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Summary

A series of experiments has been carried out with a view to assessing the
effects of various physical factors on the retention of spray droplets on pea
leaf surfacese The factors under consideration were:=

(1) The surface tension and the viscosity of spray liquide
(2) The size and velocity of the spray dropletse

(3) The angle of Incidence of the droplets as they 1mpinge on the
leaf surfacee

Results show that the retention of spray droplets on pea leaves Increases
with decreasing surface tension and decreasing droplet dlameter, Is relatively
unaffected by viscous changes In the range of practical Interest, and decreases
as the angle of Incldence Increases,

With the technique used for accelerating the droplets an Increase In
retention was sbserved at the higher droplet velocitiese

Introduction

The abllity of certaln leaves to reject 1liquids falling on them Is well
known, a rerticularly femniliar example being the catbage leaf in a rainstorm,
Previous Investigators In the fleld of leaf retention have largely studled the
phenomenon from the purely practical point of view, l.ee the determination of
the percentage retention of spray flulds under practical conditionse The low
retention of certaln leaves to certain sprays has, In the past, been consldered
as due to coagulation of droplets on the leaf surfaces with subsequent rolling
off under gravitye

Whilst this phenomenon Is undoubtedly Important and with certain leaves
the predominant factor causing low retention, with other leaves, In particular
leaves normally accepted as notoriously unwettable esge peas and cereals, low
retention 1s due almost excluslvely to the complete reflection of the spray
droplets from the surface of the leafs In low volume spraying, 1t Is
probable that this latter effect 1Is the only one causing low retentione

This paper iIs largely devoted to the study of the physical factors In so
far as they affect this reflection phenomenon of spray droplets on pea leaf
surfacese
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Extent of the investigation

The following physlcal factors have been Investigated In so far as they
affect the retention of spray liguid on pea leaves:=

(1) The surface tension of the spray liquid.

(2) The size of the Inclident dropletse

(3) The viscosity of the spray liquide

(4) The veloeity of the Incident dropletse

(5) The mean angle of Incldence of the spray on the leaf surfacee.

Reflection phenomenon

Various leaf and Inanimate surfaces have been tested for ®reflection"
properties with spray dropletse Smooth surfaces which are wetted with
difficulty cege Silicone treated glass and wax slides, never produce reflection
of water dropletse Conversely many surfaces do have thls property €ege
carbon black and magnesium oxlde deposited on glass slides and such leaves as
pea and irise All the reflection surfaces have a very high contact angle with
water dropletse In the case of carbon black and magnesium oxide the reflec—
ticn of droplets 1s caused by the micro=rough nature of the indlvidual
surfaces and 1t would appear likely that peas and Iris leaves exhlbit the
same effect by reason of a similar micro-roughness caused by the surface
exudate of granular waXe

In an attempt to eliminate, as far as possible, errors due to variations
in the micro structure of the leaves, the pea leaves used In the experiments
were taken from pea plants grown under greenhouse conditions which were at the
three leal stagee The second leaf was chosen for the experimentse.

Ideally, In investigations of this type, one would prefer to keep all
other factors constant whilst variations In any one factor were being
considerede This has not always been possible, and In this respect 1t should
be pointed out that 1t 1s difficult to Isolate the effects of droplet size
and droplet velocity. In assessing the effects of droplet size In so far as
it affects retention, the droplets under Investigation were allowed to
impinge on the leaf surface at their natural terminal velocitye From the
purely academic standpoint this is unfortunate, but the results quoted will
have more practical significancee

Angle of Incidence

In assessing the effect on retention due to varlations In the angle of
incidence of the spray, the leaves were allowed to lle naturally on a flat
platform and the angles of Incidence were referred to this platform. In all
cases flatly disposed leaves were chosen for the experiments but some
inaccuracies In the final results are bound to occur due to micro=undulations
in the leaf surfacee Alternatively, strips of leaf could have been rigidly
secured to the platform but this would have resulted In some damage to the
leaf surface and led to a set of artificlal conditionse
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Velocity of droplets

There are many experimental difficulties Involved In accelerating droplets
without Introducing undue turbulence In the attendant alr streame In the
investigations Into the effects of droplet velocity on retention It was therefore
declded to use an alr blasting technique to accelerate the dropletse It should
be noted that retention results will probably be markedly different In the two
casesSe Nevertheless the technique employed more closely approximates to
standard spraylng practicee.

