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ABSTRACT
ROW CROP PERFORMANCE EVALUATION
OF THE
AIR CURTAIN SPRAYER
By

David Langsford Collins

A detailed literature review of current row crop
spraying technology was conducted to identify and evaluate
the key parameters that affect chemical deposition.
Controlled dropiet atomization, electrostatic charging, and
air-blast spraying were reviewed as potential means to
optimize deposition uniformity.

Laboratory and field studies were conducted to evaluate
the performance characteristics of a sprayer that integrates
a rotary atomizer and a crossflow vortex fan. The "Air
Curtain Sprayer" is a controlled droplet, low volume, air-
carrier sprayer. Results show that the sprayer provides
reasonable uniformity and deposition throughout a.canopy
considering both top and bottom side leaf deposit as well as
upper and lower canopy deposits.

Deposit analysis was by colorimetric method.
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CHAPTER I

INTRODUCTION

DESCRIPTION AND BACKGROUND

Since the introduction of the first crop sprayer in
late nineteenth century, the basic spray equipment has
ged little. The 1896 definition of spraying was "...the
wing upon plants of any fluid or semi-fluid in the form
ine rain or mist."(Lodman 1896). It cannot honestly be

that today's hydraulic nozzle sprayers operate on any

r principle. The flat fan and cone-type hydraulic

les continue to be the most popular type for row crop

rers despite the fact that they have remained essentially

inged for many years. The popularity and longevity of

» nozzles is not due to the the fact that these are the
possible nozzle types but rather that nothing ﬁas come
to take their place. While there have been many novel
ing systems developed with improvements in one or more
over the conventional (fan or cone) systems, they have
roblems of their own. Perhaps the two largest problems
been that no other innovation has been as inexpensive or
iversally useful as the conventional system.

he spray deposition from conventional sprayers onto




ving plants in the field has not been studied to a large

tent. The usual method for performance evaluation is an

crease in yields or decrease in disease or insect

pulation. While this is an indicator of combined chemical

d equipment performance, little is known about exactly

ere the spray ends up on the plant or how much chemical is

otured. However, enough information is known to regard

raying as a very inefficient process. A conventional

-ayer may be best characterized by the old cliche "a jack
all trades but a master of none." It can be used to spray

t about anything onto just about everything but with

ving degrees of efficiency and effectiveness and each

ferent purpose and possibly each different chemical having
own ideal application characteristics. In the past,

ecticides and energy have been cheap and the cost/benefit

io of spfays has been positive even though their

lciency is typically less then one percent (Himel 1982).
The goal is to develop a sprayer that would give an

-oved biological result for a given dose of chemical

;lop 1983) plus result in an economic benefit to the

ler. There is considerable emphasis on reducing the

ier volume, the drift, and the amount of active

edient applied. To accomplish these things, precision

ication equipment must be developed.







Justification

A conventional sprayer has two major deficiencies. The
irst deficiency is the droplet size range that the nozzles
nit. A pressure-feed orfice is unable to form droplets in
1 effective size with a narrow size range. The surface-
nsion hypothesis puts forth that these nozzles atomize the
quid by forming it into a sheet which is unstable and
srupts into liquid ligaments which further break into
oplets of varying size. Liquid properties such as density,
rface tension and to some extent viscosity as well as
bient air temperature influence the sheet formation and
us the drop sizes (Houghton 1950; Fraser 1958). Droplet
lume médian diameter is inversely proportional to fluid
2ssure and proportional to flow rate with a typical range

100-700 um for regular flat-fan and cone nozzles (Saunders
| Tate 1985). Low-pressure nozzles have improved drop size
ge and reduced drift but have resulted in larger drops
hmann 1983). Drop size from typical nozzles ranges from
s then 20 um to over 500 um (Hedden 1961). Following the
inition that the efficiency of a sprayer is inversely
portional to the size range of droplets it emits (Bals
8), it could be concluded that the hydraulic nozzle is
1t the worst thing to use for spraying.

The second major fault is the uniformity of the spray
)sit on the canopy. Conventional sprayers cannot
juately penetrate a heavy crop canopy to deposit chemical

he lower parts of the plant, nor do they achieve good




posits on the undersides of the leaves. 1In tests on corn
1d soybeans, a conventional sprayer spraying 140 L/ha (15
a) provided less then 1% coverage on the bottom leaf
rfaces in the upper half of the plant (Watson and Wolff
84).

The Air Curtain Concept

The Air Curtain concept (Ledebuhr and Van Ee 1987) grew

t of observation of the air flow from a cross-flow fan
igure 1). At the time, several of these fans were being
d in a‘mechanical strawberry harvester to separate leaves
| stems from the fruit. As an experiment, a propeller

ven rotary atomizer on the end of a handle was held in the

stream with its axis of rotation parallel to the direction
the air stream. The water spray was trapped and carried by
air and the concept was born.

The integration of the rotary atomizer and the tangential
rossflow fan (Figure 2) is the key to what makes the Air
-ain unique. These fans produce a relatively non-
ulent, straight-stream medium velocity (64-112 kph (40-70
) air pattern. This makes it possible to point the mouth
he fan directly at the crop. The spray solution is
oduced into the air pattern by a hydraulically driven
ry atomizer located at the centerline of the fan outlet.

t spins, the atomizer throws a narrow band of spray across
mouth of the fan. However, the spray distribution is not
orm across the mouth. Whether or not this is a problem is

>f the areas addressed in this work.







\ CROSSFLOW FAN
FAN HOUSING

jure 1. A Ta: sential or Crossflow fan.

ire Z. 2 rom the Air Curtain with the rotary
in place.







