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ABSTRACT

The abrasive action of some chemical herbicides can

cause wear in parts of the field sprayer. Such abrasion

occurs in greater degree with liquid suspensions and wet-

table powders, due to low solubility and certain inert

materials. The nozzle orifice tips increase in discharge

capacity is important because it may result in unnecessary

waste of spray material, possible crop damage and added cost

of nozzle tip replacement. The objective of this study was

to determine, the abrasive effect of trifluralin, diuron and

fluometuron in varying concentrations, on different nozzle

materials, size and total hours of use.

The nozzle tips wear test was conducted in a labora

tory spray unit. The nozzle discharge was recalibrated

volumetric ally after 3.5'-hour intervals. In this study,

spraying systems 8001, 8002, 8OO3 and 8OOJ4. and Century 12 NF

size nozzle tips were used. Tips made of brass, hardened

stainless steel and nylon were tested. The amount of increase

in nozzle discharge capacity ranged from -0,26 for nylon

nozzle tips to 19»i;l for brass nozzle tips. The abrasive

effect of the spray mixture was more severe on the smaller

size brass nozzle tips as compared to the larger brass nozzle

tips. The increase in the discharge capacity of the brass
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nozzle tips was directly related to the higher concentration

of the diuron mixturpf Brass nozzle tips increased discharge

capacity much more than hardened stainless steel with diuron

and fluoraeturon spray mixtures. The nylon nozzle tips showed

a slight decrease in discharge capacity. The abrasivity of

trifluralin, diuron and fluometuron was reduced with the

continuous recirculation of the spray mixture. The increase

in discharge capacity of brass nozzle tips was reduced when

continuous fresh mixtures were used.
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CHAPTER I

THE PROBLEM

I. INTRODUCTION

The development of the American agriculture is due in

part to the introduction of the agricultural machinery.

These machines have contributed to the increase in production

efficiency, reducing the man-hour requirement for the major

crops with resulting higher yields, better quality and lower

costs per crop unit (16).^

One restricting factor in production of food, feed

and fiber is weeds. Weeds present a major problem because

they may reduce quality and yield of the crop, and harvesting

costs may be increased. In some cases, the mechanical

harvesting of crops may be limited by the presence of weeds.

With the discovery of new and better selective herbi

cides, the old hand weeding method, the hoe hands, and some

of the mechanical tillage and cultivation methods are being

replaced by chemical weed control. In 1962, 28 percent of

q
The numbers appearing in parentheses refer to

similarly numbered references in the Bibliography.
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the harvested acreage of agronomic crops in the United States

had some form of chemical weed control (1)»

One piece of agricultural machinery whose use has

been expanded is the field sprayer. With chemicals being

developed to control weeds, the use of sprayers has increased

rapidly and played an important role in the advancement of

agricultural production.

The abrasive action of the spray chemical can cause

wear in the sprayer pump, the pressure regulator valve and

the nozzle orifice tips as well as any other part that is

subject to the action of the chemical. Such abrasive action

occurs in greater proportion with wettable powders generally

due to their low solubility and inert material present.

The wear of the nozzle orifice tips is significant

because it may change its capacity and will result with

unnecessary waste of spray material, possible crop damage,

and increased cost of nozzle tip replacement.

Turner (1^) said,

Quality of field or orchard spraying can be
no better than the nozzle equipment will permit.

II. STATEMENT OP THE PROBLEM

When selecting a sprayer for the farm, consideration

must be given to the type and size of the pump which must be

able to deliver the out-put required at the recommended
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pressure and have some excess of capacity for hydraulic

agitation and to compensate for internal wear of the pump.

Consideration must be given to the nozzle system

because it is expected to apply the same rate at a constant

speed and pressure to permit even coverage. The capacity

of the nozzle is determined principally by the size of the

orifice tip and internal passage and also by the system

pressure. Most herbicides are applied at a pressure of not

more than lj.0 psi. Any variation of the nozzle orifice tip

will result in change of its capacity.

For the best results using herbicides the spray mix

ture must be applied at the desired rate. A rate higher

than recommended, not only wastes expensive material and

increases production costs, but also may damage the crop and

may increase the herbicide concentration in the soil. A

lower application rate which will not damage the crop, may

not be effective, and may lead to increased weed growth.

The herbicide must be applied at the optimum rate and time

to be successful in controlling the weeds.

Wettable powder herbicides consists of finely divided

solid particles of an active low solubility chemical which

may be mixed with an inert material and is usually dispersed

in water (11).

