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ABSTRACT

Droplet spectra and lateral spray distributions from a proto

type air-assist agricultural sprayer nozzle were observed and evalu

ated at the United States Department of Agriculture-Agricultural

Research Service (USDA-ARS) in Beltsville, Maryland and at The Univer

sity of Tennessee Department of Agricultural Engineering in Knoxville,

Tennessee. Evaluations considered the effects of various air and

liquid pressure combinations, different liquid physical properties,

and other operational variables on the spray emitted by the nozzle

unit. Evaluations of droplet spectra from six nozzle tips and at

various positions within a given distribution were also performed.

Data describing the droplet spectra were collected using

a helium-neon laser spectrometer. Air pressures of 34, 52, and

69 kPa in combination with liquid pressures of 207, 276, 345, and

414 kPa were used during the evaluation. Tapwater, a hard well

water, distilled water, and an oil-in-water solution were used to

analyze the effects of various liquid properties on droplet spectra

emitted from the nozzle. Changes in the volume-surface (Sauter)

mean diameter (SMD), the volume median diameter (VMD), and the 10

and 90 percent intercepts on the cumulative volume curve (DVl and

DV9, respectively) were analyzed for all test conditions.

Data characterizing the lateral spray distributions from

the air-assist nozzle were collected using a patternator. The air

and liquid pressures noted above were used during the evaluation.

V
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Only tapwater and the oil-in-water solution were tested for their

effects on the spray pattern emitted by the nozzle. Boom heights

were 43, 48, and 53 cm above the patternator surface. Coefficients

of variation for the lateral spray distributions produced were used

to determine the appropriate nozzle spacing along the boom.

Results from the droplet spectra analyses suggest that droplet

size decreases as air pressure is increased for a given liquid pres

sure; however, droplet size increases as liquid pressure increases

for a given air pressure. The latter trend is opposite that which

occurs in conventional hydraulic atomizers. These phenomena occurred

for all liquids tested. Further, the evaluation indicated that

little variation existed among the droplet diameters analyzed for

liquid pressures of 276 kPa and 345 kPa in combination with the

52 kPa air pressure setting for the oil-in-water solution. The

same trend was observed for tapwater at the same liquid pressures,

but in combination with all air pressures.

Lateral spray distributions emitted from 48 cm above the

patternator surface were analyzed using the coefficient of varia

tion. The results suggest the nozzle should be spaced between 40

cm and 60 cm along the boom for most uniform lateral distribution.
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CHAPTER I

INTRODUCTION

Background and Statement of Problem

Foliar applied pesticides should be evenly distributed across

the topsides and undersides of the leaves both on the plant periphery

and within the plant canopy. Uneven distribution of a foliar applied

pesticide can result in poor control of the pest or disease which

may lead to decreased yields and diminished quality at harvest.

Increased awareness of the inefficiencies of conventional hydraulic

spraying systems in providing adequate canopy penetration and thorough

foliage coverage in crops has resulted in the development of new

spray applicators. These applicators have been designed to improve

atomization of the liquid and produce a narrower droplet spectrum

to aid in achieving uniform distribution of chemical on leaf surfaces.

Knowledge of the droplet spectrum is of great importance

in the application of pesticides. Spraying efficiency and, conse

quently, spraying cost can be affected by the range of droplet sizes

produced as this range has great influence on effectiveness, mode

of action, collection efficiency, and drift (Elbanna et al., 1984).

Skoog et al. (1976) concluded that the optimum droplet size for

efficient pest control and minimum contamination of the surrounding

ecosystem is dependent upon a variety of conditions, many beyond

the control of the operator. Elbanna et al. (1984) suggest that

1
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factors influencing droplet formation and size include atomizer

parameters and design, ambient conditions, liquid properties, and

transient effects along the path to the target.

Drift and evaporation are major problems when applying agri

cultural pesticides. When droplets that are too small enter the

atmosphere they are often carried some distance away from the target

area or evaporate before striking any surface. Further, production

of small droplets leads to distortion of the application pattern

under windy conditions (Kohl, 1974).

There is a need to develop new application technology. Con

cerns about adequate coverage, effects on the environment, evaporation,

and drift have led to various studies of applicators and application

techniques. Despite efforts to identify optimum operating parameters,

few scientists agree on the adequate droplet size and distribution

which provides optimum foliage coverage while minimizing economic

losses and reducing damage to the ecosystem.

Research Proposal

An air-assist agricultural sprayer nozzle has been developed

by Spraying Systems Company and may improve both foliage coverage

and canopy penetration. The nozzle design utilizes liquid pressure

plus a stream of compressed air to disintegrate a liquid. The unit

is constructed of stainless steel and uses a flooding tip for dispers

ing the fluid. The nozzle is placed in a position such that the

axis of the tip is oriented horizontally and a flat fan pattern

is produced.
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This study was designed to ascertain the Influence of liquid

pressure, air pressure, and other operational variables on mean

droplet size and the distribution of droplet sizes produced by the

nozzle. In addition, the effect of liquid pressure, air pressure,

nozzle spacing, and boom height on lateral spray distribution was

observed using a patternator.

Objectives

A study of a prototype air-assist agricultural sprayer nozzle

was designed to evaluate Its performance under various operating

conditions. Specific objectives were:

1. To evaluate the droplet spectra over the range of liquid

and air pressures recommended by the manufacturer using the volume-

surface (Sauter) mean diameter, and the 10, 50, and 90 percent Inter

cepts on the cumulative volume curve.

2. To evaluate the uniformity of lateral spray distribution

using the coefficient of variation across the distribution on the

patternator.

3. To determine appropriate liquid and air pressure settings

for operation with water and an oll-ln-water solution.

4. To evaluate nozzle performance with four liquids at a

single air pressure setting In combination with several liquid pres

sure settings.

Considerable amounts of research have been conducted with

regard to sprayer nozzles and application techniques. This evaluation
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may add to the continued effort to be able to spray crops more ef

fectively and efficiently.



CHAPTER II

REVIEW OF LITERATURE

Analyzing Droplet Spectra

Introduction

Analysis of the droplet spectrum dispersed through an agri

cultural sprayer nozzle can be performed by various techniques.

Simmons (1984) classifies these into intrusive and non-intrusive

methods. Despite the level of sophistication of test equipment,

particle sizing is not yet an exact science (Tate et al., 1980).

A study of the droplet spectrum of a bypass nozzle shows wide varia

tions among equipment and techniques used for droplet size analysis

(Tate et al., 1980). Further, since available measuring devices

utilize different qualities of the droplet to determine its size,

information obtained from these various techniques may not agree

except when extraordinarily ideal conditions exist (Bachalo, 1984).

Intrusive Methods

Intrusive methods include analysis by collection, solidifica

tion, and heat transfer (Simmons, 1984). Measurements obtained

through these methods use certain physical properties of the droplet

such as its ability to cool a surface or its aerodynamic qualities

(Bachalo, 1984).

Collection. Tate (1977) used a collection method for evalu

ating droplet size distributions for drift reduction nozzles. Dyed
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water was sprayed into cells containing Stoddard solvent. The samples

were then photographed at high magnification and scanned with the

aid of an electronic analyzer. The processed data included the

entire droplet size distribution, mean and median diameters, and

the uniformity indexes.

This method lacks the ability to adequately collect droplets

at high flow rates; and shattering results when large, high velocity

drops are collected (Tate, 1977). In addition, small droplets may

fail to impact on the collection cells (Tate, 1961). However, the

method does give the temporal droplet size distribution.

Bode et al. (1968) used a photographic scanning technique

to determine particle size frequency distribution. Photographic

negatives of cards covered by dyed, atomized spray liquid were pre

pared with a plate camera. A flying-spot particle analyzer owned

by the United States Department of Agriculture (USDA) was used to

scan these negatives. The droplet frequency for 24 size classes

was determined and recorded along with other information related

to the droplet spectrum.

Heat transfer. Bachalo (1984) describes the hot-wire probe

technique which has been developed to obtain the size and concentra

tion of liquid droplets present in a gas stream. Based on heat

transfer to the droplet, this method measures the cooling effect

caused by a droplet attached to a hot wire. Without a droplet present,

the resistance along the platinum wire is high and essentially uni

form. When a droplet becomes attached to the wire and cooling begins.
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the resistance is reduced in proportion to the drop size. This

appears as a voltage drop across the wire supports. The constant

electrical energy supplied to the wire will evaporate the liquid,

and the device will perform another measurement.

Mahler and Magnus (1984) suggest that the hot-wire probe

will replace the time consuming and tedious method using sensitized

collection substrates as well as the more elaborate optical methods.

Major advantages of the system cited were that it is easily portable,

requires no special alignment, and is inexpensive. Use of this

approach has shown that accurate measurement for statistical values

like the Sauter mean diameter (SMD) is possible. However, Bachalo

(1984) states the procedure is not applicable for measuring materi

als which can leave a residue on the wire.

Solidification. Ferrenberg (1984) describes the hot wax

technique utilized in the study of rocket engine injectors. Liquid

wax is injected into the atmosphere or a large pressure vessel where

the droplets rapidly cool and solidify. They are then collected

and separated into size groups by a sieving operation. Each group

is weighed and a plot of droplet mass versus size is constructed.

Cumulative volume, volume distribution, and mass median diameter

are measured directly. Temporal distribution is also measured.

Analyses of sample sizes in the order of millions has shown this

technique to be statistically accurate. However, the facility in

which the tests are conducted must be fairly large and moderately

complex.
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Kim and Marshall (1971) employed the hot wax method in an

analysis of the atomizing characteristics of a pneumatic atomizer.

The molten wax was sprayed through the nozzle, and the dispersed

material allowed to air cool. The droplets were collected and sized

by a sieving operation.

Non-intrusive Methods

Non-intrusive or optical methods of droplet spectrum analysis

included imaging, non-imaging or interferometry, and laser doppler

techniques (Simmons, 1984). Certain devices may use the relative

index of refraction of the droplet and its radius of curvature.

Others may use the projected cross-section of the droplet (Bachalo,

1984). Since there is no accepted standard or method for assessing

their measurement accuracy, size resolution should be adequate to

characterize the given spray to be evaluated. Further, the system

should be compatible with the environment in which it will be used

(Bachalo, 1984).

Imaging. Ferrenberg (1984) states that imaging techniques

allow the observer to actually see droplets as they exist at the

point and time where knowledge of their size is desired. Thus,

performance of imaging analyzers is dependent upon the optics system

(Thompson, 1984). Chigier (1984) describes most imaging systems

as having the light source and transmitting optics on one side of

the spray with the receiving and recording systems on the other.

Imaging techniques can produce erroneous results if used in
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applications where droplet number densities are very high or the

optics system is of poor quality (Bachalo, 1984). Further, the

limiting characteristic of conventional imaging systems is that

resolution is inversely proportional to the distance from the droplet.

Holography relieves some of the constraints of conventional

imaging techniques, but large numbers of spray distributions cannot

be obtained with a high degree of confidence (Bachalo, 1984). Thompson

(1984) describes the in-line, far-field holographic method used

to measure droplets. The method involves a two-step procedure which

captures in a permanent form the cross-sectional shape and position

of each particle as it moves through a sampling area. A stationary

three-dimensional image is produced for each particle in the original

volume. This method can be applied to a variety of circumstances

including the evaluation of fog droplets, cloud studies, and agri

cultural sprays.

Droplet images have been obtained using still photographs,

video recordings, and photodiode arrays (Bachalo, 1984). Advantages

of these imaging systems are that the projected shape of droplets

is available and droplet collision and coalescence are also detect

able. However, these units must sometimes be immersed in spray,

so fogging of the lens can occur as well as aerodynamic deflection

of small droplets. Despite attempts to shield the optical system,

problems still occur under the immersed conditions.

Amberg and Butler (1970) synchronized a high speed camera

with a short duration flash. Termed stroboscopic, high speed
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photography, this method was used for analyzing droplet formation

near the nozzle orifice. Flash speed was found to be a major limita

tion of the technique during the qualitative tests.

Tate (1977) photographed sprays "in situ" using microflash

illumination. The spectra were photographed from different direc

tions and at different distances from the nozzle orifice. Droplet

images were sized semi-automatically.

This method as well as other high speed photographic tech

niques gives spatial size distributions. Accurately sizing very

small droplets is not possible. Thus the total number of droplets

recorded in a given test is reduced. This will alter the commonly

reported mean diameters, but have only a slight effect on volume

median diameter (VMD). Conversion to temporal distribution requires

that the droplet count or frequency be multiplied by the correspond

ing velocity (Tate, 1977).

Reichard et al. (1977) used an optical array spectrometer

probe to measure the droplet size distribution delivered by an air

blast sprayer. A laser device illuminated droplets passing through

the object plane of an imaging system. Particle shadows were imaged

upon a photodiode array and sized as an integral number of occulted

elements. The device was positioned to evaluate the spray at various

distances from the nozzle orifice.

Interferometry. Hirleman (1984) found particle sizing inter-

ferometry can provide size information independent of incident in

tensity. This technique is divided into two classes of measuring
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devices. These are ensemble or multlparticle analyzers and single

particle counters. A problem associated with these instruments

is the limited applicable particle size range.

Interferometry uses continuous wave devices such as low powered

helium-neon or argon-ion lasers (Chigier, 1984). Helium-neon lasers

are used in dilute sprays and high signal to noise systems. Argon-

ion lasers increase the signal to noise ratio for dense sprays or

for sprays in the presence of extraneous light and radiation inter

ference. Research indicates these techniques are not very accurate

for measuring both droplet size and velocity simultaneously. Further,

past efforts at using these techniques have proved inaccurate for

determining droplet size distribution. However, Rizk and Lefebvre

(1984) used the helium-neon laser device and found it to agree with

other techniques for measuring droplet size distribution.

Ferrenberg (1984) used an interferometry technique to measure

the visibility of a signal created by light refracted through a

droplet penetrating an interference region formed by the intersection

of two laser beams. Scattered light was then imaged onto a photo-

multiplier tube located 30 degrees off the axis of the intersecting

beams. Droplet size was determined from these images.

Arnold (1983) used a Malvern particle size analyzer to measure

the droplet spectra for three different angled flat fan nozzles.

The spectrum of each nozzle was measured laterally through the major

axis of the fan and transversely at discrete points within the fan.

Attention was given to the distance from the nozzle at which spectra

should be analyzed.
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Laser-Doppler. Chigier (1984) states that high magnifica

tion, double-pulsed laser photography is the most reliable and accu

rate method of simultaneously measuring particle sizes and velocities.

A laser video device was used by Oberdier (1984) to analyze fuel

spray images. The system formed an image using pulsed laser illumina

tion and stored it on a magnetic video disk. Synchronization of

the laser, camera, and recorder was performed by a board in the

camera and a separate laser synchronized chassis. Final output

is an accumulation of droplet size distributions at various sample

points in the spray.

Particle Measuring

Accurate measurement of physical quantities such as droplet

size is possible if recognized and well-established standards against

which measuring devices can be calibrated exist (Chigier, 1984).

The prescribed or desired measurement volume and time are also related

to size and the number of droplets present in a given sample. Fur

ther, decisions on such parameters measured must relate to the type

of atomizer, nature, and overall dimensions of the spray (Chigier,

1984).

Droplets are generally classified on the basis of the number

per unit volume in each size class (Bachalo, 1984). Larger droplets

will be detectable and appear to be in focus over a larger volume

than the smaller ones. Thus, the number of droplets counted must

be normalized to a unit area if an accurate distribution is to be

obtained. In many polydisperse sprays there is little interest

in the lower range of particle sizes (Chigier, 1984).
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In addition, knowing if results from the measurement of drop

let size distributions are dependent on the velocity of the drops

is important. Devices using spatial sampling techniques give results

which are velocity dependent. Those that use temporal sampling

techniques are independent of velocity (Frost and Lake, 1981).

Researchers prefer devices which provide the user with temporal

samples.

