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SYNOPSIS

Certain performance characteristics of the insecticide-sprayer
nozzle tip and its relationship to the pressure regulator are discussed.

After analysing the effectiveness of residual spraying at various
pressures, the author concludes that low-pressure application would
best attain the pattern and rate of insecticide discharge laid down
by the WHO Expert Committee on Insecticides.

Broadly classified, three types of equipment do service on malaria-
control projects where chlorinated hydrocarbons, such as DDT, are used as
insecticides. These are:

(1) compression sprayers,'
(2) stirrup-pump sprayers, and
(3) power sprayers.

Even though the types may differ one from another in mode of activa-
tion or in detail of construction, all three depend upon a common factor
called " the discharge line " for ultimate distribution of the insecticide.
This line consists of common component parts,2 the nozzle tip serving as
the most important element. In this article it is the intention to discuss
certain performance characteristics of this tip, as well as its relationship
to the pressure regulator.

The tip, containing the orifice through which the spray is discharged, is
important because it performs three functions which control the charac-
teristics of insecticide distribution. These are

(1) the spray pattern;

I In so far as possible, terms and definitions used in this paper follow nomenclature adopted by the
World Health Organization.

' The discharge line comprises the following elements: pressure regulator, coupling (screwed or bayonet),
hose, strainer, cut-off valve, lance, non-drip valve, nozzle body, and nozzle tip.
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(2) the spray angle at a specific pressure; and
(3) the nozzle discharge at a specific pressure.

Each of these characteristics may be considered as having nearly equal
importance.

In general, two spray patterns predominate: (1) the flat spray and
(2) the cone spray. A flat spray is defined as " a spray pattern taking the
form of a flat fan, the apex of which is based on the nozzle aperture".
A cone spray is defined as " a spray pattern taking the form of a cone, the
apex of which is based on the nozzle aperture ". These are broad definitions,
but serve the purpose.

When the tip is in first-class operating condition, each pattern remains
constant regardless of the spray angle, the nozzle discharge, or the pressure
applied, provided such pressure is within the limit used in residual-spraying
operations for malaria control. This limit does not usually exceed 40 pounds
per square inch (p.s.i.) (2.7 atm.).

Although successful work may be carried on with the cone type, practical
application of residual sprays seems to favour the flat-spray pattern. The
reason for the choice is that when a field operator maintains the nozzle tip
at the optimum distance of 18 inches (46 cm) from the surface undergoing
treatment, he can better determine the quality of his work. Therefore, the
following remarks will refer only to the flat-spray pattern, even though
they may apply equally to the cone spray.

For the practical application of insecticides, the WHO Expert Commit-
tee on Insecticides has recommended an angle of 600-65O,3 but has not laid
down a specific discharge pressure at this angle, even though such pressure
may be implied. On the other hand, a specific nozzle discharge of 0.2 US
gallon (0.76 litre) per minute has been recommended at a specific discharge
pressure of 40 p.S.i.3 Since different systems of liquid measurement prevail
from one country to another, it may be well to indicate this rate of nozzle
discharge in various systems (see table I).

TABLE I. EQUIVALENT OPTIMUM NOZZLE-TIP DISCHARGE RATES

Liquid measure Optimum discharge rate

Litre 0.76 per minute

Fluid ounce (Imperial) 26.6 per minute

Gallon (Imperial) 0.17 per minute

Fluid ounce (US) 25.6 per minute

Gallon (US) 0.2 per minute

3 World Health Organization, Expert Committee on Insecticides (1952) Wld Hlth Org. techn. Rep.
Ser. 46, 33
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Discharge rates will be referred to throughout this paper as the US gallon
equivalent.

It is evident that spray angle and nozzle discharge rate may be profoundly
affected by the nozzle pressure applied to the material undergoing discharge.
When pressure is high, pattern angle will be greater than when pressure is
low. The same holds true with regard to the nozzle discharge. Both vary
directly in relationship to pressure change, but not in parallel proportions
with it.