The use of wettable powder involves two problems, (1)

the agitation of the spray mixture to prevent settling of the
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solid particles, and (2) the friction of the solid particles

of the spray mijcture that cause erosion of the nozzle orifice

tips.

The wear of the nozzle orifice or its change of size

is related also to the material from which it was madej some

materials are more resistant to wear than others. Also

different spray materials may show different wear character

istics.

Thus, it will aid farmers and others working with

herbicide application to have a better knowledge of the wear

ing action of suspension and wettable powder mixtures on

their spraying equipment.

III. OBJECTIVES OP THE STUDY

The objectives of this study were to determine the

abrasive effect of an emulsion, a liquid suspension and a

wettable powder spray mixture on the nozzle discharge capa

city as related to (1) varying concentration of the chemicals,

(2) the material from which the tips were made, whether

brass, hardened stainless steel or nylon, (3) the size of

the orifice tips, and (I|.) the total number of hours used.



CHAPTER II

REVIEW OP LITERATURE

An important consideration in chemical weed control

is the abrasive action of some herbicide formulations partic

ularly suspensions and wettable powders. This abrasion can

cause the nozzle orifice to wear rapidly and as a result

increase the discharge rate. A review of related literature

follows,

Nixon (13) conducted one of the earlier experiment

to determine the abrasive effect of a spray mixture of lime

and Bordeaux mix on ten disk tips. The experiment showed

that the orifices were enlarged unsymmetrically, having more

wear at the exit than at the entrance of the opening.

French (53 stated on his experiment with a Bordeaux

spray mixture that the brass disk tips was the only part

that showed rapid wear. A large part of the wear occurred

during the first few hours, probably due to rough edges

left by the dill being rapidly worn away. He also reported

that a stellite disk offered considerable greater resistance

to wear than any other materials.

Turner (15) reported an experiment on the relation

of nozzle tip wear with respect to different concentrations,

5
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and different metals. He reported a considerable increase

in percent of wear with a 100 percent increase in concentra

tion of the Bordeaux mixture and that some metals showed more

wear resistance than others,

Kelly and Palkenstein (10) studied the abrasion action

on a copper disk with a 1/32 inch hole, with a spray mixture

using 125 gallons of water plus five pounds of the diluent

with the following increase in percent of flow; 9,6 percent

for gypsom and 6.5 percent for talc,

Marshall (12) conducted an experiment to find out

relation of nozzle tip wear with respect to different metals,

plastics and ceramics. The test concentrate was a finely

divided insecticidal-grade pyrophyllite at a rate of one

pound in one imperial gallon of water. Abrasion calculation

was related to the percentage increase of area of the nozzle

tip orifice on both faces. He reported that resistance to

abrasion of steel or alloy nozzle disks, to some degree,

corresponds with their hardness. High-grade rubber resists

abrasive wear and polycithylene plastic showed the highest

resistance to abrasion. The plastic expanded slightly at

100 degrees Fahrenheit as is generated by the pressure and

pumping process.

Hendrickson (9) presented the results of an experiment

on nozzle tips wear using a spray mixture of a low volatile
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ester of 2,l4.-Dichlorophenoxyacetlc Acid at the rate

of one ounce per one gallon water, The results showed that

the wear rate was the greatest during the first 100 hours of

use. He also stated that where rate of application is critical,

it may be advisable to calibrate all the nozzles and to

select those with approximately the same discharge.

Wylie and Boyce (l8) reported an experiment using

wettable powder herbicide at rates within the limits for

crop application and spray nozzles of brass, hardened stain

less steel and nylon. Using 2-chloro-ij.,6-bis-( ethylamino)-s-

triazine (simazine) at rate of two pounds of active ingredient

plus 20 gallons of water, the experiment showed the highest

percent of increase in discharge capacity for brass nozzle

tips. The percent increase in discharge capacity was lower

when a large size nozzle tip was used. The hardened stain

less showed a l,l8 percent average increase in discharge

while there was a 6.58 percent increase for the same size of

brass nozzle tip in a 10.5 hour of test. Using 2-chloro-I|.-

ethylamino-6-isopropylamlno~s-triazine (atrazine) at the same

concentration, the discharge increase of a hardened stainless

steel nozzle tip was 0,65 percent when the brass nozzle tip

of the same size was 3«7i| percent of increase discharge. The

wear test of nylon nozzle tips using atrazine at same rate

for 10.5 hours showed an increase in discharge capacity of

0,03 percent, another set of nylon nozzles showed a decrease
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of 3,6 percent. A test also was conducted on actual field

conditions, spraying l|.5 acres, the brass nozzle tips showed

an average percent increase in discharge capacity of 11.8

percent.