The first Air Curtain sprayer assembled to test the
1cept was a dual-purpose machine with a boom that could be
»d vertically in orchards or horizontally in row crops.
ls sprayer was used mostly in orchards but enough tests in
v crops were conducted to provide promising results and a
irting place for further research (Van Ee et al 1984, Van
et al 1985, Ledebuhr et al 1985, Van Ee et al 1987, Van Ee

i Ledebuhr 1988).
OBJECTIVES

The overall objective of this project 1s to performance

;t the new Air Curtain spraying concept as developed at
‘higan State University for row crop application. The
cific objectives are: 1) Review performance reports of
tinent current row crop sprayers and use them as a basis
evaluate the performance of the Air Curtain sprayer.
Quantify swath width uniformity of the Air Curtain
ayer on a flat surface and in the canopy as a function of
velocity, flow rate, and atomizer speed.

Determine the deposition characteristics of the Air

rain sprayer in the plant canopy as air velocity, flow

2, and atomizer speed are varied.

'uggest operating procedures to optimize Air Curtain
ormance. |

ecommend what additional research could further explain

or improve the Air Curtain performance.




CHAPTER I1
REVIEW OF LITERATURE

INTRODUCTION

ter is essentially divided into two parts.

This chap
y application variables that

first part covers the spra

ct sprayer design. The second section reviews pertinent
re-of -the-art spray technologies. This includes spinning

d Drop Atomization sprayers, electrostatic

< \ Controlle

and air carrier sprayers.

APPLICATION VARIABLES

ayers,

Trying toO design the optimum operating characteristics
r is very difficult at pest. 1t would be

o a new spraye
e requirements of che intended

ical to start by defining th

this is precisely what makes the process SO

get. However,

ficult. No one yet knows enough about the complex

place between the chemical,

eractions that take
d the intended target to

lication methods, the plant, an

esired performance of an "ideal

oughly define the d
des very broad and general

ayer". What is known only provi

delines.
y variables can pe influenced during the design and

The variables that deter

Man
mine the

ration of a sprayer.







effect of the spray deposit, the amount of spray retained on
the target and the biological effect of the deposit, are: 1)
volume rate, 2) drop size, 3) drop speed, 4) drop
trajectory, 5) chemical formulation, (Merritt 1980). Of
these, the first four are directly controlled by the machine.
However, only volume rate and drop size have been studied to
any extent and are thus appropriately discussed in the
following paragraphs. Formulation is not controlled by the
machine, but rather by the company manufacturing the chemical
and is not discussed here.

VOLUME RATE

Reducing the volume of spray solution applied per acre
saves the farmer both time and money normally spent hauling
large quantities of water to the field and for frequent stops
for refilling the spray tank. The effect reduced volumes
1ave on the biological performance of the chemical varies
rom chemical to chemical, as would be expected. As the
olume of applied water is reduced, the concentration of the
pray solution has to be increased to get the same amount of

plied active ingredient. This increase in concentration

n either benefit or hinder the performance of the chemical.
field and greenhouse studies, an increase in concentration

aused little difference in the biological effect with

"anslocated herbicides but reduced the effect of contact

rbicides (Cussans and Taylor 1976, Merritt and Taylor

77). In a separate laboratory test, increasing herbicide

ncentration reduced the biological performance, apparently




because of scorch at the site of each drop. The scorch

became more severe as concentration increased and the reduced
performance was presumably due to blocking movement of the
herbicide out of the scorched area (Merritt 1980).

One positive aspect of increased concentration is in

the mortality of insects. As insects mature, the amount of

active ingredient needed to cause mortality can increase.
Higher concentrations can mean less ingested foliage or less
droplet contact required before death occurs.
DROP SIZE
Drop size is probably the most researched, but least

understood, variable. It has long been known that reducing

the drop size is necessary to use low volumes. After all,

one large "drop" in the middle of the field does not give the

same control as many small drops on each leaf.
In the 1950's and 1960's, researchers set out to make

an atomizer that would generate a uniform drop size. While

the idea of more uniform coverage was present, the real

emphasis was to reduce drift by elimination of undersized

drops. The idea of generating optimum drops for the pest or

disease was forgotten, and equipment was developed that

produced a droplet size that reduced drift. A number of

monosize atomizers were developed and tested. The emphasis
on 100% uniformly sized drops and the accompanying lack of
consideration of the target continued into the early 1970's

and led P.H. Southwell to comment, "...It is necessary to

Ssubstantiate evidence that absolute uniformity is
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necessary:..." (Southwell 1973). He goes on to point out,
"The only consensus is that droplets which are too large
(biologically inefficient) or too small (hazard of drift)
must be eliminated." This remains as about the only definite
conclusion that can be drawn today.

This is not to say that more has not been learned.
Many studies have since been done to determine the
requirements of the target. For insect control, it is
necessary to get the spray into the micro-environment of the
insect (Himel 1969). 1In an aerial spray for spruce budworm,
of 1113 larvae affected by the spray, 93% had not been
contacted by any drops larger than 50 um and no evidence was
found that significant numbers of drops larger than 100um
reached the insects (Himel and Moore 1967). They went on to
report that 23% of the larvae had been hit by drops of less
than 2lum and that 97% of the drops visible on the larvae
were between 21 and 46 um.

A three year test in cotton gave virtually identical

results (Himel 1969). The underside of the cotton leaf is

the micro-environment of the cabbage looper and for the
entire three years, no leaf was found with any drops larger
than 40 um on the true underside. Boll weevils and bollworm
reside in unopened cotton squares. Of the drops found inside
the squares, 98% were less than 30 um. Also, seventeen dead
boll weevils and bollworms were found in the tested squares
and all showed between one and four 21 um drops on them.

The biggest drawbacks of small drops are that they
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-ift; and, secondly., getting uniform coverage with them is
ifficult. Even Himel in the cotton study was led to Say.
The comfortable concept of even’ distribution of spray
roplets was not substantiated. Foliage deposition studies
mphasize the ubiqﬁitous “small’ droplet.” (Himel 1969). The
-hallenge is to develop equipment to effectively apply these

small drops.

