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ABSTRACT

Air-assist nozzles mix air with the spray liquid and help transport the spray o the
target. These nozzles make it possible to reduce application rate and still be able to
provide adequate coverage while minimizing spray drift. Air-assist nozzles are rela-
tively new for agricultural spraying and evaluations to date are limited.

The performance of air-assist nozzles (Spraying Systems Airjet) were explored and
the nozzles were evaluated in field tests using systemic and contact herbicides.
Spray-drift assessments for the Airjet nozzles were also conducted. Application rate
varied between 30 I/ha to 200 I/ha for the field tests and the spray-drift assess-
ments. For most of the tests two different pressure settings were used.

The overall conclusion for the Airjet nozzles is that the choice of air pressure and
liquid pressure are very important in determining an acceptable spray pattern,
droplet size spectrum and in minimizing spray-drift. The field studies with systemic
and contact herbicides did not result in significant differences among the applica--
tion rates. A spray volume of 30 /ha gave poor control in the field studies and in the
spray-drift assessments. Control improved dramatically with spray volumes above
50 Vha. Different size inserts and different air and liquid pressures determine the
_gpray volume. It was observed that different size inserts to the air-assist nozzles
should be choosen rather than changing pressures if an entirely different spray vol-
ume is desired. Changing pressures affect the droplet size distribution and spray
pattern uniformity a great deal.

The characteristics of a ULV air-assist sprayer (AAN) were also explored. No field
tests were conducted with this sprayer. The AAN-sprayer was not evaluated suffi-
ciently to express extensive conclusions. A major observation was that the AAN-
sprayer produces & non uniform droplet size distribution in the spray fan and has a
high variation in the spray distribution.

These studies indicated that air-assist nozzles have potential for applying pesti-
cides at low spray volumes, provided that the air pressure and liguid pressure are
maintained sufficiently low.



BACKGROUND

Ct

Dlﬁ'erent techmques are used to protect crops from weeds, diseases and msects
Mechanical, thermal and chemical techniques are used. To apply. pestmdes, o
farmers most commonly use crop sprayers. The purpose of the crop sprayer is to
apply pesticides as evenly as possible with small losses and at a low cost. Different
kinds of nozzles are used depending upon the field conditions and the pest tobe

. controlled.

'Spray nozzles are desz.gned to produce a spray pattern of some kind. A hqmd sheet
is created which breaks up into different size droplets. Specific spacings betweén
the nozzles provide the proper overlap fo obtain uniform coverage.

There is a movement to reducing the spray volume normally used. This is mostly
due to farmers desire to reduce filling time and eliminate crop sprayers that must
be equipped with large tanks that compact the soil. The problem is that cenven— :
tional nozzles do not work very well at low volume rates; they produce too smail
droplets and the spray pattern becomes non-uniform. A solution may be air-assist
nozzles which can vary the droplet size distribution and efficiently apply low spray
volumas,

PROBLEMS CONNECTED WITH THE APPLICATION

‘Ever since the first crop sprayer was built, universities, the chemical indu$try and
manufacturers of crop sprayers have been conducting research to improve the effi-
ciency of applying pesticides. Even after more than 40 years of research, scientists
do not know how all the parameters of the crop sprayer, chemical and the field in-
teract. What we do know, however, is that there are still a lot of problems to solve,

- Some of the goals of research are (Hadar, 1991):

- Toincrease the penetration of the spray material into the crop.
- To increase the coverage of the leaf on both the top and bottom surfaces.

- To reduce the number of applications required and be able to reduce chemical
rate. -

- To redubé spray-drift.

- Toincrease the available time for spraying (i.e. to enable spraymg even in ad-
verse and windy conditions).

- To eliminate the necessity of spraying with the boom at a constant height above

the crop.



Other areas where research needs to be done are increasing the capacity of the crop
sprayer and in reducing the initial cost of the crop sprayer. In the literature review
only the first six research goals are discussed and all of them are relaté&_with the
transport of the droplets into the canopy where they finally deposit.

PHYSICAL FACTORS AFFECTING SPRAY DISPOSAL .

There are several factors that affect the transport of the droplets and a great deal of
research has been done in this area. I will only discuss this field briefly, in order to
make it easier to understand which application problems must be dealt with.

Forces affecting droplet movement

On their way from the nozzle-tip to impaction the droplets are affected by three
forces (Elliott & Wilson, 1983). These forces, which affect the movement of the
droplets, determine whether the droplets are going to deposit within the target or
drift out of the target area. The forces are due to gravity, to aerodynamic drag and
to electrostatic effects for electrically charged droplets. I will here consider gravita-
tional and aerodynamic forces only.

Gravitational force is due te gravity acting on the droplets and is proportional to
the cube of the droplet diameter and to the density. The droplet density is near that
of water, except for some insecticides specifically formulated for waterless spraying.

Aerodynamic force results frem a combination of viscous and turbulent wake effects
(Elliott & Wilson, 1983). This phenomena occurs when air moves relative to the
droplet. For small droplets, less than 50 um, the air flow past the droplets is
stream- lined and therefore only effects due to the air viscosity have to be con-
sidered. For larger droplets the air flow begins to separate behind the droplets and
vortices are developed leaving a turbulent wake. Part of this wake is carried along
with the droplets which decreases the velocity of the droplets.

After a certain time the droplets reach an equilibrium when the gravitational force
and the aerodynamic drag balance. The droplet speed at equilibrium is called sedi-
mentation velocity. The time required by the droplets to reach 63 % of their sedi-
mentation velocity is called the "relaxation” time. The stopping distance for a
vertically projected droplet can be regarded as the distance through which the
droplet has to fall before it effectively loses its excess velocity. All these factors for
droplet sizes ranging from 10 to 500 um are listed in Table 1 below.



Table 1. Relaxzation time, sedimentation velocity and stopping distance* for
water drops in still air at:1 atmosphere and 20°C. (Elliott & Wilson,
1983).

Sedimentation velocity
(msh)

Relaxatmn txme (s) Stopping distance (m)

Zet

0.00031

20 0.0012
50 0.0073: ..
100 00257 .

0.071

*Imt:zal pro;ectmn velomty 20 s’

Droplets larger than 200 um are llkely to be proJected directly into the crop, but

droplets smaller than 50 um acquire the local air velocity very rapidly. Intermedi-
ate size droplets reach part of the distance to the crop before be:ng s1gmﬁcantly af-
fected by wind and turbulence

A further comphcatlon Wlth hydraulxc nozzles is that the initial 11qu1d. sheet pro-
duced by the nozzle entrains surrounding air, leading to an air flow circulation, The
- air flow can affect.the initial trajectories of the smaller droplets, so that they take
longer to be affected by wind than the stopping distances predict. (Elliott & Wilson,
1983).

Wind and turbulence

The frictional drag at the ground or plant surface slows air movement and results
in a wind profile in which the mean speed increases with the height above the sur-
face, see Figure 1. The increase in wind speed is approximately logarithmic and is
detexrmined by the roughness of the surface. Droplets released into such a wind pro-
file will have a trajectory that makes an angle with the horizontal, so that the
droplets fall at steeper angles closer to the surface. This is not valid though in low
wind speeds and/or strong inversion conditions. The shearing stress associated with
the logarithmic wind profile produces eddies in the air flow. The frictional turbu-
lence is produced only by the wind action and is separated from the convective
turbulence produced in unstable conditions.



Short grass Tall crop

Height (m)

Wind speed (nys)

Figure 1.  The wind profile over short grass and a tall crop at a wind speed of
3 m/s measured 4 m over the ground surface. (Zemp, 1984).

The effect of wind and turbulence on droplet movement

Wind influences spray movement in two ways. It carries the droplets away from the
target area and, because of the action of turbulence, modifies their fall-speed rela-
tive to the ground. According to Elliott & Wilson (1983) the dispersal of "big”
‘droplets is determined by sedimentation rather than turbulence. The relationship is
reversed for "small" droplets. The dispersal of intermediate droplets is determined
by both sedimentation and turbulence. It is important to know that the range of in-
termediate droplets increases with wind speed, see Figure 2.
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Figure 2. ; Areas of dominance of .éedimentation on turbulent transport. (Elliott &
Wilson, 1983). :

The dispersal of small droplets can be regarded as a spreading cone. A simple as-
sumption is that the distribution of dropléts about the cone centre line is Gaussian,
and the standard deviation of the distribution is determined by the turbulence |
conditions (Elliott & Wilson, 1983). The distribution of small droplets across the
cone is approximately symmetrical, but the intersection of the cone with the ground
leads to an assymmetrical distribution of the ground-deposit and the presence of a
downwind "tail", This is one process of how spray droplets drift off target.

‘.Evaporatmn and volatilisation

Evaporation affects the droplets during transport by reducing their diameter. Con-
siderable theoretical and experimental studies have determined the diameter of a
water droplet falling at its sedimentation velocity at various times and distances
after release. The rate of evaporation of water droplets of a particle size is almost
entirely dependent on temperature and humidity, and is not affected by sunlight.



Studies have shown that droplets evaporate relatively slowly down to about 150 pm

in diameter. As the droplets become smaller the rapidly changing ratio between
surface area to volume results in an accelerating evaporation rate. At the time
when a droplet has reached 50 um in diameter it will completely evaporate before it
can fall another 10-20 cm. For example, an initial 217 pm diameter droplet (under
59 % humidity and no wind conditions) will fall 23 m before becoming extinct. (El-
liott & Wilson, 1983).

Although evaporation of the droplets during transport to the target is a concern, vo-
latilization of the pesticide from the crop is a more severe problem. Since for most
conventional applications droplets are airberne for less than a second, evaporation
of airborne droplets should not provide vapour-sources comparable with those
formed by vaporization of liquid from the surface of the targets. There are numer-
ous cases in which chemicals, after application, have volatilized and moved down-
wind in the vapour phase to cause significant damage to nearby crops. This is not
confirmed in all countries, but in Austria, for example, as much as 75 % of the spray
damage has been ascribed to volatilization rather than to off-target drift (Elliott &
Wilson, 1983). The amount of volatilization depends on many factors, but mostly on
the temperature and on the valatlhty of the chemlcal

PENETRATION OF THE SPRAY-LIQUID INTO THE CROP

Penetration of the droplets into a plant canopy depends on the diameter of the
droplets and the weather conditions. Droplets must have sufficient energy to pen»
etrate the crop. Droplets produced by a regular flat-fan nozzle will not always have
sufficient energy, unless the droplets are large. During dispersal of the droplets,
evaporation and wind affect the trajectories and the time required for the droplets
to reach the target. The longer the droplets stay in the air, the more they will be
affected by the weather conditions.