Wooten, Parker and Holstun (17) studied the abrasive-

ness of 3-(3,Ij.-Dichlorophenyl)-1,1-DiiTjethylurea (diuron)

formulated as wettable powder and as a liquid suspension.

They reported that the wettable powder was slightly more

abrasive to brass than the liquid suspension. In a 30 hour

test using O.ii gpm brass tips, the wettable powder formula

tion increased nozzle capacity 9.5 percent and the liquid

suspension increased nozzle capacity 8.5 percent. The

highest change in discharge capacity occurred in the first

hour of wear. Water alone caused a 1| percent flow increase

in 30 hours.

Dumas (ij.) presented an experiment with diuron wettable

powder and diuron formulated as liquid suspension at the rate

of one pound of diuron plus 25 gallons of water. In this

experiment the spray mixture was drained after three hours

of recirculation and a new mixture added to prevent the

particles from wearing smooth because of continuous recircu

lation, Using brass nozzle tips rated at O.336 gpm, the

diuron wettable powder (DW) was more abrasive than diuron

liquid suspension (DL),
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Doll, Knake and Bullet (3) stated that 2-chloro-N,

N-diallylacetamina (CDAA) a liquid herbicide also enlarges

the nozzle orifice and that the out-put increased at a

greater rate when the nozzle tips were first used. After

some hours of use the change in wear was smaller.

Patel (ll|) conducted an experiment with several con

centrations of atrazine and ]4.-(methylsulfonyl)-2, 6-dinitro-

N, N-dipropylaniline (nitralin) formulated as wettable

powder herbicides with different sizes and types of nozzle

tips. He found an increase in nozzle discharge capacity

from 0.00 percent to 21 percent. The increase in the

discharge capacity of the nozzle tips resulting from wear

was directly related with the concentration. The brass

nozzle tips increase in discharge capacity was greater and

more rapid than that of hardened stainless steel nozzle tips.

The nylon nozzle tips showed a decrease in the discharge

capacity; this decrease was larger in the smaller sizes.

Also he stated that with equal concentration, nitralin formu

lation was more abrasive than atrazine.



CHAPTER III

EXPERIMENTAL PROCEDURE

I. TEST EQUIPMENT

Wear Test Equipment

The equipment used for the wear tests was a laboratory

spray unit. The tank was made of a 55 gallon drum, cut in

half on the long axis and set in an angle iron frame. The

inlet of the pump, located in the bottom of the tank was pro

tected by a 50 mesh stainless steel suction strainer using

a three-quarter-inch hose and three-quarter-inch pipe.

The pump used in the experiment was a Delavan, Model

7-2110 with Ni-Resist alloy body, end plate and rotor with

seven nylon rollers. The power required to operate the pump

was supplied by a three-quarter-horsepower electric motor,

A V-belt drive was used between the electric motor and the

pump to reduce the motor speed to 550 revolutions-per-minute

at the pump.

The discharge side of the pump was connected to a line

strainer which contained a 50-mesh screen. To avoid pressure

fluctuations, a small surge tank was located in the line,

after the strainer.

10
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A line with a valve was connected to the pressure side

of the system between the strainer and the surge tank to

operate the hydraulic agitator. This Jiydraulic agitator

system consists of two jet agitators, with three No. 2

orifice nozzles, fixed on the bottom of the tank for hy

draulic agitation.

A diaphragm pressure regulator valve was installed

between the surge tank and the boom. This valve was used to

adjust and maintain the operating pressure on the boom. This

valve also has a by-pass line to return the excess liquid to

the tank, A pressure gauge was located between the diaphragm

pressure regulator and the boom. The 3»5 foot long boom

with six evenly spaced nozzles was installed over the tank

so the sprayed liquid could be collected and recirculated.

Equipment for Galibration

The nozzle calibration equipment was used to determine

the flow rate of the nozzles before apd after the wear tests.

A fixture to test one nozzle each time was connected to the

city water system, using a quick-cut-off valve, a pressure

regulating valve and a pressure gage to calibrate the nozzle

at the required pressure, A 2000 ml graduated cylinder was

used to collect the discharge over a period of time.
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II, TEST MATERIALS

Nozzles

One of the most important parts of the sprayer is the

nozzle because it influences the even and accurate rate of

application of the spray mixture. Any wear of the nozzle

orifice may cause a change in the application rate. Each

nozzle must be checked for accurate rate.