POWER SPRAYER OVERVIEW )

/

The variations in types of power sprayers are Virtualiy
endless. In developing countries knapsack units are used.
The units can be dusters, spinning disks or mistblowers.
These units are also used in greenhouses worldwide. perial
application is another application system found worldwide and
can be applied by plane or helicopter with standard nozzles
or low volume equipment. Ground equipment includes
conventional hydraulic nozzle boom types, booms equipped with
low volume and/or CDA nozzles, and air-blast sprayers. The
CDA nozzles are primarily spinning disk or cone units. The
air-blast units are modified orchard units Or consist of a
central fan feeding four to six round ducts which are
directed at the Crop. The ducts have standard cone nozzles
mounted 1in their ends toO supply the spray solution. These
sprayers are used on vegetables, ornamental plants and other
speciality cCrops.

CDA SPRAYERS
Controlled droplet atomizers have received much

attention in the last ten years. They gained popularity in
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the early 1950's for industrial use. The major advantage

these atomizers offer is a narrower drop spectrum than a

conventional nozzle. The major disadvantage is the low flow

rates needed to hold the precise drop size.

Spinning disks have three distinct modes of atomization

(Frost 1981, Hinze and Milborn 1950). The first is direct

drop formation. Drops of fairly uniform size are thrown
; directly from the edge of the disk. This occurs only at very
low flow rates--too Low for practical use in the field. The
second mode occurs as the flow rate is increased. This mode
is characterized by ligament formation at the edge of the
disk. At first, some drops are still generated directly but
eventually all drops result from the breakup of the
ligaments. Further increase of the flow leads to the third
mode. This mode is much like a standard nozzle in that a
liquid sheet extends beyond the edge of the disk then
disintegrates into randomly sized drops. Accurate
atomization is lost in this mode. Size and type of disk, the
liquid properties and disk rotational speed determine the
flow rates at which the modes, occur. The ligament mode is
the best mode for field spraying because of its higher flow
rate than the direct formation mode, but accurate atomization

is maintained.

There are two popular modifications or variations of the
spinning disk. The first is adding shallow groves extending
radially from the center of the disk. This gives the fluid a

set path to follow and tends to aid ligament formation. The
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second variation is a cone-shaped cup. This provides more
surface area and time for the spray to spread into a uniform
sheet around the atomizer before reaching the point of
atomization. The popular Micromax CDA atomizer is of this
design and also has grooves running up the inside edge.

Rotary atomizers have been one new system that has been
widely tested both in the laboratory and in the field. In an
extensive laboratory test, Bode and colleagues (Bode et al.
1983) analyzed the Micromax rotary atomizer. They used a
static test over a spray patternator table to check swath
width uniformity and a laser image analyzer for the drop size
data. Pointing out that a single unit has an unacceptable
co-efficient of variation (> 15%) across the swath, they
recommended that lm boom spacings providing double and triple
overlap were necessary to get an acceptable uniformity.
However, these results were obtained at an atomizer speed of
less then 3000 RPM. The drop size studies indicate that a
speed of 5000 RPM is needed to generate a VMD of less then
200 um at flow rates exceeding 0.50 L/min (0.13 gpm).
However, they also note that at this speed, the percent of
driftable drops (those smaller then 99 um) is at least 10
times as great as at 2000 RPM and that the VMD/NMD ratios are
larger indicating that the drop size range at 5600 RPM is
greater ie. less uniform than at 2000 RPM.

These studies also included a drift test in a wind
tunnel. At a cup speed of 2000 RPM, downwind deposits were

roughly the same as with a flat fan nozzle but at 5000 RPM,
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the downwind deposit average was 7 times greater than that of
the flat fan. Also noted was that the pattern from the cup
tended to shift a few meters downwind. This illustrates that
while a rotary disk or cup can generate a more precise spray,
gravity is not a sufficient force to direct the spray.

Field studies with spinning disks have not resulted in a
consensus on the effectiveness or advantages of using the
units. One field test conducted in 1970 checked several
variables including the size and density of the deposited
drops and the drift. A shrouded disk was used such that only
drops of the desired size were released. In tests at 140,

200 and 300 um drop sizes, the following conclusions were
drawn: 1) The pattern will shift off the row in a cross wind.
2) Mean droplet density decreased from top to bottom of the
plant and that with their equipment, 129 drops per square
centimeter (20 drops per square inch) was the maximum
achieved in the lower portions of the cotton plants. 3)
Drift potential can be reduced by reducing the numbers of
small drops sprayed. 4) The uniformity of the row-to-row
droplet density and mean diameter is increased by controlling
droplet sizes and by increasing the droplet size. 5) A
droplet size of 140 um appears to be the minimum size for
dependable deposit in the immediate vicinity of the target
area without other controlling factors (Smith et al 1970).

A test conducted in wheat and barley yielded both good
and bad results (Mayes and Blanchard 1978). The equipment

used was a stacked triple disk unit applying 20 L/ha (2.14
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gpa) at 8 kph (5 mph) with drops in the 250-300 um range.
Performance of the disk was evaluated by visual assessment
and by measurement of the fresh weight of the weeds not
killed. This was compared to a .conventional sprayer with
flat fan nozzles applying 200 L/ha (21 gpa). The results
reported that when a wind arose, the pattern shifted off the
row but did not "drift." Also reported was that inferior
control at 20 L/ha frequently coincided with areas of thicker
crop which shielded the weeds from the spray. Unexplainable
patches of poor control were also reported for the CDA
sprayer. This reinforces the notion that gravity is an
insufficient force for spray penetration and that additional
means are needed to drive the spray into the canopy. Another
excellent point put forth was that operation of the CDA
sprayer required a high level of operator skill. The
concentration of the spray solution was ten times greater
than that of the conventional application and the penalties
for overlapping and operating while standing still were
severe. A low volume limit based on human factors rather
then equipment limitations may be reached. In general, it
was concluded that weed control from the CDA sprayer was
generally acceptable, meaning that control was about as good,
sometimes worse and never better than the conventional
sprayer.