When recommendations are made with reference to nozzle-tip require-
ments, all three characteristics mentioned above for the tip should be
closely correlated in order that makers and users of the equipment may be
in accord on anticipated performance. An example causing some confusion
may be cited. It refers to a rather widely used tip, known as the " 8002 ".4
This designation, according to the maker, means that the particular tip
produces a spray angle of 800, and a discharge rate of 0.2 gallon per minute
at 40 p.s.i. Since this nozzle is in wide use in residual-spraying operations,
popular opinion has frequently concluded that it meets the specifications
recommended by the WHO Expert Committee on Insecticides. In fact, the
committee does specify 40 p.s.i., but not at an angle of 800. The recom-
mendation calls for an angle of 600-650, a characteristic which the 8002
nozzle cannot produce at the stated pressure. Since angle and nozzle
discharge vary with pressure, however, the performance of this tip may be
examined at another specific pressure. When discharging at 15 p.s.i.
(1 atm.) it will produce an angle of 650, but the rate will diminish
to 0.12 gallon per minute, and again fail to meet requirements (see
table II). The decrease in pressure from 40 p.s.i. to 15 p.s.i. represents a 40%
volume decrease in discharge, with a corresponding 18.75 % decrease
in angle. It may, therefore, be assumed that an 8002 nozzle tip fails to
meet the committee's recommendations for both spray angle (600-650) and
nozzle discharge (0.2 gallon per minute) at any common discharge pressure.

Within the wide variety of nozzle tips made by Spraying Systems Cotn-
pany, certain examples do closely conform to the desired characteristics of
angle and nozzle discharge at specific pressures. Some examples are listed
in table II.

It will be noted that one tip (No. 6502) produces the required charac-
teristics at 40 p.s.i. In order better to understand and delimit the require-
ments of nozzle tips in residual-spraying operations, however, a brief
review of the subject may be justified.

Residual-spray application for malaria control is a specialized technique
by means of which thousands of tons of insecticide are dispersed yearly in
extensive worldwide operations. In total, this is a costly operation, re-
quiring a high degree of efficiency and accuracy, where principles ofeconomy

I Manufactured by Spraying Systems Company. 3201 Randolph Street. Bellwood. Ill.. USA.
7
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TABLE II. EFFECT OF VARIATION IN PRESSURE ON SPRAY ANGLE
AND NOZZLE DISCHARGE *

Pressure (p.s.i.) Variation
ip f__ from
o. -40 p.s i.

7 10 15 20 40 to 10PSi-

Angle (degrees) 32 38 47 52 65 41.5
6502

Nozzle discharge (gal. per min.) 0.08 0.10 0.12 0.14 0.20 50

Angle (degrees) 48 56 65 69 80 30.0
8002

Nozzle discharge (gal. per min.) 0.08 0.10 0.12 0.14 0.20t 50

Angle (degrees) 50 58 66 70 80 27.5
8003

Nozzle discharge (gal. per min.) 0.13 0.15 0.18 0.21t 0.30 50

Angle (degrees) 53 60 67 71 80 25.0
8004

Nozzle discharge (gal. per min.) 0.17 0.20 0.25 0.28 0.40 50

Angle (degrees) 68 74 82 86 95 22.1
9506

Nozzle discharge (gal. per min.) 0.25 0.30 0.37 0.40 0.60 50

* Pressure, angle, and discharge data taken from Spraying Systems Company Bulletin, No. 63.
** Indicates near optimum operating conditions at designated pre-set pressure for both angle

and nozzle discharge.
t Indicates near optimum operating conditions at designated pre-set pressure for nozzle

discharge only.

are important. Therefore, all possible mechanical and hydraulic aids
should be built into the sprayer in order to ensure uniformity of application
by operators who are usually unskilled workmen.

The pressure regulator, which maintains a constant pressure control on
the nozzle tip, is one of these appliances. This is a device defined by the
WHO Expert Committee on Insecticides as " the mechanism which main-
tains a pre-set pressure at the outlet despite variations in pressure at the
inlet". Perhaps this definition should be amended, in continuation, to
read, "so long as pressure at the inlet does not diminish below the pre-set
pressure "; i.e., where the pre-set pressure is 10 p.s.i. (0.67 atm.), the
pressure regulator will maintain this pressure on the outlet until the pressure
on the inlet drops below 10 p.s.i. Below the pre-set pressure, the spray
pattern will begin to deteriorate until pressure above 10 p.s.i. is restored.

