66

L (mm) 1.54 2.35 2.60 1.90 2.70 2.70

3(°) 19.4° 15.4° 29.7° 15.0° 20.4° 25.9°

@D, (mm) 1.54 2.35 2.60 1.90 2.70 2.70

@D, (mm) - - - 0.96 1.36 1.47

h (mm) 1.42 1.89 2.12 1.56 1.62 1.57

A4 (mm?) 0.422 0.828 1.370 0.564 1.100 1.435

(L min")=[3.785 x O (gal min™")]; {, manufacturer data (Lechler GmbH)

nom nom

*, polyoxymethylene; 1, O

3D-solid modelling of a flat-fan nozzle was
generated using AutoCAD software (version 2015)
in reference to the technical sizes of a nozzle in
order to determine the projected area of the flat-fan
nozzle orifice (Figure 2a). After the solid modelling,
the nozzle was sectioned at longitudinal orientation
(Figure 2b) and 2D-copy of surface covering half of

(b)

the V-slotted orifice (Figure 2¢) was revealed. The
opening’s surface area (4 ), which is semi elliptical,
was measured using “area” command of the software
(Figure 2d). The projected area (Ap) of the orifice
based on the half of the surface area of the orifice was
calculated using Equation (1) (Zhou et al 1996):

A, =2 A sin (5) (1

2

(©) (d)

Figure 2- Determination of the projected area of a flat-fan nozzle orifice opening; a, 3D-modelling of a flat-
fan nozzle; b, section of the orifice at longitudinal orientation; c, 2D-copy of surface covering half of the
V-slotted orifice; d, area of 4_orifice which is half of the opening area of the orifice

Sekil 2- Yelpaze hiizmeli bir meme orifis agikliginin izdiistim alaninin belirlenmesi, a, yelpaze hiizmeli bir memenin
ti¢ boyutlu modellenmesi, b, boyuna oryastasyonda orifis kesiti; ¢, V-yarikli orifisin yarisint kaplayan yiizeyin iki
boyutlu kopyast; d, orifis agikligr alanimin yarisi olan A 'nin alam
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2.2. Nozzle strainers

The flat-fan nozzles were used with four different
types of strainers: three cylindrical strainers of 40-
mesh, 50-mesh and 80-mesh screen sizes; two ball-
check cylindrical strainers of 50 and 80 mesh screen
sizes; a slotted strainer of 50 mesh screen size; a
screen type cup strainer of 50 mesh screen size.
Table 2 shows technical properties of the strainers.

Table 2- Technical properties of strainer types

Cizelge 2- Siizgeg tiplerinin teknik ozellikleri

Their dimensional properties were displayed on
drawings in Figure 3.

2.3. Sprayer and power unit

Trials were conducted using a conventional field
sprayer (TP 200 Piton, Taral®, Istanbul, TR) with
a 200-liters polyethylene tank. The sprayer had
a spray boom of 6.0- meters. There were twelve
triplets nozzle holders spaced 50 cm apart on the

Technical Cylindrical strainers Ball-check strainers Slotted Cup screen
properties 40 mesh 50 mesh 80 mesh 50 mesh 80 mesh Strainer Strainer
50 mesh 50 mesh
i 1 1 kb 8 o
Screen material Cr-Ni Cr-Ni Stainless Cr-Ni Stainless Brass Cr-Ni
steel steel
Type Screen Screen Perforated  Screen  Perforated Slotted Screen
sheet sheet
Screen shape Square Square Hexagon Square  Hexagon Slot (0.3 mm) Square
(0.5%0.5)  (0.3x0.3) (0.3x0.3) Total: 8 (0.3x0.3)
e i g HEow HE BB WM
Body material POM POM POM POM POM Brass POM
Number of 225 361 238 361 238 - 361
openings per cm?
Number of 15 19 Hor:14; 19 Hor.:14; - 19
openings per cm Ver:17 Ver.:17
Diameter of screen 0.18 0.18 - 0.18 - - 0.18
wire (mm)
Total area of an 0.237 0.120 0.056 0.120 0.056 4.050 0.120
opening on strainer
body (mm?)
Opening area per 533 433 13.3 433 13.3 - 433
cm? (mm?)
Strainers body 20.0 24.0 12.0 24.0 12.0 32.0 78.5
entry opening area
(20A, mm?)
Strainers body exit 28.3 28.3 14.5 28.3 14.5 50.2 78.5