Spectra-Characteri zati on

Accurate knowledge of the droplet size distribution would

be useful in pesticide application. Haq and Akesson (1979) claim

droplet size is the principle factor affecting the efficiency of

pesticide application. They suggested that droplets be small enough

that a large number are produced from a fixed application volume,

yet large enough to effectively impinge upon the surface of the

target and provide adequate coverage. Akesson et al. (1971) indi

cate that the deposit of spray on a given target is primarily a

function of drop size and size range. Both are affected not only

by the structural features of a nozzle, but also by nozzle spacing

and orientation, operating pressure, liquid properties, and atmos

pheric conditions (Tate and Janssen, 1966).

The droplet spectrum parameter most frequently reported by

researchers and nozzle manufacturers is the volume median diameter

(VMD). Sometimes the cumulative volume curve is used for repre

senting droplet size distribution. However, a single parameter
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does not provide adequate Information regarding the complete droplet

spectrum, and a cumulative volume curve is not convenient for calcu

lating the various mean diameters associated with the spectrum

(Goering and Smith, 1978).

Heddon (1961) recognized the lack of information on droplet

size and size distribution present in the spray patterns of agri

cultural sprayers. Mass median diameter (MMD) was used alone to

express the mean droplet diameter produced by a flat fan nozzle.

However, he indicated that one should be cognizant of the wide variety

of droplets present in the population.

Chigier (1984) indicates that the Sauter mean diameter (SMD)

is often used as a representative diameter since it represents the

average surface to volume ratio and should be related to surface-

dependent phenomena such as heat and mass transfer. However, the

SMD alone provides insufficient information regarding the droplet

spectrum and should be reported with the droplet size distribution.

Goering and Smith (1978) reviewed several mathematical equa

tions for analyzing droplet size distributions. Equations discussed

are: (1) Rosin-Rammler, (2) Nukiyama-Tanasawa, (3) Normal, (4)

Square root normal, (5) Logarithmic normal, and (6) Upper Limit

Logarithmic Normal. These are the distribution functions which

have been discussed most frequently in the literature.

Mugele and Evans (1951) formulated and proposed the Upper

Limit Logarithmic Normal (ULLN) equation as a standard for describing

droplet size distribution in sprays. This relationship is based
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on the differential equation of the normal or Gaussian distribution.

Licht (1974) applied the equations to the data of Kim and Marshall

(1971), and Goering and Smith (1978) used the equations in similar

atomizer analyses. Both studies indicate ULLN gave a good fit to

droplet size distributions from the nozzles tested.

American Society for Testing and Materials Standard Practice

E 799-81 (ASTM E 799-81) gives procedures for determining appropriate

sample size, size class widths, characteristic drop sizes, and dis

persion measure of drop size distribution (Anonymous, 1982a). Data

are assumed to be counts by droplet size. Droplet size is assumed

to be the diameter of a sphere of equivalent volume. This practice

does not provide information regarding the accuracy of and correc

tion procedures for measurement of droplets using particular equip

ment.

Statistical analyses of sprays should take into account the

nature of the spray, its changes in space and time, the specific

measurement volumes, and the accuracy of the measurement (Chigier,

1984). Progressive changes of individual input parameters such

as pressures, flow rates, and nozzle geometry need to be separated

and assessed for their independent or dependent influence on specific

spray characteristics. Furthermore, emphasis should be focused

on the accurate evaluation of the large particle size tail of drop

let size distribution curves.
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Droplet Forming Devices

Introduction

A variety of nozzles are used to apply agricultural chemicals.

Both conventional and low volume atomizers have been evaluated in

terms of effective weed and pest control as well as with regard

to the effect on the ecosystem. The type of atomizer used depends

upon desired coverage and ambient conditions.

Blast Atomizers

Blast atomizers use kinetic energy of a gaseous stream for

spray atomization. A jet of compressed gas or air impinges on a

stream of spray liquid, or the liquid is aspirated into an air stream

in such a way as to cause it to disintegrate into spray droplets

(Anonymous, 1984).

Fraser (1958) indicates that in certain designs of blast

atomizers the mean drop size is found to change very little as the

quantity of liquid is reduced for a given air mass flow in a given

size atomizer. The study suggests this condition is advantageous

where the same drop size is required over a range of flow rates.

Further, droplet size is determined by the relative fluid velocities

and their mass ratio in twin fluid atomizers. Thus droplet size

is reduced as the air pressure and the air-to-liquid ratio are in

creased.

Bode et al. (1968) evaluated the performance of a pneumatic

atomizer designed by Spraying Systems Company. A large amount of
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spray was lost to drift, and they suggested that the flow rate error

be reduced before acceptance of the nozzle as a low volume applicator.

Gage and Seaborn (1968) evaluated the possible health risks

encountered when applying chemicals with a mist blower or misting

head. The research indicated that production of fine droplets was

a function of the linear air flow at the atomizer head, but that

these droplets were too coarse to be inhaled by the applicator.

Mullins (1968) evaluated the performances of an air mist

blower and a twin fluid nozzle sprayer. The latter nozzle used

air primarily to break the liquid into small droplets. A lower

volume of air was required to deliver the chemical to the target

than with the air mist blower since only one nozzle was used over

each row.

Electrostatic Atomizers

Electrostatic atomizers have been developed which impart

an electrical charge on the spray liquid. This charged liquid fol

lows the lines of electric flux and envelopes the plant. The de

livery rate is greatly reduced and virtually 100 percent of the

foliage is covered (Olivo, 1984).

Law and Bowen (1966) investigated the problems encountered

in charging sprays by electrostatic induction. The study indicated

that this method not only improved overall foliage coverage, but

significantly improved spray coverage on the underside of plant

leaves. Further, Roth and Porterfield (1966) discussed the use
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of electric charge to create a narrow range of drop sizes. Conclu

sions based on this research were that production of uniform drop

lets of a predictable size is possible and that this atomization

process is a practical means for reducing drift.

Morton (1982) evaluated the performance of the "Electrodyn"

sprayer. This device provided high recovery of spray on the crop

and virtually eliminated drift. This model produced a volume median

diameter (VMD) of about 80 to 90 microns and delivered a fairly

uniform droplet size distribution.

Law (1978) developed a mathematical model for spray-charging

nozzle design. This model was derived from a theoretical analysis

of droplet charging by electrostatic induction in a cylindrical-

electrode field. The principles were incorporated into the design

of a miniature droplet charger which performed satisfactorily under

test conditions.

Concern over transport and deposition of charged spray drops

resulted in the development of a mathematical model to clarify the

mechanisms by which charged spray is transported to and deposited

within a crop canopy (Dix and Marchant, 1984). The study suggested

that to improve canopy penetration the velocity of the spray on

entry to the canopy must be increased. This can be done by increas

ing the mass flow rate, the charge-to-mass ratio, or the drop size.

Lake and Marchant (1984) investigated the deposition of charged

sprays on targets within a cereal crop. Vertical targets received

greater deposits than did horizontal targets. The results suggest



19

that broad-leaved weeds may receive lower amounts of spray, possibly

because they are at or near ground level. This phenomena may happen

because spray deposits become less uniform deeper into the canopy.

Pressure Atomizers

Pressure atomizers used for agricultural spraying purposes

include fan spray, orifice, swirl spray, and deflector atomizers.

These devices use flow energy for spray application. Liquid may

be transformed into jets, fan, conical, or other patterns (Anonymous,

1984).

Conventional spray nozzles are incapable of achieving uniform

atomization (late and Janssen, 1966). However, Bintner et al. (1977)

realized significant improvements in the uniformity of spray patterns

by tilting the nozzles to the horizontal position. Nozzle height

and spacing was much less critical with this orientation, but they

indicated that the reduced vertical component of velocity could

result in hazardous drift when applying finely atomized chemicals.

The fan spray atomizer is used when applying chemicals with

broadcast sprayers and planter or cultivator attachments. The tip

delivers a fan shaped pattern which is tapered at each end. This

permits overlapping of spray patterns to assure uniform coverage

(Anonymous, 1982b).

Dombrowski (1961) observed the performance of single orifice

fan spray nozzles in a moving air stream. He demonstrated that

the spray produced is critically dependent on nozzle orifice design.
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Decreasing nozzle spray angle while maintaining a constant output

at a given pressure increased the volume median diameter (VMD) for

the given spectrum (Arnold, 1983). Further, droplets at the edge

of the fan were larger than those in the center.

The deflector atomizer also delivers a flat fan spray pattern,

but with a wider spray angle. Flooding spray tips are included

in this group. This atomizer provides for greater capacity of liquid

flow, produces larger droplets, and can be more widely spaced along

the boom than the flat fan nozzle. In addition, the flooding nozzle

can be mounted in several different positions in order to achieve

desired coverage (Anonymous, 1982b).

Bode et al. (1976) measured the effectiveness of spray atomizers

in reducing drift. A flooding flat fan atomizer resulted in de

creased drift when compared with conventional flat fan atomizers.

This decrease is due to the increased drop size produced and the

decreased operating height required by the nozzle. Tate and Janssen

(1966) agree that the droplet size is larger from flooding spray

nozzles, but indicate that the wide spray angle of these tips results

in a thinner liquid film that might be expected to break up into

smaller droplets.

Rotary Atomizers

Rotary disc and rotary wheel atomizers are devices that use

rotational kinetic energy to atomize the spray (Anonymous, 1984).

The rotary disc atomizer uses rotational kinetic energy to produce



21

fluid shear and surface tension forces that adjust the thickness

of the fluid sheet leaving the disc for subsequent atomization.

The rotary wheel atomizer consists of a rotating circular wheel

constructed with vanes, bushings, and perforated or porous openings.

Liquid is fed to the inside of the wheel, moves through the con

structed openings, and is broken into droplets.

Bode et al. (1972) investigated the effect of flow rate on

the distribution pattern and drop size spectrum of a rotary atomizer.

They found that flow rate significantly affected drop size distribu

tion. Mean drop diameter decreased with a decrease in flow rate.

In addition, atomization varied approximately inversely with atomizer

speed.

Hugo (1979) described an ultra-low volume sprayer which utilized

a rotating disc atomizer and a spray tube to control the droplet

size spectrum. Placing a rotary atomizer inside spray tubes could

successfully eliminate droplets larger than the maximum predicted

sizes by requiring them to be accumulated inside the tubes and returned

for re-use. The research suggested that considerable savings can

be realized with this method.

Vibratory Atomizers

Acoustic and ultrasonic atomizers use kinetic energy of a

vibrating member to atomize the spray (Anonymous, 1984). Acoustic

atomizers use piezoelectric, magnetostrictive, other electrical,

or gas-driven devices at 6 to 20 kHz to control atomization of the
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jet stream. Ultrasonic atomizers use electrically driven devices

at 40 to 1000 kHz to control the jet stream break up.

Roth and Porterfleld (1970) used a piezoelectric crystal

and a magnetostrlctive device to produce small, uniform droplets

from a nozzle orifice. Development of the piezoelectric crystal

device was discontinued because It was too delicate for field opera

tion, Further, maintaining a stable electrical circuit under test

conditions was difficult. However, the magnetostrlctive device

produced uniform size droplets when the vibration was applied just

prior to flowing through the orifice.

Bouse et al, (1974), Bouse (1974), and Bouse (1975) studied

the controlled breakup of low velocity jet streams by Induced cyclic

disturbances. Devices from earlier experiments were modified for

these studies. The results concur with those of Roth and Porterfleld

(1970), Vibratory devices are an effective method for producing

monodlsperse spray.

Spray Pattern Analysis

The shape of a spray pattern depends partly on the type and

size of the nozzle utilized (Bintner et al,, 1977), Other parameters

affecting the pattern profile Include flow rate variation, nozzle

orientation, nozzle height, and nozzle spacing. Some researchers

suggest that the chemical composition of the spray liquid affects

the shape of the pattern by altering such liquid properties as density,

viscosity, and surface tension (Azimi et al,, 1984),
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Various studies have been conducted to determine the volume

of liquid distributed across the spray pattern profile. Spray pattern

deposits from both ground and aerial application equipment have

been analyzed by direct or indirect measurement of a target area

covered by droplets, by recovery and measurement of an amount of

material applied to targets, and by measurement of fluorescent de

posits on paper tape (Solie and Gerling, 1984). Very little informa

tion is available on analyses using a patternator.

Barger et al. (1948) performed distribution tests on individual

nozzles. A patternator consisting of a sheet of corrugated aluminum

roofing was used. The table was 1.83 m wide by 1.23 m deep with

6.86 cm wide corrugations. The table inclined to provide flow to

graduated cylinders, one located at the lower end of each groove

in the metal. Above the test tray and mounted on standards that

provided height adjustment was a pipe supporting the nozzle to be

evaluated.

Klingman (1964) constructed a similar device to be used for

the analysis of whirl chamber nozzles. The pan measured 101.6 cm

wide by 91.44 cm deep with sixteen-6.35 cm wide by 91.44 cm deep

corrugations. Each channel drained into a beaker for measurement

of spray. A boom holding a single nozzle was allowed to move over

the center of the patternator at 0.23 km per hour.

Azimi et al. (1984) used a different style of patternator

to study the shape of the pattern profile of various nozzles. The

table used was 2.46 m wide by 2.44 m deep with eighty-3.0 cm wide
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by 2.5 cm high channels across the table width. Vertical dividers

0.5 cm wide were used to prevent particles from splashing into sur

rounding channels. Splatter is a problem encountered on corrugated

top patternators. The nozzle was fixed to a linkage which enabled

the researcher to adjust height, tilt angle, and position of the

nozzle with respect to the table. Eighty 50 ml graduated cylinders

were used to catch fluid from the channels. Results from the experi

ment indicated that spray nozzle manufacturers are not providing

adequate information regarding the operation of nozzles under field

conditions.

Liquid Properties

Disintegration of a liquid from a nozzle orifice is caused

by several phenomena (Eraser, 1958). Disturbances in the fluid

flow within the atomizer, density and viscosity of the gaseous medium

into which the spray is discharged, and the physical properties

of the sprayed liquid are responsible for the atomization of liquids

dispersed through a nozzle. Further, disintegration into droplets

requires the surface area of a sprayed liquid to be increased until

it becomes unstable.

Eraser (1958) and Haq and Akesson (1979) state that the two

liquid properties having the most influence in atomization are surface

tension and viscosity. Eraser (1958) reports that the surface tension

of most liquids, except liquid metals and fused salts, is below

that of water. Further, an increase in viscosity lengthens a liquid



25

sheet, and during the final stages of disintegration, will oppose

surface tension in forming droplets. Density of a liquid has little

effect, particularly over the small range of densities encountered

in agricultural spraying.

During atomization, a liquid is exposed to shear and tension

forces (El-Awady, 1978). Akesson et al. (1983) present data on

the relationship between viscosity, surface tension, and visco-

elasticity on the droplet size produced by several types of atomizers.

This study suggests that viscosity changes as the rate of shear

changes. With many spray mixtures, this becomes a reduction of

viscosity with high shear rates. Twin fluid atomizers produce high

shear rates, so viscosity effects are lessened.

Dombrowski et al. (1960) investigated the flow pattern of

the liquid sheet produced from a rectangular orifice fan spray nozzle.

This study concludes that the thickness of the sheet is at any point

inversely proportional to its distance from the orifice. Further,

the sheet thickness for a given nozzle and liquid of low viscosity

at relatively low pressures is a function of surface tension, injec

tion pressure, density, and viscosity. Sheet thickness is a function

of the latter three parameters at high pressures.

Combellack and Matthews (1981) evaluated the performance

of high volume sprayers using different atomizers, pressure settings,

and formulations. Various emulsifiable concentrate dilutions were

used during the tests. The research indicated that the effect of

formulation varied among and within atomizers used. Further, one



26

should be more cognizant of the effects of the type of formulation

used rather than the concentration of one type of formulation.

Bouse (1975) studied the effects of cyclic disturbances on

the surface of liquids other than water. He found that low viscosity

fluids produced smaller droplets due to higher Weber frequencies

for the low viscosity liquids. In addition, Williamson et al. (1979)

studied liquid property effects on the droplet size distribution

produced by an external mix twin fluid atomizer. Droplet uniformity

was observed as a function of varying solution viscosity and surface

tension, air minus liquid relative velocity, and air to liquid flow

rate ratio.