Nozzles are classified by the delivery pattern. These

different patterns are: (1) flat or fan, (2) solid cone,

(3) hollow cone. Each type of nozzle is also classified by

capacity and the flat or fan type is classified according

to the spray angle. The material from which nozzles are

made is another basis for classification. These classifi

cations apply specifically to the nozzle orifice tip which

determines the type, angle and volume of the spray out-put.

The tips are easily removed and replaced. The flat fan type

is specified for many types of herbicides because it produces

a narrow elliptical spray pattern, which gives uniform cover

age. Most flat-type nozzle tips are marked with four digits.

The first two refer to the angle of spray pattern, the third

digit stands as a decimal point for the fourth digit which

refers to the nozzle discharge capacity in gallons per minute

at a pressure of IjO pounds per square inch, In this study,

the 8001, 0002, 0003, and 0OOi| sizes nozzle tips were used.
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Tipe made of three different materials were tested. These

materials were brass, hardened stainless steel and nylon.

The brass and hardened stainless steel tips were

manufactured by Spraying Systems Co., Bellwood, 111., and

the nylon nozzles were manufactured by the Century Engineer

ing Corporation, Cedar Rapids, Iowa. A system based on

small cuts or notches was used for individual identification

of each nozzle tip.

Trifluralin

Trifluralin, a product of Elanco Products Company, is

an emulsificable concentrate containing percent N, N-

di-n-propyl-2, 6-dinitro-i;-trifluromethyl amiline as active

ingredient. Solubility in water is 2I4. ppm at 27 degrees

centigrade. It is recommended as a pre-plant incorporated

herbicide for control of annual grasses, Johnsongrass (Sorghum

halepense (L.) Pers) from seed and some broad-leaved weeds in

soybean (G-lycine Max (L.) Merr.) and cotton (Gossypium species)

at rate of 0.5 to one pound active ingredient per acre on a

broadcast basis treated, depending on type of soil. In this

study was used a heavy concentration of 0,5 pound trifluralin

plus water to make five gallons of spray mixture in accordance

with the capacity of the spray tank.

Diuron PL

Diuron PL, a product of E. I. Pu Pont de Nemours & Co.
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The fluometuron in this study was used at a concentration of

one pound active ingredient in five gallons of water.

III. TEST PROCEDURES

Nozzle Calibration

To calibrate the nozzle orifice tips, the following

method was adapteds

The nozzle orifice tip was placed in the nozzle body

of the nozzle calibration equipment. The water was turned

on and the pressure was adjusted to i|0 psi by means of the

pressure regulator valve. After air was bled from the system,

the nozzle tip discharge was collected in the 2000 ml grad

uated cylinder for one minute and the graduate cylinder was

removed. This calibration procedure was repeated three times.

To convert ml per minute to gallons per minute, the conver

sion factor of 0.00026[(,2 was used.

Nozzle Wear Test

The following method was used to determine the pos

sible wear on the nozzle orifice tips;

The groups of three nozzle orifice tips were marked

for identification purpose and checked for discharge capacity

on the nozzle calibration equipment before the wear test.

The chemical herbicide was mixed with water, follow

ing manufacturing recommendation and then the required amount
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of water was added in the tank. The pump was run for approxi-

mately 15 minutes to mix the suspension with the help of

the hydraulic agitator. The nozzle orifice tips and the

50-mesh nozzle strainers, were then installed in the nozzle

bodies on the boom of the equipment. Each nozzle orifice

tip was marked with an identification notch corresponding

to its position on the boom. Two different groups of three

nozzle tips each, were tested each time. The pressure opera

ting of I|.0 psi was adjusted using the pressure regulator

valve at the beginning of the test period of 3-5 hours, and

maintained at the same value throughout the test. After

three and one-half hours, the wear test was stopped and all

the nozzle orifice tips and strainer were removed and cleaned

with plain water. Then the nozzle orifice tips were rechecked

on the nozzle calibration equipment to determine any possible

change indischarge capacity caused by wear and the results

were recorded. To prevent the spray material from settling

out in the tank, the pump was run during the time the nozzles

were being rechecked. The three and one-half hours base tests

were repeated with the same mixture and nozzle tips, until

two successive tests showed no variation in the discharge

capacity.