SPRAY-COVERAGE

There are two ways to obtain good spray coverage of the crop canopy. The first is
the addition of spray additives to the spray solution. The use of mineral oil or sol-
vent blends in the spray-liquid has increased and with this kind of spray-liquid it is
sometimes possible to apply low spray volumes (£ 5 V/ha). The second method to ob-
tain a good spray coverage is to apply very small droplets which will also increase
the drift potential. Oil added to the spray-liquid allows the use of moderate size
droplets. According to Elliott & Wilson (1983), there is a distinction between mass
of droplets and number of droplets to provide good spray coverage. The droplet
number deposition is more readily apparent than the mass number deposition.

Spraying with small droplets as mentioned before increases the risk for spray-drift,
insufficient penetration and evaporation.



REDUCTION OF CHEMICAL RATE

To reduce the chemical rate ig very much connected with what I dlscussed earlier.
Good canopy penetration, sufficient coverage and low drift losses of chemicals allow
reduction of the chemical rate required to obtain pest control. Spraying at the right
time also reduces the chemical rate necessary for control. Timely spraying requires
high field capacity for the crop sprayer; this means wide spray-booms, high travel
speed applications and applying low spray volumes. Wider spray-booms than in use
today would be hard to maintain at a constant height. The boom-tip amplitude of
12 m booms is approximately 0.5 m and 24 m boom self-propelled spray rigs have
boom-tip amplitudes of approximately 1.0 m (Elliott & Wilson, 1983).

Higher travel speeds than crop sprayers normally operate in will increase spray-
drift. Using lower spray volumes is more probable for increasing the capacity of a
crop sprayer. With a low spray velume the crop sprayer do not need to be refilled as
frequently. Conventional nozzles on regular spray-booms often produce very small
droplets when reducing spray volumes; sometimes to small, As discussed earlier
small dreplets give good coverage but have insufficient canopy penetration and in-
crease spray-drift,

REDUCTION OF SPRAY-DRIFT

Hagenvall (1990) stated that spray-drift depends on weather conditions, propertiés
of the spray-liquid, properties and use of the crop sprayer. He separated important
weather parameters as:

- Relative humidity

-  Temperature

-  Horizontal air movement
- Vertical air movement

According to Zemi) (1984) vertical air movement, wind speed and the droplet size
spectra determine more than anything else the magnitude of spray-drift. Nordby
(1979) has a different point of view and points out that the height of the boom,

droplet size, liquid pressure and wind speed are the major factors affecting spray-
drift. '

When humidity is low droplets evaporate very quickly. Droplets greater than

150 um in diameter are not greatly affected because they have sufficient energy to
reach the surface before a significant amount of their volume is lost. Small dreplets
(less than 50 um) either evaporate to pure chemical or to very small droplets of
saturated solution of the chemical. It is clear that the significance of humidity de-
pends on the droplet spectra and the chemical being applied.




An increase in temperature has the same effect as a decrease in humidity; that is
the evaporation process increases. Normally during a typical day during the grow-
ing seasons the temperature nses during the day up to 14-15 o’clock and @he hmmd
ity decreases.

Elliott & Wilson (1983) report that the major influence on the number and size
spectra of droplets which become airborne is the wind speed. The primary cause of
wind is the difference of barometric pressures in the horizontal plane. Greater pres-
sure differences create stronger wind, Stronger winds are usually more predictable
than light winds, which is a important factor to consider in crop spraying.

The height of the spray-boom is of great importance in determining spray-drift. Ar-
vidsson (1985) found in his wind-tunnel experiments that the spray-drift increased
106 % when the spray-boom was raised from 0.4 m to 0.6 m. When he raised the
spray-boom from 0.4 m to 0.8 m the spray-drift increased by 209 %.

TECHNIQUES FOR IMPROVING EFFICIENCY OF
CROP SPRAYING

There have been many solutions during the years to the problems with crop spray-
ing that have been described. The most well-known and successful solutions in-
clude

- Electrostamc chargmg '

- Controlled Droplet Apphcation (CDA)
- Spray-curtain

- Crop-opener

- Air-foil

- Air-assistance

Some of these techniques have proven more successful than others. Hagenvall-
(1990) reported that in the late 1970s, electrostatic charging of the droplets was
considered to have great potential in reducing spray-drift. Sharp (1984) found that
it was possible to reduce spray-drift up to 40 % in windy conditions for charged-
droplets. Other researchers like Matsuo et al. (1986) and Miller (1989) did not find
any significant difference between spraying with electrostatic charging and conven-
tional crop spraying in terms of reducing the spray~dmft Electrostatic charging was
also proposed for giving better deposition on the leaves, We know that the expecta-
tions for electrostatic charging were too high.



The CDA-boom crop sprayer utilizes spinning discs that are designed to deliver
droplets with almost the same diameter, CDA allows spraying with the dropletsize
that best suits the conditions. The spinning discs also accelerate the droplets to a
high speed, which should increase cancpy penetration. Bode (1991) points out that
much of the spray-liquid is exiting the nozzle homzontally, so gravity is the only
force affecting the droplets. :

Spray curtains around the spray boom is another way of protecting the droplets
from wind on their way from the nozzles to the target. According to Hagenvall
(1990), curtains have to be very close to the ground (< 50 min) to be effective in re-
ducing spray-drift. A Canadian crop—sprayer, the Windproof Spr.ayer, utilizes cur-
tains that prevents turbulence (Flgure 3) :

Travel direction

Figure: 8 ~The pmnmple of i;he Wmdproof sprayer (Brandt 1988)

The "crop- opener sepa.rdtes the plants in canopy with a plpe that is mounted below
and along the spray-boom (Flgure 4), The crop-opener makes it possible to spray at
a lower height than with a conventional spray-boom which reduces spray-drift
(Brandt, 1989). With a crop-opener, it is also possible to obtain a better penetration
-and coverage in the lower part of the canopy (Brandt, 1987). The crop-opener will
not work satisfactorily if the crép is in an early stage, whlch Hmits thxs system to
fungicide applications. :
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Travel direction
>
“@ Crop opener

Spray boom

Figure 4. The crop-opener in action. (Brandt, 1989).

The most likely way to increase penetration and coverage and decrease the chemi-
cal rate and the spray-drift is to use air to carry the spray-liquid into the crop. Jega-
theeswaran & Gohlich (1978) used two "wings" to redirect the horizontal wind down
into the crop. This system is called an air-foil. Moser et al. (1981) found that spray-
drift is reduced with the air-foil boom but that the boom was to complicated and
cumbersome to use.

Air-assistance is a another method of transporting the droplets to the target. Air-
assist systems has been used since the late 1800s in vines and orchards. Using air
as a transport medium for spray-liquids in field crops is more novel and has not '
been well researched

A1r-aSS1stance can be divided in two areas, air-assist systems and air-assist nozzles

{Bode, 1988). The main difference is where the spray-liquid mixes with the air. This
work is an investigation of the performance of air-assist nozzles, so a more thorough
review have been done of air-assist nozzles compared to air-assist systems,

ATR-ASSIST SYSTEMS

Air-assist systems are designed similar to regular sprayers equipped with hydraulic
nozzles except that a sleeve is mounted on the boom. The sleeve has openings along
the bottom length of the sleeve. Air is discharged from the openings at high velocity
and is accompanied with spray-liquid emitted from the hydraulic nozzles.

There are several companies manufacturing air-assist sprayers. The most common
brands in Europe are Hardi Twin, Degania and Danfoil. Whether the Danfoil
sprayer belongs to the group of air-assist systems or to air-assist nozzles is debat-
able. Nozzles on the Danfoil sprayer are mounted in openings on a tube that serves
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as the spray-boom, Spray-liquid is metered into the noijzlgé from the side of the
openings. The nozzles are air foil shaped with the high speed air used to atomize
the liquid into droplets (Figure 5).

Spray-liquid

- Glassfiber tube 7

Nozzle

Figure 5. The principle of the Danfoil sprayer. (Wikstrom, 1989).

The Hardi-Twin and the Degania-sprayer are similar in design.The sleeve and the
boom equipped with the nozzles on the Hardi-Twin can be tilted to accomodate dif-
ferent weather conditions, travel speed and plant canopies (Figure 6). The main dif-
ference between the Hardi-Twin and the Degania-sprayer is the choice of nozzles
and spacings between the nozzles. Hardi (1991) recommend 110° fiat fan nozzles
spaced on 0.50 m centers, while Hadar (1991) says that the nozzles should be 80°
cone jets on 0.25 m spacings, like on the Degania-sprayer. Another difference be-
tween the two sprayers is that the angle between the air flow and the spray-liquid
flow is greater on the Degania-sprayer (Fig 6). |
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¢ <====Travel direction
' . ) (b} Travel direction — —— =
i nozzle 1 / '
/ " .
/ 3 i \-u

Figure 6. The principle of outlets for air flow and spray-liquid flow on; (a) the
Degania-sprayer and (b) the Hardi-Twin. (Anonymous, 1989 b; Hardi,
1989)

AIR-ASSIST NOZZLES

A.lr-assmt nozzles, also called twin-fluid nozzles, work entirely different from air-
assist systems. The spray-liquid is atomized by the air inside these nozzles. A con-
ventlonal sprayer with a regular spray-boom is used, but air lines and an air
compressor is attached. Air-assist nozzles have limited history and presently there
are only two nozzles commerciaily available; Cleanacres “Airtec” and Spraying Sys-
tems "Airjet”. These two nozzles look very much alike and they work similarly.

The Airtec nozzle is fed with the spray-liquid on top of the nozzle (A), see Figure 7.
The spray-liquid is then directed via the interchangeable restrictor (C) on to the
baffle plate (D) where primary atomization occurs. The compressed air, which is in-
cluded through the air line (E) mixes with the spray-liquid in the swirl chamber (F).
The secondary atomization takes place in a flood jet, prior to the emerging in a flat
fan pattern (I). A diapragm check valve (J) prevents dripping when the spray-liquid
is turned off.
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Figure 7. The Athec nozzle. (Cleanacres Machinery Litd, 1988).