Experimental techniques
Droplet production

Constant size droplets for the retention experiments were produced using a
vibrating blade and a spinning disce

Spray droplets from the vibrating blade equipment were produced with each
passage of a sharp vibrating blade through a pendant drop of the liquid under
test. The equipment glves rise to a well controlled stream of droplets which
are characterised by thelr pronounced uniformity of size and velocity.
Droplets of diameters from 4O to 400w can be produced by this methode

Leaf specimens were carried through the stream on a small meccano trolleye

Droplets were produced from the spinning disc by feeding the dyed liquid
under test at the central axls of the disce Droplets of uniform slize and
velocity are thrown from the periphery of the disc and fall 1n a clrcular
annulus. All other conditions being fixed, the dlameter of the droplets
produced 1s Inversely proportional to the disc speede Kiton Rcd (British
Colour Index Noe 31) was used to colour the solutions under test and
Whatman Noe 50 papcr was used as the background for the leaf specimense Kiton
Red was chosen for the experiments as 1t 1s light=stable and pH steble, does
not effect the surface tension of the test solutions and 1s readily eluted from
filter papere Whatman Noe 50 paper has the adventage of not shredding on
elution and is therefore particularly useful for colorimetric work of this kinde

Measurement of droplet diameter

The diameters of the droplets produced by both the vibrating blade and the
spinning disc were measured using a two 1liquid celle Mixtures of carbon
tetrachloride and petroleum ether of speciflc gravities Oe9 and 1e1 were used
as the cell fluldse A small quantity of the lighter llquid was run Into the
cell Initlally, the heavier liquid belng slowly run In from a pipette placed
at the bottom of the cells A diffuse Interface develops between the liquids
where samples of the droplets under test can be observede

Diameters of a collected sample can be readily measured uding a microscope
with callbrated eye-=plece. Some coagulation of the droplets in a glven sample
always occurs, but the smaller dlameter measured Is a true Indlcation of the
original droplet size.

Measurement of retention

With the vibrating blade unit the leaf samples were carried through the
droplet stream on a sheet of fllter paper pinned to a simple trolley running on
a meccano railwaye The upper surface of the trolley was rotatable about an
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axls parallel to the directlon of travel to allow variation In the angle of
incidence of the falling droplets on the leaf surfaces

In any one experiment the retention of the droplets on the leaf surface
was measured simply by counting the droplets retalned by the leaf and those
which were reflected from the surface and landed on the surrounding surface of
filter papere A small quantity of red dye was added to the solutions under
test to facilitate these observationse

In the case of the spinning disc to measure the retentlon of droplets on
the pea leaf surfaces a colorometric technique was adoptede The leaves under
investigation were lald on a filter paper background and were on all occaslons
sprayed with the test solution which was coloured with Kiton Red,  The
measurement of retention of the spray was subsequently obtalined by eluting the
dye from the leaf surface and comparing with elutions from the fllter paper
backgrounde

Results
Surface tenslon
In the vibrating blade experiments various concentrations of methanol In

distilled water were used to obtaln surface tension varlations over the range
considereds

In the spinning disc experiments mixtures of acetic acld In water were used
in preference to the methanol solutions, as it was felt that evaporation losses
might be slignificant In thils casee

The variation In retentlon with surface tenslon can be seen respectively
in Tables 1 and 2 and pictorlally In Figures 1 and 2 The droplet dlameters
were maintained at about 250w and 350w respectively, the droplets falling in
both cases at roughly normal Incldencee