CHAPTER IV

DISCUSSION OF RESULTS

Trifluralin, diuron, and fluometuron were used as the

spray material for the wear tests to determine changes in

nozzle tips discharge capacity. In thia study, four brass

nozzle tips of different sizes, one hardened stainless steel

nozzle tips of one size and a nylon nozzle tip were tested

with different concentrations of the herbicides. The dis

charge of nozzle tips were determined before and after a

three and one-half hour test interval. The spray material

was replaced after each wear test, and new and previously

used nozzle tips were tested.

One test was conducted using trifluralin as the spray

material with two different sizes of nozzle tips. Six wear

tests were completed using diuron, formulated as a liquid

suspension, using two different concentrations and several

types and sizes of nozzle tips. Fluometuron, formulated as

a wettable powder, was used on five wear tests with the same

concentration and several types of nozzle tips. The concen

tration of the herbicides used was, in general, within the

limits recommended for application to crops. The rates of

chemical herbicides refer to pounds of active ingredient.

17
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Figure 1. Average percentage change in discharge
rate of 8002 brass and B003 brass nozzle tips. The spray
material of 0.5 pound of trifluralin and water to make
five gallons of mixture was run at [|.0 psi.
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III of the Appendix.

The average increase in disctiarg© capacity of 8002

and 8003 brass nozzle tips was 6.14.7 and 6.O7 percent,

respectively. After 17.5 hours of operation there was no

additional change in discharge.

Wear test III was conducted with diuron at the rate

of 1.05 pounds of active ingredient and enough water to

make five gallons of mixture. Three 8OOI and three 8002

brass nozzle tips were tested. The three 8002 brass nozzle

tips were used previously in test II. An attempt was made

to determine the effect of fresh chemical mixture on previous

used nozzles. This wear test was run for a total of 21 hours,

The results of this wear test are shown in Figure 3. Com

plete wear test data are located in Table IV of the Appendix.

The average increase in the discharge capacity of

8001 and 8002 brass nozzle tips was 19.ij.l percent and II.I4.6

percent, respectively. After 17.5 hours of operation there

was no additional change in discharge. The concentration of

the spray mixture in the test caused an increase in the per

cent capacity of the used 8002 brass nozzle tips.

In wear test IV, the experiment was conducted with

diuron at the rate of 0.l4[i. pounds of active ingredient and

enough water to make seven gallons of spray mixture. This

wear test was run for 17.5 hours of operation. Three 8OOI

brass nozzle tips and three 8OO3 brass nozzle tips were
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Figure 3« Average percentage change in discharge rate
of 8001 new brass and 8002 used brass nozzle tips. The spray
material of 1.05 pounds of diuron and water to make five
gallons of mixture was run at i|.0 psi.
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tested. The results of this wear test are shown in Figure

i|. Complete wear test data are shown ip, Table V of the

Appendix.

The average increase in discharge capacity of 8001

and 8003 brass nozzle tips were 11.30 percent and 5»68 per

cent, respectively. There was no additional change in

discharge capacity after llj. hours of operation.

In wear test X the experiment was conducted with

diuron at the rate of 0,i|I(. pounds of active ingredient and

enough water to make seven gallons of solution, A severe

leak occurred in the pump during the time that this test

was run, and at the end of the test the pump was replaced.

Three 8002 hardened stainless steel and three 800i| brass

nozzle tips were tested. This wear test was run for a total

of 17.5 hours. The results of this wear test are shown in

Figure Complete wear test data are shown in Table VI of

the Appendix.

The average increase in the discharge rate of the 8002

hardened stainless steel and 800l| brass nozzle tips was 1.01

percent and 8,30 percent, respectively.

In this test, the 8002 hardened stainless steel nozzle

tips showed no increase in discharge capacity after seven hours

of use and the 8OOI4 brass nozzle tips showed continued in

crease in discharge capacity thru 17,5 hours of use.
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"Figure i).. Average percentage change in discharge
rate of 8OOI brass and 8OO3 brass nozzle tips. The spray
material of pound of diuron and water to make seven
gallons of mixture was run at I|.0 psi,
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Figure 6. Average percentage change in discharge
rate of 8OO3 brass second use and oOOij. brass second use
nozzle tips. The spray material of I.05 pounds of diuron
and water to make five gallons of mixture was run at I4.0
psi.
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"Figure ?• Average percentage change in discharge
rate of 8002 brass and 8OO3 brass nozzle tips. The spray
material of 1.0$ pounds of diuron and water to make five
gallons of mixture was run at i;0 psi.
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Results of Fluotneturon Tests

Wear test V, was conducted with fluotneturon, formu

lated as a wettable powder with a concentration of one

pound of active ingredient and enough water to make five

gallons of mixture. Three new 0002 brass and three pre

viously used 0002 brass nozzle tips were tested. The

experiment was made to determine the abrasion action of the

spray mixture in percent increase of capacity on new and

previously used brass nozzle tips of same size. The results

of this wear test are shown in Figure 0. Complete wear test

data are shown in Table IX of the Appendix.