CHAPTER III

MATERIALS AND METHODS

Nozzle-Design

A prototype air-assist agricultural sprayer nozzle was de

veloped by Spraying Systems Company of Wheaton, Illinois. The nozzle

design utilizes hydraulic pressure in combination with a stream

of compressed air to atomize a liquid. The nozzle is made of stain

less steel and uses a flooding tip (Spraying Systems Company Model

TK-5) for dispersing the pre-atomized liquid. The prototype design

includes several swivel points, allowing easy adjustment to many

possible spraying positions.

Round orifices were used in the design to maximize free passage

of a liquid through the nozzle. A manual clean-out needle for the

liquid orifice was also designed for the prototype. These features

facilitate the handling of highly viscous materials as well as mini

mize problems with clogging.

Liquid enters the nozzle body and passes through a 0.05-cm

inlet leading to a mixing chamber as shown in Figure 1. Air passes

through a 0.23-cm inlet into the same chamber. The liquid stream

strikes a knob inside the chamber, starting the atomization process.

Air impinges on the partially disintegrated liquid causing additional

atomization. The fluid exits the nozzle body through the flooding

tip which acts to reduce spray velocity when the pre-atomized liquid

27
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flows across its deflection plate. The manufacturer suggests that

this action aids in reducing the number of fine particles produced,

thereby narrowing the droplet size spectrum. The nozzle tip pro

duces a flat fan distribution pattern which allows for overlapping

of sprays from adjacent nozzles in broadcast applications. The

manufacturer reports the spray angle from this nozzle to be approxi

mately 100 degrees plus or minus 10 degrees over the recommended

liquid pressure range of 207 to 414 kPa (Spraying Systems Company,

1984).

Experimental Equipment

Droplet Spectra Analysis

The prototype air-assist nozzle was evaluated under various

operating conditions. Test equipment was made available by the

United States Department of Agriculture-Agricultural Research Service

(USDA-ARS) in Beltsville, Maryland. Nozzle tests were conducted

in the Agricultural Equipment Building in Beltsville over a four-

day period.

The nozzle was mounted inside a spraying chamber that was

modified from a conventional shower stall shown in Figure 2. The

nozzle was mounted so that both height and lateral adjustments could

be easily made. Air and liquid lines entering the spraying chamber

from remote receptacles were properly fitted on the nozzle body

(Figure 3). Liquids used during the evaluation were stored in

a 9.5-L pressurized container.
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Figure 2. Spray chamber and laser spectrometer used during the
droplet spectra analyses at Beltsville, Maryland.
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Air inside the chamber was conditioned by an environmental

unit (300 CFM Aminco-Aire Model No. J4S-5460A) located immediately

behind the spraying chamber. The unit provided a controlled environ

ment with high relative humidity (greater than 90 percent) and an

average temperature of 25 C. A low velocity air flow system was

used to produce a lateral air flow pattern downward through the

test chamber. This air flow system channeled the spray fines produced

during the tests so that fogging of the optical system in the spectro

meter would be minimized.

Droplet size was measured by a laser spectrometer unit (Particle

Measuring System Model 0AP-200X) situated inside the chamber as

shown in Figure 2. Droplets passing through a low-power (2 mW)

helium-neon laser beam were sized by a photodiode array (24 x 1)

connected to a particle counting device (Model PDS-100) that tabulated

the droplets falling within the sampling area. Droplet sizes ranging

from 18 to 563 microns were measured by the laser spectrometer and

separated into 22 size classes or bins. Each bin increases in width

by 25 microns. The mean value of each size bin was used for calcula

tion purposes. This provided a resolution of plus or minus 12.5

microns. Droplets were rejected if they were too large or if they

did not completely enter the sampling area established by the laser

beam (Wilkerson et al., 1985). Data from the spectrometer were

processed by a programmable Hewlett-Packard calculator. The calcu

lator, particle data system, and a timer were located adjacent to

the spraying chamber (Figure 4). Output from the calculator consisted
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of droplet counts by size bin, various mean diameters, and analyses

of the cumulative volume distribution curve. Data collection time

per test was 30 seconds. This collection interval was determined

to be adequate for collecting an accurate droplet distribution sample.

Liquid pressure settings used during the tests were 207,

276, 345, and 414 kPa. Air pressure settings were 34, 52, and 69

kPa. These hydraulic and pneumatic pressure settings were those

suggested by the manufacturer. At least four repetitions were per

formed for each air and liquid pressure combination.

Four liquids were tested during the experiment. Tapwater

and an oil-in-water solution of 10 percent vegetable oil in water

were observed at all pressure combinations. Distilled water and

a hard well water were observed at 52 kPa air pressure in combination

with all four liquid pressures.

Initial droplet size measurements with tapwater were taken

at a position 43 cm below the center of the nozzle. The nozzle

was subsequently lowered to 27 cm above the probe because of problems

with fogging of the lenses in the spectrometer optical system.

In addition, the nozzle was tilted slightly back from the horizontal

position to allow the fan spray to be projected in a vertical plane.

This correction allowed spray droplets to pass through the sampling

area perpendicular to the laser beam. Further, this height agreed

closely with Arnold's (1983) suggestion of a 30-cm test height for

analysis of the droplet distribution. All subsequent tests were

conducted at the 27-cm height.



35

Tests were also conducted at 7.6 cm and 15.2 cm both left

and right of the center of the spray pattern. These positions were

along a line 27 cm below the nozzle. Tapwater was used during these

tests.

Only one nozzle tip was used for all the tests described

above. Five additional tips were tested at 27 cm above the laser

beam to determine variation from tip to tip. Tapwater was the only

liquid used during this test of quality control among the tips.

The tests are summarized in Table 1.

Spray Pattern Analysis

A patternator at The University of Tennessee Department of

Agricultural Engineering in Knoxville was used to evaluate the pattern

profile of a single nozzle. The spray table was designed similar

to that described by Barger et al. (1948). The liquid collection

surface measured 2.44 m wide by 0.91 m deep and consisted of 5.08

cm wide corrugations (Figure 5). Forty-seven test tubes across

the front of the patternator were used to catch the liquid dispersed

by the nozzle. A bar above the table served as a boom and provided

height adjustment for the nozzle. Liquid was stored in a container

beneath the spray table, and an air line from a compressed air outlet

adjacent to the patternator was connected to the nozzle.

The nozzle unit was outfitted with pressure regulators at

both air and liquid orifices on the nozzle body and mounted as shown

in Figure 6. Liquid and air pressure settings were 207, 276, 345,

and 414 kPa and 34, 52, and 69 kPa, respectively. The spray pattern



36

Table 1. Summary of nozzle spray droplet studies conducted at the
USDA-ARS in Beltsville, Maryland, in 1984.

Repetitions® Per Liquid
Liquid Air Hard

Pressure Pressure Oil-in- Well Distilled
(kPa) (kPa) Tapwater Water Water Water

207 34 4(4)b 4 . .

52 5(4) 4 4 4

69 4(4) 4 - -

276 34 7(3) 5 _

52 4(9)C 4 5 5

69 7(4) 4 - -

345 34 6(4) 4

52 4(4) 4 4 4

69 4(4) 5 - -

414 34 4(4) 4

52 4(4) 4 4 6

69 4(4) 4

^Except where indicated, all measurements were taken at a
position centered 27 cm below nozzle 1.

t'Values in parentheses are for replications taken at a
position centered 43 cm below nozzle 1.

^Additional tests were conducted at 276 kPa liquid pressure
and 52 kPa air pressure 27 cm below the nozzle unit. These tests
compared distributions among six nozzle tips and positions within
the spectrum along a line 27 cm below nozzle 1.
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was measured for liquids dispersed at 43, 48, and 53 cm above the

spray table. Only tapwater and the oil-in-water solution were used

for these tests. Measurements of liquid depth in the collection

tubes were made with a scale that slipped over each test tube.

The depth of liquid in each test tube was recorded for each of three

repetitions performed at a given air pressure, liquid pressure,

and height above the table.

Data Management

Droplet Spectra Data

Data collected at the Beltsville laboratory were initially

processed on an IBM Portable Personal Computer. An electronic spread

sheet, Lotus 1-2-3 (Lotus Development Corporation, 1982), was used

to place the data into files. The spreadsheet facilitated the pre

liminary compiling of all data collected. Only the droplet counts

by size bin were stored in these files. The files have been sum

marized in Appendix A.

The data were then transferred to an IBM mainframe computer

at The University of Tennessee. The data were sorted into separate

files which contained information about the various mean droplet

diameters and the cumulative volume distribution curves. These

values were calculated by a Fortran program which incorporated equa

tions from ASTM Standard Practice E 799-81 (Anonymous, 1982a) and

information regarding size ranges and size class midpoints from

an explanation of the USDA spray particle counter statistical printout
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shown in Appendix A. The final output was in the form of data sets

to be used for statistical analyses.

Spray Pattern Data

The spray pattern profile data were placed on an IBM Personal

Computer using Lotus 1-2-3. Worksheets and graphs were prepared

to show the distribution of the spray pattern. Separate graphs

were plotted for each air and liquid pressure combination at the

given heights.

Statistical Analyses

Droplet Spectra Analysis

Two or more factors were investigated simultaneously using

the General Linear Models (GLM) procedure of Statistical Analysis

System (SAS Institute, 1982). The equations and factor arrangements

used are shown in Table 2. Comparisons were made among the Sauter

mean diameters (SMD), volume median diameters (VMD), and the 10

and 90 percent intercepts on the cumulative volume curves (DVl and

DV9, respectively). The Tukey-Kramer procedure for testing dif

ferences between pairs of means was employed since the sample sizes

were unequal (Sokal and Rohlf, 1981). This is a conservative yet

powerful method for testing all differences between pairs of means

when unequal sample sizes are to be evaluated. GLM provided this

technique as a procedure under the Means statement (SAS Institute,

1982). In addition, graphs of the statistical values were used

to illustrate comparisons among the parameters test.
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Table 2. General Linear Models from Statistical Analysis Systems
(SAS) used for the analyses of the statistical values.^

Model

D.V. = HI LP AP HT*LP
HT*AP LP&AP HT*LP*AP

D.V. = LIQ LP AP
LIQ*LP LIQ*AP LP*AP
LIQ*LP*AP

D.V.

D.V.

NOZ

POS

Description

D.V.I^ = LIQ LP LIQ*LP Analysis of the liquid physical properties.

Analysis of the two test heights (27 cm
versus 43 cm).

Analysis of the tapwater and oil-in-water
solution.

Analysis of six different nozzle tips.

Analysis of positions within the spectrum
along a plane 27 cm below the nozzle.

^Symbols on the right-hand side of the equation represent the
following: LIQ = Liquid Type, LP = Liquid Pressure, AP = Air
Pressure, HT = Height, NOZ = Nozzle Tips, POS = Position within
spectrum.

^D.V. represents the dependent variables analyzed. They are
Sauter Mean Diameter (SMD), Volume Median Diameter (VMD), 10%
Cumulative Volume (DVl), and 90% Cumulation Volume (DV9).
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Spray Pattern Analysis

Graphs of the spray pattern distribution were used to compare

differences within the given heights for every air and liquid pres

sure combination tested. These graphs showed the percent of total

spray that accumulated inside each test tube.

The coefficient of variation was calculated for various samples

using the following equation:

Coefficient of Variation (%) = Standard Deviation x 100
Mean

Assuming identical spray profiles, the values obtained were used

to compare variations among lateral spray distributions for different

nozzle spacings.



CHAPTER IV

RESULTS AND DISCUSSION

Droplet Spectra Analyses

Data from droplet spectra produced by the prototype air-assist

sprayer nozzle were analyzed to determine any differences or similari

ties among the effects of liquid pressure, air pressure, and other

operational variables on mean droplet size and the distribution

of droplet sizes. The Sauter mean diameters (SMD), volume median

diameters (VMD), and the 10 and 90 percent intercepts on the cumula

tive volume curves (DVl and DV9, respectively) were evaluated separ

ately for a variety of test conditions. All statistical tests were

performed at an alpha level of 0.05.

The SMD, DVl, VMD, and DV9 values were not reported alone

since none of these values, considered individually, adequately

represented the variations observed in the sample distributions

being compared. For instance, the DVl's for a certain set of test

conditions may not be significantly different for the sample distribu

tions tested while the VMD's from the same samples may be signifi

cantly different. This probably resulted from shape differences

among the cumulative volume curves which were calculated from the

number of droplets in each size class. Examples of curve shape

differences are shown in Figures 7 and 8. In this instance the

VMD's for the samples were not significantly different; however,

43
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the other values (SMD, DVl, and DV9) tested were different. Further,

the SMD's are affected by the number of droplets in each size class.

Two SMD's may not be significantly different for the sample distribu

tions tested, yet the droplet counts may vary widely.

Caution is required when reporting droplet spectra data using

only the SMD, DVl, VMD, or DV9. Consideration should be given to

the number and size of droplets present in the spectrum. A high

VMD may be as much the result of an accumulation of many small droplets

as opposed to the accumulation of a few large droplets in the distribu

tion. Thus, a single parameter should not be reported and used

alone to describe the characteristics of a droplet spectrum. These

values can, however, provide information about the general operating

trends of nozzles such as the air-assist unit.

Effect of Air Pressure

Figures 9 through 12 suggest that as air pressure was increased,

the mean droplet size produced by the nozzle decreased for any of

the liquid pressures considered. This trend occurred in the samples

using both tapwater and the oil-in-water solution. The pair-wise

comparison of the droplet means by the Tukey-Kramer method indicated

significant differences existed for this trend among some of the

sample distributions tested (Tables 3 and 4). The DV9 values exhibit

the least variation across the range of air pressures for the samples

tested.

The rate of decrease in droplet size was generally greater

from 34 kPa to 52 kPa than for the next higher pressure increment.
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The actual rate varies among the statistical values plotted and

appears to be related to the liquid pressure at which the three

air pressures were tested. This droplet size trend was similar

for both tapwater and the oil-in-water solution.

Effect of Liquid Pressure

Figures 13 through 16 show the effect of increasing liquid

pressure when air pressure is held constant. Both tapwater and

the oil-in-water solution generally showed an increase in droplet

size for an increase in liquid pressure. This behavior is opposite

that of a conventional hydraulic atomizer.

Increases in the droplet size for increases in liquid pressure

is attributed to the mechanism by which the liquid is atomized.

If a constant flow of air into the mixing chamber is maintained,

any increase in liquid pressure will increase the amount of liquid

entering the chamber to be atomized. As the liquid-flow to air

flow ratio is increased, droplet size will increase since a constant

volume of air impinges on an increasing quantity of liquid.

Statistical analyses indicated no significant differences

existed among droplet size trends for tapwater at liquid pressures

of 276 kPa and 345 kPa in combination with air pressures of 34,

52, and 69 kPa (Table 5). The same is true for the oil-in-water

solution at liquid pressures of 276 kPa and 345 kPa, but only at

52 kPa air pressure (Table 6).
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Effects of Liquid Physical Properties

The model used to analyze the differences between droplets

formed from tapwater and the oil-in-water solution across all liquid

and air pressure combinations indicated the oil-in-water solution

did not always exhibit the same characteristics as tapwater. This

may be due in part to separation of the oil from the solution during

atomization which would cause surface tension to change, thus produc

ing many varied droplets. Differences were observed for the SMD,

DVl, and VMD values when the air pressure was set at 69 kPa in combina

tion with all liquid pressures. However, when air pressure was

34 kPa in combination with all liquid pressures, no significant

differences existed between the two liquids for these same values.

In addition, there were no significant differences among the DV9

values between tapwater and the oil-in-water solution at all air

and liquid pressure combinations.