Table 1

Droplet dfameter 2501, _Methanol In water solutions

% Methanol 0 10 25 50
Surface Tension
(dynes/cm)

Noe of droplets

% retention
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Table 2

Droplet diameter 350u. Acetic acld In water solutions

Acetic Acid | A0y | 25 50

Surface Tenslon , i
(dynce/cr) | ’ i - L5e0 | 2.5

% retention | ‘ | 8665 | 9503

Droplet size

Water and one methanol solution were used in the vibrating blade experl-
ments In assessing the effects of droplet dlameter on retentione Solutions
of .acetic aclid were employed In the comparable experiments using the spinning
disce

The results, at the quoted surface tensions, are shown In Tables 3 and L
and presented graphically In Figures 3 and Le

Table 3

0 Methanol Droplet Diam. | 95 23 | 267
Surface Tension e
72 dynes/cu % retention 0: . |5 0ebF ]

o5% Methanol | Droplet Diame it 130 240 | 280
Surface Tension i—- -
L45e1 dynes/cm % retention | 100 ! | 20ek4 3163

Table 4

0% Acetic Acid |Droplet Diame . 80 #10 (125 [175 [210 |325
Surface Tension | ? : f
72 DYNES/CM. | &% retentlon | 92e2, 8940 | 7646 | L6e5 = 3565 | 566

20% Acetic Acld |Droplet Diame 4 (80 '110 170 1225 305 |500
Surface Tension 1 et
465 DYNES/CMe % retention 81e8 8566 85k | 7965 | 5160 | 1946

Viscosity

In the investigations into the effects of viscoslty on retentlon,
solutions of glycerol in water were used In conjunction with the vibrating
blade equipment. Glycerol In water solutions are 1deal in an Investligation
of this character, since comparatively large varlations In viscosity can be
ottained with negligible variations in the surface tensione

Results quoted at three droplet sizes can be seen In Table 5.
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Fig. 1
Methanol-water solutions

droplet diameter ~ 250u

% Retention

T T
50 60

Surface tension (DYNES/CM).

Fig. 2
Acetic acid-water solutions

droplet diameter ~ 350u

% Retention

E
50

Surface tension (DYNES/CM).
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Fig. 3

Methanol-water solutions

25% Methanol
4« Surface Tension 45.| DYNES/CM.

0% Methanol 7
Surface Tension
72 DYNES/CM.

|
200

Droplet diameter }

.

Fig. 4

Acetic acid-water solutions

20% acetic acid
< Surface Tension 46.5 DYNES/CM.

0% Acetic Acid
Surface Tension
72 DYNES/CM.—>

200

Droplet diameter J5
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Teble 5

CGlycerol In water solutions

% Glycerol 0 10

Droplet

Diameter 120 Viscosity (Polse) 1,;1

% retention L7

#% Glycerol 10

Droplet

Diametor 1800 Viscosity (Poise)

% retention

% Glycerol

Droplet

f
' Diameter 2501 Viscosity (Polse)

% retention

Angle of Incldence

Three acetic acid in water solutions were used In conjunction with the
spinning disce The leaf saimples were plnned to a cork table which was
rotated as required and positioned in the circular annulus of the spraye

The results obtalned from the experiments can be seen In Table 6 and
graphically in Figure 5e

Table 6

Acetic acid In water solutlons

Droplet diameter 380u

205 acetlic acld | Angle of Incldence (Degss)
Surface Tension
Li6e5 DYNES/CMe % retention

25¢% acetic acid | Angle of Incldence (Degse)
Surface Tension
445 DYNES/ClMe % retention

30% acetlic acld | Angle of Incidence (DegsSe)
Surface Tension
Li2¢5 DYNES/ClMe % retentlon
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Fig. 5
Acetic acid-water solutions

droplet diameter ~ 380u

30% Acetic Acid
Surface Tension /

42.5 DYNES/CM.

25% Acetic Acid
_ Surface Tension

& 45 DYNES/CM.