opening area (mm?)
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Cylindrical strainers
of 40- and 50-meshes
screen sizes

Perforated sheet type
cylindricalstrainer
of 80-mesh screen size

Ball-check type
cylindrical strainer
of 50-mesh screen size

@9.0 . @9.0
20A~] TOA~ LOAN]
T .]\: / -
i o <+
S i & =
 —— | ———
! | .
]
6.0 @6.0
?14.8 ?14.8

Ball-check type
cylindricalstrainer
of 80-mesh screen size

Slotted type strainer
of 50 mesh screen size

Cup screen type strainer
of 50 mesh screen size

11.5

Figure 3- Dimensions of the strainer types
Sekil 3- Siizgeg tiplerinin 6l¢iileri

dry boom. A pressure regulator (max. 40 bar, 90
L min", RG-7 Model) ensured the adjustment of
the operational pressure. The pressure indicator
of the manometer ranged from 0.5 to 25 bars. An
electric motor (2.2 kW, 1405 min”', AGM 100L 4a
type, Gamak, Istanbul, TR) was used to drive the
sprayer pump shaft (500 min™', 30 L min™', 39.2 bar,
Tar30 type, Taral®, Istanbul, TR). A belt-pulley

mechanism provided rotation transmission from the
electric motor shaft to pump, and the transmission to
pump shaft was decreased in the rate of 1/2.8.

2.4. Determination of nozzle flow rate

Flow rates of the nozzles used with each of four
different types of the strainers were measured at
the operational pressures of 1.5, 3.0, 4.0, 6.0 and
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8.0 bars. These measurements were also obtained
without using strainers. In the trials, six nozzles for
each nominal size of the nozzles were used. The
measurements were replicated five times for each
combination of nozzle size, nozzle type, and strainer
type using a flow meter (Nozzle calibrator, 0.08-3.79
L min™', £2.5% accuracy, SC-1 Model, SpotOn®,
IL). Spray liquid was tap water and sprayer tank
was continuously filled with water. Temperature
and relative moisture of indoor ranged from 16.0
°C to 18.4 °C, and 32% to 52%, respectively. The
mean temperature of spraying liquid measured from
a location that is near to the exit orifice of nozzle
was 15 °C.

2.5. Relation between the nozzle flow rate and
spray pressure

In the preliminary tests, pressure fluctuations
between the pressure regulator and nozzle holder
on boom spray line were observed. Therefore, to
sensitively reveal the relation between the flow
rate and spray pressure for each combination of the

nozzle size, nozzle type, and strainer type, spray
pressure was measured after adjusting the operating
pressure. A digital manometer (Ref D2, 0.1%, 0-400
bar, SIKA GmbH & Co. KG), mounted between
nozzle holder and cap determined the spray pressure
of each nozzle combination. The mean values
of spray pressures with regard to the operational
pressures were given at Table 3.

In order to reveal the relation between the nozzle
flow rate and spray pressure, a power regression
model which is defined as the equation of 0= k-P",
was used. The “k” is known as orifice coefficient
in reference to ASABE Standards (2009), and the
slope of the line or curve displaying the relation
between the dependent (flow rate) and independent
(spray pressure) variables. The “n” is exponent
coefficient of spray pressure and theoretically
known as 0.50. The effects of the nozzle types,
orifice sizes, and strainer types on LU and AD
nozzles’ flow characteristics were tested based on
their orifice coefficient (k) and exponent coefficient
(n) of the spray pressure.