Another test in wheat again yielded similar results. 1In
comparing a triple stacked spinning disk at 30 L/ha (3.2 gpa)

to a boom at 225 L/ha (24 gpa) it was concluded that
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conventional applications were more consistent but not always
significantly so. Evidence suggested that control may be
marginally inferior at later application dates perhaps due to
a failure to penetrate the crop canopy (Ayers 1978). It
should be noted that drop size was 225 um and that the test
gave every opportunity to the CDA sprayer to penetrate
because the unit was hand held and operated at the extremely
slow walking speed of 1.8 kph (1.12 mph). The boom was also
hand held and paced at 3.6 kph (2.23 mph).

A third test conducted in wheat using a Micromax rotary
cup at 42 L/ha (4.5 gpa) and a conventional flat fan boom at
187 L/ha (20 gpa) had similar things to say. Both sprayers
achieved similar post emergence weed control. However, pre-
emergence weed control in wheat stubble was inferior with the
CDA sprayer because it could not penetrate the cover (Gerling
et al 1982).

The evidence is conclusive that although the spinning
disk is effective at some tasks, it is ineffective at
penetrating a canopy and thus quite limited in its use.

ELECTROSTATIC SPRAYERS

Electrostatic charging is another technology that was
first used for industrial purposes. It is most useful and
successful under controlled conditions where the target is
solidly grounded. Paint spraying is probably the most
popular industrial use of electrostatic charging.

Research and work on the precipitation of charged

agricultural dusts began in the early 1950's, and to charged
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agricultural sprays in 1961 (Webb and Bowen 1970). Some of
the early problems were achieving safety, portability, and
reasonable size under field conditions for the 15-20kV
electrical equipment (Splinter 1968).

The electrostatic process consists primarily of two main
operations: 1) application of an electrical charge to the
particles with some form of charging-nozzle; 2) precipitation
of these charged particles onto plant parts (Webb and Bowen
1970).

There are two principles of electrostatic charging of
sprays. . The first is the ionized field method for use with
dusts (Bowen et al 1952) and non-conductive sprays (Splinter
1968). A grounded ring is placed close to, but outside the
spray path from a hollow cone nozzle such that the spray
passes through the inside diameter of the ring. An insulated
electrode is extended into the hollow center of the spray
pattern with the end of the electrode centered downstream
from the nozzle, close to the grounded ring, but not touching
the spray. A voltage sufficient to cause corona discharge is
applied to the center electrode. Ions are formed in the
region between the electrode and the grounded ring and travel
from the electrode to the grounded ring at velocities of 80-

193 kph (50-120 mph. The ions are traveling at right angles

to the spray particles and charging is achieved by collision
between the spray and the ions.
The second method is induction charging and works only

with conducting sprays. The center electrode is eliminated,
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the nozzle is grounded and the voltage is placed on the ring.
This will induce a charge on the spray as it is emitted from
the nozzle (Splinter 1968).

A third method is possible by combining the ionized
field and induction methods. A grounded center electrode is
used in combination with the grounded nozzle and charged
ring. When used with a conducting spray, the two methods
combine to charge the spray in an additive manner (Splinter
1968) .

Electrostatic spray deposition on a plant works due to
two basic laws of physics. First, opposite charges attract
and like charges repel. Second, any charged body (like an
electrostatically charged spray cloud) will induce an equal
and opposite charge on any conducting body (like a plant)
placed near it. If the body is earthed (like a plant), the
boundary between the charges occurs at the earth's surface,
and the body (plant) will contain a one-sign charge opposite
to that of the other body (spray cloud) (Bowen et al 1952).
As the spray cloud approaches the plant, the plant takes on a
charge opposite to that of the cloud. Since opposite charges
attract, the spray is made to deposit on the plant.

At this point, electrostatic charging seems almost too
good to be true. However, there are significani problems
especially in the field -- outside of controlled conditions.
The first problem is that in order to utilize the electrical
field forces effectively, droplets need to be 50 um or less

(Splinter 1968). This problem has been overcome by using a
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twin-fluid nozzle specially designed by S. Edward Law, with
embedded electrodes for electrostatic charging (Law 1977).

Another problem is that electrostatically charged sprays
work better on some crops than on others. Performance
depends on the shape as well as the height of the crop. For
instance, a test conducted with Law's nozzle on smooth,
spherical cabbage plants in full head resulted in up to a
seven-fold increase in spray deposition from charged spray
versus uncharged spray from the same nozzle (Law 1980). In
this case, increasing the spray charge increased the deposit.
However, this is not true for all crops. A problem arises in
plants with pointed foliar surfaces. A highly-charged
incoming spray cloud can experience what can roughly be
referred to as a lightning-rod effect, in which a charge of
opposite polarity jumps from sharp points of the grounded
target and partially discharges the spray (Law 1980). 1In
cotton, deposition from charged spray was limited to 2.5
times the deposition from uncharged spray (Law 1980).

Law has also conducted tests on broccoli in the
laboratory. The plants were in 3.79 L (1 gal) metal cans and
placed under a motorized boom in a holder-table that provided
a continuous ground plane along the can tops. Spray speed
was 4.83 kph (3 mph). The electrostatic nozzle was compared
to a conventional hollow-cone nozzle at application rates of
9.4 L/ha (1 gpa) and 75 L/ha (8 gpa), respectively. The
plants had eight to ten leaves foliated below the bud and

were 23-28 cm (9 to 11 in.) :tall. The objective was to
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quantify the active-ingredient (fluorescent dye) deposit
density leaf-by-leaf throughout the plants. The results
typify the effects of electrostatic charging. First, the
charged sprayer deposited an average of 1.85 times more spray
than the conventional sprayer. Second, no difference in
top-leaf coverage was obtained but the middle leaves received
significantly more spray from the electrostatic sprayer.
Third, no difference in deposition on the bottom three leaves
was apparent (Law 1981). The reasons behind these results
\ are fairly simple. Electrostatic sprayers deposit more
overall spray because the spray particles that might normally
drift away or miss the plant and deposit on the ground are
| attracted to the plant. The high middle leaf deposits result
from the attraction of the drops destined for the bottom
leaves as well as those headed towards the ground. This also
explains the low bottom leaf coverage. Top leaf coverage
from electrostatic sprayers is typically good but so is the
top leaf coverage from a boom sprayer. It is not surprising
that no difference was noted. It should be noted that all
results are attributable to the charging because all tests
were also run using the electrostatic nozzle without charge
and the results were slightly better than the conventional

sprayer but not significantly so (Law 1981).