The Airjet nozzle from Spraying Systems also atomizes the spray-liquid twice, but
the first atomization occurs earlier than in the Airtec nozzle (Figure 8), The air
atomizes the spray-liquid immediately when it arrives into the body. Both the Air- -
tee and the Airjet have an insert on which a restrictor is mounted; but on the Airjet
nozzle the restrictor is positicned in the middle of the body instead of in the front as-
on the Airtec nozzle. Both of the nozzles have diaphragm checkvalves and flood jet
spray-tips. The Spraying Systems Airjet nozzles were used in these experiments.
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Figure 8. The Airjet nozzle. (Spraying Systems Co, 1991).

Previous investigations with air-assist nozzles

The purpose of this research study is to evaluate the characteristics of air-assist
nozzles when the spray volume is used to make low volume applications of pesti-
cides. Most of the reported investigations on the biological and technical perform-
ance of air-assist nozzles have been conducted with the Airtec nozzle. .

Spray-drift measurements

Miller et al. (1991) conducted drift measurements with the Airtec nozzle. Spray-
drift deposits were collected on 2 mm polythene tubing supported from masts 11 m
tall at distances 8, 20 and 50 m downwind from the end of the boom. The experi-
ments were conducted over a cereal or grass stubble on which re-growth had been
stimulated to give a reasonable dense crop-canopy approximately 150 mm tall. For
comparison, they used conventional hydraulic flat-fan nozzles (F 110/1.6/3.0 and

F 110/0.8/3.0).

Millers (1991) results showed that spray-drift was lower with the Airtec nozzle than
with the hydraulic flat fan nozzles, especially the spray-drift from fine spray quality
nozzles. The difference in spray-drift between the Airtec nozzle and the hydraulic
flat fan nozzles increased with wind speed (Figure 9). According to Young (1991) the
spray-drift from air-assist nozzles can be controlled by altering the spray quality
from very fine to coarse at a given flow rate.
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Figure 9. Measured spray drift from ﬁne' spray quality nozzles at 8 m downwind

of the end of a 12 m spray boom. (Miller et al., 1991).

Droplet size / velocity

Miller et al. (1991) also conducted a thorough investigation of the performance
characteristics of the Airtec nozzle. For droplet size and velocity measurements,
they used a Particle Measuring System’s analyser with a two dimensional probe
(Type 2D-GA1) positioned at 450 and 700 mm below the nozzle. For comparison,
they selected a hydraulic flat fan nozzle (F 110/1.6/3.0).

They found that the velocities of dmplets above 400 jum diameter from the flat fan
nozzle and above 500 pm diameter from the Airtec nozzle had relatively wide vari-
ations. This was due to the small numbers of droplets measured in these size
ranges (Figures 10 and 11).
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Figure 10. Comparison of velocity profiles for a F 110/1.6/3.0 nozzle at 2.5 bar at
two heights. (Miller et al., 1991).
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Figure 11. Comparison of velocity profiles for a air-assist nozzle at two heights.
(Miller et al., 1991,

They also found that the mean droplet velocity from the Airtec nozzle was less than
for the conventional nozzle. The velocities of the entrained air are higher for the
conventional nozzle than for the Airtec nozzle at a distance of 450 mm below the
nozzle. Miller et al. (1991) indicated that the reduction in spray-drift may be due to
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a reduced percentage of spray volumie in droplets less than 100 jm in diameter
(Fxgure 12) and/or higher velocities close to the nozzle with the Alrtec nozzle be-
cause of the compressed air used to atomize the liquid. '
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Figure 12. Distributions for medium spray quality nozzles 450 mm below nozzle.
(Miller et al., 1991).

Field performance and memenee B PR L

Miller et al. (1991) showed in thelr studies that there were no 31gn1ﬁcant dszer-
ences in pest control between the Airtec nozzie and conventional flat-fan nozzles at
comparable spray volume. Their measurements were  made on weeds in cereal
crops. Work by Cooke & Hislop (1987) shows that fungicide deposits on winter
barley from the air-assist nozzle were somewhat higher than from conventnonal
nozzles applymg at. 200 Vha. The disease.control from the two systems Was, not dlf-
ferent.

Miller et al. (1991) reported results of other investigations concerning spray de-
posits and biological performance of sprays applied with air-assist. nozzles and com-
pared to conventional flat-fan nozzles. In these investigations, no significant
dszerences wefe found between the systems When operatmg‘ at comparable vol- -
umes. ‘ o : s
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Nettleton (1991) reviewed some experiences regarding agrochemical applications
for air-assist sprayers on 2000 hectares of cereal crops since 1987. Most agrochemi-
cals are currently applied by boom-mounted hydraulic nozzles applying water vol-
umes of 100-200 1/ha. The air-assist nozzles applied pesticides in spray volumes as
low as 50 I/ha (Nettleton, 1991). However, most of the agrochemicals had no label
recommendations for application at such reduced volume rates. Some countries
have guidelines for how low the volume rates can be without any toxic or corrosive
hazards (Nettleton, 19921), :

Nettleton (1991) found that most herbicides gave good results at low volume rates.
Glyphosate, Difenzoquat and Flamprop-M-isopropyl formulations are suitable down
to 80 Vha and the substituted urea group of herbicides, Pendimethalin, Diclofop-
methyl and Metsulfuron methyl have also given good results at low spray volumes.

Results from insecticide applications with air-assist nozzles have given mixed con-
trol. Pyrethroids have been successful at 85 % of recommended rate when sprayed
at correct time using spray volumes as low as 70 Vha. The Pyrethroids were used
against barley yellow dwarf virus in cereals. The success rate has only been about
60 % with air-assist nozzles at low volume rates. For good results high spray vol-
umes should be used. (Nettleton, 1991). '

For fungicide applications, air-assist nozzles have proved to be ideal, as they con-
veniently allow the use of low dose and low spray volume applications at regular
intervals. In some cases, like severe infections of brown or vellow rust, chemical
dose rates should not be reduced and volume rates maintained at 80 I/ha and above.
(Nettleton, 1991).

The opmzons of some users of air-assist sprayers claim that they get less spray-
drift, better penetration, more uniform crop coverage and faster application with
their sprayers (Anonymous, 1989 a). These opinions agree with what Nettleton
(1991) has found. Both authors also claim that air-assist nozzle users generally
apply less agrochemicals than with conventional systems. ' |

THE PURPOSE OF THESE INVESTIGATIONS

The purpose of these investigations was to determine the performance characteris-
tics of air-agsist nozzles and to determine from field studies if adequate weed con-
trol can be obtained from the nozzles when herbicides are applied at spray volumes
rangmg from 200 Uha to 30 Vha.

i ‘SPECIFIC OBJ'ECTIVES

To be able to fullﬁll the purpose of these mvesmgatlons the: expenments were di-
vided into two parts. The first part was conducted in laboratories to deterrmn_e the
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technical performance of air-assist nozzles. The second part consisted of field
studies {o evaluate the biological performance of air-assist nozzles. Specific objec-
tives of the experiments were: :

To determine the operational parameters that provide acceptable spray pat-
terns. Parameters to be evaluated include liquid pressure, air pressure, boom
height, spacing between nozzles and orientation. Visual drift assessments, ex-
periments with drift control additives and other various expenments were also
done.

Te measure the droplet size spectrum at various air pressures and liquid pres-
sures. "

To evaluate weed control achieved from air-assist nozzles when spraying sys-
temic herbicides and contact herbicides at spray volume from 200 Vha down to
50 Vha.

To assess the spray-drift deposits from air-assist nozzles compared to conven-
tional flat-fan nozzles at spray volumes from 200 Vha down to 30 Vha.

AIR-ASSIST NOZZLES USED IN THE STUDIES

For the experiments, Spraying Systems nozzle no 23258 (diaphragm check valve
Airjet nozzle) with inserts no 35, 42 and 62 and Beta-T-Mizer nozzles were used.
Beta-T-Mizers nozzles were part of a ULV-sprayer (Ultra Low Volume) that was
built and used in the experiments for measurement of droplet sizes and spray pat-
tern uniformity. This sprayer, also called AAN, was built the same as described by

Hanlks & McWhorter (1991), except only cne compressor with an air-tank msbead of

two compressors without air-tanks were used (Figure 13).
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Figure 13. The principle of the AAN-sprayer. (Hanks & McWhorter, 1991).

The purpose of the AAN-sprayer is to apply ultra low spray volumes (5 Vha and
below). These low spray volume often cause problems with conventional ULV-
sprayers because the rate of diluent applied is usually controlied by disc orifices in -
the liquid line (McWhorter, 1991). When making ULV applications the disc orifice
required has an orifice so small that plugging easily occurs, The AAN-sprayer uses
a positive displacement pump.attached to each nozzle; which means that the flow
rate is not determined by a small orifice.

At low spray volume of 5 Vha or less, water does not provide sufficient spread on
plant leaves to ensure adequate coverage. Water has a relative spread coefficient of
1, silicone surfactants increase the spread coefficient to 3 to 6, and droplets of oil
have spread coefficients of 400-700 and thus provide vast increases in coverage
{(McWhorter, 1991). Instead of water, Orchex 796 F is recommended as a diluent for
the AAN-sprayer. Orchex 796 F is a light-weight paraffinic petroleum-based oil and
has provided better results than vegetable oils mostly because of the higher spread
coefficient. Sta-Put is a drift control additive which also is recommended by
McWhorter (1991) for the AAN-sprayer to be applied when using water as the
carrier. The effect of the drift control additive is to increase droplet sizes as well as
to increase the spread coefficient.
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TECHNICAL PERFORMANCE CHARACTERISTICS

As &zscussed earlier the techmcai performance charactenstics were detemmned in
two parts; measurement of the spray pattem umforxmty and measurement of ‘
ciropiet sizes.

" Spray Pattem Umformxty

To see how sensitive the air-assist nozzles are in spraying even when different
parameters are being changed the Coefficient of Variation was determined, By

- doing this it was also easy to see how the parameters should be set to give ideal
- results with the air-assist nozzles g

Method

* The spray pattern uniformity was measured by using a spray table with 0.04 m dis-
~ solution., A spray-boom was placed over the table in which multiple nozzletips could
be installed. The boom could be raised or lowered and the angle between spray-fan
and the spray table could be changed The pressure gauges were placed as close as
possible to the nozzle to minimize errors in readings due to pressure losses. The
spray-liquid was water or in some expenments water with a drift control additive
(Sta-Put). Every 0.04 m along the edge of the spray-table a tube was attached for
collecting the spray-liquid. The helghts of spray-liquid in the tubes were measu-
red.A computer program was then use& which could calculate the coefficient of vari-
ation for the spray pattern when using one nozzle or for sxmulatmg several nozzles
at different spacings.