The experimental model used for evaluating the effect of

tapwater, distilled water, a hard well water, and the oil-in-water

solution at the four liquid pressures in combination with 52 kPa

air pressure was inappropriate for testing differences among the

liquids. In effect, the liquids were blocks and each liquid pressure

was restricted to a given liquid (block) in the analysis of variance

(ANOVA). This added variance or restriction error resulted in there

being no suitable mean square to use in the denominator for testing

the liquid mean square (Sokal and Rohlf, 1981). Further, there

was the added possibility of systematic error in the experiment
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set-up similar to that which may have existed during the comparisons

of tapwater and the oil-in-water solution. However, since the blocks

were not replicated as they were for the tapwater and oil-in-water

solution, comparisons among the liquid physical properties were

not pursued.

Graphs were produced which show the relationship between

distilled water and the oil-in-water solution, and a similar relation

ship between the hard well water and tapwater (Figures 17-20).

The droplets formed from distilled water and the oil-in-water solu

tion appear to be larger than those from the other liquids tested;

however, as stated earlier, it was not possible from the given model

to determine statistically if the size differences are significant.

All liquids tested generally exhibited the trend of increasing drop

let size with increasing liquid pressure.

Effect of Height

Differences among the statistical values tested for the sample

distributions existed for certain air and liquid pressure combina

tions at the two different heights at which tapwater was tested

(Table 7). The trends reported indicated that droplets measured

43 cm below the nozzle were larger than those measured 27 cm below

the nozzle; however, this varied among the liquid and air pressure

settings used. None of the pressure combinations yielded DV9 values

that were significantly different between the two heights.
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Position Evaluation

Table 8 and Figures 21 through 24 show the variation In drop

let size produced at various positions left and right of center

along a line 27 cm below the nozzle tip. Mean droplet size decreased

from 15.2 cm left-of-center to the center of each spectrum. Mean

droplet size continued to decrease to 7.6 cm right-of-center before

Increasing at 15.2 cm right-of-center. This trend was observed

for the SMD, DVl, VMD, and DV9; however, the mean droplet size for

15.2 cm right-of-center was not always greater than the mean droplet

size at other positions within the spectrum except for the position

7.6 cm right-of-center.

Nozzle Tip Evaluation

Table 9 and Figures 25 through 28 show the variation In droplet

size produced by the six nozzle tips tested. There were no signifi

cant differences observed among the VMD and DV9 values for any of

the tips tested; however, differences were observed for the SMD

and DVl values. Despite efforts to maintain a high degree of quality

control during production runs, differences among the droplet spectra

emitted by the nozzle tips do exist. This may occur because of

changes In liquid physical properties, ambient conditions, and/or

operating conditions In addition to any structural differences among

nozzle tips. Since droplet spectra can change due to these external

phenomena, evaluation of nozzle tip production practices based on

spectra differences may not be totally reliable.
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Spray Pattern Analysis

Analyses of the coefficient of variation (CV) among lateral

spray distributions for tapwater and the oil-in-water solution at

a height of 48 cm and an air pressure of 52 kPa in combination with

liquid pressures of 276 kPa and 345 kPa were performed. Figures

29 and 30 give the distribution coefficients of variation for nozzle

spacings between 20 cm and 120 cm along the boom. Based on these

figures, spacing the nozzles between 40 cm and 60 cm along the boom

would be adequate for most application operations. Figures 31 through

34 are corresponding graphical representations of the lateral spray

distributions analyzed.

Figures 35 through 54 in Appendix B were selected to show

the pattern distributions for some of the samples of tapwater and

the oil-in-water solution that were not significantly different

at 276 kPa and 345 kPa as shown in Tables 5 and 6, pages 58 and

59, respectively. The lower two air pressure settings used, 34

kPa and 52 kPa, at the boom height of 53 cm appear to produce the

most uniform distributions of spray from the nozzle for tapwater

when liquid pressures were 276 kPa and 345 kPa. The oil-in-water

solution patterns vary widely for the same liquid pressures at an

air pressure of 52 kPa, but appear to be more uniform at the lower

boom heights.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

A prototype air-assist agricultural sprayer nozzle was evalu

ated at the USDA-ARS facilities in Beltsville, Maryland and at the

Department of Agricultural Engineering of The University of Tennessee,

Knoxville. The objectives of this evaluation were to analyze the

droplet spectra over the range of liquid and air pressures recom

mended by the manufacturer, to evaluate the uniformity of lateral

spray distribution produced by the nozzle, to determine appropriate

liquid and air pressure settings for operation with water and an

oil-in-water solution, and to evaluate nozzle performance with four

liquids at a single air pressure setting in combination with several

liquid pressure settings.

Droplet spectra data were collected using a laser spectrometer

unit. Various operating parameters including liquid pressures of

207, 276, 345, and 414 kPa in combination with air pressures of

34, 52, and 69 kPa, four liquid types, and two different nozzle

heights were observed. Trends among the volume-surface (Sauter)

mean diameters, and the 10, 50, and 90 percent intercepts on the

cumulative volume curves were analyzed for these parameters. In

addition, analyses of the lateral spray distributions produced by

the nozzle were performed using the coefficient of variation across
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the distribution. A patternator which allowed boom height to be

adjusted was used for these studies. The air and liquid pressures

listed above were used with tapwater and an oil-in-water solution

during the analyses.

Conclusions

Evaluation of the trends observed during operation of an

air-assist agricultural sprayer nozzle resulted in the following

conclusions:

1. Single statistical values such as the volume-surface

(Sauter) mean diameter and the 10, 50, and 90 percent intercepts

on the cumulative volume curve do not completely characterize the

droplet spectrum emitted from a nozzle. Analysis of the droplet

counts per size class and the cumulative volume curves should be

considered during spectra evaluations. Certain trends may be identi

fied, however, using single statistical values.

2. The air-assist nozzle operated at liquid pressures of

276 kPa and 345 kPa appeared to produce a nearly constant mean droplet

size for tapwater across the range of air pressures considered.

The same was true for the oil-in-water solution at the same liquid

pressures, but only when the air pressure was 52 kPa.

3. Mean droplet size produced by the air-assist nozzle gener

ally decreased as air pressure was increased for a given liquid

pressure setting. For example, both the Sauter mean diameter and

volume median diameter decreased 30 percent for tapwater as air
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pressure was increased from 34 kPa to 69 kPa at a liquid pressure

of 276 kPa. Furthermore, the Sauter mean diameter and volume median

diameter decreased 19 percent and 23 percent, respectively, for

the oil-in-water solution as air pressure was increased similarly

at a liquid pressure of 276 kPa.

4. Mean droplet size produced by the air-assist nozzle gener

ally increased as liquid pressure was increased for a given air

pressure setting. This occurred for all liquids tested. For example,

Sauter mean diameter increased 12 percent for tapwater as liquid

pressure increased from 207 kPa to 414 kPa at an air pressure of

52 kPa. Likewise, the volume median diameter increased 16 percent

for the oil-in-water solution as liquid pressure was increased simi

larly at an air pressure of 52 kPa.

5. Mean droplet size within the spray pattern tended to

increase from the center directly below the nozzle to positions

15.2 cm left- and right-of-center along a horizontal line. For

example, volume median diameter increased 11 percent from the center

position to a position 15.2 cm left-of-center and increased 5 percent

from the center position to a position 15.2 cm right-of-center.

6. Mean droplet size differed slightly among the nozzle

tips tested. However, since these differences may result from ex

ternal phenomena such as ambient conditions or operating parameters

in addition to any structural differences among the tip orifices

or deflection plates, quantitative assessment of production quality

control would be inappropriate.
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7. Data collected from various distances below the point

of fluid discharge should be evaluated separately when comparing

the effects of test parameters on droplet spectra. Differences

can exist among mean droplet sizes even when the same liquids are

tested. During this evaluation, droplets collected at 43 cm below

the nozzle tended to be larger than those collected at 27 cm below

the nozzle. For example, the volume median diameter for the spray

sample collected at the 43 cm height was 335 microns compared to

322 microns at the 27 cm height for tapwater at 52 kPa air pressure

and 276 kPa liquid pressure.

8. Distilled water and the oil-in-water solution appeared

to produce larger mean droplet sizes than do tapwater and a hard

well water.

9. Nozzle spacings between 40 cm and 60 cm along the boom

would be appropriate for most application operations. Coefficients

of variation for broadcast application with this range of nozzle

spacings were below 15 percent. For example, the coefficients of

variation both for tapwater and the oil-in-water solution at 52

kPa air pressure, 276 kPa liquid pressure, and 48 cm above the surface

are between 5 and 15 percent for nozzle spacings from 40 cm to 60

cm along the boom.
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DROPLET COUNT (CORRECTED) DATA

The droplet count data contained in this Appendix was collected

at the USDA-ARS in Beltsville, Maryland in 1984. All statistical

droplet diameters and cumulative volume curves were calculated from

this data. The calculations were performed using ASTM Standard

Practice E 799-81 (Anonymous, 1982a) along with the information

contained in the description of the USDA Spray Particle Counter

Statistical Printout which follows the data sets.

The information contained in the data sets is Test Number,

Sample Repetition, Liquid Type, Spectra Position, Liquid Pressure

(psig), and Air Pressure (psig). The values following the preceding

information are the corrected droplet counts by size bin for each

of the 22 size channels, and are read from left to right. The last

value is the total number of droplets counted in the distribution.

Test Numbers 28 through 78 and 131 through 136 are for tap-

water at 43 cm below the nozzle. Test Numbers 84, 85, 99, and 100

are for the position 7.6 cm right-of-center. Test Numbers 86, 87,

101, 102, and 103 are for the position 15.2 cm right-of-center.

Test Numbers 88, 89, 92, and 96 are for the position 7.6 cm left-of-

center. Test Numbers 90, 91, 93, and 94 are for the position 15.2

cm left-of-center. Test Numbers 82, 83, 97, and 98 were used in

the position tests and represent data collected at the center position.

Test Numbers 104 through 110 are for Nozzle Tip 1; 111 through 114

are for Nozzle Tip 2; 115 through 118 are for Nozzle Tip 3; 119

98
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through 122 are for Nozzle Tip 4; 123 through 126 are for Nozzle

Tip 5; and 127 through 130 are for Nozzle Tip 6. The aforementioned

tests used tapwater and were taken 27 cm below the nozzle unit unless

otherwise indicated. The remaining tests are clearly labeled and

were taken 27 cm below the nozzle.
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28 1 U C 40 7.5 256.25 139.59 84.96 44.44 42.00 35.83 34.80

26.62 25.71 24.87 19.95 14.49 11.87 8.60 5.66 5.43

3.72 2.62 2.30 1.53 1.31 1.97 794.52

29 1 U C 30 7.5 390.63 242.45 146.24 69.94 57.89 43.43 37.79

25,09 21.55 20.38 15.63 8.65 7.02 4.45 4.43 2.72

2.62 0.92 0.49 0.66 0.66 0.66 1104.30

30 2 « C 30 7.5 206.25 115.92 79.72 42.19 43.66 44.03 41.35

32.65 25.67 22.65 17,92 11.81 7.87 7.36 4.67 3.84

3.17 2.10 1.97 0.22 0.33 0.66 716.01

31 2 W C 40 7.5 278.13 128,16 78.58 39.95 45.52 41.60 41.23

36.49 30.21 29.47 21.31 13.83 13.05 10.64 7.38 5.15

5.36 4.33 2.30 1.97 0.98 1.32 336.96

32 3 « C 40 7.5 328.13 182.86 85.53 51.31 42.96 38.81 37.70

33.17 34.61 28.91 22.35 14.43 11.67 10.35 6.56 5.90

4.26 3.67 2,62 2.18 1.31 1.32 950.61

33 1 li C 50 7.5 271.88 131.43 87.94 47.45 46.16 42.60 41.52

34,00 33.26 33.50 25.79 15.44 14.16 10.06 8.52 6.09

4.48 4.59 2.95 3.93 2.66 0.66 869.07

34 1 W C 60 7.5 118.75 108.57 67.87 35.32 33.16 32.52 33.73

31.16 32.46 29.87 22.62 15.80 13.44 11.44 10.16 7.77

8.20 4.85 2.95 2.62 2.62 3.29 629.17

35 2 « C 60 7.5 190.63 123.27 74.04 41.34 33.32 32.52 37.3«

34.70 32.51 30,37 24.86 16.52 13.05 12.32 10,49 7.02

6.12 5.64 4.43 3.06 2.59 1.97 738.11

36 2 W C 50 7.5 190.63 248.98 106.33 55,72 47.12 40,05 39.75

30.36 28.76 27.50 23.28 15.74 12.59 10.42 9.75 5.90

4.59 3.93 2.95 2.40 1.64 0.66 909.60

37 3 « C 50 7.5 618.75 428.57 191.77 95.29 72.76 53.50 42.70

35.18 33.07 27.50 19.40 13.95 11,80 10,20 8,28 6,74

4,48 5.37 2.95 2.62 1.31 1.97 1683.16

38 U C 0 0.0 0.00 0.00 0.00 0.00 0,00 0,00 0,00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

39 4 W C 50 7.5 371.88 178.78 114.04 76,58 7o.65 67.44 61.27

45.54 36.86 32.29 27.98 19.26 16.00 12.46 9.13 1,69

2,30 0,66 1.15 0.87 0.98 0,00 1153,86

40 4 W C 40 7,5 293.75 171.84 98.01 72.64 76,92 60.51 57.62

42.48 31.85 28.76 26.01 16.82 12.59 9.55 8.28 6.55

5.57 3,28 1,80 1,09 1,64 0,00 1027,56

41 3 U C 30 7.5 434.38 221.63 132.06 88.18 78.14 61,70 55.33

38.81 29.74 24.77 21.20 14.31 11,87 6,56 5,16 5,06

2.40 1.70 0.49 0.87 0.00 0.00 1234.36

42 4 W C 30 7.5 478.13 214,29 121.84 87.25 79.21 64,09 57,99

43,79 32,32 25,48 20,27 15,86 10,03 8.31 5.08 4,78

2.73 2,10 1,31 1,09 0,98 2,63 1279,56

43 3 W C 60 7.5 300.00 136,73 102.13 64.37 73,29 67.79 63.20

46.72 41.73 37.99 30.05 21.^4 17.11 15,82 i2.79 4,36

6,89 5.24 3.93 4.37 3.93 1.97 1067.35
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44 4 U C 60 7.5 268.75 137.55 98.30 62.60 74.73 65,33 61.15

44.58 38.45 36,53 26.28 22.60 18.56 16.55 12.38 8.9?
8.20 7.08 5.90 5.02 1.64 4.61 1025.78

45 1 U C 60 5.0 65.63 51.84 36.88 21.72 22.44 27.03 26.31

23.16 19.02 17.76 15.36 11.57 9.11 8.31 7.05 4.67

6.56 5.90 4.43 3.06 3.93 7.24 399.18
46 2 U C 60 5.0 65.63 50.61 40.14 18.01 20.20 20.98 23.77

20.24 16.81 17.71 14.70 8.94 10.69 9.26 7.13 7.02
5.03 5.11 3.93 4.59 3.28 5.92 379.70

47 1 W C 50 5.0 84.38 81.63 58.44 37.17 35.18 29.74 29.55
22.25 20.42 18.01 15.14 10.73 8.20 8.53 5.98 4.59

3.83 4,33 3.61 2.18 5.25 3.95 493.09
48 2 W C 50 5.0 59.38 58.37 52.20 25.58 25.16 26.23 25.94

20.94 17.85 14,73 14.37 10.14 8.59 7.94 6.56 5.62
4.37 4,85 3.61 3.49 1.97 5.92 403.81

49 1 W C 40 5.0 59.38 86.94 60.57 32.23 30.22 29.02 28.48

22.16 16.96 14.73 13.93 9.66 8.13 6.49 7.30 4.78

4.59 4.59 3.44 3.28 3.61 1.97 452.46

50 W C 0 5.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

51 1 y C 30 5.0 112.50 53.88 43.40 21.17 21.54 20.86 20.74
16.00 13.40 12.51 9.40 7.39 7.41 4.45 3.85 3.75

2.84 2.62 2.95 0.66 0.98 2.63 334.93
52 2 « C 30 5.0 121.88 55.51 51.63 31.14 28.78 26.31 24.43

17.66 13.35 12.21 12.02 7.99 6.89 5.83 4.51 4.21

3.61 3.15 2.30 1.53 1.64 0.66 437.24

53 3 W C 40 5.0 125.00 60.00 41.42 26.43 28.57 28.86 27.87
21.15 16.25 16.90 12.24 9.96 8.07 7.29 6.72 5.34

3.17 3.80 5.25 3.28 1.97 3.95 463.4?