After 10.5 hours of operation, the average increase

in, the discharge rate of the new 0002 and used 0002 brass

nozzle tips was 0.01 percent, and I|..67 percent, respectively.

There was no additional change in discharge after 10.5 hours

of operation.

Wear test VI, was run for a period of ll| hours with

a concentration of one pound active ingredient of fluometuron

and enough water to make five gallons of mixture. Three 0002

brass nozzle tips previously used in test V, and three 0002

brass nozzle tips previously used on second time in test V,

were tested. The results of this wear test are shown in

Figure 9. Complete wear test data are shown in Table X of

the Appendix.

The average increase in the discharge capacity of the

0002 brass nozzle tips used on second time and the 0002 brass
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nozzle tips used on third time was J^.OS percent, and 2.06

percent, respectively. It showed that wear characteristics

of this nozzle decreased when used on second and third time

with fresh mixtures. After 10.5 hours of operation there

was no additional change in discharge.

Wear test VII, was run for a period of li|. hours with

a concentration of one pound active ingredient of fluometuron

and enough water to make give gallons of mixture. Three 8001

brass and three 800i| brass nozzle tips were tested. An

attempt was made to compare the action of the spray mixture

on the discharge capacity in the smaller and the larger

brass nozzle tips tested. The experiment showed that the

percent increase in discharge capacity was more severe in

the smaller size brass nozzle tips when compared with the

larger ones. The results of this wear test are shown in

Figure 10. Complete wear test data are shown in Table IX

of the Appendix.

The average increase in the discharge capacity of

the 8001 brass and 800[|. brass nozzle tips was 12.31 percent,

and percent, respectively. After 10,5 hours of opera

tion there was no additional change in discharge capacity.

Wear test VIII, was conducted for a period of li| hours

with a concentration of one pound active ingredient of

fluometuron and enough water to make five gallons of mixture.
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Figure 10. Average percentage change in discharge
rate of 8001 brass and 800i| brass nozzle tips. The spray
material of one pound of fluometuron and water to make
five gallons of mixture was run at 1^0 psi,
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Three 8001 brass nozzle tips previously used in test VII,

and three 8OOI4. brass nozzle tips also previously used in

test VII, were tested. The experiment was made to compare

the change in the discharge capacity in the larger and the

smaller nozzle tips tested in second use. The results of

this wear test are shown in Figure 11. Complete wear test

data are shown in Table XII of the Appendix.

After 10,5 hours of use, the average increase in dis

charge capacity of the 8OOI and 800ij. brass nozzle tips was

6.29 percent, and 2,18 percent, respectively.

Wear test IX, was conducted for a period of li; hours

with a concentration of one pound active ingredient of

fluometuron and enough water to make five gallons of mixture.

Three 8002 hardened stainless steel, and three 12NF nylon

nozzle tips were tested. The results of this wear test are

shown in Figure 12. Complete wear test data are shown in

Table XIII of the Appendix.

After 10.5 hours of operation, the average increase

in discharge capacity of the 8002 hardened stainless steel

and 12 NF nylon nozzle tips was 1.51 percent increase, and

-0.26 percent decrease, respectively.

Inter-relationship of Wear Characteristies

A higher increase in percent change in discharge

capacity of brass nozzle tips was caused with the higher
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concentration of the diuron mixture. The smaller capacity