Spray pattern uniformity is generally expressed by the coefficient of variation (C.V.)
of the data collected in the tubes. Although no standard exists, it is generally ac-
cepted that a C.V. of less than 15 % is acceptable but C.V.:s less than 10 % are more
desirable. Spraying Systems Co (1991) recommends a 0.50 m nozzle spacing for the
Airjet nozzle and that was the nozzle spacing most frequently used in this study.

There are different ways of measuring the spray pattern uniformity and the results
are not always comparable, Therefore, for a comparison check, several tests were :
conducted with a conventional flat-fan nozzle (Spraying Systems 11004-VS). The
boom height was 0.45 m and the liquid pressures used were 2.0 bar, 2.5 bar and

3.0 bar. The respective C.V. got to be 6.2, 11.8 and 10.3.

Variation among nozzle tips

Initial experiment was performed to determine the consistency of the spray pattern
between the Airjet nozzies when using the same size insert. The No. 35 and 42 in-
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serts were used for these tests. Nozzle height was 0.5 m and the nozzle spacing was

0.5 m. The experiment was conducted at the air and liquid pressures shown in
Table 2. s S

Table 2. Spray pattern uniformity of Airjet nozzles.

An- pressure ' quuld pres~ Flow rate Spray pattern um- :
sure (bar) _ (Umm) forrmty, C V (%) ;

Two spray-tips designated as A and B were evaluated. The same nozzle body and
quick connect cap was used in all trials. The difference in C.V. obtained between
the two spray-tips was consistent except for No. 35 i’nsert at 1.5 bar liquid pressure
where tip A resulted in a poorer spray pattern than tip B. One reason for the
difference among the tips was that the centreline of the spray fan, when looking at
it from the back, is not pointing straight down for all of the spray-tips. This study
shows that there are differences in the spray patterns among the Airjet tips.

Effect of liquid and air pressure

Experiments were executed to determine the effect of liquid pressure on spray pat-
tern uniformity. Nozzle height was 0.50 m except for the four last trials where it
was either 0.45 m or 0.55 m and the nozzle spacing was 0.50 m in all the trials..-
Metering inserts No 35 and No. 42 were used (Table 3).

Conclusions from the data in Table 3 is that the liquid pressure greatiy influences
the spray pattern obtained. It is clear that the C.V. reduces considerably when
increasing the liquid pressure. This tendency was true for both insert No. 35 and
No. 42.

In order to determine the effect of air pressure on the spray pattern, the liquid pres-
sure was held constant. In these tests only the No. 42 insert was used but two sep-
arate spray-tips were used (A and B) The nozzle spacing was 0.50 m and the height
0.50 m (Table 4). |



23

Table 3. Effect of liquid pressure on the spray patteffn unifom‘ii{y of Aﬁiei‘jeﬁhriozzles.

. - An' pressure qm ps— | Nozl height - Flow rate | Spray pattern ”5:
- sure (bar) _ (m) - l/m . formlty,C V (%) _

Air pressure  Liquid pres-  Flow rate Spray Pattern Um—

- Insert No o

L _ (bar) sure (bar) (U,’,,“E) fo_r_f_nuty, C.V. (%)
I A 42 0.75 1.0 - 0,40 - 4.9
| A 42 1.5 1.0 - . 144
B 42 0.75 1.5 0.58 4.9
A 42 1.25 1.5 0.41 _ 5.8

 Air pressure affected the spray pattern almost the same as liquid pressure did. The
C.V. decreases when air pressure is decreased, Even though two spray-tips were
used in this experiment, it is clear that the air pressure should be lower than the
liquid pressure to obtain an acceptable spray pattern.

Effect of boom hei ht nozzle s acin nd'o'zfien ation

To determine the optimum nozzle height insert No. 35 was used. The air pressure

was held constant but the lquid pressure was varied. The nozzle spacing was
0.50 m. (Table 5),
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Table 5. Effect of boom height on spray distribution patterns of Airjet nozzles.

' S T {bar) sure (bar) hezght (m) (Ymin) Umformlty,
S - AT N
A 85 . 0.75 1.0 0.45 0.32 180
A 35 0.75 1.0 0.50 0.32 10.0
B 35 0.75 1.0 0.50 0.32 12.8
A 35 0.75 1.0 0.55 0.32 13.5
A 35 0.75 1.5 0.45 0.47 7.9
E A 35 0.75 1.5 0.55 0.47 5.9

All the tests in this experiment were conducted with the same spray-tip ekcept one.

From the data a height of 0.50 m provided the most consistently uniform spray
pattern. A height of 0.55 m was adequate but the pattern at a height of 0.45 m was
unacceptable The spray angle of the Airjet nozzles is 100° and with this angle it
appears from the data that an spray overlap of at Ieast 60 % is reqmred to obtam a
uniform spray pattern with these nozzles.

Nozzle spacing can be used as well as height to obtam the overlap requ:tred to o‘b-
tain a uniform spray pattern. Tests at various nozzle spacings using inserts No. 35
and No. 42 at various air and liquid pressures were conducted (Table 8). The boom
height in the trials was 0.50 m., :

Table 6. Effect of riozzle spacing on spray distribution pattern of Airjet nozzles.

(%)

35 0.75 1.0 0.40 032 44
35 0.75 1.0 0.50 0.32 12.8
35 0.75 1.0 0.60 0.32 13.2

35 0.756 1.5 0.40 0.47 4.7
35 0.75 1.5 0.50 - 0.47 8.5

Insert No. - Air pressure . Liq;id pr;s~_. —Nozzl:spacing Flow rate. Spray Pattern
{bar) sure (bar) {m) (/miny Uniformity, C.V.
35 - 0.75 1.5 - 0.60 o 0.47 5.7

42, 0.75 1.5 0.50 0.58 8.4
42 0.75 1.5 0.60 0.58 6.3

42 1.0 2.0 0.40 0.66 4.3
42 1.0 2.0 0.50 0.66 7.9

42 0.75 1.5 0.40 0.58 5.7
42 1.0 2.0 0.60 0.66 7.0

SO — |
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The éffect of changmg nozzle spacmgs was very consxstent AC 40 m nozzle spamng
provided the best and a spacing of 0.50 m the worst spray pattern umfemnty The
+ percent overlap that provxded most uniform pattern was 75 %. Generally nozzle . |

¢ spacings less than 0.40 m are unrealistic when spraying wzth the 100° fan angles
-that Airjet nozzles prmnde

'.: It may be possible to obtam a non uniform spray pattern by tilting the spray—fans
~ Several tests were conducted with a 10° orientation from vertical. Inserts (no 35

and no 42), air pressures, liquid pressures, spacings and heights are gnven in
Table 7. ~

Table 7. Effect of -nozzie oriéntation on spray patterns of Airjet nozzles.

v Insert No | Azr pressure ] Laquxd pres— Hexght (m) Spray Pattem Um-
_ar  sure (bar) . . | f‘ormxty,CV (%) |

10°backwards
i Regular
- 10°backwards

The C.V. increased consistently at the different settmgé when the spray-fan was
tilted 10° backwards. It did not matter if the he1ght or the spacing was changed, the
effects were the same.

From all the tests of spray pattern uniformity, it can be concluded that there are
differences in spray patterns among the Airjet tips. Further, the C.V. reduces con-
siderably when increasing the liquid pressure and decreasing the air pressure
within limits, To obtain a uniform spray pattern the overlap should be §0-75 %. The
spray pattern uniformity deterioated when the spray-fan was tilted 10° backwards.

Yisual sprav-drift assessments

Visual assessments were made of the spray-drift potential at various operating
parameters. This experiment was conducted to see at which pressure ranges the -
nozzles would provide acceptable droplet sizes. The spray—dnft assessment was con-
ducted by visually watching the spray-fan from the side to see whether vortices and
spray clouds were created (Table 8). '

From these observations it was determined that the interaction between air pres-
sure and liquid pressure determine when spray-drift occurs.' When both air and
liquid pressure was high, spray-drift occurred and it appeared as if the liquid
pressure could be high as long as the air pressure did not exceed certain levels.
Under no conditions should the air pressure be higher than the liquid pressure.
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Table 8. Maximum air and liquid pressure to avoid excess spray drift from Aujet
~ nozzles.

Spray Pattem nb
formity, C. V (%)

In the experiment with the AAN-sprayer a drift control additive (Sta-Put) in the
spray-liquid was used, as was recommended by McWhorter (1991). How does Sta-
Put affect the C.V. for the Airjet nozzles? To check this an experiment was con-
ducted in which all parameters except height and nozzle spacing were varied
(Table 9)."The concentration of Sta-Put was 0.75 %.

Table 9. Spray pattern uniformity obtained with the Airjet nozzles (Inserts
No 35, 42 and 62).

r Sta-Put in t;he _ Insert No T Axr ressure Liquid pres-  Flow rate ' SprayPattem
 spray- liquid (bar)_ sure (bar) (I/min) Uniformity, C.V. '
0.75 1.0 ‘ 0.32
- 0.75 1.0 o 0.32
Q0 35 1.0 1.0 - 0.25
0.75 35 1.0 i.0 0.25
0 42 1.0 2.0 0.29
0.75 42 1.0 2.0 0.29
0 42 1.5 2.0 0.53 119
0.75 42 1.5 2.0 0.53 9.5
0 62 - 10 1.5 091 16.7
0.75 62 1.0 1.5 0.91 7.7

62 - 1.5 2.0 0.95 8.1
075 - 62 i 15 2.0 0.9 111
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There was no consistency in the results from these tests. Sometimes a spray-liquid
with Sta-Put gave a lower C.V.; sometimes it did not. Visual spray-drift was
sometimes decreased with Sta- Put but the spray-drift never mcreased When Sta—
Put was used.

While conducting all these spray pattern uniformity experiments 1t was noticed
that the air pressure and the liquid pressure greatly affected each other. For in-:
stance, if the liquid flow was switched on while the air flow was operating already
the air préssure increased. To further investigate this and other effects a pressure
gauge (A) was connected with the air line approximately 8 m away from the pres-

sure gauge (B) which was connected close to the nozzle. The diameter of the air line
was 5 mm. ‘

When only the air ﬂow was on, the pressure loss measured between the gauges was
within a range of 20-50 % of the pressure 8 m away from the nozzle. The pressure
loss increased when the air pressure was raised which follows the rules of fluid
mechanics. When the liquid flow was turned on the pressure loss decreased tremen-
dously. It decreased even more when the liquid pressure was raised and the air
pressure (A) was held constant (Table 10). Insert No. 42 was used. The liquid flow is
approximately redoubled when the liquid pressure is doubled at the same time as
the air pressure goes down.