Tests conducted in the field on cotton with similar
nozzles have been reported (Brasher et al 1971). Custom-made
twin-fluid induction charging nozzles, plus 88.5 kph (55 mph)

auxiliary air used to blow the atomized spray past the
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charging ring and into the crop, were tested. Using insect
mortality as the basis for evaluation, it was concluded that
when using auxiliary air-propelled spray, no significant
difference was found between charged and uncharged spray

| performance but removal of the auxiliary air did reduce

performance. This reduction was attributed to the decrease

of insecticide penetration into the plant canopy. Also noted
was that the addition of the electrostatic charge increased
the required equipment and the complexity of operation.

\ A unique electrostatic system has been developed in
England by R.A Coffee (Coffee 1979, Coffee 1980). It is
commonly called the "Electrodyn" sprayer, electrodyn being

J short for electrodynamic. It has no moving parts because

| only a small gravity-induced pressure head is needed to get
the chemical to the nozzle. Atomization is induced by the
electric charge. Electrical energy is applied directly to
oil-based liquids to achieve atomization and deposition at
ultra-low volume and ultra-low energy consumption. This
technique applies a coulombic field force directly to the
surface of the liquid, thus setting up standing waves from
which each crest issues a uniform jet of charged liquid. The
wave and jet dimensions are very stable and uniform, thus it
is possible to achieve VMD/NMD ratios close to dnity (Coffee
1980). This system is capable of producing drops from 40 to

200 um VMD.

Spray trials with this system in mature cotton yielded

typical electrostatic results. Overall deposition from
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charged droplets was 2.4 times the deposition from uncharged
droplets. In the top of the plant the ratio of charged to
uncharged deposition averaged about 2:1 and in the bottom of
the plant it was 1-1.5:1 (Coffee 1979). No statistics were
available to indicate whether these differences were
significant.

A major problem with the electrodyn is that drop size is
adjusted by varying the applied voltage, and the relationship
is an inverse one. The small drops are obtained by applying
high voltages and thus they carry a large charge. The result
is that the drops deposit almost immediately (Bals 1982).
Similar results come from a test in winter barley. It was
found that most of the charged spray deposits were on the
vertical leaves which were the nearest earthed target.
Further, the coefficients of variation for the mean deposits
were much smaller from a conventional sprayer than from the
electrodyn. Finally, evenness of distribution of the
electrodyn spray from top to bottom of the cereal plants was
inferior to that from the standard hydraulic nozzle ( Hislop
1983). In summary, electostatics is solely a force of
deposition and thus must be balanced with the forces required
for spray dispersion so that the droplets can penetrate the
crop canopy and be transported to the target (Bals 1983).

AIR-BLAST SPRAYERS

Air blast sprayers for row crops are one technology that

has not been tested to the same extent as the CDA and

electrostatic equipment. This is somewhat baffling since
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there are several manufacturers marketing row-crop air
sprayers. It seems that what is tested is mostly one-of-a-
kind air-blast equipment that came about while trying to
improve on existing ideas by adding air assist. For
instance, one such improvement was the addition of auxiliary
air to a hydraulic nozzle. No one has really built a row
crop unit from the ground up. This observation aside, let us
proceed with what information is available.

The usual idea behind an air-blast sprayer is two-fold.
First, the air is used as the carrier rather than a large
volume of water. Turbulent air is used so that the spray
mixes with the air stream and thus everywhere the air goes it
carries some spray. The second purpose of the air is to
impart sufficient energy to the drops for deposition.
Commonly used air velocities range from 161-323 kph (100-200
mph) at the air outlet.

One early machine was developed in Israel in 1961 for
use in cotton. It introduced some ideas still used today. A
machine was set up on a high-clearance chassis with one fan
supplying air to a plenum with outlets over each row. Spray
solution was supplied to the air by a 0.48 cm (0.1875 in)
inside diameter brass tube terminating in the center of each
outlet. Atomization was accomplished by air shear utilizing
the 315 kph (196 mph) air emitted at each outlet.

Application rate was 56-84 L/ha (6-9 gpa) at 6.44 kph (4 mph)
ground speed. A conventional sprayer was used for comparison

at 168-196 L/ha (18-21 gpa). Results from the tests




24

indicated no significant differences in insect control, seed-
cotton yield, or quality of coverage. However, quantity of

deposited spray was higher from the air blast sprayer (Zucker
and Zamir 1964).

It is odd that no difference in the quality of coverage
was noted with the air blast sprayer. Although no drop size
data was included with the report, it is likely that many
small drops were generated by the air-shear atomization
method. Smaller drops usually result in better coverage.

Two probable explanations exist for the lack of better
coverage. First is that in a high velocity air blast it is
possible for a leaf to stream-line and the spray to bypass it
(Mann 1980). However, this should also result in lower spray
deposits. Second, and in this case the more probable
explanation is that the sample evaluation method is at fault.
Since coverage evaluation was by eye, it is likely that many
of the small drops that deposited were too small to see.

This is especially plausible when also noting that the
overall deposit was greater from the air blast sprayer.

Another concept in air-carrier spraying has been
developed to specifically target the under leaf surfaces in
the top-half of the plant. Hollow cone and flat fan drop
nozzles were used at an application rate of 94 L/ha (10 gpa)
with specially designed air shrouds. The air served
primarily to deflect foliage near the nozzle to allow the
spray pattern from the nozzle to develop. Addition of the

air aided in deposition and improved uniformity as compared
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~to the same sprayer without the air (Watson and Wolff 1985).

