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SYNOPSIS

The objective of the experiments described in this paper was to
secure data on loss due to rebound and to atomization of liquid
sprayed from two types of nozzle tips on surfaces having various
absorptive properties.

Both tips discharged almost identical quantities of liquid over
the same period of time, but at different pressures.

The results indicate a considerable range in rates of absorption
by different surfaces. Losses due to rebound and to atomization
appear to be almost identical for each type of nozzle tip at its res-
pective discharge pressure, when each is discharging the same
quantity of liquid in the same period of time.

Certain aspects of nozzle-tip characteristics, discussed in a recent
paper,' will now be analysed more fully, particular attention being paid
to data obtained by actual measurements. These data refer to " ricochet "
or " rebound ", and to " atomization ", or small airborne droplets, usually
called " atomized particles ", which invariably accompany liquid ejected
under pressure from sprayer tips.

An insecticide must come in contact with a surface before it will adhere
to or impinge upon that surface. When an insecticide which is driven
against a surface makes contact at any angle, there may be a tendency
for the propelled material to ricochet off the surface. In cases where the
insecticide makes contact at an angle of 900, there may be a rebound or
" splatter " effect. Both phenomena, which have been seen and noted many
times by experienced personnel applying residual spray, are treated as one

1 See Bull. Wld Hith Org. 1955, 12, 401
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in this paper, under the common term, " rebound ". Three factors may
bring about these non-adherence tactics. The first is the hardness or re-
siliency of the surface receiving the propelled material-in this case the
insecticide. A second factor is the absorptive character of the surface.
A third is the resiliency of the insecticide itself, which is not discussed in
this paper.

While it may be possible to determine these factors by precise analysis,
this would be a rather long procedure, and one which might not be of much
use in practical residual spray operations. A straightforward approach to
the problem has been made instead, by attempting to measure directly the
total quantity of material discharged from a given nozzle tip and the
quantity of the same material recovered from (absorbed by) the treated
surface.

Due allowance has been made for some absorptive quality of the surface
treated. In fact, perhaps too great an absorptive potential has been assumed.
However, the results as recorded in Tables I, II, and III indicate a trend
which may be assumed to prevail in general practice. All trials were carried
out with two types of nozzle tips, numbers 8002 and 8004.2 Pressures of
40 pounds per square inch (p.s.i.) (2.68 atm.) and 10 p.s.i. (0.67 atm.)
respectively were chosen for the trials, since these pressures seem to be in
wide use in residual spray work, and since the discharge rates for the
two tips are presumably equal when these pressures are used.

The discharge rate for each nozzle tip was measured by collecting the
discharged liquid in a closed container. Five replications of five minutes
each were run off and the average of these trials was accepted as the normal
discharge rate for the respective tip. However, in order to secure compar-
able results in the absorption trials, several tips of each type (8002 and 8004)
were tested, and a selection made of tips producing the same discharge
rate at the respective nozzle pressures. At 40 p.s.i. for the 8002 tip and
10 p.s.i. for the 8004 tip, each tip selected discharged 134 fluid ounces
(3.81 1) in five minutes, or 26.8 fluid ounces (0.761) per minute. This amount
is very near the theoretical optimum discharge rate established by the
WHO Expert Committee on Insecticides3 as standard.

Once a common discharge rate was established for each type of tip at
its respective working pressure, normal discharge rates were established
for each tip under test at other pressures, i.e., each tip was tested at
10 p.s.i. (0.67 atm.), 20 p.s.i. (1.34 atm.), 30 p.s.i. (2.01 atm.) and 40 p.s.i.
(2.68 atm.). Results of these tests are given in Table I, column 3.

In trials made to indicate adhesion of the liquid (water) to the treated
surface, nozzle tips were placed in a fixed mounting, exactly 18 in. (45.7 cm)
from the trial surface at an angle of 900 to it. Tip bodies were connected

' Manufactured by Spraying Systems Company, 3201 Randolph Street, Bellwood, Ill., USA.
3See Wld Hlth Org. techn. Rep. Ser. 46, 33.
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to the outlet port of a Watts type 63 pressure-control valve (regulator)
tapped into a 1/4-in. (0.63 cm) pipe line, and this line was continuously
supplied with liquid at 60 p.s.i. (4.02 atm.). The pressure regulator was set
at the pressure required for the trial under observation, the pressure being