Table 3- Spray liquid pressure measured between the nozzle holder and cap location after regulating the
operational pressure (bar, mean * standard deviation)

Cizelge 3- Isletme basinci ayarlandiktan sonra meme gévdesi ve bashigi arasinda 6lciilen akiskan basinct (bar,
ortalama + standart sapma)

Operational Multi-range nozzles (LU) Anti-drift nozzles (AD)
P ;bef;)uf LUI20015 LUI2003 LUI2005 ADI120015 AD12003 AD12004
15 1.62£0.04 1.59£0.03 1.50£0.07 1.76£0.13 1.50£0.06 1302007
3.0 3.1040.05 2.98+0.04 2.70+0.07 3.1540.11 2.87+0.09 2.5120.08
40 4.04£0.06 3.810.03 3.49+0.06 4.03+0.11 3.7140.09 3.2140.10
6.0 6.0340.05 5.6240.04 5.1740.12 6.06£0.13 5.5440.07 47240.16
8.0 7.95:£0.07 7.47+0.04 6.98+0.11 7.9940.12 7.3740.13 6.3840.15

* spray pressure values adjusted by using a regulatory

2.6. Flow rate deviation of individual nozzle

The flow rate deviation limits of a nozzle should
range within +£10% as defined in American Society
of Agricultural and Biological Engineers Standards
(ASABE Standards 2006). Flow rate deviation of
individual nozzle was calculated using Equation (2)

(Huyghebaert et al 2001). The flow rate deviation
marked positive denoted that the actual flow rate
exceed the nominal flow rate of the nozzle, while
negative marks showed that the measured flow
rate was lower than that of the nominal flow rate
of the nozzle. Likewise, the deviation limits of the
flow rate at the confidence interval of 99% were
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separately tabulated based on their orifice size and
strainer type in reference to the nozzle type.
(p — (Qact_Qnom) . 100 (2)

Qnom

2.7. Determination of the discharge coefficient

The theoretical flow rate was calculated using
Equation (3) based on spray pressure (Srivastava
et al 1993; Ballester & Dopazo 1994; Rashid et al
2012; Yu et al 2013):

Quneo =4V = A+ (2)" &)

The “n” coefficient, exponent of the spray pressure,
taken account of the Equation (3) was 0.50
theoretically. Discharge coefficient (C ), which is
the ratio of the actual flow rate to the theoretical
flow rate, was also calculated based on Equation (4)
(Srivastava et al 1993). The density of spray liquid,
temperature of which is 15 °C, was settled for 999.1
kg m?.

Ca =g (4)

Qtheo

2.8. Statistical analysis

The orifice coefficient (k) and pressure exponent
coefficient (n) data were obtained using the power
regression analysis in SPSS statistical software.
ANOVA (Analysis of Variance) test was performed
to reveal the effects of the nozzle types used with
the strainer types at different operational pressure
on flow characteristics. A completely randomized
design and SPSS statistical software were used for
analysis of variance with a 95% confidence level
(P=0.05) and Duncan’s Multiple Range comparison
test to determine the significant differences.

3. Results and Discussion

3.1. Evaluation of orifice coefficient (k)

The power regression model (Q = k - P™) explains
the relation between the volumetric flow rate (Q)
and spray pressure (P) of a nozzle, where “k”
is the orifice coefficient, and “n” is the exponent

coefficient of the spray pressure.

The variation of the orifice coefficient (k) and
exponent of the spray pressure (n) with regard to
orifice sizes of the anti-drift (AD) and multi-range
(LU) flat-fan nozzles used with different types of the
strainers were given in the Table 4. AD nozzle used
without strainer had the highest “4” mean value.
The “k” mean values of LU nozzle without strainer
were statistically the same as for those with the
cup and slotted strainers, and cylindrical strainers
of 40-mesh. Remarkably, the nozzles with ball-
check strainers had the lowest “4” mean value as
compared to the other strainers. Among the nozzle
types, it was seen that the “k” mean values of LU
nozzle were higher than those of AD nozzle for all
strainer types.