Another common use of the air stream is as an "air
boom." Air is employed to carry the spray across the swath.
Automatic Equipment Manufacturing Co. has several models of
this type. The following information was obtained during a
telephone conversation with a company engineer. Their
sprayers employ a squirrel-cage fan to blow 180 kph (112 mph)
air horizontally across the crop. Using a rotary cage
atomizer driven by the air stream, swath widths of 18-24m
(60-80 ft) across are possible. Deposition is facilitated by
the natural tumbling of the air which carries the spray into
the canopy. No solid numbers were offered as to swath
deposit uniformity or crop penetration. One report has
indicated that the automatic, as well as other sprayers
tested, could not penetrate bush beans. However, a
proprietary research test conducted by an independent
Canadian organization has reported greater overall spray
deposit on the underside as compared to the top of potato
leaves. No firm answers on drift were available but it was
mentioned that drops under 100 um could have that potential
(Nemecek 1987).

Another application of the "air-boom" type air blast
sprayer was tried in sugarcane. A row crop sprayer similar
to the Automatic was modified to be able to spray over 3.4m
(11 ft) tall sugarcane. Several conventional nozzles and a
rotary atomizer were tested in combination with two fan

angles (10 and 20 degrees above horizontal). Water or water
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and oil were used as the spray solution. The results were
that vertical and lateral uniformity were poor and the
sprayer as tested is not recommended for sugarcane (Parish et
al 1986). Also noted was that the rotary atomizer threw a
great deal of spray outside of the air stream.

There is one study that used a commercial air-blast
sprayer and attempted to determine how sprayer variables
effect deposit (Carpenter et al 1983). The tests were
conducted in an open field without any canopy. The targets
were 125 ml (4.23 oz) sampling bottles laid on edge inside
tubes secured to stakes at 0.31m (1 ft) and 1.22m (4 ft)
above the ground. The conclusions all refer to the spray
deposit or deposition, but these figqures are misleading and
of little value because all that was really measured was the
spray still traveling horizontally in the air stream at the
given location.

Another form of air-assisted spraying comes from
Micronair Ltd.. It employs fan blades attached directly to a
CDA atomizer. The system was first designed and used for
aerial application. As originally used, the AU series of
atomizers were mounted on an airplane wing such that the

attached fan blades turned in the slipstream and provided the

rotation to the atomizer. The ground units weré made by
manufacturing a "fan housing"” and powering the atomizer with
a hydraulic motor.

The atomizer consists of a wire gauze cylinder rotating

about a hollow fixed shaft. The spray is pumped through the
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shaft, and past a deflector at the end of the shaft which
spreads the spray onto a perforated metal cylinder. This
cylinder spreads the spray for even distribution on the
gauze. Drop size depends on the speed of atomizer rotation.

Field data on these ground units is not plentiful.
What is available is not complimentary . The difficulty lies
with the fan. Personal observation of the units indicates
that many of the spray droplets emitted from the cages have
enough velocity to carry them outside of the air stream
before it has much effect. Deposition is therefore largely
limited to gravitational forces. The air. emitted by the fan
is also very turbulent and its energy is dissipated too
rapidly to effectively aid spray penetration.

Field tests tend to confirm this. When tested in
barley, Micronair AU5000 units exhibited high coefficients of
variation across the swath and poor penetration. Large
deposits on upper plant parts resulted in smaller deposits on
the lower plant parts (Cooke et al 1986). Contributing to
the problem was that the units were run at too slow a speed.
Tﬁey were run at 3000 rpm, which produced a VMD of
approximately 150 um. This speed produces very little air
velocity and rather large drops which undoubtedly traveled
very rapidly outside the influence of the air. The result is
that the units acted like little more than glorified spinning
disks. Drops of 150 um may be optimum for gravity deposition
but not for air-assist.

One last spraying system that has been tried is to
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employ cross-flow fans fitted with standard hydraulic nozzles
in the outlet. This differs from the "air-boom" in that the
outlet of the fan is pointed directly at the crop. These
fans produce a column of smoothly moving air which gently
oscillates crop leaves to facilitate spray deposition (Mann,
1980). Limited work in black currants with these units has
shown that good spray cover is possible at low volumes and

180 VMD drops, and that even better coverage is anticipated
with smaller drops (Mann 1980). This test is an excellent
precursor to the Air Curtain tests because the Air Curtain |
uses the cross-flow fans and smaller, more uniform drops.

Conclusions

1) Reducing the spray volume can save both time and money,
but increasing the spray concentration is not always
beneficial.

2) Smaller drops ( < 50 um ) seem desirable for insect
control .

3) Spinning Disk atomizers have limited potential for

agricultural use because of limited capacity and the
inability to penetrate the canopy.
4) Electrostatic charging can increase overall spray deposit,
but hinders crop penetration.

Many unique spraying systems have been developed. Each
has its advantages and disadvantages. Many have solved one
problem or another, but few have reached an overall level of

acceptable performance.




CHAPTER III
PROCEDURES

EQUIPMENT
A research sprayer was built on an Allis Chalmers Model G
tractor (Figure 3). It carried two fans, one cantilevered off
each side of the tractor. An auxiliary hydraulic system
powered off the tractor was developed to drive one fan and
atomizer at a time. The speeds of the fan and atomizer could
be controlled independently.

The chemical delivery system consisted of: a 20 L (5
gal) tank; a 12 volt spray pump, and a manifold of valves and
orifices to control chemical flow rate and to determine to
which atomizer the chemical was delivered.

The spray solution was collected on artificial targets
attached to poles placed in the row. The targets were
constructed out of drafting mylar cut into rectangles
measuring 5.08 cm by 10.16 cm (2 in by 4 in). The poles were
made from 1.27 cm (0.5 in) water pipe with a 15.24 cm (6 in)
spike in one end and a "T" handle on the other end. Alligator
clips were attached to poles starting 2.54 cm (1 in) from the
ground and placed every 7.62 cm (3 in) on alternating sides of

the pole. This provided 15.24 cm (6 in) of vertical space
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Figure 3.