brass nozzle tips were more affected in high initial and

total wear than the larger size of brass nozzle tips with a

diuron mixture. The low concentration of diuron mixture

caused less wear in percent change in discharge capacity on

the larger size brass nozzle tips compared with the smaller

brass nozzle tips. These relationships are shown in Figure

13. In wear test III, the average increase in the discharge

rate of 8OOI brass nozzle tips^ at 3»5^b.our periods, was

6.11| percent, 11.30 percent, 1L|..25 percent, 16,95 percent,

and 19.1|.l percent with 1,05 pounds of diuron and five

gallons of water. In wear test IV, the average increase in

the discharge rate of 8OOI brass nozzle tips, was 5.65 per

cent, 8.11 percent, 10.07 percent, and 11.30 percent, with

0.i|[|. pounds of diuron with seven gallons of water. In wear

test XII, the average increase in the discharge rate of 8002

brass nozzle tips at 3.5-hour periods, was 5.85 percent, 8.3i|

percent, 11,21 percent, and 12.i|,5 percent with 1,05 pounds

of diuron and five gallons of water. Using the lower con

centration of diuron in wear test II, the average increase

in discharge rate of 8002 brass nozzle tips, was 2.36 per

cent, i|.35 percent, 5«i|7 percent, 5.80 percent and 6,i|.7

percent. In wear test XII, the average increase in discharge

rate of 8OO3 brass nozzle tips, at 3.5~bour interval, was

3.13 percent, 7.O3 percent, 8,i].7 percent, and 9.91 percent
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Rate O.Ij.1). pound
diuron

Percent

12in

crease

10

in

dis

charge

rate

2 -

8001B(III)

8002B(XII)

8_oqiB(ivi

8003B(XII)

8oq2B(o_)

8003BriV)

0 k 8 10 12

Time (hours)

li^ 16 18 20

"Figure I3. Average percentage change in discharge
rate of nozzles at J4.O psi. The 8OOIB in wear test III,
8002B in wear test XII and 8OO3B in wear test XII were tested
with 1.05 pounds of diuron in five gallons of water. The
8OOIB in wear test IV, 8002B in wear test II and 8OO3B in
wear test IV were tested with O.Iiii. pound of diuron in seven
gallons of water.
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with 1.05 pounds of diuron and five gallons of water. In

wear test IV, the average increase in discharge rate of 8OO3

brass nozzle tips, at 3,5-hour period, was 3»6I|. percent,

percent, 5o33 percent, and 5»68 percent, using a con

centration of pounds of diuron in seven gallons of

water.

The abrasive effect of fluometuron and diuron mix

tures varied with respect to the type of nozzle material.

As expected, the brass nozzle tips were much more susceptible

to wear than hardened stainless steel. The brass nozzle

tips received higher initial and total wear compared with

hardened stainless steel of the same size, Nylon nozzle

tips, about the same size of the brass and hardened stain

less steel, in this study, showed a decrease on its original

capacity. These relationships are shown in the Figure li^ and

15. Using the same concentration of one pound of fluometuron

and five gallons of water in wear tests V and IX, the higher

initial wear rates, in the discharge capacity of 8002 brass,

8002 hardened stainless steel, and 12NF nylon was I4..OO per

cent, 0,70 percent, and -O.I3 percent, respectively. The

total wear in discharge capacity in the same tests V and IX

of 8002 brass, 8002 hardened stainless steel, and 12NP nylon

was 8.01 percent, I.51 percent, and -0,26 percent, respec

tively. In wear tests II and X, using O.I|.Jl pounds of diuron
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Figure ll|. Average percentage change in discharge
rate of 8002 brass, 8002 hardened stainless steel and 12NF
nylon nozzle tips. The spray material of one pound of
fluometuron and water to make five gallons of mixture was
run at i|0 psi.



 

kl

0

8002B

Percent

in

crease

in

dis

charge

rate

HSS8002

8 10 12

Time (hours)

1[|. 16 18 20

Figure 1$. Average percentage change in discharge
rate of 8002 brass and 8002 hardened stainless steel nozzle
tips. The spray material of O.liJl pound of diuron and
water to make seven gallons of mixture was run at I4.0 psi.
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and seven gallons of water, the higher initial wear rate in

the discharge capacity of 8002 brass nozzle tips, and 8002

hardened stainless steel was 2„36 percent and 0,63 percent,

respectively. In the same tests II and X, the total wear

in the discharge capacity of 8002 brass nozzle tips and

8002 hardened stainless steel was b.Ji? percent, and 1,01

percent, respectively.

The abrasivity of trifluoralin, diuron and fluometuron

mixtures was reduced with the continuous use of the spray

mixture. Research (5, II+, I8) had shown decrease of abrasive

effect due to continuous recirculation. The results of this

study of the abrasive effect with respect to time is shown

in Table I.

The total abrasive effect of the chetnical mixture

after a l[(.-hour test proved to be more severe on brass nozzle

tips during its first use than in the second or third use,

when a fresh mixture was added in the second and third tests.