Discussion

Nozzle-tip specifications were established by the WHO Expert Com-
mittee on Insecticides before the pressure regulator on hand-operated
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spray equipment came into general use. At that time, common practice
was to develop approximately 50 p.s.i. (3.3 atm.) tank pressure, and then
to continue spraying operations until the spray pattern and nozzle discharge
had both deteriorated well below the specific limits. The normal range of
operation for the 8002 nozzle tip was from 50 p.s.i., with a nozzle discharge
of 0.25 gallon per minute and at an angle of 840, to perhaps as low a pressure
as 10 p.s.i., with a nozzle discharge of 0.10 gallon per minute and at an
angle of 560.

The pressure regulator, now perfected and widely used, makes possible
close control of discharge pressure and, in consequence, of nozzle discharge
and spray angle. Such a correlation may, in turn, bring about a far more
uniform distribution of applied insecticide, since the three factors involved
remain constant throughout the operation. This means, as well, much
greater economy in the use of insecticides. Man-power economy is also
possible and practicable with proper use of the pressure regulator. This is a
major personal economy in tiring labour, which accrues to the individual
spray-operator. It is an economy which means more and better work
accomplishment per man-day.

The regulator controls the range of working pressure or, in other words,
the amount of efficient work which may be mechanically accomplished with
every tank of pre-pressurized propellant. If the regulator is pre-set to a
high pressure, then the quantity of uniform work accomplished per single
tank of pressurized propellant must necessarily be less than when the
regulator is pre-set to a low pressure.

One factor looms large in the selection of this controlled pressure-
namely, the ability of the workman to develop by hand an adequately high
total pressure within the body of the sprayer with which to maintain the
adopted working pressure for a significant period of time. This refers to the
number of strokes required to build up any specific pressure within the
tank, regardless of whether the pressure is 10, 40, or 50 p.s.i., or even higher.

Experience indicates that regardless of pressure developed, approxi-
mately 50 full pumping-strokes is the maximum the average operator will
deliver before he tires and wants to rest. Probably he prefers to execute
only 30 or 40 strokes.

Pressure developed on each full stroke depends upon the diameter and
the length of the pump cylinder; a larger diameter or a longer stroke will
account for more pressure than a smaller diameter and a shorter stroke.
Designers of spray equipment attempt to rationalize these factors in order
to assure development of maximum pressure with minimum effort.

Heretofore, maximum pressure has been considered as between 40 p.s.i.
and 50 p.s.i., developed by approximately 50 full plunger-strokes. Un-
fortunately, in field operations, this pressure is often difficult for operators
to achieve, becoming impossible with many designs of sprayers because
the workman, no matter how willing to work, simply is not heavy enough to
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develop it. Development of full pressure depends upon the weight of the
operator and not upon his willingness to work.

Furthermore, even though 50 p.s.i. is attained, if the characteristics of a
tip specify a discharge of 0.2 gallon per minute at 40 p.s.i., then only 10 p.s.i.
of pressure is available before it must again be increased or before the
spray pattern commences to deteriorate (see fig. 1). In this example it is,
of course, presumed that a pressure regulator, set to function at 40 p.s.i.,
has been placed in the discharge line.

FIG. 1. COMPARISON OF DETERIORATION IN SPRAY ANGLES
AND DISCHARGE RATES, WITH 8002 AND 8004 NOZZLES,

AT PRE-SET PRESSURES OF 40 AND 10 p.s.i. RESPECTIVELY *
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-conclusion that an average operator simply does not recharge to this pres-
sure twelve times per tank of liquid, firstly, because he probably cannot,
and secondly, because he would not, even though he were physically able
:to do so.

F. W. KNIPE
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Since these facts are well established in practice, it seems logical to
cater to the ability of the workman to pressurize the tank, by adopting a
standard which may be easily attained by physical effort, yet one which
correlates with the specifications of the WHO Expert Committee on In-
secticides for a characteristic spray. This may involve a correlation change
in the committee's nozzle discharge pressure specifications.