20% Acetic Acid
Surface Tension
46.5 DYNES/CM.

Angle of incidence (degrees)




Droplet veloclity

Only a limited number of observations were taken of the effects of
veloclty on retentione The spinning disc was used for droplet production the
spray falling Into a vertical wind tunnel through which alr was blown from a

blower motore The droplet velocity was assumed to be that of the alr stream
as 1t struck the leaf samplese

The results for a droplet dlameter of 380w can be seen In Table 7e

Table 7

105 Acetlc acld In water solution, Droplet diameter 3804

Retention Mean Retne % |

Terminal Velocity Z -
5.2 f t/SGCQ { 66'6 56.L$ 5809 57'0

Accelerated | i
25 ft/sece 89444 9063 | 954 9249

Discussion of results
The results of the investigation can be summarised briefly as follows:=

(1) The retention of spray droplets on pea leaves Is dependent to a
large degree, on the surface tension of the spray liquide A certain
critical surface tension exists (which for droplets of dlameter about
2501 1s 50~45 dynes/cm) above which retention Is very low and below
which retention 1s very highe

(2) For any given spray fluld a certaln critical droplet dlameter
exists below which retention 1s high and above which retention Is lowe
This critical droplet size will iIncrease as the surface tension falls
and In the case of water 1s about 1004.

(3) Variations in viscosity over the range llkely to be of practical
Interest cause no significant varlation In the percentage retentlon of
the larger spray dropletse With smaller droplets there Is some
evidence of iIncreasing retention with Increasing viscositye

(44} As expected the percentage retention of a given spray falls as the
angle of Incldence risess The character of the change would, to some
extent, appear to depend on the surface tenslon of the solution sprayede

(5) The percentage retention of spray droplets of all sizes falls as the

droplet veloclity dccreases. It should however, be reallsed that this
result might be dependent on the method adopted for droplet acceleratione
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.Theoretical considerations

Certain high speed photographs have been taken of the cycle of events which
occur when drops fall on pea leaf surfaces and on surfaces carrying a thin
deposit of granular carbone

Both these surfaces exhibit the property of "droplet bounce"s The
photographs show that the droplets on striking the surface are flattened Into
an unstable state where the leaf area covered by the droplet is much greater
than that covered by the equivalent stationary drope After this point the
droplet retracts from the surface and bounces away wlth a pronounced oscilla=
tione The plcture would appear to be a magnification of the effects seen when
a soft rubber ball bounces from a hard surfacees

It would appear therefore that the kinetic energy of the droplet Is
absorbed as surface energy of the deformed system, which retracts violently due
to its Instability, overshooting the normal stable configuration with final
detachment from the surface as a free droplet In alre If this plcture of the
cycle of events 1s accurate i1t will be apparent that there exlIst an upper and
lower 1limit of droplet size between which 1imits "complete bouncing" occurse
Droplets smaller than this lower limit, falling at terminal velocity, will not
have sufficient kinetlic energy to overcome the surface energy and viscous
changes which occur In the cyclee

Conversely droplets of larger diameter than the upper limit will have so
much kinetic energy avallable that disruption of the droplet occurse

For surfaces exhibiting "bounce" therefore, there will be for any given
surface tension of the liquldy, a critical range of droplet slzes over which,
reflection of the complete droplet 1s possiblee

It will also be apparent that over this range of sizes the velocity of the
reflected droplet will Increase with the dlameter of the droplets

The Important criterion determining droplet bounce, for any spray-leaf
combination would by the conslderations above appear to be assoclated with the
advancing and receding contact anglese