The volumetric flow rate of a spray nozzle is
proportional to the square root of the spray pressure.
Orifice coefficient, referred as “k” (ASABE
Standards 2009), is the ratio of flow rate to the
square root of spray pressure and the slope of the
line clarifying the relation between the flow rate
and spray pressure. The “k” might be an important
comparison variable revealing the distinction
between the flow characteristics of optimized
nozzles which have different design features. Thus,
the “k” mean values of the LU and AD nozzles used
with ball-check strainers was lower than those of
the cup screen, slotted and cylindrical strainers and
without strainer.

3.2. Evaluation of exponent coefficient (n) of the
spray pressure

While the mean values of “n” coefficient of the AD
and LU nozzles used with the ball-check strainers
were higher than 0.50, the mean values of the other
strainer types were found notably close to 0.50
(Table 4). In general, the effect of orifice size on
the “n” coefficient was statistically insignificant
(P>0.05). For both nozzle types, the usage of ball-
check strainer of 80-mesh gave a higher “n”” mean
value as compared to the ball-check strainer of 50-
mesh (Table 4). Both of the ball-check strainers
had higher “n”" mean values than those of the other
strainers. The “n” coefficient mean values of the
nozzles used with or without strainer remarkably

increased as the orifice size increased.
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According to the hydraulic principles, the
exponent coefficient (1) of the spray pressure in the
power regression model (Q = k- P™) is 0.50. But,
reportedly by Spraying Systems Co. (2014), the
“n” coefficient is 0.44 for full cone nozzles -wide
spray and wide square spray, and 0.46 for full cone
nozzles -standard square, oval and large capacity.
These results showed that the “n” coefficient is able
to vary based on the nozzle’s design parameters.

T3S

As seen in Table 4, the mean value of “n
coefficient for the nozzles used without strainer
was similar to those of the cup screen, slotted and
cylindrical strainers. But, the ball-check strainers
conduced to substantially vary the flow characteristic
of both nozzle types. For the usage without strainer,
the “n” coefficient of the AD and LU nozzles was

determined as 0.492 and 0.503, respectively. The
“n” coefficients of the AD and LU nozzles used
with the cup screen, slotted and cylindrical strainers
were very close to 0.50. The “n” coefficient of the
AD nozzle used with the ball-check strainers of
50- and 80- meshes was determined as 0.586 and
0.608, respectively. As for the LU nozzle used with
the ball-check strainers of 50- and 80- meshes,
the “n” coefficient was found as 0.576 and 0.584,

respectively.

3.3. Individual flow rate deviation

At spray pressure of 2.8 bars, the measured flow
rates for the nozzle types were found lower than
the nominal flow rates and displayed with negative
marks as shown in Table 5. Excluding the nozzles

Table 5- The upper and lower limits of the flow rate deviation determined at the confidence interval of 99%

for the spray pressure of 2.8 bars

Cizelge 5- % 99 giiven araliginda 2.8 bar piiskiirtme basincinda belirlenen debi sapma oraninin iist ve alt limitleri