The Air Curtain row crop research sprayer.






e

31

between targets on the same side of the pole.
INDOOR PROCEDURES

The first tests of the sprayer took place indoors on a
cement floor. These tests were set up to provide an indication
of how atomizer speed (drop size), fan speed (air velocity),
and flow rate affected the spray pattern. From the initial
field work with the combination sprayer, some reasonable and
realistic ranges for the variables were already known. The
test was built around a median or standard value for each of
the three variables. From this standard, one variable at a
time was changed to a higher value then to a lower value. For
instance, the standard value for the fan was 950 rpm. While
the atomizer speed and flow rate remained at their standard
values, the fan was run at 1100 rpm, then at 800 rpm. Table 1
contains the values of all three variables for each test. The
standard test (Test 1 and Test 2) was run twice.

These variables were tested on three different atomizers:
a Micronair AUS000, a Micronair AU7000, and a custom atomizer
specially built for the Air Curtain sprayer. The reason for
testing the three different atomizers is that each has
different dimensions and shapes which affect the air flow
around the atomizer (Figures 5, 6, and 7). The AU5000 and
AU7000 are very similar in shape with the AUS000 being larger
in diameter. The AU5000 basket is 10.16 cm (4 in) in diameter
while the AU7000 basket is 8.57 cm (3.375 in) in diameter. The
AU5000 is larger overall and presents a larger profile to the

air stream. The custom atomizer was developed to present a
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Table 1. Atomizer Test Values.

AU5000 Atomizer Speed Fan Speed Flow Rate
RPM RPM L/MIN GAL/MIN

Test 1 5500 950 3.4 0.9
Test 2 5500 950 3.4 0.9
Test 3 5500 950 ST 1.5
Test 4 5500 950 1.1 0.3
Test 5 5500 1100 3.4 0.9
Test 6 5500 800 3.4 0.9
Test 7 6500 950 3.4 0.9
Test 8 4500 950 3.4 0.9
AU7000

Test 1 9000 1000 3.0 0.8
Test 2 8650 800 3.0 0.8
Test 3 8650 800 155 0.4
MSU CUSTOM

Test 1 5000 1000 3.4 0.9
Test 2 5000 1000 1.5 0.4

Test 3 5000 800 1.5 0.4
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'igure 5. Profile of the Micronair AU5000 atomizer.
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Profile of the MSU Custom atomizer.
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naller and more streamlined profile to the air stream and to
llow direct mounting of the atomizer on a hydraulic motor
haft. The Micronair atomizers are belt-driven and stepped
p above motor speed. In these tests, the top speed of the
U5000 was about 6500 rpm which corresponds to a basket
urface speed of 11 m/s (2166 fpm). The custom atomizer was
ounted to a motor with a maximum speed of 5000 RPM.
‘herefore, to get corresponding basket surface speed, a 15.24
m (6 in) diameter basket was used. At maximum speed, the
basket surface reaches 12.70 m/s (2500 fpm). This basket was
only 2.54 cm (1 in) high and had 5.08 cm (2 in) of 3.81 cm
(1.5 in) pvc pipe above it to aid in fluid distribution
around the circumference of the atomizer.

The spray was collected in 100mm (4 in) diameter petri
iishes laid in a wooden fixture on the floor (Figure 8).
rhis fixture held twenty-six dishes in a row and had three
rows to provide some replication. The dishes were laid edge-
-o-edge in a row with 5.08 cm (2 in) strips of wood
separating the rows. The over-hanging boom was driven at
3.63 kph (3.5 mph) over the fixture containing the dishes.
'he dishes were then capped, labeled, and saved for analysis.

FIELD PROCEDURES

The field tests were conducted in soybeans that had
eached 76.20 cm (30 in) in height. Due to a problem at
lanting time, a field of beans planned on for the spray
ests was not planted. The field used for the tests was

borrowed" from another department on campus and necessitated
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. couple of unconventional practices. Since the field was
yart of some variety trials, we could only spray the guard
rows and could not drive in the rows. The field was planted
such that we had to drive perpendicular to the rows along the
outside edge. Therefore, our rows of target holders were
placed between the rows of plants running parallel to the
rows (Figure 9). However, this likely had no effect on the
results because the beans were planted with a drill on 50.80
cm (20 in) centers and were tall and full, providing a dense
and éontinuous canopy.

In order to provide some correlation with the petri
dish tests, the sprayer variables were set as follows. All
three field runs used 93.54 L/ha (10 gpa) which correlates to
the low flow rate in the petri dish tests. Similarly, the
fan speed in the field was 800 rpm, the same as the low fan
speed in the petri dish tests. The flow rate was decided
upon to determine the sprayer performance at low application
rates. 93.54 L/ha (10 gpa) was as low as we could go and
still get sufficient copper deposit for analysis. The fan
speed was also determined in part by field conditions as
higher fan speeds tended to lodge the bean plants. The
remaining variable is, of course, atomizer speed which was
run at the high, low and standard speeds (6520 rpm, 4150 rpm
and 5620 rpm).

The typical procedure for a test began by clipping the
clean mylar targets to the stakes. This takes place before

-he stakes are placed into the canopy. Two targets were
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lgure 9. The field where the deposition tests were held.
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lipped at each position to allow for separate analysis of
opside and bottom side deposits. The targets were clipped
ear one end to allow the 10 cm (4 in) length to flutter in
he air stream. After all the stakes were prepared they were
laced into the canopy. The first stake was placed 30.48 cm
12 in) in from the edge of the canopy with four more stakes,
ach 30.48 cm (12 in) from the last, completing the row. A
econd row of stakes was also placed two or three rows of
eans up from the other set of stakes to provide some
uplication of the test.