From this small experiment it was concluded that the liquid restricts the air, which
will increase air pressure (B) and decrease air flow. Due to the high air flow, 10-90
I/min according to Spraying Systems Co (1991), the pressure loss will be perceptible
even at high liquid pressures. This means that air pressure must be measured as
close as possible to the nozzle, because air pressure influences the spray pattern
untformity as well as droplet size. These tests also showed that the re}atlonshlp be-
tween air pressure and liquid flow is linear (Figure 14). The stra1ght lines on the
ground is a regression line to the data.




Liquid flow {I/min)

28

Table 10. Interaction of air and liquid pressure on flow rate, -

..__.. et e et 2 L 1L i e 1 o e e

e e i o = L et { ot ok s e s

l A:re (br presbar) quu:d pressur ar) quld ﬂow () 7
0.76 0.69 1.0 0.47
| 0.90 0.80 1.0 0.42
i 1.00 0.80 . 1.0 0.38
i 1.00 0.97 2.0 0.79
= 1.17 1.10 - 2.0 0.75
? - 131 1.24 2.0 0.66
i - 1.45 1.36 2.0 0.62
.59. 145 2.0 0. 62
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Figure 14. Linear relationship between air pressure and liguid flow for Airjet

nozzle,
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Water and water with Sta-Put (conc 0.75 %) were used in several tests with the

AAN-sprayer. The air pressure, volume rate and the spacing between 'i;he nozzles

were varied. The height was set to 0.50 m (Table 11)

Table 11. Spray pattem umforxmty obtamed with the AAN-sprayer.

' Nozzle spacmg

quuldﬂow B

: ‘Alrpressure o Spray Pattem Umﬂ -
| spray 7 hqmd (%) (bar) (mmm , {m) formity, C.V. (%)

0.50
0.50

s 30 S ' 0.50
0.7 0.30 40 - 0.50
0 0.30 80 0.50
0 0.30 160 0.50
0 0.30 120 0.50
0 0.55 40 0.50
0.75 0.55 40 0.35
0.75 0.55 40 o 0.50
0.75 0.55 40 - 0.65
0 ' 0.65 80 0.50
0 0.55 100 0.50
0 0.55 120 0.50

In no case was the C.V. acceptably low with air pressures below 0.55 bar. Visually
the main reason why the C.V. values were high when air pressure was low was
because of the nozzles producing extremely large droplets in the middle of the
spray-fan. When the air pressure was 0.55 bar the C.V. tended to increase when
liquid flow was increased. No dramatical changes in spray pattern uniformity were
found when Sta-Put was added.

Droplet size measurement

To measure C.V.:s3 and to do field studies with spraying nozzles are no good unless
the droplet sizes at the different pressure settings are known. In this work droplet
size measurements were conducted with all the settings used in the field studies.

Method

Droplet size measurements were made with a Malvern 2600 C particle measuring
instrument. By using lens No. 1000 the instrument could measure droplets up to
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1800 pm in diameter. This lens was not used due to low accuracy when measuring
small droplets. Instead lens No. 800 and No. 300 were used for the droplet size
measurements in all the tests and covered the droplet size range produced by the
Airjet nozzles. The droplet size range for lens No. 800 is 15 to 1504 um and for lens
No. 300 the droplet size range is 6 to 564 um. In some cases, for example when
spraying with large inserts at high liquid pressures, the droplets were so large that
not even lens No. 1000 could be used to measure them. In those cases.a volume me-
dian diameter (ID,4;) could not be calculated because the largest size ciroplets were
not measured and the data would be maccurate

Measurements were made 300 mm below the nozzle tip at five locations across the
spray-fan; directly below the nozzle and 100 mm and 200 rom on each side of the
centreline. Spray table tests at the same boom height and inserts and pressure sett-
ings as in the droplet size measurements were done to determine the spray volume
at various locations in the spray fan (Figure 15). '

‘Centreline
i
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|
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. \\
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// ] \\ 0.3m
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Figure 15. Schematic diagram for collection of spray-liquid at the different loca-
tions in the spray-fan.

By collecting the spray-liquid at the five locations in the spray-fan, a weighted D5 -
could be calculated. The formulas used were:

5
xZV‘
i=]

s, Vi*D,o5)

Weighted D, ; = Z v
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where V,=Total collected volume ~ - ‘ B S "
chllected vo];ume from one of the locatwns |
,,D 5,-Volume medxan dlameter

The percent Volume of spray contmned in droplets less than 100 ym was calculated

in accordance with the weighted D‘,0 5. This method in recaleulating the D, and the
volume percentage less than 100 tm has been described by Lagerfelt (1991).

. Droplet size measurements were conducted with both the Airjet-nozzles and the

. AAN- -sprayer. The spray-liquid mcluded water as well as water with

. Sta-Put (cone 0.75 %) for the Almet-nozzles and water with Sta-Put (conc 0.75 %) for
- the AAN-sprayer.

Droplet Sizeg produced by Airjet nozzles

The Weightec.ileo_s and the volume percentage less than 100 um at each setting are

- shown in Table 12. Data is missing for two settings with insert No. 62 because it -
was not possible to measure the largest droplets in those spectra.
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Table 12. Droplet sizes produced by Airjet and 11004-VS flat-fan nozzles.

An' pressure qumd pres- Sta-Put con- D,,oﬁ (I.Lm) Spray voiume in
(bar) sure (bar) centration droplets <100 pm (%) |

0T 1.0 0 1 .
35 0.75 10 075 119 . 376

35 1.0 1.0 0 93 - B3.T
35 1.0 1.0 0.75 87 57.6
35 0.75 1.5 0 107 26.5
35 0.75 1.5 075 150 285
42 0.75 1.0 0 147 29.2
42 0.75 1.0 0.75 144 30.9
42 0.75 1.5 0 216 16.9
42 0.75 1.5 0.75 188 21.7
42 1.0 2.0 0 212 18.8
42 10 2.0 0.75 201 20.2
62 1.0 15 0 354 78
62 1.0 1.5 0.75 345 8.5
62 1.0 2.0 0 - -
62 1.0 2.0 0.75 - -
62 1.0 2.5 0 - -
62 1.0 2.5 0.75 - -
11004-VS . 2.0 0 202

11004-VS - 2.5 0

As can be seen in the table, the drift control additive tends to slightly decrease the
droplet size. The three inserts function as "gears" and give different droplet size
ranges which do not significantly overlap each other. Insert No. 35 produces very
small droplet sizes, especially when the air pressure is close to the liquid pressure.
It appears as if insert No. 62 produces very large droplets even at fairly high air
pressures. To decrease D,q;, the air pressure must be raised which also decreases
the volume flow rate.

The "real” droplet size might be different from what was measured. Droplets pro-
duced by air-assist nozzles are believed to have air inclusions. Miller et al. (1991)
estimated that air inclusions reduced the mean droplet density by an average of

32 % in their trials. Rutherford et al. (1989) suggested that the percentage of air in-
clusions increases with droplet size and at sizes of less than approximately 100 pm
there are no air inclusions in the droplets. This may explain the huge droplets pro-
duced when using large size inserts and relatively high liquid pressures.
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The droplet size distribution curves for the Airjet nozzles were usually uneven and

" dxstmctlons between the djstnbutmn curves at the: ﬁve dlfferent locations in the

spray-fan for each pressure setting, A typical distribution curve for the Airjet

‘nozzles is shown in Figure 16, Additional curves are presented in Appendix 2-5.
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Figure 16. Spray volume distribution curve for Airjet nozzle with insert No. 42,
air pressure 1.0 bar and liquid pressure 2.0 bar.

Droplet size produced bv the AAN-spraver

Results from the droplet size measurements with the AAN-sprayer are difficult to
evaluate. This is because the AAN-sprayer produced a bi-modal distribution; one
peak within the range of 100 fo 200 um and another peak at 1000 um or higher. The
second peak was extremely high for all the settings tests and contained large vol-
umes. The sprayer produced droplet diameters above 1500 um which made it im-
possible to measure the D, ;. Settings used in the AAN-sprayer tests are presented
in Table 13.
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Table 13. Settings used for the AAN-sprayer droplet size tests. -

li Air pressure (bar)

All the settings produced similar distribution curves except for the 0.15 bar air
pressure at a 40 ml/min flow rate. At this setting, most of the spray liquid was
formed in very large droplets (Figure 17). These large droplets may have a large
percentage of air inclusions, but this does not entirely explain the droplet size
obtained. There was a significant difference in the droplet spectrums obtained at
the five sampling locations. At all settings, the D, ; was higher 0.20 m from the
centreline than the D, ; at the centre of the nozzles. Typical results are given in
Appendix 6:1 through 6:5.
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Figure 17. Droplet distribution curves for the AAN-sprayer with air pressure of
0.14 bar and liquid flow 40 ml/min (A) and air presgsure 0.28 bar and
liquid flow 80 ml/min (B).
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FIELD PERFORMANCE

This section is divided in three parts; Field study with a systemic herbicide, Field
study with a contact herbicide and Field study of drift deposits, The field studies
with herbicides were conducted to evaluate penetration and spray deposit by evalu-
ation of weed control experiments. These studies were conducted only with herbi-
cides, mainly because of two reasons, At the location of the studies, Illinois in the
USA, herbicides are the most common pesticide and as a matter of fact this is also -
true in most countries in Europe. The second reason is that herbicides are usually
being sprayed before drilling and planting or in an early stage of the crop, which
means there are great problems with spray-drift.

A field study with a systemic herbicide, a field study with a contact herbicide and a
spray-drift study show fairly well the biological performance of air-assist nozzles, at
least in weed control and in spray-drift reduction.

Equipment and methods

In all three field studies a test plot sprayer was used (Figure 18). The sprayer was
equipped with two spray-booms, one in the front and one in the back of the sprayer.
The the front boom was equipped with regular flat-fan nozzles (Spraying Systems
11004-V8) which were used for conventional spraying. The spray-boom in the rear
of the sprayer was equipped with Airjet nozzles. Both booms had six nozzles at

0.50 m spacings between the nozzles and the pressure gauges were mounted in the
center of the booms. The spray-liquid was supplied by using pressurized air coming
from a pump via a 1501 air tank and through a regulator. The same air system was
used to supply air to the air-assist nozzles. '

The tread width of the sprayer was 3.0 m and the row width was 0.75 m, which |
means that the sprayer covered four rows between the wheels. The transmission on
the sprayer was hydrostatic and maximum speed was 15 km/h.
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Figure 18. The test plot sprayer used to apply treatments in the field studies.

