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Abstract:-

Twelve hydraulic nozzies used on nozzle-boom sprayer were evaluated by measuring
flow rate, spray pattems, dropict sizes, and spray deposits. Deposition is quantified by position
on artificial cotton canopy (upper, middle, or lower regicn) and by upper vs. lower leaf surface.
Different combinations of TI60-11004VS and TXVS.]2 nozzles. were used to modify the
nozze-boom sprayer.

A "Spray-System Effectivencss” number (SSE) is devised in this research to Judge the
spray deposit characteristios among the tested nozzles. SSE is a function of spray deposits
efficiency, spray-distribution uniformity, and Intensity ratio within the whole plant

Results obtamed show that the twin orifice, and the TX hollow cone, nozzles produced
the most uniform droplet size distributions and had a coelficient of variation of 7 % or less for a
simulated boom pattern at 276 k P, Also, 1t was found that the spray deposits and penetration on
upper and lower leaf surfaces on artificial cotton plant increased after modifying the nozzle-boom

sprayer.

Keywords: spray droplet size, spray deposition, flow rate, drop sizes, application untfomity,

nozzle-boom sprayer. artific] eotton canaopy, spray-system effectiveness
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{. introdwc.ion

Use of pesticides is a mujor voncer: among both farmers and the general
puplic. The tarmers and growers lurn 1o the application of pesticides and herbicides
to fight pests and weeds since they cither feed on agricultural crops or act as vectors
of disease and cause major fosses of the vield und quality, Control of pests can only
be achieved if pesticides are propetly applied at the correct rate, at the right time,
and on the target. Precise application techriques are more iraportant now than
when pesticides were first introduced, because of narrow margins of selectivity and
more public concern about precise application of chemical pesticides.

Chemical application has been done using a wide range of equipment,
varying from simple hand-held devices to sophisticated sprayers mounted on self-
propelled ground or aerial vehicles. Liquid spraying, by itsell, includes many
different types of equipment designed to accommodate many modes of liquid spray
chemical application. This vartability is dictated by the type of crop to be spraved
such as orchard, vineyards, ryw wrops, fiel¢ crops or green house crop. Liquid-
soluble chemical sprayers have several featurss in common

I-Iydraulic atomizers (pressure atomi.ing nozeles) are commonly used in
applying agricultural chemicais to crops. These are sprayers where hydraulic
pressure is created by the direct action of the pump on the liquid to be applied. The
pressure forces the ligeid through the noszle. which not only meters the hquid but
also breaks the liquid into dropicts, and disperses the droplets in the spray pattern
destred. Regardless of the size or function of the sprayers, the nozzle 1s the primary
hnk between the chemical and proper application o the target. According to Novak
and Cavaletto (1988), prope appheztion ¢f pesticides involves applying at the
proper application of active chemival rate and lymgz a unifonn distribution

pattern.
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Most of Faypts expoits are avprenl eul products (nearly 80°0) and most of
these are raw watarivls - Colton 1o reprsents 60Y%o of the exports, both as fiber
and manutactured material ¢Salumna, P81 Whenever Egypian agriculture is
menttoned, one unmediaten, thinks of Levplian cotton that has  dominated
agrieultural production tor the as 100 Dears. heypt s known for long-staple
votton of extrernely high quaity. < otton in | gypl is attucked by vars dus inseet pests
during the different stages of ity cevelopment. The most important insect pests arg:
thnps, aphids, cotton lealivorn, com earvorm, nematodes, and white flies. These
insect pests cause losses in yvield and qualnty, either by feeding on the crop, or
tndirectly as vectors of disease. Therefore, pest control through choemical spraying
1s highly needed in Eavpt to reduce the annual losses in crops caused particularly
by pests. Nozzle-boon Sprayers ure commenly used to apply pesticides in Egypt.
Theretore, boom and »ozzie Tangemnents are tocused upon in this study in order to

improve is performar.ce.

The objectives of this research are to:
A) Evaluate different types of hydraulic noszles used on nozzle-boom spraver for
their ability to deposit the pesticides through the plant. Fows parameters were
mcasurcd. during the evaluation:

I- Flow rates of the selected nozzles o1 selected pressures;

2- Pattern under select 23 operating p: rameters:

3-Dyropiet size distribution produced | y these nozzles; and

#- Pesticide deposition on the Tower and upper surfaces within the plant

canopy at the top, sciddie, and botion of the plant.
Resuits expecied from the evaluation give selection parameters  to

recommend the appropriate N pe ol nogzle fer nozzle-boorn Spray.r.

Central Library - Ain Shams University



Literature

Central Library - Ain Shams University



3 oeview of 1 erature

2.1 The utomization process :

The atomizer, or nezsle, 1. the printary link between tae chemical and
proper application to tie targ:t. According 1 Muatthews (1992) a large range of
hydraulic nozzles have been ¢esi pned inowtoeh liquid under pressure s forced
through a small opening o arilice so that there is sutficient velocity energy to
spread out the liguid, usually 1 a hin sheot that bevomes unstable due to

interaction with the air and dismtegrates into Jroplets of different sizes,

According to Palti and Ausher (1986) sprayinz may be defined as dispersal
of a liqnd. after its break-up into mdividual roplets, by an atomizing device such

as a nozzle.