In this connection It should be noted that no bouncing of droplets has
been observed from any surface where the advancing contact angle was less than
about 140°% As such contact angles are never encountered with the normal
range of spray liqulds on any smooth surface, It can only be assumed that
bouncing 1s assoclated with a certaln roughness of the surface. In the case
of pea leaves this roughness 1s caused by the fine waxy granular deposit on the
leafl surfacee
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Research Report No. D.3

PERFORYANCE OF SPRAY NOZZLES

K. Holly

Agricultural Research Council Unit of Experimental Agroncmy,
Oxford

Summary

Spray distribution across the width of the area sprayed by a fan nozzle was
measured using laboratory equipment. New nozzles of the same type and size
varied appreciably in performance. Considerable changes in distribution
occurred when different types of solution were sprayed through the seme nozzle.

Introduction

One of the major factors governing the accuracy of equipment used In herbi=-
cide spraying, both experimental and ccmmercial, is the performance of the
nozzles employed., The spray distribution of Individual pleces of equipment has
scmetimes been studled In considerable detail, as In a most Interesting recent
study of an alrcraft sprayer (2). Yet the behaviour of the nozzles themselves
and the factors which iInfluence It have attracted singularly little attention.
The fundamental study of the production of sprays by nczzles conducted at the
Imperial College of Science and Technology has indicated the importance of such
variables of the spray solution as its surface tension, viscosity, density and
the presence of solid particles (4). However, there seems to be no published
information on the magnitude of the practical import of such work. A good
general account of nozzle behaviour has originated fram one of the foremost
American fimms manufacturing nozzles (6). A short paper from New Zealand has
1llustrated the types of distribution pattern obtalned with Individual nozzles
(3) and fran Germany has come a scmewhat mathematical treatment of the relation
between nozzle spacing on a boon and the performance of cone nozzles (5).

In view of this paucity of published information scme preliminary data
obtained on various aspects of spray nozzle performance is brought together in
the present report.

Methods and apparatus

The laboratory apparatus used for the measurement of the transverse spray
distribution given by a nozzle was a refined version of a method first used at
Iowa Agricultural Experiment Station (1), The nozzle socket, adjustable in
helght, Is suspended over a sloping tray ccmposed of a series of one In. wide
troughs. The nozzle, actuated by compressed air at controlled pressure, Sprays
onto the tray., The nozzle and tray are surrounded by draught screening. When
the spray liquid 1s running freely out of the lower ends of the troughs a
battery of graduated glass cylinders is moved under the outlets and the amount
of 1liquid collected by each trough In a given time thus measured. This may be
expressed conveniently as ml of spray deposited per minute per in. wide section
along the selected axls of the spray fan or cone. Total delivery rate of a
nozzle can be measured separately using a nozzle socket set In the base of a
magnetic valve controlled by a timing unit. This nozzle can thus be discharged
into a graduated cylinder for a preset time,
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Other determinations of nozzle performance were made with the nozzle
fitted in the laboratory pot spraying equipment in which the nozzle Is moved at

constant speed through an enclosed cabinet., The spray solution contains a
dye (tartrazine or tri=todo=fluorescein) and the spray deposit is collected on
filter papers or in containers placed under accurately machined rectangular
holes In a metal plate. The dye 1s dissolved or extracted and estimated
quantitatively by means of a photoelectric absorpticmeter, The spray deposit
can then be calculated in gal/ac.

Results

The investigation has been concerned primarily wuth fan nozzles Insofar as
these are the type most cammonly used for herbicide spraying at present. The
apparatus was constructed in order to select better=than=average nozzles for
use on experimental equipment out of batches supplied by manufacturers, A
striking variation in performance among new nozzles of the same size and batch
as supplied to us became apparent, Typical instances are shown in Fig. 1.
These are randcmly selected new nozzles, inspected visually for obstruction and
run briefly before test to remove any metal particles or dust remaining after
mechining. The distance from the nozzle at which the distribution was
measured was varied according to the angle of the fan so that approximately the
same width was covered at the plane of interception, Nozzles 21=24 are fan
nozzles with machined brass tips and nczzles 101-104 are ceramic tipped fan
nozzles. Both types have approximately similar total delivery rates.