TABLE I. LIQUID ABSORBED AND LIQUID LOST IN SPRAYING
OPERATIONS DUE TO ATOMIZATION, AND TO REBOUND AND RICOCHET

FROM THE SPRAYED SURFACE

1 2 4 3 5 6 7 |8 9 10 11 12

i (3-4) 5x100\ (3-7) (3x100: (3-10) x100sl

Nozzle Pres-| Normal (;Galvanized iron Single cloth Double clothsure tip dis-
no. (p.s.i.) charge bsor- total loss absor- total loss absor- total loss

bed* loss* % bed * loss* % bed * loss* %

8002 10 63 54 14 20.6 60 8 11.8 62 6 8.8

it 20 96 73 23 25.4 80 16 16.7 83 13 13.5

It 30 115 82 33 28.7 96 19 16.5 99 16 13.9

It 40 134 93 41 30.6 108 26 19.4 113 21 15.7

~~ ~ ~ ~ ~ ~ 4 062 1 1 1.
8004

,,

of

to

10

20
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40

134

188

228

262

93

106

108 **

108 **

30.6

43.6

52.6

58.8

154 58.8 81 188 74 28.

* Figures, computed in British fluid ounces, are based on the average of five, 5-minute trials.
** At these pressures and discharge rates the loss of material became excessive when sprayed

against galvanized iron.

recorded on two gauges, one graduated at 2-p.s.i. (0.13 atm.) and the
other at I-p.s.i. (0.07 atm.) intervals. The pressure gauge was located at a
distance of 4 in. (10 cm) from the nozzle tip, but at right angles to it and
off the direct discharge line, i.e., the pressure gauge was connected to the
side outlet of the regulator at a distance of 2 in. (5 cm) from it and at a 900
angle from the straight liquid flow-line. The nozzle tip was placed 2 in.
from the side outlet, but in a straight line with the liquid flow. Considering
the distance apart (4 in.), variation in pressure between gauge and nozzle
tip should have been very low.

In these trials, no effort was made to recaptAre the material which did
not remain impinged on the surface undergoing treatment. However, if
material bounded off the surface, but in some way again contacted the
surface and remained there, then this material was considered legitimately
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lodged residual-spray. Similarly, any micron-sized droplets which adhered
to the surface either by direct initial velocity from the nozzle tip, or by
transportation to the surface by air currents, were regarded as normally
lodged residual-spray.

The entire quantity of material which adhered to the surface was collected
and measured, collection being made in a trough placed at the lower
edge of a galvanized metal sheet used as a wall-surface. The opening
between trough and surface was controlled at 1/8 inch. (0.32 cm) and
placed at a distance 18 in. (45.7 cm) below the point of spray application.
This reduced to a minimum the possibility that droplets floating in the air
could lodge in the collecting trough.

The resultant loss of discharged spray-material was computed by
subtracting the quantity of spray liquid recovered from the quantity which
theoretically should have adhered to the surface, i.e., the quantity being
discharged (26.8 fluid ounces per minute). No allowance was made for
evaporation during the trial. Results shown in Table I have been reduced
to quantities discharged and recaptured, with resultant material loss and
percentage loss per average five-minute trial. In this table, atomization is
considered to be the same during each absorption trial, and is included in
the " total loss " column for each type of absorptive material.

The first absorption trials were made using galvanized sheet-iron as the
surface undergoing treatment. This sheet was placed at right angles to the
line of discharge from the nozzle tip, 18 in. in front of it. It is obvious that
such a surface is hard, non-absorptive, and almost non-resilient. Therefore,
normal loss of material by atomization and maximum loss by rebound
should occur, the total quantity being indicated in Table I, column 5. Column
4 of the same table represents the quantity " absorbed ", and column 6 the
percentage loss.

In the second trial, an absorptive surface was used-a hard black
cotton-cloth (buckram), tightly stretched over the galvanized sheet and
firmly held in place. The same procedure was followed as in the preceding
trial with the exception that the cloth was saturated with liquid before each
trial began. This saturation was controlled to the point where drip into
the catchment trough was allowed to continue until it approximated similar
drip at the beginning of the trial. Results from this series of trials are
tabulated in Table I (columns 7, 8, and 9).