After the stakes were in place, the sprayer was started
nd calibrated. Flow rate was calibrated by using a
topwatch to measure the time it took to fill a 3.79 L (1
al) container. Fan speed and atomizer speed were checked
ith a photo-tachometer. When all settings were correct, the
orayer was driven past the targets at approximately 5.63 kph
3.5 mph). The tractor was not equipbed with a speedometer
> distance versus time measurements were made in the field
‘ior to the trials with the fan and atomizer running. A
irottle setting was established to provide the correct
ound speed. The throttle was returned there for each run
d no attempt was made to measure the exact speed of each
n. The fan and atomizer speeds were calibrated with the
actor at a standstill with the throttle at the established
ound speed position. The hydraulic system had sufficient
pacity and control, through the use of pressure compensated

ow controls, so that small changes in engine speed did not
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change fan or atomizer speed.
After the targets had been sprayed and allowed to dry,

the stakes were carefully removed from the canopy to

facilitate easier removal of the targets. Each target was

carefully unclipped and placed into a 0.30 L (10 oz) wax

cold-drink cup. The cup was capped and marked with a code to

indicate the exact position the target occupied during the
test. The cups were put in plastic garbage bags and stored
until needed for deposit analysis. The technique used for

deposit analysis is included as appendix 1 at the end of the

text.







CHAPTER IV

RESULTS AND DISCUSSION

Pattern Test Results

One feature common to all the graphs is the general

hape of the pattern. It can best be described as having a
peak” on each side of the atomizer with a "valley" in
etween. The pattern is roughly symmetrical around the
enter of the valley, but it is not coincident with the
enter of the fan. In all the tests except the high fan
est, the minimum of the valley occurred 25.4 cm (10 in) to
he right of center. The peak size and shape has slight but
erceptible changes in response to changes in the variables.
he high atomizer speed tended to reduce the severity of the
lley (Figure 12) as compared to the low atomizer speed
igure 13) and the standard speed (Figures 10 and 11). The
W atomizer speed resulted in a deeper valley than to the
andard. .

The high flow and low flow tests (Figures 14 and 15)
sically show predictable results. The peaks in the high
ow test have pretty much the same shape as with the
andard flow test peaks, only greater magnitude. The

ttern in the high flow test is also much wider than in any
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other test. The low flow pattern has much shorter peaks
compared to the standard test, but does not show much less
deposit in the valley. It also has the same overall width.

The high fan test (Figure 16) does have some interesting
changes. The peaks are higher and have steeper sides than in
the standard tests, but the overall width of the pattern did
not change and there seems to be less deposit in the valley.
The valley is also located 10 cm (4 in) closer to the fan
centerline than in the other tests. The low fan speed
pattern (Figure 17) has about the same peak height and shape
as the standard patterns, but has more deposit in the valley.
It is also about 30.48 cm (12 in) wider on the left side.

Pattern tests were also run on the AU7000 and the new
MSU custom design. A very rough idea of the pattern is all
that was wanted, so only one row of petri dishes was used.
As mentioned before, the AU7000 is a smaller version of the
AU5000. The tests of the AU7000 (Figures 18,19 and 20) show
hat the pattern is nearly symmetrical around the fan center-
line. It does not have the offset seen in the AUS000
attern, but the right side of the AU7000 pattern is about
0.48 cm (12 in) narrower than with the AU5000. The pattern
howed little response to the affects of changing variable
alues.

Tests on the direct-drive MSU custom atomizer yielded
early the same pattern as with the AU5000. Figures 21, 22,
nd 23, show the results of these tests. The pattern from

he custom atomizer is as wide as the AU5000 pattern but




see

out

an

th

on



45

seems to have more definite edges. There is not an
explanation as to why Figure 22 has the long tails on the
butside edges, but the tails only represent 0.1 ppm copper
and that amount is usually considered insignificant. As with
-he AU7000 tests, changing variable values had little effect

n the pattern.

DISCUSSION
The explanation for the pattern shape lies in how the

an and atomizer interact. With the atomizer mounted in the
outh of the fan, it is an obstruction and disrupts the even
ir flow. When the atomizer is spinning and generating
rops, the air stream and the drop trajectories combine to
reate the spray pattern. The pattern shift away from the

an centerline is a function of the direction of rotation and
he size of the atomizer. In the test of the AU5000 the
tomizer was rotating counter-clockwise if observed from

bove or by looking into the mouth of the fan. The right side
f the atomizer is the side rotating against the air stream
into the fan). Any drops emitted from this side of the
tomizer are thrown into the mouth of the fan, against the
ir. As the drop is released from the edge of the atomizer
d moves against the force of the air, it arcs out toward

e side of the fan before being carried out of the fan by

e air. Any drops emitted from the backside of the atomizer
e carried around the atomizer with the air or are blown

ck into the atomizer. As a way of minimizing the latter

oblem in these tests, the back of the atomizer mount was
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lowered slightly to tip the atomizer with the hope that the
drops emitted from the backside would have a downward
velocity component and thus be carried below the atomizer
rather then into it.

The overall shape of the pattern is mostly a function of

drop size but it is also influenced by air velocity. Higher

flows and slow atomizer speeds create larger drops while
lower flows and faster atomizer speeds create smaller drops.
The larger drops tend to move further away from the atomizer
before being trapped by the atomizer than do the smaller
drops. This is why there is a difference in the valley
between the high and low speed tests. However, the high
speed pattern is not wider because the slower atomizer speed
results in a lower drop velocity and thus the large drops
have insufficient energy to spread the pattern.

Fan speed influences the shabe of the pattern by also
effecting the distance a drop travels away from the atomizer

before being carried by the air. At higher air velocities,

the drops are trapped very quickly where as low velocities
let the drop travel further.

Atomizer shape also plays a part in the formation of the
pattern. The AU7000 pattern is virtually centered on the fan
centerline. This is because the AU7000 is smaller then the
AU5000 and blocks less air. The pattern from the MSU Custom
atomizer has the offset back, in but has narrow, steep-sided
peaks. The offset is because the atomizer is wide, but the

narrow profile allows the air to create the peak shape.
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