Awady (1977), Azime et al (1985), wnd McWhorter and Gebhardt [1988)
reported that the atomizer has three functions (o meter or regulate liguid flow rate;
to form and control droplet size: aid 1o dis,orse and distnibute the droplets i 4

specific pattern,

Atomization is the process of breakig-up bulk liquid imto small droplets,
Examples of common devices uved 1o aclieve atomization are pressure, gas-
atomizing norzles. and spinning disks Acco g to Nakano and Tien (19707, the
HOINZAbOn provess s cons dorad 1o constst 1 fao stagas: primary and secondiry
In the primany stage, (he agund e s booken as aoresull of capitlany foree,

Primary alomization depends oo e device © well as the operat.ng conditions. In

the secondary stuge, the disintevrased drop- are spltt further nto smadl droplets by
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the dynamue effect of 4 surrounding mediune No lurther wtomization oceurs atier

According to Mugele (1960), the atontization process is completed when all

the drops so formed are less than the maximurn stable size.

2.2 Hydraulic sprayers:

According to Smith and Wilkes (1976), hydraulic sprayers are commonly
used for pesticides and plant protection applications in which the SPray pressure as
an energy sources is built up by the direct action of the pump on the liquid spray
material. The pressure forces the liquid through the nozzle, which breaks the spray
into droptets and dispenses them in the spray pattern desired. Also, sufficient energy
is imparted to the spray droplets 1o carry them from the nozzle to the surface to be
treated.

They also reporied that the other essential parts of the hydraulic spraver are:
pump, tank containing an agitator, combined pressure regulator and unload or
relief valve, pressure gauge, strainer and screens. control valves, piping and fittings,

distribution system, and power source.

Awady (1978) reviewcd empirical studies and presented theories of spray
atomnization from agricultural nozzles. The research focused on the prediction of
resulting droplet size from a given pressure and flow situation. Two theories were
developed: (1) droplets separate under viscous shear whenever surface tension is
strong, (2} droplets separate under surface tension whenever VISCOUS resistance is
high.

Masters (1991), Lefebyvre (1989) and McWhorter and Gebhardt (1988)

stated that the pressure atorizer is used to ¢overt the pressure energy in the liquid
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Masters (1991 | eletnr. YRS and MeWhorter and Gebhardt (1988)
stated that the pressure atomizer is used 1o covert the pressure energy in the lhiquid
bulk into kinetic energy in the torm of thin sheet of hquid at high velocity. The
sheets break up due 1o the influence of the liquid physical properties and by the
fnctional effects with the mediurn (nto which the liquid sheet is discharged.
Generally the medium is air. Reating with the air, the sheet rapidly becomnes

unstable and disintegrates into droplets of difterent sizes (see Fig, 2.1).

Elba et al. (1984) and MeWharter and Gebliardt (1988). thentioned that the
liquid in a hydraulic spray nozzle is broken into droplets by cc;llapse of unstable
sheets or jets, or by the shearing action of air. There are several forees acting on the
surface of a thin liquid sheet as jt emeTges from an atomizer: the surface tension
forces which tend to draw the hquid back to its original position and the
aerodynamic drag which tend 1o pull the liquid outward. If the aerodynamic forces
exceed the surface tension forces, unstable waves result and propagate with
exponentially increasing amplitude until the liquid sheet detaches in the form of a
nibbon. Surface tension then causes this ribbo: to contract mto a ligament of hquid.

This ligament subsequently disintegrates into drops.

According to Master (199] ). there 15 4 maximum sheet length for a given
pressure. An increase i pressure reduces the sheet Jength. an increase in Viscosity
acts 1o lengthen the sheet, whereas ap increase in surface tension increases sheet
fength Increase in sheet velocity and inereased wrbulence caused by frictiona]
effects with the air medium act to reduce sheet length. Reduced frictional effects
from spraying into a mediom at sub-atmospheric pressure result in elongation of

sheet length,
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Fig. 2.1 Breakup of a spherical drop by interaction with

ambient
air (lefebfre, A H. 1989).
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Bache ¢ [9K5 ) speculited that the mam con ept behund any spracor svstent st s
a brghly turbulent and forcetul air jet o imceease the ability of the spray (o penetrate
deeply within the plant canopy and to improve the unitormity and etficiency of

spray application.

2.3 Spray droplet size spectra:

Atonuzers used for applying liquid pesticide atomize the liquid not into
droplets of identical size but into a range of droplet sizes. The atomization of spray
volume (liquid) into various droplet sizes creates a droplet size distribution, or _
droplet size spectruin. The standard measurement for the droplet size is its
diameter, expressed in micrometers, or microns” (Hm). According to Awady
(1977), Kepner et al. (1978), Goering and Smith (1978), Patel (1981), Amold
(1983), Masters (1991), McWhorter and Gebhardt (1988), and Matthews (1992)
the most widely used parameters of droplet size are the volume median-diameter
(VMD) or the mass diameter (MMD), and number median-diameter (NMD) or
count median diameter (CMD). The volune median-diameter (VMD) divides the
droplets into two portions by volume, so that one half of the volume is contuined
within droplets whose diameter is smaller than a droplet whose diameter is the
VML, and the other half of the volume is contained ol droplets whose diameter is
larger (see Fig. 2.2) Sometimes the term rmass median-drameter MMD is used in
place of the VMD, when mass, as a function of the liguid density. is used instead of
volume as a measure. Number median diameter is defined as a droplet of diameter
such that one half of the total number of droplets have a diameter sinaller than this
value and the other helf of the totad number of droplets have a diameter larger than

this value.

"1 = 1000 m
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