It will be noted that the single cloth absorbed 108 fluid ounces (3.07 1)
per minute (column 7) while the galvanized iron absorbed 93 fluid ounces
(2.64 1) (column 4), a difference in favour of the single cloth of 15 fluid
ounces (0.43 1) per five-minute period. This represents a decreased percen-
tage-loss, from 30.6 % fofr galvanized iron (column 6), to 19.4 % for the
single cloth (column 9). These references are made only to absorption and
to losses incurred by tips 8004 and 8002 operating under 10 p.s.i. and
40 p.s.i. respectively, representing identical results. It is believed that this
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series of trials nearly simulated actual field conditions, with perhaps a
slightly higher degree of absorption.

In a third trial, a double cloth of the same material was used. Results
from this trial are recorded in Table I, columns 10, 1 1, and 12. They appear
to indicate that the double cloth was only slightly more absorbent than the
single cloth. The quantity absorbed-l 13 fluid ounces (3.21 1) (column 10)-
represents an average total reduction of only 5 fluid ounces (0.14 1) per five-
minute trial for the single cloth (108 fluid ounces-column 7). This is a
percentage reduction from 19.4 % (column 9) for the single cloth to 15.7 %
(column 12) for the double cloth.

Two other trials were conducted, using various combinations of buck-
ram cloth and mosquito netting of the type recorded in the fourth trial.
Results in each case indicated very little variation from those recorded in
Table I. For the sake of brevity these results are not included in this paper.

The fourth trial was made with the intention of preventing any loss of
spray by rebound from the surface undergoing treatment. The same " wall
surface" that was used in the second trial-black cotton cloth mounted on
a galvanized iron sheet-was covered by a piece of ordinary cotton mosquito
netting of 25 mesh per square inch (4 per cm2). The mosquito netting was
placed 1 in. (2.5 cm) in front of the black cloth (toward the nozzle tip) and
firmly secured in position. Theoretically at least, this permitted the spray
material to pass through the coarse mesh of the mosquito netting, probably
reducing its velocity on its way through. Furthermore, the netting had a
complete screening effect on the rebounding material, and prevented its
escape outwardly through it.

This method-recapturing " rebound " and measuring it with absorbed
material-was utilized in order to compute the quantity lost by atomization.
Atomization loss is then represented as the difference between normal
discharge and total recaptured liquid. Quantity and percentage of material
lost in this trial, due entirely to atomization, are shown in Table II, columns 5
and 6 respectively. From the data, it may be noted that the quantity of
liquid recaptured (column 4) is quite high when compared with the normal
discharge (column 3). The resultant loss is 14 fluid ounces (0.401) (column 5)
with the 8002 tip at 40 p.s.i., and 12 fluid ounces (0.34 1) with the 8004 tip
at 10 p.s.i. The percentage losses are 10.4 and 9.0 respectively (column 6).

Since the normal discharge rate has been established for each tip type,
since total loss of liquid through rebound and atomization has been mea-
sured, and since atomization loss has been calculated, there remains only the
rebound loss to be computed. Results of this computation are recorded in
Table III. Column 6 represents material lost through rebound, and column 7
represents the percentage loss. It will be noted that rebound loss for the
tip operating at 40 p.s.i. is 9.0 %, and for the tip operating at 10 p.s.i. it is
10.4 %. The reverse is true for the percentage of atomization loss. This is a
very small difference, however, and probably has no significance.
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TABLE II. LIQUID ABSORBED AND LIQUID LOST IN SPRAYING OPERATIONS
DUE TO ATOMIZATION ONLY

* Figures are computed in British fluid ounces.
** Apparently a discrepancy appears at these pressures. It cannot be explained since a trial

recheck could not be run because these tips had been placed in field service before this point was
noted. It does not affect the calculations used in the text.

An interesting observation was noted by the author in this entire series
of trials. At various times, the suggestion has been advanced that higher
discharge pressure (40 p.s.i.), discharging the same quantity of material
(26.5 fluid ounces), (0.75 1) tends to be wasteful of material when compared
to the same discharge rate at a lower pressure (10 p.s.i.). Finer atomization
at higher velocity due to higher pressure, as well as (supposedly) the resul-
tant increased tendency to rebound or ricochet, presumably caused the loss.