Calibration of the sprayer was difficult. Even though pressure gauges were
mounted very close to the nozzles, there still was a significant pressure drop. The
calibration was conducted in the following manner:

1. The liquid flow was turned on to approximately the desired pressure.
2. The air flow was turned on to the desired air pressure.

3. The liquid flow rate was checked from two nozzles at a time. All six nozzles on
each spray-boom were checked.

4, The liquid pressure was adjusted to give the liquid rate required. The air pres-
sure did not change most of the times, but if it did the calibration procedure had
to be started all over again.

The liquid flow was not consistent between the nozzles. This was most likely due to
pressure losses in the lines. The variation could be as large as 20 % of the mean
flow. Variation was reduced by replacing some of the inserts.
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Field study with a systemic herbicide

Method

In the field study using a systemic herbicide, a soybean crop was planted in 0.75 m
rows. Each test-plot was four rows wide and 100 m long. Three replications were
made for each treatment. Three levels of spray volume were applied and, for the
air-assist nozzles, each level was applied in two nozzle settings. The conventional
nozzles were only used at the 200 Vha spray volume (Table 14). The first digits in
the treatment numbers represent the spray volumes and the last digits represent
the settings. Each replication contained all these treatments and a weed check were
placed in a randomized order.

Table 14. Treatments used for the field study with a systemic herbicide applied

with Airjet nozzles,
Treatment Volume rate Insert No.or Airpressure Liquid pres- Travel speed (km/h)
No. (I/ha) nozzle type  (bar) sure (bar)
50-1 50 35 0.75 1.0 8
50-2 50 42 0.75 1.0 10
100-1 100 35 0.75 1.5 6
100-2 100 42 1.0 2.0 8
200-1 200 62 1.0 1.5 5.5
200-2 200 62 1.0 2.5 94

Conv 200 11004-VS - 2.5 8.2

The major weed infestation in the plots was foxtail and the population of it was
very dense, Both the soybeans and the foxtail were approximately 0.40 m tall at the
time of application. The population of velvetleaf was also large but the herbicide
was effective only for grass control. The herbicide used was Fusilade 2000 with a
cropoil added. The chemical rates were 1.75 /ha for the herbicide and 1.2 % (by
volume) for the cropoil,

The spraying was done in the morning of July 3 and the weather conditions were
good for spraying. The temperature was 29°C, 50 % humidity and wind speed be-
tween 1-1.5 m/s. Due to the lack of rain in the two weeks before the time of spraying
the water transport in the soybeans and in the weeds was relatively low. The con-
ventional spraying was conducted at 0.45 m height and the air-assist spraying at
0.50 m height. The heights were measured between spray-tip and the top of the soy-
beans.
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Evaluation procedure

An evaluation of the field plots was done seven days after application. During that
time there were some light showers. Evaluation was done by measuring the height
of the foxtail plants. Because of the lack of rain fall following application the herbi-
cide had a minimal effect on the foxtail. However,. thxs turned out o be an advan-,
tage when evaluating this field study. The foxtail was not killed but dszerences in
height could easily be seen.

At.each measure-spot the foxtail height was measured five times and a approxi- .
mate mean height was calculated. This procedure was continued five times at dif-
ferent places evenly spread over the field. By estimating the hexght usmg this
method, unbiased data was collected. -

| Results |

. The statistical program SAS was used to compare differences among the different

i+ treatments; The procedure statement used in SAS was ANOVA. The statistical dif-
. ference found between the treatments were highly significant. The confidence inter-
. val chosen was 95 %. The results are shown in table 15. Treatments with the same
. letter in the T grouping are not significantly different.

Table 15. Statistical results from the field study with a systemic herbicide.

" Weed cc T
Conv
50-1

200-1

100-2

50-2
200-2
100-1

-

OWWEw >
vHoNoNe! i

e »

o

The table shows four groups in which the {reatments were significantly different.
The weed check was significantly differed from the rest of the treatments and the
next group contains the conventional treatment, 50-1 and 200-1. The third group
centains treatment 200- 1, 100:2, 50-2 and 200-2 and finally the fourth group =
contams 100-2, 50-2, 200-2 arid 100-1. Noteworthy are the small differences ob--
tained between treai;ments ‘with different spray volumes.
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Field study with a eontact herbicide

Method

The crop was soybeans in the field study with a contact herbicide. The row width
was 0.756 m and each test-plot was four rows wide and 100 m long. In this field
study the field was not divided, which means that the treatments were not repli-
cated. '

For 'th'e air-assist nozzles, four levels of spray volumes were chosen with two sett-
ings at each level, except for the lowest rate which only was sprayed with one sett—
ing. The conventional nozzles were used only at the 200 V/ha spray volume

(Table 16).

Table 16. Treatments used for the field study with a contact herbicide.

| Travel speed
(km/h) N

Ine 0
nozzle type
R 35 . . i ¥
50-1 ho . 35 0.75 1.0 8

Air pressure  Liquid pres-
(bar) ' sure (bar)

50-2 50 42 0.75 1.0 10
100-1 100 35 0.75 1.5 8
100-2 100 42 1.0 2.0 | |

- 200-1 200 ‘ 62 1.0 - - Lb
200-2 200 . 62 1.0 - 2.5
Conv 200 11004-VS - 2.5

The major weed was foxtail and both the foxtail and the soybeans were 0.55-0.60 m
tall. In this field study, the objective was to kill both weeds and soybeans. The
soybean population was more even than for the foxtail. In this field study controi of
both soybeans and foxtail were evaluated. ‘

The herbicide Gramoxone was used at the rate of 2.9 Vha with 1.2 % (by volume) of
cropoil added to the solution.

‘Evaluation procedure

The evaluation of this field study was done differently from the one in which a sys-
temic herbicide was used. Because of lack of plot areas it was not possible to include
replications. Instead evaluations were conducted three times; July 18, July 22 and
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- July 29. These dates were three days, seven days and fourteen days after the appli-
cation. At all three dates two different kinds of evaluations were done; plant weight
. and plant height evaluation of control At the last date a wsual evaluatmn of controi

- also was done.

1
s

- Plant weight was done by cutting 1 m length of the soybeans three times in differ-
ent places in each test-plot, and weighing the plant mass collected.

« - Measurement of height of the soybeans was also done in three different places in
each test-plot and then the mean height was calculated,

- Visual evaluations were made by locking at the amount of dead leaves on the
plants. The test-plots received ratings relative to weed check plots. The results from
all three types of evaluatmns are shown in Table 17.

The results from the evaluatmns by weight and height were analysed with a '
variance procedure in SAS (ANOVA). This was done to see whether any differences
in weight and height were present between the evaluation dates. A correlation
analysis was also done to see if the results of these twe evaluations were connected
to each other,

Any statistical operations to find out differences between tréatments were not poss-
ible as the treatments were not replicated. As the soybean population in the test -
field was visually quite even, rankings of the treatments were done anyway. These
rankings were done manually by comparing the results from the different types of
evaluation procedures. The rankings only mdlcai;e the performance of alr-asmst;
nozzles in spraying contact herbmdes i
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Table 17. The results from the vzsua} evaluation and the evaluations by weight and

e ot A o 2 e A L e

weight (g)

o e ey P T Y T A

1982
1843
2208
1347
1180
1083
1211
1102
1390
1294

967
1044
1502
1058

1269

1326
1 065
1268
1275
1222
1372
1171
1134
1225
2 100
2477
1960

60 0

72.6
77.5
55.0
65.0
67.5
576

625

67.5
52,5
55.0
62.5
575
576
65.0
52.5

- 60.0

65.0
55.0
60.0
65.0
55.0
57.5
65.0
62.5
80.0

850

a0

75

80

80

20

80

85

80

100

The analysis of variance of the results from the evaluations by weight and height

showed that there were significant differences between the results from the evalu-
ation dates (0=0.06). As there were no replications of the treatments, the cause of
these differences could not be determined. The cause could be either due to differ-

heigth.
i No. 1. July 18
2. July 22
L L 3 July 29
| 30-1 1
: 2
E 3
| 501 1
i 2
3
l - 50-2 1
| 2
3
1 100-1 1
- 2
| 100-2 1
k | | 2
‘ ‘ - 3
200-1 1
} ’
3
| 200-2 1
| 2
| ;
I Conv 1
2
} 3
Weed 1
check 2
3
Results

ences between treatments or test-plots.

S

Tratment Evaluatmn date Evaluation by Evaluat.mn by szual eva}uatmn
height (cm)
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The correlation analysis showed that there was a connection between the results
from the evaluations by weight and height. The Correlation Coefficient was 0.72
(***). After the statistical model that was used had explained the differences be-
tween treatments and evaluation dates, there was still a connection between the re-
siduals of the results from the evaluations by weight and height. The Correlation
Coefficient was 0.65 (***), The conclusion of the results ebtamed from the correla-
tion analyses showed that a strong cennection between the two evaluatmn prO-
cedures was present, :

The rankings of the treatments which were conducted manually are shown in
Table 18. Results from all the evaluatmn dates have been used in the rankings.
These rankings must not be uged as a proof of which treatment is the best one. .
They are only mdlcatwns of how a1r~asszst nozzles work with different volume rates
When spraying contact herblcxdes

Tabie 18. Rankings of treatments by weight and helght together with the relanve
nmbers from the visual evaluation. . -

Rankmg by welght Rankmg by he:ght stual eva!uatlon :

30-1 8 8 90

50-1 7 3 75

50-2 6 5 80
100-1 1 1 80
100-2 4 8 90
200-1 2 4 80
200-2 5 7 85
Conv 3 2 80

| Weed check 9 ) 9 100

The ranking and the visual evaluation did not always show similiar results. The
correlation analysis showed that there were strong connections between the evalu-
ations by weight and height. This obviously means that these evaluations are more
trustworthy than the visual one.