The most desirable form of the spray distribution histogram depends on the
use to which the nozzle 1Is to be put. If required for a piece of experimental
equirment, such as a pot sprayer, embodying only one nozzle, or for band spray=
ing, 1t Is desirable to have as even a distribution over as wide a portion of
the fan as possible, 1.e, a hlstogram resembling a plateau with a stcep drop at

each side. Visual inspection of histograms reveals the larger differences but
a simple calculation Is helpful for the selection of the best nozzles fren a
large batch. A procedure similar to the statistical calculation of the
standard deviation of a mean was used. This Is not statistically valid as the
individual measurements are not randcn estimates of a mean spray deposition
rate, so the statistical terms should be read In Inverted cammas. The Indi-
vidual measurements from the middle section of the fan within which about 80f
of the total delivery rate Is deposited (11 In. In the present instance) are
used to calculate a mean square of their deviation from thelr mean. The
"standard deviation" is derived from the mean square. This, in turn, IS
expressed as a "coefficient of variation®", which relates the figure obtained to
the magnitude of the mean delivery rate, This "coefficlent of variation" pro=
vides In one figure a measure of the variability of the spray distribution over
the most Important part of the fan and can be used for the ccmparison of
individual ncozzles of similar or different types and delivery rates. The data
for the nozzles shown in Fig. 1 are given in Table 2, which shows nczzle 23 to
be the most sultable for 'single nozzle' use.

For use In a spray boom it 1s still desirable that the distribution should
be even in the middle portion but a more gradual falling off at the margins of
the fan may be ccmpensated for by spacing of the nozzles to allow scme overlap.
Asymmetry of distribution, which was not infrequent, Is clearly undesirable in
all Instances.,

The influence of a number of factors on spray distribution was Iinvesti=

gated, Variations in spray pressure have of course an effect on the total
delivery rate of a nozzle. As an example of the magnitude of this effect
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measurement with a brass=tipped fan nozzle over the range 30-50 p.s.i. showed
the delivery rate to be Increased by 1.5% of the rate at 30 p.s.l. for every
pound rise in pressure. Study of the distribution obtained with the same type
of nozzle in the range 26=40 p.s.i. showed that small increases In pressure had
the effect of a small increase in spray depositicn towards the cuter margins

of the fan, with a corresponding slight reduction in the central peak. The
total width of the fan was not significantly altered. This glves a slight
improvement in the uniformity of distribution across the fan at the highest
pressure but under practical conditions this advantage would be offset by draw=-
backs such as an increased risk of spray drift.

Fan nozzles are generally used at 12=-18 in. above the intercepting surface.
Study of the effect of a snall increase in height within this range shows the
fan width sti1ll broadens and there is a decrease in the variability of the spray
deposition across the fan. In the absence of other considerations such as
those connected with drift, some advantage In uniformity of spray is gained by
such an increase In distance between fan nozzle and target. It should be noted
that decreases In depositicn In the middle of the fan of the order of 15%
frequently occur as a result of increasing the height frcm 12 to 15 in,

Scme of the most Interesting results were obtained frcm the ccmparison of
the distribution obtained with different spray solutions, All the tests so
far mentioned have been conducted with tap water (surface tensfon approximately
72 dynes/cm). A ccmparison of the results obtained with tap water and a 0.2%
v/v solution of Teepol in tap water (surface tension approximately 34 dynes/cm)
1s shown in Fig. 2. The latter gave a slightly sharper and higher central peak
but the total effect of the very large reduction In surface tension was not
great., Higher concentrations of Teepol do not reduce surface tension much
further but can have a considerably greater effect on spray distribution. In a
test on the pot spraying equipment spray deposition was LO% greater in the

middle 6 in. of the fan 15 in, below a brass=tipped fan nozzle when spraying a
solution contalning 1.0% v/v Teepol than when spraying a solution without
surface=active agent.