54 3 W C 30 5.0 184.38 75.10 53.90 32.92 31,50 27.55 29.55

17.09 14.61 14.03 11.64 7.33 7.28 5.39 3.52 3.18

2.62 1.83 0,66 0.87 0.66 1.97 527.58

55 4 U C 30 5.0 131.25 71.43 40.71 26.58 25.05 24.68 24.39

18.40 14.61 15.14 10.49 7.45 5.97 6.49 4.34 3.46

3.39 2.62 1.64 2.18 0.98 0.66 442.41

56 4 W C 40 5.0 165,63 65.71 51.49 27.59 33.58 29.70 27.50

20.63 16.77 15.74 12.30 10.38 8 L 7»22 6.39 4.87
5,68 3.01 2.62 2.62 4.92 5.26 528.33

57 3 y C 50 5.0 231.25 98.78 56.31 18.32 21.22 20.42 22.42
17.00 15.74 14.43 12.68 8.35 7.28 7.51 6.39 5.99

5.36 4.19 2.62 2.84 4.92 3.95 588.02

58 4 y C 50 5,0 65.63 36.73 34.89 15,92 21.70 23.17 23.28

19.36 16.96 16.35 13.55 11.03 8.85 7.80 5.82 6.93
4.04 4.85 4.26 3.49 3.28 0.66 348.55

59 y C 0 5.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0,00 o.oc



102

60 3 W C 60 5.0 59.38 49.39 36.17 23,88 31.13 32.96 30.70

22.55 19.72 17.10 16.56 10.97 9.31 7.94 8.44 7.30

5.36 4.98 2.95 3.71 2.95 4.61 408.06

61 4 « C 60 5.0 87.50 48.57 38.58 24.65 29.80 31.01 28.52

24.43 19.95 16.70 16.12 12,10 9.77 8.75 8.11 8.24

7.43 4.33 5.74 4.59 3.28 5.92 444.09

62 1 U C 60 10.0 500.00 237.14 152.34 114.53 114.45 110.19 92.79

72.07 58.50 51.87 38.58 29.16 25.31 18.95 14.59 8.61

8.63 7.99 3.77 4.15 4.26 3.29 1671.17

63 2 U C 60 10.0 431.25 209.39 152.34 112.36 111.99 100.84 95.53

70.32 54.52 49.60 41.37 29.76 22.69 18.59 15.49 10.96

7.54 6.03 5.90 2.84 4.26 0.6o 1554.23

64 1 y C 50 10.0 562.50 313.06 195.18 121.25 119.67 97.37 86.11

64.12 52.27 44.55 33.99 23.20 18.95 14.36 9.92 6.55

6.34 3.41 2.79 3.49 0.66 0.66 1780.40

65 2 y C 50 10.0 515.63 283.67 184.11 110.90 107.30 94.79 35.00

60.23 52.13 44.80 37.65 25.16 19.21 13.56 11.72 7.58

4.26 4.06 3.93 2.84 1.31 2.63 1672.47

66 y C 0 10.0 0,00 0.00 0.00 O.OO 0.00 0,00 0,00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 O.OC 0.00 0.00

67 1 y C 40 10.0 603.13 271.43 180.14 121.95 115.19 100-92 86.89

61.32 48.76 43.54 33.77 23.02 17.51 13.41 9.67 6.84

3.50 2.75 1.64 1.97 1.31 0.00 1748.66

68 2 y C 40 10.0 628.13 268.57 175.32 120.02 120.79 99.12 85.29

62.41 50.73 42.99 31.37 21.59 14.39 13.85 9.26 4.78

3.61 4.19 1.64 1.75 0.66 1.32 1762.28

69 1 y C 30 10.0 456.25 264.49 164.26 105.72 9t..48 70.74 56.39

43.75 34.71 28.81 18.69 13.77 8.59 6.71 5.08 3.18

1.64 2.10 1.64 1.09 0.00 0.00 1384.09

70 2 y C 30 10.0 509.38 221.63 149.08 97.84 90,30 64,89 57.99

40.03 32.41 25.13 19.23 13.60 8,66 5.83 3.93 3.00

2,08 1.05 0.33 0.66 0.33 O.OC 1347.38

71 3 y C 40 10,0 412.50 228.98 147.52 105-10 103.52 83,64 69,92

51.09 42.81 38.45 29.07 20.16 15.21 9.6? 8,85 6.18

2.73 3.01 2.46 0.44 0.66 0.00 1331.9?

72 3 y C 30 10.0 403.13 224.08 150.21 95.98 81.68 64.77 51.64

38.90 30.54 25.43 20.98 12.10 7.80 5.10 4.51 3.18

1.75 0.39 0.66 0.66 0.00 0.00 1223.69

73 4 y C 30 10.0 412.50 212.24 135.46 85.16 76.60 61.27 50.78

37.33 31.62 26.08 17.76 10.91 8.85 5.69 4.34 2.34

1.97 0.92 1.64 0.00 0.00 0.00 1183.46

74 4 y C 40 10.0 406.25 222.45 149.65 100.70 85.87 73.61 59.75

45.76 41.78 35.17 28.25 18.66 13.77 10.06 8.44 5.9?

2.62 2.23 1.31 1.09 0.98 0.66 1315.05

75 3 W C 50 10.0 228.13 197.96 137.73 90-45 9..8S 73,53 68.57

50.39 44,96 36.02 30.66 21.35 16.07 13.99 9,92 7.21

.50 4.33 2.46 1.75 C.9S 1.32 1138.16a » V



 

 

 

 

 

103

1'

J w 4 U C 50 10.0 262.50 173,88 146.95 94.98 95.15 77.03 63.52

48.95 39.81 34.56 30.27 21.94 17.38 12.68 11.23 6.34

3.28 3.28 2.30 1.75 0.66 1.32 1150.26

/ / 3 U C 60 10.0 93.75 165.31 171.77 107.65 >V 78.26 73.16

52.80 43,00 38.55 31.75 20.51 17.70 12.76 13.20 9.36

6.45 4.33 2.79 2.18 1.97 1.97 1047.99

78 4 U C 60 10.0 112.50 196.33 189.08 85.63 68.44 t.3.65 58.36

42.35 36.25 29.87 26.83 18.43 15.28 11.22 6.9? 6.09

5.46 5.11 3.44 1.53 1.64 1.32 985.78

79 1 H20 ROC 40 7.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0,00

80 23 H20 ROC 40 7.5 0.00 0.00 0.00 O.OO 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

81 2 H20 ROC 40 7.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

82 1 H20 C 40 7.5 846.88 3:68.16 238.30 201.08 190,72 142,04 127.38

101.01 75.69 65.59 54.70 38.76 32.85 25,00 19.34 13.01

10.96 9.04 6.23 4.80 1.97 1.97 25^5.98

83 2 H20 C 40 7.5 40-6.25 2i32.24 16-1.42 153.17 157.89 131.61 125.08

90.78 71.62 64.38 54.43 36.02 30.16 24.64 19,67 9.B3

10.27 8.91 6.07 4.80 3.93 3.95 1807.12

84 1 H20 R0C3 40

65,82 54.66

6.?9 4.59

85 2 H20 R0C3 40

72.29 54.94

7.43 5.90

86 1 H20 R0C6 40

25.78 19.91

3,39 1.57

87 2 H20 R0C6 40

22.64 21.64

3.17 2.62

88 1 H20 L0C3 40

85.05 65.39

8.85 8.52

89 2 H20 L0C3 40

86.10 64.12

13.44 7.21

90 1 H20 L0C6 40

59.09 47.35

10.49 6.03

91 2 H20 L0C6 40

58.65 47.40

9.29 6.16

7.5 415.63 187.35 152.77 113.52 110.71 97.49 85.78

40.77 34.48 27.19 20.85 15.74 11.07 8.9?

5.08 2.62 1.64 1.97 1465.71

7.5 265.65 153.47 121.99 102.78 93.60 80.97 80.41

44.55 36.34 24.27 18.03 13.92 11.72 8.15

3.61 1.97 1.31 1.97 1205.25

7.5 21.88 14.69 19.86 18.86 24.15 24.96 24.47

18.11 16,34 13.36 7.61 7.29 7,13 4.78

2.46 0.87 .62 0.00 278,09

27.347.5 34,36 19.59 19.15 20,56 23,61 24.56

18.77 16.07 15.21 13.51 8.53 5.32 5.15

1.97 1.31 0.98 1.32 307.90

7.5 334.38 130.20 106.52 88.64 104.26 103.38 112.54

55.10 49.67 37.15 25.51 22.52 19.51 16.20

7.54 3.06 3.28 4.61 1391.88

7.5 343.75 157.14 105.39 83.38 102.99 98.21 106.27

54.74 48.69 35.12 27.21 23.54 18.28 15.54

5.74 4.80 5.57 3.95 1411,18

39.86 32.40 26.06

5.90 3.71 1.31

7.5 65.63 41.63

39.00 31.53 28.21

4.92 3.93 2.30

25,64 17.42 15.74 10,49

7.89 650.31

6.24 18.62 28,14 36,8e 50.33

21,44 17.49

3.95 568.09

14.10 i2.2/



 

 

 

 

104

92 3 H20 L0C3 40

84i44 66»51

11,58 10.62

93 3 H20 L0C6 40

55,81 44,17

7,21 6,29

94 4 H20 L0C6 40

58,92 46,60

7,21 7,47

95 4s K20 L0C3 40

0,00 0,00

0,00 0,00

96 4 H20 L0C3 40

81,56 64,64

11,58 9,04

97 3 H20 C 40

87,24 69,23

9,62 8,78

98 4 H20 C 40

90,38 66,09

10,60 6,68

99 3 H20 R0C3 40

84,31 64,17

6,67 4,85

100 4 H20 R0C3 40

81,16 64,22

6,89 6,03

101 33 H20 R0C6 40

19,80 19,34

3,61 3,15

102 3 U R0C6 40 1

19,62 21,59

7,5 268,75 141,63 108,37 74,19

55,15 43,99 35,72 29,97

7,05 5,02 4,26 0,66 1287.46

7,5 37,50 22,86 24,26 19,47

34,66 30,71 27,01 18,56

4,10 3,71 4,59 9,21

7,5 65,63 52,24 43,69

17,71

502,75

35,47

89,39 94,7" 99,67

50,86

10,58

39,61

4,75

7,5

0,00

0,00

29,62

5,68

0,00

0,00

0,00

0,00

0,00

0,00

20,07

4,61

0,00

0,00

0,00

7,5 337,50 164,90 104,82

53,94 48,36 34,29 26,89

36,25 38,54 55,45

16.69 12,54 10,67

618,27

0,00

0,00

0,00

83,85 100,64 103,03 104,96

23,32 21,89 16,29

0.00

0,00

0,00

0,00

0,00

6,23 5,90 4,92 7,89 1416,44

7,5 946,88 416,73 242,55 172,18 153,46 121.14 117,58

60,49 50,33 34,94 26,75 22.23 19,26 11,33

6,23 5,02 3,61 5.26 2590,84

7,5 946,88 446,94 264.68 173,59 149,57 124.08 121,52

62,06 51,31 37,15 27,15 22,03 18,11 11,42

7,70 3,0c 1,97 0.66 2648,68

7,5 981,25 457,55 297,59 218,93 167,75 119,67 106,02

53,28 42,40 30,95 25,77 19,90 16,56 8,24

3,77 2,84 1,31 1,32 2715,10

7,5 812,50 442,86 261,56 202,55 165,62 119,47 102,95

50.61 42.90 21.01 24.20 20.70 15,49 8,71

5,41

7,5

15,84

1,31

.84 1,64 0,66 2469,98

9,38 11,43 14,47 10,36 16,90 19,43 20,57

15.30 12,46 10,95 7,07 6,15 4,21

2,18 0,98 0.00 224,89

9,38 5.31 6.38 5,56 10,39 12,82 17,87

16,09 14,04 12,94 10,30 10,06 5,25 5,71

3,83 2,83 1,97 0.87 0,66 0,66 194,18

103 4 W F:0C6 40 7,5 37,50 15,10 12,06 13,06 20.68 24,08 30,70

27,53 26,46 22,66 16,23 15,92 13,77 8.97 6,97 6,37
3,93 1,15 1,09 1,97 0,00 310,59

C 40 7,5 693,75 286,12 167,09 115,22 114,13 106,53 99,14
67,21 57,57 50,66 33,21 26,30 21,06 18,44 6,37

3,39

104 1 W

82,69

4,48

105 2A y

0,00

0,00

106 2 «

84,53

12,13

107 3A y

0,00

0,00

3,41 ,95 ,18 1,64 i,97 1962,12

C 40 7,5 0,00 0,00 0,00 0,00 0,00 0,00 0,00

0,00 0,00 0,00 0,00 G.OO 0,00 0,00 0,00

0,00 0,00 0,00 0,00 0,00 0,00

C 40 7,5 571,88 231,02 151,21 108,96 128,30 112,90 115.2?

65,29 61,05 53,39 38,88 29,84 26,09 20,49 15,26

7,60 5,57 4,15 3,93 2,63 1850,39

C 40 7,5 0,00 0,00 0,00 0,00 0,00 0.00 0,00

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

0,00 0,00 0,00 0,00 0.00 0.00



105

108 3 U C 40 7.5 637.50 313.47 169,65 137,64 150,32 122,49 115,
92,57 72,79 66,26 55,46 41,74 31,28 27,04 24,34 15,45
11.26 6.52 8,03 5,24 4,92 5,26 2119.17

109 4 W C 40 7.5 621,88 328.16 169.22 145.05 149,09 124.56 113.73
94,01 75.58 63.67 57,16 39,42 33,51 24,71 20.25 14.98
9.29 10.62 6.52 4.80 4,59 4.61 2115.41