The low rank of treatment 30-1 indicates that air-assist nozzles do not work satis-
factorily at very low spray volumes. Another observation is how little significance
the spray volume had in the weed control. A third observation is the effect of differ-
ent settings for the nozzles in each treatment. Apparently the settings have some
significance in the weed control. As the field study did not consist of any repli-
catxons, it is hard to draw further conclusions.
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Spray-drift study

Method

Several different techniques of measuring spray-drift in the field have been used
through the years. There are two main factors that differ between techniques and
they are the choice of collector and where and how the collectors are placed. The
type of collector used in this study was pipe cleaners, mostly due to the low vari-
ation in deposition within each run and the fact that the amount of deposits in-
crease on pipe cleaners in higher wind speeds (Nordbo et al., 1991). Further, the

deposit efficiency of pipe cleaners increase as the droplet size spectra gets smaller,
which may not be the case for other type collectors. -

Pipe cleaners are recommended to be placed vertically as the deposit increases with
wind speed in this case but decreases with wind speed when the pipe cleaners are
placed horizontally (Nordbo et al., 1991). Vertical placed collectors have been used
intensively in spray-drift studies (Nordbo & Taylor, 1991; Miller et al., 1989;
Brandt & Bengtsson, 1990). ‘

The distances from the sprayer at which the collectors were placed were 1, 2, 3, 4, 5,
7.5, 10, 15, 20 and 30 m. At the 5 m distance a pole was placed with collectors every
1 m starting at the ground level and ending 2 m above, There were three similar
“rows in the field with 15 m distance between them. The pipe cleaner collectors were
~ placed two together in a block of wood on the ground except for the 5 m distance
" where the poles stood. This system is almost the same as Eichhorn et al. (1990) de-
scribe in their paper.

> In each run, four passes were made and each pass was 90 m long (i e 30 m pass the
" test field in each direction). Humidity, temperature, wind speed and wind direction
were measured during each pass at a point about 10 m upwind from the spray
swath. In an alignment with the German standard, the wind direction was not al-
lowed to be off more than 30° from the intended direction.

The fluorescent dye Rhodamine B was used as a tracer in the study.

One half of the ‘te‘sts were conducted July 19 and the remainder on July 20. The
weather conditionis in the two days were quite similar, except for the evening on the
first day when the wind was calm. Sometimes during the runs there were gusts of
‘wind, but these conciztmns were avoided as much as possible.

The pipe cleaners never stayed in the wooden blocks more than five minutes before
and five minutes after the trials. The pipe cleaners farthest away, with low de-
posits, were collected first. While there were three rows of sample points and two
pipe cleaners at each point, six pipe cleaners could be collected at each distance, All
these six were put in one tube. The pipe cleaners were sealed in darkness shortly
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after each run. The tracer was washed off the pipe cleaners with ethanol (99 %) and
then the fluorescence in the’ solutmn was measured with a Turner model 112 fluors-
meter. Usmg standard curves for the flucrometer and dye, it was easy to determine
the amount of tracer in the solution. A test was done to determine the efficiency of
the wasghing procedure and it showed a 85-90 % recovery. .

The different treatments used were szmziar to those in the field studles with a
couple of addmons (Tabie 18). " ‘

Table 18. Parameters for the spray-drift study.

Treatment oiume rate | nsert No or Au‘ pres— 'Liquid'pfes- low rate Travel
| No. - " nozzle type ~ sure (bar) sure(bar) (Vmin) - speed :

) . 1.0
302 30 35 1.0 1.0
50-1 50 35 0.75 1.0 -
50-2 50 42 - 0.75 1.0
- 70-1 70 35 - 0.75 15 . 0. 8
70-2 70 42 0.75 15 0.58 10 .
- 100-1 100 35 0.75.. - 15 047 -6 .
1 100-2 100 42 1.0 © 20 0.66 -8
150-1 150 62 1.0 1.5 0.91 74
150-2 - 150 62 1.0 20 125 .10
200-1 200 62 10 - 15 091 . 55 .
200-2 200 - 62 1.0.. - 25 1.56 9.4 |
Conv(150) 150 11004-VS - 2.0 1.29 103 -
Conv(200) 200 11004-VS - 25 1.44 86

Evaluation procedure

Evaluation of spray-dnft is difficult, because there are so many factors involved.
The best way of hamdhng the problem assomated with unstable weather conditions
is simply to avoid them and run the experiments in as similiar conditions as poss-
ible, Still, there are many difficult factors to handle such as how to analyse and
present the data collected. One way is to graph the spray-drift deposits from the dif-
ferent treatments and compare them with the spray-drift deposits from the conven-
tlonal trials. Another way is to calculate the deposits'relative to the amount of -

~ tracer applied per hectare; This technique has been uSed B}ir Young (1991), Miller et
al. (1991) and Nordbo et al. (1991) in their spray~dr1ft experiments, There is one’
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problem as Miller et al. (1989) pointed out. If the results from the spray-drift ex-
periment are expressed in terms of the spray emission of the nozzle, t;he total spray-
drift from the collector deposits needs to be estimated. |

In this study, the spray-dnf’t deposits on the downwind collectors were supposed ‘i;o
be related to the ground deposits under the sprayer. However the pipe cleaners
under the sprayer were completely saturated with tracer, which make made it i im-
possible to compare with the other collectors. Instead the spray-drift deposats were
related to the amount of tracer applied per hectare.

To be able to do this calculation, the collection area of the pipe cleaners. had to be
est:mated Miller et al, (1989) indicated that defining the collection area of a pipe
cleaner is difficult, especially since the effective collecting area changes with wind
speed, Nordbo et al. (1991) based the spray-drift deposits on the half of the circum-
ference and this was the area used in this field study. It is important to know that
this is only an estimation of the coilection area of a pipe cleaner.

The data from the spray-drift study were divided in two parts; data from the ground
sample points and data from the pole sample points. Curves were fitted to the data
from the ground sample points for each treatment. When doing this collector de-
posits farther than 15 m from the spray swath were not used as they were very low.
Errors in measuring these low deposits made them unreliable. The equations of the
curves were individual for each treatment.

To be able to compare different treatments, the total deposits between distance 5
and 16 m from the spray swath were calculated for each treatment. This reasoning
originates in that spray that drifts far away from the sprayer is usually more harm-
ful to other crops, gardens etc than spray-drift close to the spray swath. Another
reason is that spray-drift close to the spray swath (0-5 m) is easier to contrel than
the spray that drifts far away. Just by avoiding to spray in the borders of the field
adjacent crops can be spared.

The data from the pole sample points up to 2 m height were plotted on graphs and
analysed by looking at them. The shape of the curve for each treatment may indi-
cate susceptibility to spray-drift. High spray-drift deposits detected high up on the
poles for a treatment may be an indication of a great risk for spray-drift. '

Results

The data from the ground sample points were plotted on graphs to show the spray-
drift deposits produced by each treatment. The data were logarithmised and then
curves were fit to them (at the 5 % level). This procedure made it easier to fit proper ‘
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curves to the data. By comparing the ecurves on the graphs it was'easy to see differ-
ences in spray-drift between the treatments (Figure 19). The most remarkable con-

.clusions just by looking at the curves are the high spray-drift deposits of treatment
: 30-2 and the low spray-drift deposits of treatments 200-1 and 200-2 (Appendxx
- 7-10), Observe that the scales on the graphs dxffer from each.other.. .. ..

.
<
=

200-1

P

%/ Of theoretical spray volume
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Figure 19. Collected spray-drift deposits on the ground sample collectors from
treatment 30-1 and 200-1.

The statistical computer program SAS was used to integrate the total spray-drift .
deposits between 5 and 15 m from the spray swath for each treatment. These total
deposits were then related to the amount of tracer‘applied per hectare and the re-
sults of this procedure are shown in Table 20.

The weather data measured at the time of each tiial are showh:in Appendix 13. The
climate factor that changed the most during the spray-drift study wis the wind
speed. As wind speed determines the amount of spray-drift to large extent, it was
interesting to compare wind speeds with spray-drift deposits in each treatment.
Results from the analysis of the ground sample points are:
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Table 20. Wind speed and total spray-drift deposits collected between 5 and 15 m
from the spray swath .exp'ressed in %of the theoretical SPray volume.

30-2

50-1

50-2
70-1 2.30 5.16
70-2 1.90 ' 5.45
100-1 3.00 11.81
100-2 2.40 5.79
150-1 3.30 1048
150-2 2.50 10.45
200-1 2.60 2.76
200-2 3.50 0.96
| Conv(150) 2.70 2144

No clear tendency could be seen with the low volume {reatments except for
30-1 and 30-2 that produced very high spray-drift. Some of the rest of the
treatments resulted in high spray-drift deposits despite low wind speeds while
~ others resulted in low spray-drift deposits,

Treatments 150-1 and 150-2 resulted in almost the same spray-drift deposits
but the wind speed for treatment 150-1 was 30 % higher than for treatment
150-2.

The 200 Vha treatments resulted o{rerall in low spray-drift deposits.

The analysis of the data from the pole sample collectors (Appendix 11, 12;
Figure 20) resulted in the following conclusions:

-

The 30-2 treatment resulted in very high spray-drift deposits, espemaﬂy at
1 m height.

The differences between treatments in spray-drift deposits were relatively
larger at the ground level than higher up on the poles. At the highest level the
differences between the treatments were the smallest.

The shape of the curves representing the conventional treatments did not
differ significantly from the curves representing the rest of the treaments.
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Flgnre 20. Depos}ts from the pole sample coliectors from treatmeni; 30 1 30-2,
- 200-1 and 200-2.

As the treatments in the spray-drift study were not rephcated it is hard to draw
further concluszons

CONCLUSIONS

The Airjet nazzles
The studxes Wlth the Anjet-nozz;les showed:

- 'There were differences in spray patterns between the spray-tlps wlnch were
mostly due to less uniform angles sideways for the spray»txps

- The liguid pressure determines to a large degree the umfomuty of thg_ spray
pattern. There was a clear tendency that an increasing liquid pressure de-
creases the C.V. when nozzle spacings are between 0.60 m and 0.50m but in-
creases it for a nozzle spacing of .40 m.
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The air pressure also determines the spray pattern uniformity and the air pres-
sure should never be as high as the liquid pressure,

A 0.50 m boom height appeared to be optimum when the nozzle spacing was
0.50 m.

A 0.40 m nozzle spacing resulted in less uniform distribution patterns than
spacings of 0.50 m and 0.60 m.

When the nozzles were tilted 10° backwards the uniformity decreased.

A drift control additive (Sta-Put) in the spray-liquid sometimes improved the
spray pattern, sometimes it did not. The visual drift decreased with some pres-
sure settings when using Sta-Put. The visual drift did not increase with any
pressure setting when Sta-Put was added to the spray-liquid.