Anti-drift nozzles

. AD120015 AD12003 AD12004 Mean+SD
Strainer types
Lower Upper Lower Upper Lower Upper (P<0.05)**
limit limit limit limit limit limit
No-strainer -1.6 3.6 -3.4 1.8 -3.1 2.1 -0.1£2.4 ¢
Cup screen-50 mesh -1.8 34 -3.4 1.8 -5.4 -0.2 -0.9+2.0¢c
Slotted (brass)-50 mesh -3.2 2.0 -5.2 0.0 -8.2 -3.0 -29+3.4D
Cylindrical-40 mesh -1.4 3.8 -4.6 0.7 -4.6 0.6 -0.9+2.7 ¢
Cylindrical-50 mesh -1.2 4.1 -3.8 1.4 -7.1 -1.9 -1.4£3.1 be
Cylindrical-80 mesh -2.0 32 -4.3 1.0 -3.5 1.7 -0.742.4 ¢
Ball-check-50 mesh -154  -10.2 -10.7 -5.5 -13.0 -7.8 -10.5£3.8 a
Ball-check-80 mesh -15.6 -10.4 -12.4 -7.2 -9.5 -4.3 -9.9+34 a
Multi-range nozzles
Strainer ypes LUI20015 LUI2003 LUDI2005 ~ Mean+SD
Lower Upper Lower Upper Lower Upper (P<0.05)**
limit limit limit limit limit limit
No-strainer -4.6 -4.0 -2.1 -0.9 -3.1 -1.8 -2.8¢13 e
Cup screen-50 mesh -4.6 -4.0 -2.6 -1.4 -3.0 -1.8 29+1.1e
Slotted (brass)-50 mesh -5.9 -5.3 -3.1 -1.9 -3.2 -1.9 -3.5+1.6d
Cylindrical-40 mesh -5.6 -5.0 -2.3 -1.1 -4.4 -3.2 -3.6+1.6d
Cylindrical-50 mesh -5.3 -4.6 -3.3 -2.1 -4.7 -3.4 -3.9+1.1d
Cylindrical-80 mesh -5.9 -5.2 2.7 -1.5 -6.3 -5.0 -4.4+1.8 ¢
Ball-check-50 mesh -17.8  -17.2 9.2 -8.0 -10.7 -9.4 -12.0+4.2b
Ball-check-80 mesh -18.3  -17.6 -11.8  -10.6 -9.7 -8.5 -12.844.0 a

!, means followed by the same letter (a-d) in the column are not significant as determined by the Duncan test at a 5% significance level;

**_ significant at P< 0.05
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used with ball-check strainers, the flow rate deviation
was found within 10%. As seen in Table 5, for both
nozzle types, the usage of cup screen and without
strainer caused the flow rate to be at the lowest level.
The highest flow rate deviation was obtained from
the usage of ball-check strainers. Generally, the
deviation of the AD nozzles was lower than the LU
nozzles. However, the flow rate deviation for both
of the nozzle types with the ball-check strainers
exceeded £10% at the confidence interval of 99%,
especially for lower limit of the flow rate deviation.

The ball-check strainers caused the nozzles to
decrease volumetric flow rate in reference to the
other strainers. The body of ball-check strainer has a
spring and a ball preventing dropping any pesticide
from the exit orifice of a nozzle. The spring in
a strainer body takes on a restrictor task which is
indispensable for nozzle holders without membrane.
The restrictor effect means that the quality standard
of the nozzle is inappropriate in terms of production
standards because the deviation limit of flow rate
exceeds the rate of £10%.

The ball-check strainers caused the individual
flow rate deviation of the nozzles to increase. The
individual flow rate deviation of the nozzles used
with the ball-check strainers of 50- and 80-meshes
was found as -10.5% and -9.9% for the AD nozzle,
respectively, and -12.0% and -12.8% for the LU
nozzle, respectively. The cup screen, slotted and
cylindrical strainers, and the usage of without
strainer caused the individual flow rate deviation to
range between -2.9% and -0.1% for the AD nozzle,
and -4.4% and -2.8% for the LU nozzle. These
intervals were negligible for the AD and LU nozzles.