110 5 W C 40 7,5 821,88 315,92 187,23 148.69 155,54 127,59 117,17
91,87 76,35 66,60 55,36 38,76 33,31 24,93 13,52 16,39

14,21 9,70 8,20 5,90 4,92 0,66 2339,70

111 1 W C 40 7.5 981,25 414,29 250,35 189,95 182,39 138,26 125,29

96,90 78,88 66,30 55,08 38,22 30,36 24,13 21.07 15.07

8.85 9,04 6.23 5,68 2,95 3,29 2744,33

112 2 « C 40 7,5 825,00 336,73 202,41 168.47 167,06 135.55 122.50
95,35 77,19 68.72 57,32 40,55 33,38 23,83 19,43 15,92

10,60 7,99 6,07 3,93 4,26 2,63 2425,39

113 3 W C 40 7,5 896,88 379,18 227,09 186,17 175,43 131,33 124,96

95,98 77,61 68,01 55,03 39,77 29,97 24,53 13.93 14.98

13,11 11,14 6.56 4,15 4.26 3,29 2590,36

114 4 li C 40 7,5 396.88 252,65 190,50 143,04 154,85 130,61 117.83

95,67 75,36 71,44 59,84 44,25 35,87 26,68 23,61 14,79

11,15 10.48 7.38 4,37 5,25 2,63 1875,13

115 1 U C 40 7,5 1284,38 524,08 328,09 265,61 212.31 142,32 122.50

94.89 79.53 66,30 55,68 36,73 30.23 23.32 19,26 ]3,39

10,60 7.21 7,21 5,02 2.95 4,6] 3336,22

116 2 U C 40 7,5 1137,50 489,39 293,90 238.72 206,50 138.69 116.84

94.23 77.38 66,20 50,38 36,31 29,64 21,65 20,00 14,04

11.26 7,47 7.21 5,68 2,62 1,32 3066,93

117 3 W C 40 7,5 1190.63 529,80 316,17 257.57 206,02 144,15 118,77

96,46 77.80 63,07 53,66 36.73 29,70 24,34 17.87 10.96

10,71 7,73 5,41 4.37 2,95 1,97 3206,84

118 4 H C 40 7,5 1143.75 498,37 291.49 238.33 201,65 139.05 117.99

91.04 77.85 64.18 53.83 38.82 29.70 22.81 20.00 12,83

9,40 6.95 8,03 5.02 2,30 4,61 3078.00

119 1 W C 40 7.5 1125,00 502.86 309,65 246,45 208.69 143,19 122.01

95,19 80.23 65,74 53,93 36,43 29,38 22,96 18,77 12,83

10.27 10,35 5,41 2,62 2,62 5,26 3109,84

120 2 U C 40 7,5 1212,50 560.00 341,56 265,07 223,13 145,42 125,82

95.67 80,14 66,90 57,10 40,07 31,87 27,84 18,93 11,70

7,65 9,17 6,56 3,49 4,26 1,97 3336,82

121 3 « C 40 7,5 1106,25 453.06 294.47 236,94 196,70 140,80 122,13

93,44 79,77 68.87 55,85 38,94 31.80 23,62 20,08 12,17

11,04 7,86 6,56 4,59 2,95 1,97 3009,86

122 4 W C 40 7,5 1103,13 478,37 275.04 239,03 205.65 142,79 122,75

96.68 78.27 67,15 53.77 39,65 27,74 24,49 19,26 12,55

8,63 8,65 8,03 2.84 2,95 5,29 3020,71

123 1 y C 40 7,5 1206,25 537,55 298.16 227.20 200.96 149.76 132,87
100,04 85,57 69,78 55,90 4i.20 34,30 26,02 20.00 12,45

9,84 8,26 5,41 3,93 3,61 3.95 3233.01



106

12^ 2 y C 40 7.5 1128.13 565.71 378.72 253-48 207.12 149,88 128,85

104.63 81.22 72.15 60.00 38.34 33.84 27.19 20,4" 14.33

8.85 8.91 7.38 4,15 3,28 1.97 3300.62

125 3 W C 40 7.5 693.75 520.00 415.74 251.55 185.23 132,29 ii8.39

89.12 79.95 65,04 52.73 36,31 26,75 21.79 18.05 11.99

8.31 7.34 7.38 3.49 5.90 3.29 2754.87

126 4 « C 40 7.5 4821.88 1453.06 635,89 311.51 207.89 128.86 105.86

77.19 66.09 57.06 42.95 28.98 24.13 15.52 12,70 12.36

8.96 6.82 5.90 3.93 4,92 3.29 8035.75

127 1 W C 40 7.5 93,75 159,59 259,72 208.27 177,88 124.08 108.73

84.18

10.93 6.82 6.89 3.71 3.93 1.97 1561.77

128 2 y C 40 7.5 137.50 208.57 281.70 198.69 163.59 116,68 103,03

86.01 70,77 62.51 54.54 40.49 31.48 24.56 17.95 13.39

10.16 7.47 4.92 3.28 3.28 3.29 1643.86

129 3 y C 40 7.5 93.75 204.90 298.44 204,10 158,90 111.03 95,70

81.29 71.85 64.58 52.40 39.24 29.90 25.00 20.66 11.8?

8.09 7.86 5.57 1.97 1.31 1.32 1589.75

130 4 y C 40 7.5 190.63 245.71 287.94 204.79 164.13 113,30 98.24

77.62 71.43 61.35 50,16 34,05 30,30 21,65 18,20 11,70

8,09 6,42 6,23 5,06 1,64 1,32 1707,96

131 1 H20 C 40 7,5 456,25 169.80 105,67 74,96 66.95 52.83 51.35

36.19 29.18 25.13 21,31 15.32 11,15 10,20 6,64 5,90

4.70 2,75 4.59 3.06 1.64 2,63 1158,20

132 2s H20 C 40 7.5 0,00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00

0,00 0.00 0.00 0.00 0.00 0,00 0.00

133 2 H20 C 40 7.5 343.75 151.84 89.08 58,73 57.41 50.88 49.14

39.60 30.73 26.94 21.91 16,04 12.00 10.57 8,20 6.84

5.25 3,28 2.46 2.18 2.30 1.32 990,45

134 3 H2Q C 40 7.5 309.38 144.08 84.26 58.11 50,53 39,85 40,98

34.53 27.96 23.97 20.44 14,43 11.34 9,84 6.64 7-02

5.79 3,67 3.77 1.53 2,62 1.97 902.71

135 4 H20 C 40 7.5 387.50 145.31 90,50 60.36 52.93 46,06 45,37

36,98 28.85 26.03 21.26 14.07 10,95 9,40 7,87 5.34

3,61 2.10 3.11 2.18 1.31 3.29 1004.38

136 5 H20 C 40 7.5 275.00 150.20 91.63 60.59 44.03 38.50 38.16

30.55 24.36 23.26 19.07 12.58 10,89 8.67 6.39 6.09

4.59 3.15 2.46 2.40 2.30 0.66 855.53

137 1 H20 C 40 7.5 715.63 335,10 269.93 217.54 194.30 143.15 124,92

93.27 74.57 65.94 50.00 36.20 27.41 22.30 18.44 12.92

10.38 8.91 6.07 4.59 2.62 3.29 2437,48

138 2 H20 C 40 7.5 678,13 306.94 265,53 208,42 185,50 139,77 126.43

90.78 72,88 62.26 53.61 37,98 28.92 25,44 19.84 14.04

11.37 8.13 6.72 4.37 3,93 0.00 2350,99

139 3 H20 C 40 7.5 546,88 301.63 235,46 197.76 176.55 136.43 124.84

91.56 71.99 60.95 52.13 33.33 28.20 21. 18.03 12.55

9.84 6.55 5.25 4.80 3.93 5,26 2145,49
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140 4 H20 C 40

91.52 70.21

9.07 6.16

141 1 H20 C 30

77.58 61.26

6.34 4.06

142 2 H20 C 30

82.08 63.09

5.68 4.19

143 3 H20 C 30

79.90 64.45

6.45 4.46

144 45 H20 C 30

79.33 57.99

0.66 0.26

145 1 H20 C 50

82.26 72.74

12.02 9.44

146 2 H20 C 50

77,58 73.72

10.60 9.44

147 3 H20 C 50

78.28 69.56

10.71 8.78

148 4 H20 C 50

34.48 71,05

10.38 8.52

149 4 H20 C 30

72,16 53.82

5.90 4.46

150 1 H20 C 60

62.33 54.24

11.15 7.86

151 2 H20 C 60

96.24 77.75

13.99 11.14

152 3 H20 C 60

92,48 79.44

13.33 11.40

153 4 H20 C 60

96.90 83.04

17.16 9.70

154 1 IIH20 C 60

69.76 63.89

11.37 11.80

155 2 I1H20 C 60

83.48 72.27

15,63 10.62

7.5 725,00 329.80 188.09 153.48 155.70 122.25 113.72
60.60 48.63 35.72 26,62 24.78 18.52 10,96

5,25 4.59 2,62 1,97 2205,27

7.5 700.00 271,02 154.75 110.28 124.31 107.68 104.92
53.23 43.11 28.26 20.52 15.82 13.28 9.64

4.43 3.28 1.64 3.95 1919.36

7.5 868.75 345.31 177.45 126.97 133.58 107,52 107.70

53.68 45.52 29.22 21.25 15.38 11.72 7.21

3.44 1.97 1.97 1.32 2215.00

7.5 834.38 298.37 169.22 111.44 115.99 99.32 107.25

52.52 44.10 28,62 21,31 16.25 14,10 7.58
3,93 2.62 0,98 1,97 2085.21

7.5 468,75 220,82 149,50 116,69 121.00 101,83 100,03

49,34 41,69 26,18 17,11 16.03 12.21 0,75

0.00 0,22 0,00 0,00 1580,44

7,5 340,63 448,16 423,83 338.95 255.70 161.23 121.15

59.69 50.60 32,44 28.39 20.99 19,26 13,67

7,05 7.21 3.61 5,26 2514,28

7,5 175,00 262.45 297,02 275.89 235.71 155.81 120,12

53.58 47.76 36.73 28.07 22.74 20.25 15.26

6.07 6.77 4,59 2.63 1942.79

7.5 171.88 248.57 296.60 271.87 221.11 152.03 117.17

62.41 49.40 34.59 29.51 21.37 19.75 13.76

7.38 3.06 2.62 2.63 1893.54

7.5 284,38 310.20 321.28 293.51 244.88 161.90 122.91

64.68 51.04 40.01 26.16 23.40 20.00 15.36

8.69 8.08 3.93 5.26 2180.10

7.5 931.25 515.10 379.86 241.73 200.05 131.49 102.30

46.82 33.66 26.83 18.10 14.58 10.08 8.99

4.59 1.31 1.64 1.32 2806.04

7.5 1968.75 1112.65 739.29 258.11 152.35 101.47 86.15

48.03 37.16 26.60 21.44 16.03 12.54 12.36

8.03 5.68 6.56 5.26 4754.04

7.5 690,63 286.12 172.91 170.94 1/6.81 130,81 121.39

69.53 61.58 41.62 35.67 28.64 23.93 19.19

7.54 6.33 6.89 6.58 2256.73

7.5 481.25 248.16 164.82 158.89 171.70 127.43 114.47

65.19 61,86 39.71 36.00 29.45 25.98 18.35

9.16 7.64 5.57 7.24 1969.54

7.5 600.00 303,67 187.80 191,34 185.34 137.22 120.53
71.59 58.42 45.56 35.87 30.39 25.00 18.07

10.00 6,11 3.23 5.26 2242.25

7.5 78.13 124.90 110.64 90,73 105,44 90.17 90,41

59.03 46.01 35,60 31.48 25,58 18.20 17.98

10.98 8.30 7.21 9.87 3117.48

7.5 356.25 235.51 173.90 142.81 150.91 115.45 104.47

62.82 55.74 36.26 33.44 26.17 19.67 14>VS

8.69 6.99 4.92 5.26 1736,24
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156

157

158

159

160

161

162

163

m

165

166

167

168

169

170

171

35 IIH20

38.85

14.43

3 DH20

95.10

14.54

4 IIH2&

97.68

13.55

5 I1H20

97.81

13.88

1 riH20

69.23

6.01

2 DH20

76.62

6.01

3 IIH20

83.74

5.14

4 DH20

80.90

6.78

1 I1H20

89.42

9.73

2 IIH20

89.69

10.71

3 DH20

87.46

7.98

4 DH20

88.46

10.05

1 DH20

99.34

15.52

2 IIH20

98.38

13.88

3 DH20

93.27

15.08

4 DH20

96.59

14.54

C 60

31.99

9.44

C 60

80.42

12.32

C 60

79.86

11.66

C 60

83.51

13.11

C 30

56.72

4.33

C 30

65.01

4.06

C 30

66.93

3.93

C 30

64.12

4.59

C 40

74.38

7.73

C 40

73.02

9.44

C 40

69.70

9.04

C 40

72.37

9.31

C 50

79.34

9.83

C 50

83.28

11.93

C 50

78.59

11.01

C 50

78.97

11.66

7.5 453.13 455.10 267.23 117.93 84.65 61.03 56.11

25.03 20.55 15.44 10.43 10.64 7,30 15,26

8.36 5.90 8.52 5.92 1723.24

7.5 600.00 275.92 133.83 178.83 187.85 131.77 121,27

69.88 58.80 43.65 34.69 28.64 24.02 P.79

11.64 6.33 4.26 3.95 2185.50

7.5 578.13 242.04 163.55 173,72 175.11 137.94 119.80

72.65 62.02 41.68 37.55 29.88 26.07 16.85

11.31 6.77 4.92 7.89 2110.63

7.5 696.88 284.49 177.5? 180.68 183.37 136.86 119.88

70.94 65.66 45.92 33.77 30.32 27.46 22.00

11.15 7.86 5.57 8.55 2315.26

7.5 1006.25 394.69 239,01 178.28 151.92 116.84 102.01

50.05 39.56 27.85 19.61 15.96 14.10 9.08

2.79 1.97 0.98 0.66 2507.90

7,5 596.88 294.29 164.11 123.88 129.80 109.36 104.18

55.45 44.15 29.87 22.43 18.15 12.54 8,33

3,61 2.40 2.62 0.6t 1874.41

7.5 806.25 365.31 189.65 147.06 145.90 117.16 111.52

55.75 45.57 31.90 23.41 18.15 12.30 9.64

3.93 3.06 0.33 1.97 2243.6C

7.5 690.63 268.98 141.70 115,53 131.98 109.28 108.32

52.93 42.51 31.37 23.87 15.89 13.03 9.83

4.92 .62 0.98 0.66 1921.42

273.88 161.84 151.85 161.46 130.93 117.95

66.25 53.55 38.88 29.70 24.42 20.98 13.11

7.21 5.02 4.59 1.97 2141.73

7.5 709.38 312.24 167.09 156.72 165.99 123.81 117.79

64.58 55.74 37.45 30.95 23.91 20.08 13.58

6.39 6.55 5.25 1.32 2201.68

7.5 512.50 220.82 141.13 129.21 143.98 119.75 117.01

60.29 50,87 38.28 32.33 22.01 17.95 14.61

7.54 4.37 2.30 3.2v 1812.42

7.5 318.75 182.45 107.52 101.16 133.32 120.94 116.43

62.51 49.62 35.42 28.20 23.47 19.84 13.95

6.56 5.46 4.26 7.24 1517.29

7,5 315.63 155.92 109.65 12t.66 156.45 131.73 121.84

68.82 58.03 43.47 35.15 27.11 23.20 17.42

11.15 7.64 3.61 4.61 1622.12

7.5 375.00 179.18 125.39 130.76 160.39 131.33 124.10

68.97 58.25 43.59 32.13 23.72 24.59 16.76

10.33 7.21 4.26 2.63 1731.06

7.5 340.63 202,04 158.72 150.46 153.14 122.77 116.6^

67.76 57.32 41.44 33.11 27.41 20.49 17,42

8.52 7.42 7.21 6.58 1737.03

7,5 343.75 237.96 175.60 152.47 152,03 123.93 116.80

66.09 58.20 42.34 32.79 25.44 23.93 15.17

7.38 6.99 6.56 5.92 1795.11
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172 5 DH20 C 40 7»5 75*^.25 36?,80 232.20 162.52 150.27 116.36 10;i.40

86.63 71.52 62.61 53.33 38.10 27.54 21.50 18.11 12.08

9.73 9.17 7.21 5.24 3.95 3.29 2325.79

173 1 HARIIH20 C 40 7.5 587.50 251.84 134.18 133.46 160.18 127.75 115.82

94.14 69.51 60.34 48.74 39.65 31.54 22.74 16.89 13.95

11.91 6.95 7.38 4.15 1.31 1.97 1941.90

174 2 HARDH20 C 40 7.5 609.38 261.63 149.22 142.50 155.01 125.48 120.00
92.44 72.69 63.98 53.77 34.70 29.84 26.60 21.07 12.45