Sane herbicide applications are made In oil and nozzle behaviour with this
type of spray liquid can be very different fram its behaviour with water.
Fig. 3 shows the distribution obtalned with the same nozzle spraying tap water
and diesel oil. With the latter a marked concentration of spray liquld occurs
in the margins of the fan and the amount deposited in the central portion under
the nozzle 1Is considerably increased. The total delivery rate of the nozzle,
however, remains the same with both llquids.

In experimental spraying acetone 1s often used to dissolve new compounds
which are water insoluble. Fig. 4 shows a direct ccmparison of the distribu=
tion of a dye solution in water and in a 50 : 50 mixture by volume of acetone
and water, when sprayed by the pot spraying equipment. In this instance, the
spray fan was widened and the emount of spray falling in the middle portion of
the fan was appreciably reduced with the mixture. The effective dose applied
by this equipment was therefore reduced.

Di scussion

Several points of practical importance are brought out by the initlal
results of this empirical investigatlion of nozzle performance.
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Firstly, new nczzles of fdentical type and size, although they may be
reasonably similar in total delivery rate, are likely to vary considerably in
the distribution pattern they produce, This has been found with nozzles from
a number of manufacturers. Selection of nozzles for use in experimental
spraying equirment by *ndividual measurement of their spray distribution
pattern Is most desirable.

Secondly, the changes In spray distribution caused by small fluctuations
in pressure at the nozzle and small changes in the height of the nozzle above
the target are by no means negligible. In all types of spraying, variation iIn
these factors can cause appreciable inaccuracies In dose applied.

Thirdly, spray distribution from a nozzle can vary very considerably
according to the nature of the spray solution. The data here presented show
gross variation in distribution according as to whether water, water plus
surface=active agent, diesel oll or an acctene=vieter nixture is spraycds Other
types of spray such as oll-water emulsions or suspensions of wettable powders
have not yet been Investigated but are also 1likely to differ, A varilety of
types of deviation frcm the distribution with water was obtalned presumably
because a number of varlables of the spray solution, including surface tension,
density and viscosity are all involved. These results Indicate that experi=
mental spray equipment should be calibrated for performance with each of the
types of spray liquid which may be used, as otherwlse considerable differences
in the amount and uniformity of the dose applied may occur. In commerecial
applications the optimum bocm helght for maximum unifomity of spraying may
vary according to the type of spray being applied.
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Figure /

Iransverse distributior of spray given by new fan rozzles.

WNozzles 21-24 are brass lipped, measuvred al /5in. below rozzle;
nozzles 10/-/04 are ceramic lipped, measured al /2. below nozz/e.

Ligpd : lap water. Pressure.: 30p.5/.

Nozzle 2/ WNozz/e 10/

Nozzle 22 Nozz/e /02
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Table 1

Uniformity data of nozzles spraying tap water at 30 p.s.li.

Camputation based on middle 11 in, of fan at level of receiving tray

Nozzle type brass=tipped fan ceramic-tipped fan

Sertal No. of nozzle %25 0% - oh 101 102 105 104 |

Distance from nozzle to tray (in.) 15 15 15 12 12 12 12 !

Total delivery rate (ml/min,) 322 306 323 327 3uL 306

Proportion of total delivery rate
received in middle 11 in. (%) 75 n 76 75 85 80

Coefficient of variation (%)
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Figure 4

Spray depositiorn i the ¢ffective central portror of tee for
whea using different solvents.in the pot spraying egupmrent

Continvous line: distilled woter, Brokerr line : 50'50

myixture by volume of acetopne ard waler:

Nozzfe: brass-tipped fore reoxzle. Fressure 30p.s/

Disronce below rnozzle . /5/zn.
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