3.4. Evaluation of discharge coefficient (C)

Figure 4 shows the mean value of discharge
coefficient (C)) of the multi-range (LU) and anti-
drift (AD) nozzles obtained from using together
with the strainer types. For the cup screen, slotted,
cylindrical strainers and the usage without strainer,
the C,means ranged from 0.67 to 0.77 for the AD
nozzle, and 0.91 to 0.94 for the LU nozzle. These
results clearly showed that the C, means of the
LU nozzle were found higher than those of the

AD nozzle. The results of the C,data showed that
the ball-check strainers caused the C,to decrease
compared to the other strainer types and the usage
without strainer (Figure 4). The C, means of the
nozzles used with the ball-check strainers of 50- and
80- meshes was determined as 0.39 and 0.34 for the
AD nozzle, respectively, and 0.56 and 0.53 for the
LU nozzle, respectively.

9
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No-strainer
Cup screen-50
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Cylindrical-40
Cylindrical-50
Cylindrical-80
Ball check-50
Ball check-80

Nozzle strainers

O Anti-drift (AD) nozzle ~ ®Multi-range (LU) nozzle

Figure 4- The effect of strainer types on discharge
coefficient (C) for Anti-drift (AD) and Multi-range
(LU) flat-fan nozzles (meantstandard deviation)
Sekil  4-  Siizge¢  tipinin  diigiik  stiriiklenme
potansiyelli (AD) ve yiiksek etki alanli (LU) yelpaze
hiizmeli  memelerin akis  katsayisima (C)  etkisi
(ortalamazxstandart sapma)

In Table 6, the C,mean values of the AD and
LU nozzles used with different types of strainers
and orifice sizes were displayed. In general, while
the increasing orifice sizes for both nozzle types
caused the C,mean values to decrease, the C, means
increased for both nozzles used with the ball-check
strainers.

The discharge coefficient (C)) is a significant
design parameter revealing the flow characteristic of
nozzles. The C, of a nozzle exit orifice depends on
the size of the orifice and nozzle design regarding its
geometry (Srivastava et al 1993) and clarify energy
loss from eddies and friction through the exit orifice
(Womac & Bui 2002).
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Table 6- The variation of the discharge coefficient (C) for the anti-drift (AD) and multi-range (LU) flat-fan
nozzles used with different types of the strainers with regard to the nozzle orifice sizes (meantstandard

deviation)

Cizelge 6- Meme orifis dlgiilerine gére farkl tip siizgeglerle isletilen diisiik siiriiklenme potansiyelli (AD) ve
yiiksek etki alanli (LU) yelpaze hiizmeli memeler icin akis katsayisinin (C ) degisimi (ortalama+tstandart sapma)

Anti-drift nozzle - Orifice size

Strainer type ADI120015 ADI2003 ADI12004
No-strainer 0.84+0.05 0.72+0.04 0.74+0.04
Cup screen-50 mesh 0.83+0.05 0.68+0.03 0.58+0.05
Slotted strainer-50 mesh 0.82+0.04 0.64+0.08 0.53+0.07
Cylindrical-40 mesh 0.82+0.05 0.67+0.01 0.62+0.09
Cylindrical-50 mesh 0.79+0.06 0.73+0.07 0.58+0.07
Cylindrical-80 mesh 0.83+0.06 0.68+0.03 0.71£0.05
Ball-check-50 mesh 0.30+0.06 0.48+0.10 0.40+0.05
Ball-check-80 mesh 0.28+0.03 0.31+0.07 0.45+0.07
Strainer type Multi-range nozzle - Orifice size
LUI20015 LUI12003 LUI12005
No-strainer 0.97+0.01 0.93+0.03 0.88+0.03
Cup screen-50 mesh 0.98+0.01 0.95+0.01 0.89+0.03
Slotted strainer-50 mesh 0.90+0.01 0.91+0.02 0.95+0.03
Cylindrical-40 mesh 0.92+0.03 0.97+0.05 0.91+£0.01
Cylindrical-50 mesh 0.96+0.03 0.91+0.04 0.87+0.03
Cylindrical-80 mesh 0.90+0.01 0.95+0.01 0.90+0.02
Ball-check-50 mesh 0.32+0.01 0.67+0.03 0.69+0.04
Ball-check-80 mesh 0.34+0.01 0.46+0.02 0.7940.02