9.84 8.91 5.41 3.71 3.61 3.95 2006.19

175 3 HARIIH20 C 40 7.5 753.13 318.37 187.09 152.47 157.25 130.73 124.51

93.53 74.66 64.98 52.90 38.70 28.92 26.17 20.66 11.14

9.73 6.95 4.75 3.93 1.97 1.97 2264.51

176 4 HARDH20 C 40 7.5 800.00 350.20 208.51 150.62 158.37 129.34 120.49

94.10 74.05 66.50 54.15 39.00 30.62 22.74 18.28 12.64

10.49 6.82 5.90 5.46 2.62 1.97 2362.87

177 5 HARDH20 C 40 7.5 628.13 265,71 151.06 134.08 144.78 125.40 120.94

93.97 71.99 61.60 49.73 37.69 27.08 21.79 18.77 11.14

9.18 7.08 4.26 4.80 2.62 0.66 1992,46

178 1 HARDH20 C 30 7.5 237.50 181.22 149.36 150.46 178.62 161.11 132.99

73.95 62,90 50.00 34.26 26.54 19.15 13.34 9,84 8.61

6.12 3.01 2.46 1.97 0.66 0.66 1504.73

179 2 HARIIH20 C 30 7.5 206.25 171.43 149.65 143.51 171.59 147.17 125.41

75.52 58.12 47.83 37.92 24.09 19.28 12.17 10.49 7.63

6.01 5.11 3.61 0.66 0.66 1.32 1425.48

180 3 HARDH20 C 30 7.5 237.50 186.12 138.44 132.69 167.64 149.24 124.26

73.78 57.80 45.06 37.54 26.00 16.75 12.76 8.20 6.93

4,15 4.19 3.44 2.18 2.30 1.97 1440.94

181 4 HARDH20 C 30 7.5 218.75 176.33 142.98 140.80 166.36 154.46 126.27

77.14 60.52 49,65 39.40 23.55 20.79 13.19 10.90 5.24

3.28 3.01 1.97 0.87 0.98 0.66 1437.10

182 1 HARDH20 C 50 7.5 243.75 348.98 277.02 239.95 224.25 I66.O0 134.34

91.13 77.00 59,99 49,67 37.21 31.48 24.64 22.05 13.20

12.13 9.31 5.57 6,11 6,56 2.63 2083.55

183 2 HARDH20 C 50 7.5 168.75 238.78 225,82 202.01 208.85 157.84 131.60

90.82 72.32 60.75 47.31 33.39 26.03 22.59 18.6? 14.61

11.04 9.31 6.56 3.93 6.56 1.97 1760.03

184 3 HARDH20 C 50 7.5 171.88 227.35 212.34 200.70 211.78 164.37 135.94

96.33 75.50 61.30 48.52 36.02 29.18 24.13 21.23 15.64

10.49 10.48 6.89 6.33 3.61 4.61 1774.62

185 4 HARDH20 C 50 7.5 153.13 224.49 201.70 202,40 210.87 162.26 126.02

87.54 70.63 59.69 49.18 34.35 29.38 23.83 20.00 15.54

12.79 8.78 7.54 6.55 2.95 5.26 1714.88

186 1 HARIIH20 C 60 7.5 200.00 306.94 281.99 236.01 223.77 150,64 125,49

93.23 78.59 66.30 51.04 37.98 32.26 26.24 20.33 15.17

14.10 10.35 7.54 6.33 6.56 7.24 1998.10

187 2 HARDH20 C 60 7.5 187.50 340.82 318.30 248.38 219.30 148.57 123.6?

95.37 77.52 64.06 52.68 37.92 31.6,' 26.82 18.86 16.76

11,04 12.98 8.69 6.77 4.26 6.58 2058.55
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188 3 HARDH20 C 60 7.5 215.63 265.31 238.87 2i;

93.49 78.64 60.90 54.15 38.28 31,28 25,00 21,89 14.79

11.48 10.75 6.89 7.42 6.23 5.26 1834.85

189 4 HAF;[iH20 C 60 7.5 143,75 238.78 238.58 212.98 198,88 153.03 122.17

91.30 75.55 64.33 51.64 4i,09 32.98 21.72 23.4^: 16.67

12.24 11.14 9.67 7,21 4.26 5.26 1776.67

190 1 TftPH20 C 60 5.0 246.88 113.78 71.63 64.14 67.96 54.74 51.11

43,97 36.91 36.83 31.37 26,36 19.41 18.44 13,20 12,45

12.46 8.78 8.03 10.92 7.54 5.92 967,83

191 2 TAPH20 C 60 5.0 225.00 89.39 60.00 57.57 63.27 53.74 50.66

41.17 35.74 34.21 30.00 23.85 22.82 18.22 12.70 13.95

11.91 11.66 8.36 9.61 4.59 5.92 884.34

192 3 TAPH20 C 60 5.0 231.25 123.27 72.62 62.67 66.63 52.6' 50.57

41.61 38.17 36.33 33.06 22.00 20.39 18.59 17.46 14.42

10.49 11.40 7.05 6.55 8.35 7.89 953.94

193 4 TAPH20 C 60 5.0 331.25 125.71 77.87 69.78 68.66 55.65 50.86

41.17 36.44 37.34 30.11 25.64 20.13 13.00 16.56 14.51

11.48 10.09 8.85 9.61 10.82 9.87 1080.40

194 1 TAPH20 C 30 5.0 215.63 84.90 47.52 33.41 52.93 53.90 57.25

47.07 33.40 33.30 30.11 18.84 15.61 12.54 12.21 9.36

8.42 6.95 3.61 4.15 6.56 3,2V 795.96

195 2 TAPH20 C 30 5.0 203.13 68.16 42.27 40.11 50.75 53.34 60.04

47.90 33.11 32.29 26.99 20.63 17.64 14.58 9.92 8.71

8.96 7.08 3.11 4.80 5.57 1.32 760.41

196 3 TAPH20 C 30 5.0 321.88 162.45 95.46 67.93 70.47 61.31 64.88

50,04 39,11 32,74 30.87 21.47 16.85 12.24 10.82 9.55

8.31 6.55 4.26 5.46 5.90 1.97 1100.52

197 4 TAPH20 C 30 5,0 331.25 155.92 93.05 68,01 65,99 61.62 63.07

47.29 35.55 33.30 27.10 22.06 16.85 13.99 11.07 11.42

6.56 6.42 4.75 4.80 4.92 3.29 1088.28

198 1 TAPH20 C 40 5.0 187.50 86.53 62.98 49.15 55.65 59,24 59.10

44,36 35,93 36.93 31.37 24.09 19.02 16.91 13.36 11.42

9.95 8.52 4.92 7.21 6.56 4.61 835.31

199 2 TAPH20 C 40 5.0 268,75 141,22 81.70 62.83 68.76 55,53 54,67

42.44 33,26 30.02 25,90 21-88 17.77 17.35 15.90 11,05

10,71 8.52 5,41 4.80 3.93 5.92 988.32

200 3 TAPH20 C 40 5.0 181,25 103.67 70,07 55.72 65.30 60.15 59,92

51.22 40.80 35.37 31.53 24.75 21.77 16.69 14,02 10.39

12.35 8.91 10.49 5.68 1.31 0.66 382.02

201 4 TAPH20 C 40 5.0 228.13 81.63 56.88 52.86 60.98 56.61 58.57

51.18 40,98 34.11 29.89 24.33 19.34 16.55 12.62 10.77

8.31 7.73 6.23 3.71 3.28 1.97 866.66

202 lA TAPH20 C 50 5.0 0.00 0,00 0,00 0.00 0.00 0.00 0.00

0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0,00 0,00 0.00 0,00

203 1 TAPH20 C 50 5.0 271.88 167.35 95.32 64.61 56.34 45.58 48.03

44.89 38.92 35.22 30.11 22.18 21.57 18.29 12,54 12.08

11,48 9.17 6.23 4.59 3.61 9.87 1029.36



 

 

 

 

 

Ill

204 2A TAPH20 C 50

0,00 0,00

0,00 0,00

205 2 TAPH20 C 50

40,91 37,75

9,51 7,99

206 3 TAPH20 C 50

43,44 36,16

11,48 6,42

207 4 TAPH20 C 50

41,56 38,03

10,60 8,78

208 TEST 0

0,00 0,00

0,00 0,00

209 5 TAPH20 C 50

45,85 39,67

11,26 8,65

210 6 TAPH20 C 50

46,85 41,36

11.37 8,13

211 5 TAPH20 C 40

48,95 38,27

10,05 8,52

212 6 TAPH20 C 40

48,99 37,00

10.38 8,65

213 7 TAPH20 C 40

48,51 38,36

9,29 7,73

214 1 OIL C 40

115,25 92,51

15,63 11,93

215 2 OIL C 40

115,56 93,63

14,43 11,27

216 3 OIL C 40

120,24 92,18

13,66 10,88

217 4 OIL C 40

109,57 82,86

12,68 9,70

218 1 OIL C 30

108,30 77,94

9,51 6,82

219 2 OIL C 30

103,58 76,77

8,85 4,98

5,0 0,00 0,00 0,00 C.OO 0.00 0.00 0,00

0,00 0,00 0,00 0,00 0,00 0,00 0,00

0,00 0,00 0,00 0,00 0,00

5,0 153,13 131,43 103,69 76,35 60.02 44.03 43.98

34.46 28,69 21,94 19,41 17,57 13.61 10.49

5,90 2.62 2.95 3,29 869.72

5.0 118,75 135,51 106,52 73,88 64,02 46.10 47,30

35.47 29,73 24,15 20,66 16,03 14,34 12.64

6,89 4,37 2,62 4,61 861,09

5,0 106,25 120,82 108,65 73.11 58.37 41,56 43.07

33.25 30,44 23,08 20,33 16,47 12,54 10,77

7,05 3,71 3,93 2,63 815,05

0,0 0,00 0,00 0,00 0.00 0,00 0.00 0,00

0,00 0.00 0,00 0.00 0,00 0,00 0,00

0,00 0,00 0,00 0.00 0,00

5,0 193,75 87,76 61,84 53,25 68,28 60,03 61,89

37,13 31,20 24,75 19.54 18,08 15,90 14.79

5,41 4,80 6,56 7,24 877,63

5,0 212,50 87,35 54,47 59.81 70,74 60,43 57,83

39,56 29,78 25,28 22,30 17,13 14,43 13,67

8,85 5,46 4,92 5,26 897.48

5,0 200,00 92,24 58,58 47,14 60,39 62,10 62,75

34.26 30,49 21,65 21,05 17,86 12,30 10,21

6,56 5,24 5,90 3,95 858,46

5,0 225,00 87,76 63.40 55,56 66,47 65,61 63,44

36.48 32,40 22,78 20,79 17,35 13,03 9,33

4,75 6,99 7,21 5,92 909.79

5,0 200,00 84,08 47.94 45,90 60,61 55,69 61,39

31,33 27,81 22,48 18.43 15,96 10,66 11,24

6,23 5,68 6,89 3.29 819,50

7,5 581,25 229,39 147,38 152,78 177,13 155,57 152,58

82,19 64,15 49,31 39.54 30,54 24,92 18,26

9,51 6,33 6,56 3.29 2166,00

7,5 550,00 230,61 140,00 145.36 181.24 158.20 147.99
9 A

8,52 6,11 6,61 3,29 2123,74

7,5 346,88 183,16 155.04 208.35 247,49 204,66 171,31

31,23 73,93 52,53 43,02 35,42 29,18 17,42

7,38 5,46 6,56 7,89 2118,87

7,5 534,38 199,18 136,31 159,66 205.9. 184,43 156,43

73,56 62,68 48,30 39,93 33,24 26,48 16,20

7,05 4,80 3,61 1,32 2108,39

7,5 581,25 241,22 150,78 145,90 187,31 171,10 161.15

69,42 62,84 40,79 33,05 25,76 17,54 12,27

4,75 1,97 2,62 4,61 2114,90

7,5 453,13 185,71 118,72 121.17 164.45 157,84 154,84

66,85 58,25 43,53 30,75 24,.64 16,.64 10,53

4,10 2,84 1,31 1,32 1810.85
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220 3 OIL

105.59

^>07

221 4 GIL

106.16

7.10

222 1 OIL

114.16

19.23

223 2 OIL

120.85

17.05

224 3 OIL

119.71

19.13

225 4 OIL

114.20

16.83

226 1 OIL

116.61

17.92

227 2 OIL

117.40

18.58

228 3 OIL

115.43

18.03

229 4 OIL

118.88

20.77

1 OIL

57.17

14.86

GIL

57.47

12.24

3 OIL

55.46

15.52

4 OIL

54.06

14.10

1 OIL

60.23

10.49

235 23 OIL

0.00

0.00

230

231

232

233

234

C 30

75.41

8.13

C 30

80.37

5.77

C 50

90.63

12.32

C 50

100.42

14.94

C 50

98.08

14.42

C 50

99.77

14.02

C 60

100.33

16.38

C 60

94.94

16.51

C 60

100.80

16.78

C 60

97.24

16.64

C 60

48.99

13.63

C 60

49.18

9.44

C 60

49.70

14.29

C 60

45.81

14.68

C 30

44.12

7.99

C 30

0.00

0.00

7.5 596.88 211.84 146.52 142.66 171.16 159.59 152,99

66.65 58.80 41.50 33.97 23.62 20.41 13.39

3.61 2.84 2.95 1.97 2049.55

7.5 543.75 2.65 127.94 120.02 153.94 147.21 146.68

67.51 59.39 40.19 28.92 23.25 16-80 10.67

5.90 1.53 1.64 1.32 1909.21

7.5 487.50 227.76 159.86 174.19 206.02 162.78 153.89

78.36 72.73 53.25 43.80 37.46 30.82 23,60

10.82 8.73 7.54 5.92 2181.37

7.5 571.88 258,78 188.09 187.87 213.81 184-75 161.43

87.24

13.61

79.29

11.35

56.71

6.23

47.80 40.01

9.21 2424.14

30.82 .00

7.5 443.75 241.22 161.42 167.54 209.01 177.03 155.45

31.80 ,9486.43 77.76 54.74 45.97 38.85

10.49 7.64 8.20 5.92 2197.50

7.5 618.75 244.90 179.72 187.79 212.58 174.00 155,20

84.26 73.11 58,02 46.16 10.09 30,74 20.97

12.30 9.17 7.21 5.26 2375.05

7.5 478.13 255.10 193.90 197.06 218.28 167.60 149.59

8&.7S 75.46 57.78 49.51 39,43 33.77 25-41

14.43 10.04 11.15 13.82 2326.48

7.5 584.38 268.98 204.82 196.83 209.22 157.96 153.61

88.24 79.45 59.51 43.93 41,47 34.67 24.91

14.10 12.23 6.89 13.16 2441.79

7.5 509.38 254,29 193.62 196.68 210.02 166.48 148.52

88.45 79.23 57.66 48.20 39.43 30.98 26.97

13.61 10.26 11.15 3.29 2339.26

7.5 590.63 294.29 166.10 135.16 203.62 159,12 147.17

92.58 79.40 60.29 51.67 41.40 36.97 28.09

14.43 14.63 8.85 9.87 2437.80

5.0 221.88 155.10 113,05 105.72 103.73 78.03 65.78

47.07 39.45 32.62 29.77 25.29 20.98 18.07

10.82 11.79 7.87 13.82 1235.49

5.0 200.00 99,59 83.55 82.92 84.43

46.87 41.26 31.78 28.07 22.45 22.6

10.00 8.08 9.51 15.13 1073.56

5.0 215,63 116.73 86.95 84.62 93.02

46.22 40.00 33.21 28.79 28.50 23.11

10.16 8.52 10.49 9.87 1132.44

5.0 228.13 139.18 99.36 95.13 95.52

74.76 68.11

16.10

76.43 67.62

17.60

7,87 70.04

45.96 41.04

10.00 6.99

5.0 200.00

41.68 37.54

7.54

5.0

0.00

0.00

5.68

0.00

0.00

0.00

32.44 27.21 22.01 22.54 18.07

10.49 11.84 1182.97

91.43 66.81 55.10 65.94 69.51 76.72

26.16 24.98 19,61 14.5? 12.36

4.59 1.97 945.06

0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 c.oo

0.00 0.00 0.00
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5,0 175.00 80.00 i3.12 53.32 11,12 76.19 80.45