However, the difference in abrasive action of the

fresh mixture when compared to a mixture previously tested

for 10,5 hours is shown by comparing the last three hours of

test VII with the first 3.5 hours of test VIII. The former

showed almost no wear whereas the latter increased out-put

6 percent. This difference is due to the abrasivity of the

chemical as affected by the time of use. Therefore, the

friction affects not only the nozzle tips but the particles
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in the suspension being used. These relationships are shown

in Figure 16,

In wear test VII, the average increase in the dis

charge capacity of the 8001 new brass nozzle tips, at 3,5-

hour periods, was 7»35 percent, 12,06 percent and 12.31

percent, respectively. In wear test VIII, the average

increase in the discharge capacity of the 8001 brass nozzle

tips, previously used, at 3-»5-bour intervals, was 6,29 per

cent, In wear test V, the average increase in the discharge

capacity of new 8002 brass nozzle tips, at 3«5~bour inter

vals, was [|.,00 percent, 6,13 percent, and 8,01 percent,

respectively. In the same wear test V, the average increase

in discharge capacity of a previously used, on second time

8002 brass nozzle tips, at 3<'5~hour periods, was 2,87 percent,

3,47 percent, and i|,67 percent. In wear test VI, the average

increase in the discharge capacity of a previously used, on

third time 8002 brass nozzle tips, at 3t5"hour intervals, was

1.L|.9 percent, I.83 percent, and 2,06 percent, respectively.

In wear test VII, the average increase in the discharge

capacity of the new 800lj. brass nozzle tips, at

periods, was i|.09 percent, [|..60 percent and 5*41+ percent.

In wear test VIII, the average increase in the discharge

capacity of the 8OOI4. brass nozzle tips, previously used one

time, at 3«5~bour intervals, was l,ij.6 percent, 1,94 percent

and 2,18 percent.
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Figure 16. Average percentage change in discharge
rate of nozzles at i|0 psi, were tested with one pound
fluometuron in five gallons of water. The 8001 brass wear
test VII, 8002 brass wear test V, and 8OOI4. brass wear test
VII were tested in first use. The 8OOI brass wear test VIII,
8002 brass wear test V and 800i| brass wear test VIII were
tested in second use, and the 8002 brass wear test VI was
tested in third use.
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No attempt was made to evaluate differences between

the results of the tests made with trifluralin, diuron and

fluometuron mixtures. No common basis for comparing test

results was found.



CHAPTER V

CONCLUSIONS

This study was conducted to determine the change in

nozzle tips discharge capacity, using different concentra

tion of trifluralin, diuron and fluometuron as spray

materials. Different types and sizes of new nozzle tips

were used. Also some previously used nozzle tips were

tested. The amount of increase in nozzle discharge capacity

ranged from -0.26 for nylon nozzle tips to a maximum of

19.i;l percent for brass nozzle tips.

The increase in the discharge capacity of the brass

nozzle tips was associated with the higher concentration of

the diuron mixture.

The brass nozzle tips were much more susceptible to

wear and increased their discharge capacity more rapidly

than the hardened stainless steel nozzle tips.

The nylon nozzle tips showed a slight decrease in

its original capacity.

The smaller size brass nozzle tips were more affected

in their initial and total increase in discharge capacity

than the larger size brass nozzle tips,

The abrasiveness of emulsion, liquid suspension and

kl
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wettable powder, was reduced with the continuoua recircula-

tion of the spray mixture.

In general, the increase of discharge capacity

characteristic of brass nozzle tips decreased at small

rate with continuous fregh mixture.

I. SUGGESTIONS PGR FURTHER STUDIES

IN THIS AREA

1. A study should be made to determine whether

or not foreign material in the water supply

influences the increase of nozzle tips dis

charge capacity.

2. A study should be made to determine whether

or not the nozzle strainer affect its dis

charge capacity during operation,

3. A study should be made to determine whether

or not the nozzle tips position on the

discharge boom affect its discharge

capacity.
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VITA

Alberto C, Pebre was born in Tunas, Oriente, Cuba,

on August 9, 1915° He was educated in the elementary schools

of that city and was graduated from Holguin High School,

Cuba, in 1939.. In 19I|.0, he entered the Havana University,

receiving a degree of Agronomic Engineer, in October, 19V| -

He worked in the Bureau of Agricultural Machinery, Ministry

of Agriculture, Cuba, for sixteen years. In 1959^ he moved

to the United States and was enrolled as Instructor in the

University of Puerto Rico, where he is member of the Depart

ment of Agricultural Engineering. In August, 196?, he

entered the Graduate School of The University of Tennessee,

on sabbatical leave from the University of Puerto Rico. He

is married to the former Astrid Vallmajo from Sagua la Grande,

Cuba, and he has a daughter and a son.
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