Wilkinson et al (1999) has stated that the C,
for spray nozzles varied between 0.15 and 0.65.
Sayinci et al (2013) determined that the discharge
coefficient for disc-core type of hollow cone nozzles
with different core types ranged from 0.14 to 0.61.
Reportedly by Womac & Bui (2002), the C, value
was approximately 0.95+0.02 and typically ranged
from 0.60 to 0.80 for orifices with sharp edges
(ASME 1961). Zhou et al (1996) presented that
the C, of ten flat-fan nozzles belonging to two
manufacturers, those with spray angles between 15°
and 110°, ranged from 0.91 to 0.98.

The C, data determined in this study were
compatible with the literature findings. The most
important parameters affecting the C, of the nozzle
were found to be the nozzle type, strainer type,
and orifice size. The higher C, mean value of the
LU nozzle compared to the AD nozzle proved

that the nozzle design based on its geometry was
one of the most important parameter. There were
minor differences among the C, mean values of cup
screen, slotted, cylindrical strainers and the usage
without strainer. The most important variation
between the strainer types was found at ball-check
strainers because of the lowest C, mean values for
both nozzle types.

4. Conclusions

Based on the results of this study, the following
conclusions could be drawn:

* The orifice coefficient (k) of the multi-range
(LU) and anti-drift (AD) flat-fan nozzles, which
is the slope of the line referring the relation
between the flow rate and spray pressure, used
with the ball-check strainers were lower than
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those of the without strainer, cup screen, slotted
and cylindrical strainers.

e The “n” coefficients of the AD and LU
nozzles used with the cup screen, slotted and
cylindrical strainers were very close to 0.50.
The “n” coefficients of the AD nozzle used
with the ball-check strainers of 50- and 80-
meshes were determined as 0.586 and 0.608,
respectively. As for the LU nozzle used with the
ball-check strainers of 50- and 80- meshes, the
“n” coefficient was found as 0.576 and 0.584,
respectively.

e The ball-check strainers caused the individual
flow rate deviation of the nozzles to increase.
The individual flow rate deviation of the nozzles
used with the ball-check strainers of 50- and

80-meshes was found as -10.5% and -9.9% for
the AD nozzle, respectively, and -12.0% and
-12.8% for the LU nozzle, respectively. The cup
screen, slotted and cylindrical strainers, and the
usage of without strainer caused the individual
flow rate deviation to range between -2.9% and
-0.1% for the AD nozzle, and between -4.4%
and -2.8% for the LU nozzle.

* For the cup screen, slotted, cylindrical strainers
and the usage without strainer, the C, means
ranged from 0.67 to 0.77 for the AD nozzle, and
0.91 to 0.94 for the LU nozzle. The C, means of
the nozzles used with the ball-check strainers of
50- and 80- meshes was found as 0.39 and 0.34
for the AD nozzle, respectively, and 0.56 and
0.53 for the LU nozzle, respectively.

Abbreviations and Symbols

Projected area of exit orifice, m?

Projected area of exit orifice, mm?

Half of the surface area of V-slotted orifice
Discharge coefficient

Slot height, mm

Orifice coefficient

Major length of elliptic orifice, mm

S N~ o wlq_%h;t:m N

Exponent coefficient of the spray pressure
oD Pre-orifice diameter, mm

@D,  Entry orifice diameter, mm

P Spray pressure, Pa

AP Spray pressure difference, Pa

Significance level, decimal
Volumetric flow rate, L min!

Actual flow rate of the nozzle, L min’!
Nominal flow rate, L min™ or gal min!

oo Theoretical flow rate, m*s™!

Jet velocity, m s

Minor length of elliptic orifice, mm
Nominal spray angle, (°)

V-slot angle, (°)

Spray liquid density, kg m™

-G’Omszgw

Flow rate deviation, %
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