40.16 37.16 26.06 24.98 18.22 15.90 10.96

5.41 4.59 2.62 4.61 907.39

5.0 150.00 65.71 66.81 49.23 68.76 76.27 V9.<?2

43.54 40.82 29.64 23.15 20,34 16.4S 13.01

9.02 8.08 5.25 9.21 901.37

5.0 140.63 79.59 63.55 50.54 70.20 78.22 79,30

45.76 37.10 29.76 23.15 21.65 18.61 13.58

10.16 6,11 7.21 8.55 908.40

5.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

5.0 153.13 88.16 91.06 98.84 112.15 100.52 85.49

46.72 42.62 32.20 26.43 21.65 17.54 7.87

1.64 2.18 0.98 0.00 1045.82

5.0 165.63 92.65 72.20 85.09 99.73 98.73 90.37

47.28 42.51 27.91 26.69 20.99 18.35 15.17

8.85 9.39 8.85 11.18 1075.79

5.0 171.88 116.33 87.66 99.07 109.86 102.99 92.13

52.72 42.79 31.01 27.15 22.52 19,18 13.76

11.64 8.95 7.21 3.29 1159.86

5.0 150.00 85.31 81.13 94.74 106.45 99.12 88.93

47.12 41.53 30.89 25.57 19.61 21.31 16.67

8.36 8.95 9.51 8.55 1081.33

5.0 131.25 89.39 90.92 88.25 100.75 103.03 39.67

49.19 43.55 31.66 25.90 21.57 18.61 15.36

9.84 8.08 8.52 15.13 1075.37

5.0 134.38 75.51 66.81 63.37 86.62 87.26 79.47

48.18 41.37 34.11 31.34 23.98 24.34 17.60

9.51 9.17 7.87 8.55 991.55

5.0 281.25 122.04 86.81 79.44 99.84 88.61 83.98

49.90 45.52 36.08 28.79 23.28 22.46 16.01

9.34 9.33 7.54 8.55 1251.99

5.0 300.00 140.41 109.65 91.65 113.49 94.27 91.07

50.50 44.75 34.59 30.23 26.97 23.03 16.67

8.20 10.92 9.51 11.18 1350.89

5.0 184.38 91.84 66.38 61.13 83.05 89.25 83.07

49.50 40.77 33.57 29.11 25.73 23.28 19.19

11.15 7.86 11.80 11.18 1063,00

10.0 840.63 313.88 193.33 193.39 273.13 249.28 226.15

162.28 129.65 122.50 107.16 76.27 62.30 53,13 40.74 25.94

21.53 16.78 15.25 7.64 5.57 4.61 3141.64

250 2 OIL C 50 10.0 534.38 323.27 217.87 196.29 273,40 242.24 229.67

160.49 132.37 119.93 108.58 72.57 58.75 49.85 40,25 23.78

20.44 16.25 15.90 S.52 7.21 3.95 2355.96

251 3 OIL C 50 10.0 718.75 337.14 207.38 210.66 275.43 254.66 227.13

167.35 144.64 126.59 109.73 77.76 65.18 50.07 46.48 27.53

20.11 18.09 14.59 8.95 4.59 7.89 3120.70

236 2 OIL C 30

58.04 47,78

7.87 7.73

237 3 OIL C 30

59.27 45.25

11.91 9.70

238 4 OIL C 30

58.83 46.04

10.16 9.70

239 OIL C 0

0.00 0.00

0.00 0.00

240 1 OIL C 40

61.41 49.09

4.04 2.10

241 2 OIL C 40

60.40 50.40

13.22 9.70

242 3 OIL C 40

61.06 52.32

14.54 11.80

243 4 OIL C 40

61.80 51.90

12.35 11.53

244 5 OIL C 40

63.02 50.73

10.60 10.35

245 1 OIL C 50

63.02 52.74

13.11 13.24

246 2 OIL C 50

64.42 55.27

16.50 11.53

247 3 OIL C 50

64.25 53.07

13.77 12.71

248 4 OIL C 50

61.67 51.52

14.86 12.71

249 1 OIL C 50
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252 4 OIL C 50 10»0 0.00 O.OC O.OC 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

253 5 OIL C 50 10.0 1006.25 447.35 260.99 264,22 318.39 264.85 234,39
179.72 144.54 131.38 110.44 80.74 63.67 5c..27 46.80 23.38
18.58 14.29 12.79 6.77 4.26 5.26 3695.83

254 6 OIL C 50 10.0 1153.13 469.39 300.99 295.05 343.34 265.80 231.27
178.58 151.90 130.17 116.01 80.80 64.92 52.99 41.31 26.97
21.20 19.53 13.28 7.64 7.21 8.55 3980.03

255 1 OIL C 60 10.0 0.00 0.00 0.00 O.CO 0,00 0.00 0,00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C.OO

0.00 0.00 0.00 0.00 0.00 0.00 0.00

256 1 OIL C 30 10.0 1134.38 431.02 226.10 184.23 220.90 195.62 192.21
140.52 107.45 85.22 66.83 43.23 28.46 22.96 17.13 11.99

4.92 7.73 2.30 0.87 1.64 1.32 3127.03

257 2 OIL C 30 10.0 1412.50 522.86 260.14 190.57 204.26 197.81 191.60

144.62 104.68 85.02 69.18 42.64 32.13 26.46 19,75 10.9o

6.99 5.64 5,25 2.62 1.64 0.66 3537.98

258 3 OIL C 30 10.0 1106.25 413.06 231.91 185.70 214.02 202.83 198.32
146.46 110.02 89.35 75.03 43.41 32.35 25.15 20.33 10.3°
5.57 6.03 4.59 1.53 0.98 1.97 3125.75

259 4 OIL C 30 10.0 1262.50 453.06 249.50 198.22 218.98 199.96 202.66
147.55 107.92 85.62 71.31 44.96 31.74 25.58 20.25 12.27
9.73 5.90 3.77 2.18 2.30 2.63 3358.59

260 1 OIL C 40 10.0 993.75 404.49 278.44 221.56 254.74 226,19 205.49
158.04 129.93 110,34 92.08 63.74 45.38 38.85 29.10 15.07
12.24 7.60 8.36 4.37 2.30 1.97 3304.03

261 2 OIL C 40 10.0 912.50 405.31 261.42 210.82 260.07 225.80 218.32
153.67 126.14 109.03 88.36 61.60 46.56 33.53 30.00 18.45

9.73 9.96 6.89 3.49 3.93 1.97 3197,55

262 3 OIL C 40 10.0 778.13 342.86 231.06 195.85 240.09 217.87 212.95
160.31 123.04 103.53 88.31 59.63 49.77 35.28 28.20 15.54

13.99 8.13 6.89 2.84 4.59 1.32 2920.16

263 4 OIL C 40 10.0 906.25 371.43 238.58 202.55 240.83 221.58 214.34
154.76 131.05 108.93 88.85 61.36 48.13 37.24 29.67 18.45
13.55 11.01 8.03 5.02 3.93 1.97 3117.51

264 2 OIL C 60 10.0 1037.50 455.92 359.15 339.10 345.52 256.25 231.56
171.68 151.57 132.59 115.74 77.28 65.25 55.03 46.64 32.68
25.57 18.09 15.90 7.86 12.13 9.87 3962.88

265 3 OIL C 60 10.0 968.75 474.69 357.45 341.58 349.52 260.67 229.92
176.88 150.12 129.87 112.62 78.53 64.33 56.78 48.36 26.12
26.12 20.05 17.70 10.04 7.87 8.55 3916.52

266 4 OIL C 60 10.0 1003.13 471.43 365.53 339.95 341.79 253.14 226.31
176.49 147.73 133.25 112.90 82.41 66.62 56.20 47.46 30.90
24.92 17.43 17.87 9.17 8.20 10.53 3943.36

267 5 OIL C 60 10.0 962.50 448.93 324.54 309.04 325.27 249.76 224.02
168.44 150.82 131.79 112.46 80.02 63.15 54.30 48.20 29.21

21.42 19.79 13.61 8.95 6.89 8.55 3761.71
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268 1 H20 C 60

150.96 122.86

15.03 12.71

269 2 H20 C 60

145.67 118.88

15.96 11.66

270 3 H20 C 60

145.24 113.86

15.19 13,50

271 4 H20 C 60

137.50 109.27

14.86 10.75

272 1 H20 C 30

100.79 72.18

4.04 2.10

273 23 H20 C 30

0.00 0.00

0.00 0.00

274 2 H20 C 30

114.38 84.31

5.68 4.59

275 3 H20 C 30

129.46 93.30

6.01 2.75

276 4 H20 C 30

0.00 0.00

0,00 0.00

277 5 H20 C 30

115.52 84.96

4.92 3.01

278 1 H20 C 40

134.44 105.15

10.60 6.16

279 2 H20 C 40

110.88 91.15

7.76 6.16

280 3 H20 C 40

92.18 79.11

6.01 4.85

281 4 H20 C 40

89.25 73.02

5.68 4.33

282 5 H20 C 40

118.01 92.18

10.16 8.13

283 6 H20 C 40

111.80 90.91

7.21 5.50

10.0 S75.00 478.37 338,44 303.55 299.47

104.34 86.8? 5/.IV 4d.84 2ft7b 31.72 21.3d
11.80 5.68 4.26 3.29 3428.63

lO.O 1125.00 512.24 368.94 328.44 304.90 219.23 199.39
103.08 88.52 54.80 44.46 34.55 33.11 19.94
11.64 7.42 3.61 5.92 3757.36

10.0 965.63 457.96 326.52 289.64 284.75 217.56 196.07
101.01 82.24 60.94 41.64 37.46 31.64 19.19

10.33 5.46 3.93 6.58 3426.34

10.0 878.13 449.30 335.04 271.87 270.04 203.18 185.61

95.56 79.02 54.08 46.69 33.38 28.61 19.19

8.52 5.02 7.87 3.29 3247.28

10.0 650.00 357.14 216.31 160.36 170.79 155.89 142.25
59.84 44.64 27.85 19.28 12.68 9.92 5.71

2.79 1.53 0.33 0.66 2217.08

10.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0,00 0.00

0.00 0.00 0.00 0.00 0.00

10.0 387.50 361.22 275.46 267.47 282.66 221.42 179.14

68.31 55.96 33.81 24.85 15.16 14.59 6.65

2.13 1.75 1.97 0.66 2409.69

10.0 1253.13 824.90 482.70 336.71 378.57 297.33 231.93

79.82 64.75 35.24 27,93 17.27 15.57 6.09

2.13 1.09 0.66 0.00 4287.34

10.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

10.0 1334.38 472.65 256.45 202.70 216.90 178.07 161.02

67.66 56.12 31.96 24.13 17.06 12.05 8.43

2.79 1.53 0.98 0.00 3253.29

10.0 884.38 382.86 212.77 204.87 234.75 195.22 174.92
83.91 71.20 45.14 35.80 26.09 19.67 11.99

6.89 2.18 2.62 1,97 2853.58

10.0 862.50 501.22 311.35 238.18 217.22 163.18 149,47

75.38 63.44 37.45 26.56 21.57 17.87 12.36

3.93 3.49 1.31 1.97 2924.40

10.0 996.88 737,14 467.66 287.40 210,55 155.25 135.49

63.02 52.95 33.27 24.13 18.59 13.69 8.05

3.61 1.31 1.64 0.00 3392.78

10.0 878.13 635.51 419.15 254.64 198.35 145.18 128.39

66.25 53.93 30.05 23.74 17.93 14,10 6.74

2.79 1.09 1.31 0.00 3050.06

10.0 1163.75 611.84 354.47 260.66 228.04 173.49 158.03

79.82 62.08 40.97 32.07 19,61 19.18 13.76

5.41 2.18 2,95 1.97 3463.76

10.0 712.50 337.96 194.33 165.38 193.37 165.64 156.43
75.88 59.95 39.71 29,11 22.16 17,87 9.55
3.61 1.75 0.98 1.97 2404.07
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284 7 H20 C 40

100.66 84.68

4.26 4.72

235 1 H20 C 50

117.48 98.31

8.52 6.95

286 2 H20 C 50

118.5i^ 97.75

9.07 7.34

287 3 H20 C 50

118.14 97.94

12.68 6.03

288 4 H20 C 50

111.28 89.18

9.95 7.86

10.0 637.50 272.2^ 167.66 132.6V 159.38 142.75 143,48
71.64 53.17 36.31 28.79 22.52 15.16 3.61
3.44 1.53 1.97 0.00 2093.16

10.0 743.75 363.67 242.98 189,o4 197,44 166.24 156.02
86.48 67.60 43.05 36.26 27.04 20.82 13.48
5.08 3.06 2.95 0.66 2597.48

10.0 681.25 386.94 256.31 212.98 207,39 163.89 156.72
82.74 68.47 45.20 34.56 26.68 21.56 12.36
5.74 1.97 2.62 0.66 2601.23

10.0 631.25 334.29 237.37 205.64 209,91 169.27 155.04
83.40 69.02 44.19 34.16 26.97 23.69 14.70
4.92 4.80 2.30 4.61 2490.82

10.0 596.88 375.92 279.29 208,73 200,05 163.85 156.39
78.36 65.90 36.85 32.72 23.54 20.66 13.67
5.90 3.06 1.64 0.66 2482,34
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NOW DM PSOBB #2

riLE # e

TEST #
605

FBOBE 3

C8KL cot. COUNTS

590.63

101.63

46.52

7.73

7.89

11.62

19.51
21.55

24.64

25.78

26.28

17.17

19.46

17 .64

17.62

U.89
9.62

6.55

2.13

20 1.09

21 0.00

22 1.32

SUM 988.29

ARITHMETIC

MN DIAM 97.52

SD 115.10

CV SD/MN 1.18

DIAMETER WCTD

MN DIAM 233.36

SD 142.42

CV SD/MN 0.61

5URPACZ UCTD

MN DIAM 320.28

SD 105.81

CV • SD/KH 0.33

VOLUME WCTD

MM DIAM 355.23

SD 87.80

CV - SD/MN 0.25

MEAN VOLUME

DIAM - 193.89
MICRONS

CUMULATIVE VOL :

CHKL
1 0.2

2 0.5

3 0.8

4 0.9

5 1.1

6 1.7

7 3.3

8 5.8

' 9 9.8

i 10 15.7

' 11 23.4

12 29.9

13 39.3

14 49.9

i 15 62.8

16 73.4

83.6

1 18 91.9

1 19 95.1

2C 97,0

:i 97.0

;; ico.:

D1A.M 3 102 VOL •

<5

<3

USDA SPRAY PARTICLE COUNTER STATISTICAL PRINTOUT

Uy in op CO 8 diiicc for Ctic eondicion*

Prob«(») u«*d

CoubCi or frtquaney eorrtectd for vorioblt iMipliog orooi oecuolljr eounct/M^

<3

<3

<3

<3

SIZE RANGE SIZE CLASS Mil

18-42 UB0' 30 >ni^
42-67 55

67-92 80

92-117 104

117-142 129

142-166 154

166-191 178

191-215 203

215-242 229

242-265 253

265-289 277

289-314 301

314-338 326

338-363 351

363-388 375

388-413 400

413-438 425

438-463 450

463-488 475

488-513 SOD

513-538 525

538-563 550

Toc«l Parciclta in «li 22 tisc

D|o * 2Df. oloo known •• Arichaneie Mann OiaMCtr

SD " Standard daviacion CV Coafficiant of variacion

^21* 2D*f. aUo known at Surfaea-Dianaear Maan Oiaaacar
2Df

D32 "^w'f. alae known at ToLuaa-Surfaea ("Sautar") Maan Diaauicar

^ D43 ■SD*f, alto known aa "DaBrouckara" Haan Diaaaci

VelMa Maan Oiaaacar, VMD <

^ COMUUTIVE VOLUME PRINTOUT

DIA.N 3 501 VOL •
368 MICRONS

OIA.M » 902 VOL •
457 MICRONS

<J; 3v 5 " 50* interctpt of CunuUcive Volune Curve. Voluaa (or Maaa) Madian

^ 2v 9 " '0* incercepc of Cuaulacive Volune Curve.

Prepared by Banry J. Racier
AgriculCural iquipnenc Lab., PPHl
Saicfville, Maryland 1/16/79



APPENDIX B

LATERAL SPRAY DISTRIBUTIONS
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