This series of trials seems strikingly to contradict the suggestion. In no
instance throughout the investigation was there marked variation between
recaptured (absorbed) liquid with the 8004 tip operating at 10 p.s.i., and
recaptured liquid with the 8002 fip operating at 40 p.s.i. This may be
observed by noting the results obtained at the pressures indicated, in Table I;
the recorded average data for the five trials of five minutes each are identical
for each trial, at 40 p.s.i. and 10 p.s.i. for the respective nozzle tip. It is only
when this data is broken down into loss by atomization (Table II) and loss
by rebound (Table III) that a slight difference may appear. For an average
of five trials, this difference is so slight that it is believed well within the
limits of experimental error and of no consequence.
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TABLE 1II. LIQUID ABSORBED AND LIQUID LOST IN SPRAYING OPERATIONS
DUE TO RICOCHET AND REBOUND ONLY

1 _2__3 4 - __2 3_4_5 _6 _7

Table 1, Table 2. Table 3 Col. 6 100
Computation Col. 8 Col. 5 (4.5) Col. 3

Nozzle Pressure Normal Total Atomiza- Rebound Rebound

no. (p.s.i.) discharge * loss loss loss * loss

8002 10 68 8 4 4 5.9

20 96 16 9 7 7.3

30 115 19 9 10 8.7

40 134 26 14 12 9.0

8004 10 134 26 1 2 14 10.4

.. 20 188 46 20 26 13.8

Is 30 228 65 29 36 15.8

f a 40 262 81 34 47 17.9

Figures are computed in British fluid ounces.

Further investigations of this discrepancy between previous observations
and the results of this series of trials, will be carried out in the future.

REISUMIt
Les auteurs de cet article ont cherche a e'valuer les pertes en insecticide causees, lors

des pulverisations, par le phenomene de <ricochet e (rebondissement par particules
liquides) ou d'(( atomisation * (dispersion dans l'air de tres fines gouttelettes). La quantite
de substance ainsi gaspillee d6pend de la durete de la surface sur laquelle l'insecticide
est applique, du pouvoir absorbant de la surface et de la tension superficielle de l'in-
secticide. On a tente d'evaluer ces pertes en d6terminant la quantite de liquide pulverise
(en l'occurrence de l'eau), puis, par divers dispositifs experimentaux, la quantite non
absorbee par les surfaces; la difference entre ces deux chiffres indique le montant des
pertes.

Les experiences ont ete faites avec deux types de buses (NOS 8002 et 8004) et sous des
pressions de 0,67 et 2,68 atmospheres.

Quatre types d'experiences ont ete institues:
1. Pour evaluer I'adherence du liquide a la surface trait6e, on a utilise des feuilles de t6le
galvanisee, placees perpendiculairement 'a la ligne de projection du liquide. Sur cette
surface dure, non absorbante, les pertes par ricochet sont maximums et les pertes par
* atomisation * sont normales. Les pertes totales sont les suivantes - le premier chiffre
correspond i la pression inferieure, le second a la pression superieure: pour la buse
8002, 20,6 %-30,6% ; pour la buse 8004, 30,6 %-58,8 %.
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2. Une surface absorbante a ete utilis6e, constituee par un tissu de coton (bougran)
tendu sur une feuille de t6le galvanis6e. Ce tissu 6tait satur6 de liquide avant le debut de
l'epreuve. Les conditions ainsi creees sont celles qui se rapprochent le plus de la pratique.
Les pertes totales ont ete, pour les deux buses respectivement de 11,8%-19,4% et de
19,4%-30,9 %.
3. Deux epaisseurs de tissu ont ete superposees et traitees comme dans 1'experience pre-
cedente. Les pertes ont 6te de 8,8 %-15,7% et de 15,7 %-28,2 %.
4. Afin de determiner separement les pertes dues a I'# atomisation *, on a ajout6 au
dispositif de la deuxieme epreuve une mousseline de moustiquaire placee a 2,5 cm au-
dessus du bougran, qui devait supprimer tout effet de ricochet. Ces pertes ont et les
suivantes: 5,9 %-10,4% et 9,0%-13,0%.

On a souvent pr6tendu qu'a debit 6gal des pressions superieures causent des pertes
plus 6lev6es que des pressions basses en provoquant une 4 atomisation * plus pouss6e ainsi
qu'un rebondissement plus intense. Les r6sultats des experiences d6crites dans cet article
ne confirment pas cette opinion. En effet, dans aucun cas il n'y a eu de variation appre-
ciable des pertes totales observees dans les pulverisations par la buse 8002 A 2,68 atm.
et la buse 8004 a 0,67 atm.

Quant aux pertes par # atomisation # seulement, la difference observ&e entre les deux
buses semble etre dans les limites de l'erreur experimentale.