Air pressure must be measured close to the nozzles because high air flow and
small air lines cause high pressure drops. |

The relationship between air pressuie and liquid flow is approximately linear
when the liquid pressure is constant and the same insert and nozzle orifice are
beeing used.,

By changing inserts, air pressure and liquid pressure a very wide range of
droplet sizes can be achieved. The droplet size measurements clearly showed
the importance of choosing the right air pressure and liquid pressure and
measure the pressures at the correct location. It also showed that it is better to
change inserts than pressures if an entirely different flow rate is desired. The
droplet size ranges in which the inserts operated in the droplet size measure-
ments were 87-150 um for no 35, 144-216 pm for no 42 and 345- pm for no 62.

Calibration of the test plét sprayer was very difficult because both the air pres-
sure and the iquid pressure determine the flow rate. Changing inserts of the
same sized may also change the flow rate.

In the field study with a systemic herbicide differences between treatments
with different spray volumes were very small. Most of the treatments with the
air-assist nozzles gave significantly better control of the foxtail than the con~
ventional treatment. Spray volumes were 50, 100 and 200 Vha for the Airjet-
nozzles and 200 Vha for the conventional flat-fan nozzles.

In the field study with a contact herbicide four spray volumes were applied;
namely 30, 50, 100 and 200 Vha. Treatment 30-1 provided poor weed control.
Another observation is how little significance the spray volume in the rest of
the treatments had in the weed control. A third observation is the effect of dif-
ferent settings within treatments with the same spray volumes. Apparently the
settings have some significance in the weed control.
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- Treatments 200-1 and 200-2 provided the lowest detected spray-drift of all the

tredtments. This was expected since the D,y 5's were so high that they could not
be measured with the equipment used. The conventional treatment of 200 /ha
also gave low detected spray-drift deposits but this may be due to the low wind

" speed at the time of this spraying. It is interesting that most of the treatments
* 'from 50 Vha to 100 Vha are in the middle of the spray-drift range. Treatment

30-2 gave the greatest detected spray-drift which was expected because the D
was 93 um. The analysis of the data from the pole sample collectors showed
hlgher deposits at 1 m height than at the ground level. 'I‘hls anaiysz: also

. showed that the dlﬁ‘erences between the treatments were larger at the ground
- level than hlgher up on the poles.

While, as Miller et al. (1991) point out, pass1ve collectors like pipe cleaners do
not give reliable results at wind speeds below 2 m/s, the conclugion of this
spray-drift study can not be stated as beeing absolute. However, it can be
stated that for the Airjet-nozzles, low spray volumes (>50 V/ha) do not give

‘higher spray-drift than lugh spray volumes, as ieng as the spraying is done
© with the same D‘M '

The AAanpmyer

The studies with the AAN-sprayer showed:

-

The results from the spray-table tests with the AAN-sprayer showed that the

- nozzles should be narrowly spaced to obtain a uniform spray pattern. The air
- pressure should be higher than 0.5 bar to get a low C.V. and higher liquid flows

provide better spray patterns. No dramatical changes in spray pattern uniferm-
ity couid be found when Sta-Put was added to the spray liquid.

Even with this air-assist nozzle, the value of the air pressure is important. All
the settings produced largé droplets, so large they were impossible to measure
with available instruments. The AAN-sprayer produced a bi-modal droplet dis-
tribution; one peak within the range of 100 to 200 um and another peak at
1000 pm or higher. The second peak was extremely high for all the settings and
contained large volumes.

Discussion

Air-assist nozzles, in this case Airjets, have the potential of repiaemg some of the
spray-liquid with air which also partly atomize the spray-liquid to form droplets By
doing this, it is possible fo reduce spray volumes and at the same time it is posmble

-to choose which droplet size the nozzle should produce. This gives the air-assist

nozzles a good potential for future spraying. In these studies, the air-assist nozzles
worked very well on the spray-table, in the field studies with herbicides and in the
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spray-drift study. It is important to know that a testplot sprayer was used that al-
Towed uniform and precise application. A commercial crop-sprayer of today has wide
booms with long liquid lines with large pressure drops. Ifmr-assxst nozzles are
going to be commonly used, the pressure loss has to be the same to all nozzles and
the pressures have to be measured near the nozzles. This should be valid for both
the air and the spray-liquid. W1th a crop-sprayer properly designed the alr-assxst
nozzles have great potentxal '

The AAN-sprayer isalsoan mterestmg concept in axr«assxst spraying. In the -
studies with and without the drift control additive, Sta-Put, added the results
showed that the characteristics change dramatically at low spray volumes (5 /ha).
The problems with the AAN-sprayer were a non uniform droplet size distribution
sideways in the spray fan and a high C.V. in the spray pattern.

Today a lot of research is concentrated on improving the efficiency of chemical
applications. Some of the problems are how to increase penetration in the crop, how
to increase coverage on the leaves in the canopy, how to reduce spray-drift and how
to reduce spraying time. One solution to these problems is to use air-assist nozzles.
Air-assist nozzles mix air with the spray liquid, which makes it possible to re&uce
the spray volume and to vary the droplet size distribution.

The objective of this work was to determine the characteristics of air-assist nbzzles
when the spray volume is reduced from 200 /ha to 30 I/ba. Another purpose was to
determine the techmcal characteristics of a1r~a531st nozzles for ultra low volume

spraying.

Several spray-table tests were done to determine how different parameters interact,
such as air pressure, liquid pressure and boom height. The results from these in-
vestigations showed that the air pressure and liquid pressure determine the uni-
formity of the spray pattern. It appears that each size insert works only in a narrow
pressure range, and that it is important to change the size of inserts if an entirely
different-spray volume is desired. The droplet size measurements confirmed this
and also showed that the droplet size range is extremely wide with air-assist
nozzles,

Field studies with a systemic and a contact herbicide were also conducted. Spray
volumes were 50, 100 and 200 V/ha and 30, 50, 100 and 200 lha respectively. In
both field studies conventional flat-fan nozzles were used at 200 /ha for compari-
son. In the field study with a systemic herbicide, differences between the treat-
ments were very small. Almost all of the treatments with air-assist nozzles gave
beptét control of the weed than the conventional treatment. The field study with a
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contact herbicide showed that 30 Vha was to low of a spray volume for this herbi-

cide. In this field study the weed control was almost as good with all spray volumes
over 50 Vha.

A spray-drift study was also conducted to determine the spray-drift deposits from
different spray volumes applied with air-assist nozzles. The spray volumes were 30,
50, 70, 100, 150 and 200 Vha for the air-assist nozzles and 150 and 200 Vha for the
conventional flat-fan nozzles. Application at a spray volume of 30 Vha gave the
highest drift. The overall conclusion of this spray-drift study is that air-assist
nozzles gwe low spray~dr1ﬁ deposxts even at low spray volume (down to 50 l/ha)

The ULVusprayer (also called AAN) was enly evaiuated in the laboratory Thls
sprayer is designed to work at spray volumes around 5 I/ha. At this spray volume
the sprayer did not give satisfactory results when spraying with pure water as
spray liquid. The AAN-sprayer produced big droplets and the droplet size distribu-
tion sideways in the spray fan was not uniform.

Overall the air-assist nozzles seem to work well at low spray volumes, but while the
interaction between the air pressure and the liquid pressure influences the droplet
size, pressure losses must be kept low if satisfactory results are to be achieved.
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Appendix 2

DROPLET SIZE MEASUREMENT (INSERT NO 385, AIR PRESSURE 0.75 BAR,
LIQUID PRESSURE 1.5 BAR, STRAIGHT UNDER NOZZLE)
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Appendix 3

DROPLET SIZE MEASUREMENT (INSERT NO 35, AIR PRESSURE 1.0 BAR,
LIQUID PRESSURE 1.0 BAR, STRAIGHT UNDER NOZZLE)

1% = ;K/’P_ "‘
/
Volume in each size class (%)
AT
Attt
Cumulative volume m,.__ugt! i
|
8 .

I 18 193
Droplet size (um)




Appendix 4

DROPLET SIZE MEASUREMENT (INSERT NO 42, AIR PRESSURE 0.75 BAR,
LIQUID PRESSURE 1.5 BAR, STRAIGHT UNDER NOZZLE)

Distribution (%)
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Appendix 5

DROPLET SIZE MEASUREMENT (INSERT NO 62, AIR PRESSURE 1.0 BAR,
LIQUID PRESSURE 2.5 BAR, STRAIGHT UNDER NOZZLE)
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Appendix 6:1

DROPLET SIZE MEASUREMENT (AAN, AIR PRESSURE 0.55 BAR, VOLUME
RATE 40 MI/MIN) o

0.20 m to the left of the centreline
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Appendix 6:2

0.10 m to the left of the éentreline
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Appendix 6:3

Straight under the nozzle (centreline)
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Appendix 6:4

0.10 m to the right of the centreline

188

Y
1

" Volume in each size class (%)

N\ Cumulative volume

Bt
18

w1098 19368
Droplet size {jum)




Distribution (%)

Appendix 6:5

0.20 m to the right of the centreline

i6g

/

Cumulative volume /

T

/

m/

e /..onlume in each size class (%)
AEih
111“.
|
188 1068 16660

Droplet size (um)




Appendix 7

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (GROUND SAMPLE

POINTS)
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Appendix 8

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (GROUND SAMPLE

POINTS)
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Appendix 9

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (GROUND SAMPLE
POINTS)
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Appendix 10

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (GROUND SAMPLE

POINTS)
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Appendix 11 -

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (POLE SAMPLE
POINTS)
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Appendix 12

DETECTED DEPOSITS IN THE SPRAY-DRIFT STUDY (POLE SAMPLE
POINTS)
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Appendix 13

WEATHER DATA FROM THE SPRAY-DRIFT STUDY

cam T "

T et 27

i Treatment Wind gpeed Wind direc-  Relative hu-  Temperature |
' (m/s) tion, angle to  midity (%) )
the intended

30-1 1.8 3 65 29
30-2 2.3 22 62 31
50-1 1.5 12 53 32
50-2 2.0 12 53 32
70-1 2.3 12 65 29
70-2 1.9 3 64 29
100-1 3.0 22 50 35
100-2 2.4 8 51 34
150-1 3.3 5 69 32
150-2 2.5 8 60 32
200-1 2.6 27 49 34
200-2 3.5 5 52 33

Conv(150) 2.7 25 50 32

Conv(200) 1.8 7 59 33