My personal preference is for a controlled pressure not exceeding 10 p.s.i.,
and it is my belief that a lower pressure of 7.5 p.s.i. (0.5 atm.) is just as
suitable. Assume that the pressure regulator is pre-set to maintain a constant
discharge rate of 10 p.s.i. Should the operator be capable of pumping up a
pressure of 50 p.s.i., he would then have a working range between 50 p.s.i.
and 10 p.s.i., in contrast to a highly restricted range from 50 p.s.i. to 40 p.s.i.,
when the pressure regulator is set to 40 p.s.i. In terms of work accomplish-
ment with the popular sprayer mentioned, the operator would need to
recharge his sprayer to 50 p.s.i. only 2%2 times in order to discharge the
entire contents at 10 p.s.i., instead of 12 times as in the first example cited.
This is a very considerable saving in physical exertion. Furthermore, the
light-weight man, who cannot possibly develop 50 p.s.i. or even 40 p.s.i.,
can work along at 25 or 30 p.s.i., and do an equally satisfactory job.

In order to achieve this end, it becomes necessary to choose a nozzle
tip with the desired characteristics; a Spraying Systems Tip No. 8004 very
closely corresponds to the specifications recommended. At 10 p.s.i. this
tip discharges 0.2 gallon per minute at an angle of 600. It is possible that
other makers of nozzles and nozzle tips specify similar performance charac-
teristics for their equipment. Unfortunately, such information has not come
to my attention.

Some discussion has taken place among persons doing residual-spray
work (research as well as field operations) relating to the quality of the
deposit secured when sprays are discharged at low pressure. The theory
advanced seems to imply that low-pressure sprays with resultant large
micron-sized droplets may not be so efficient as sprays laid down by higher
pressure and finer micron size. The WHO Expert Committee has already
established the principle to meet this objection to large micron size with
respect to residual sprays applied as suspendable powders. The principle 5

reads as follows: " The particle size of the insecticide in dispersible-powder
formulations is predetermined by the grinding treatment given in manu-
facture." Therefore, it will not be affected by variation in droplet size of
the depositing agent.

An advantage of low pre-set pressure is that, even though a workman
fails to recharge his sprayer when the critical pressure of 10 p.s.i. is reached,
he may continue work with the resultant deteriorating pattern for only a
brief period before this pressure is exhausted. Then he is forced to recharge

' Wld Hlth Org. techn. Rep. Ser. 54, 33
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the tank. When he is using a pre-set pressure of 40 p.s.i., and he does not
recharge at this pressure, the spray pattern may deteriorate through a long
range (see fig. 1) below 40 p.s.i. until the tank is recharged. Since recharging
often does not take place until practically all pressure is exhausted, extreme
deterioration in pattern and nozzle discharge takes place, resulting in non-
uniform insecticide application.

Still another advantage gained by low-pressure discharge may be
referred to as the " quality" of spray produced. A pressure of 40 p.s.i.
with an accompanying discharge of 0.2 gallon per minute tends to produce
many droplets of relatively small micron size. Quantities of these droplets
fail to travel the 18-inch distance between the nozzle tip and the surface
undergoing treatment. Consequently, they do not impinge on this surface,
falling to the ground or drifting away in air currents and becoming lost.
Other larger droplets, propelled from the nozzle tip at 40 p.s.i., attain
considerable velocity, inducing some tendency to rebound or ricochet from
the sprayed surface instead of adhering to it. These droplets are also lost.
This phenomenon is dependent to some extent upon the type of surface
being treated, but is more or less common to all surfaces.

Fewer small micron droplets occur at lower pressure (10 p.s.i.). Con-
sequently, not many of them fail to reach the surface under treatment.
Rebound is also less at this pressure, since velocity of the discharged material
is lower.

Another important factor to consider with regard to low-pressure
discharge is the abrasive action of the insecticide on the tip orifice. Since
suspendable powders are commonly used in residual sprays, it follows that
large quantities of solid particles are discharged through the tiny orifice in
the tip. Some of this material is the insecticide itself and some is the diluent.
Both of these solids have an abrasive effect on the orifice, depending upon
their hardness characteristics. As they pass through at high pressure, the
velocity of these solids is considerable. Relatively higher abrasive action
may then be anticipated, with a correspondingly shorter life of the tip,
when compared to a discharge at a lower pressure and through a corre-
spondingly larger tip orifice. In this case it follows that to maintain the
same rate of discharge at a reduced pressure, the tip orifice must be pro-
portionately increased in cross-section.

Conclusions

It is believed that a change in thought with regard to characteristics
for nozzle tips used in residual spraying has been made possible as well as
desirable by the development of the constant pressure valve. A specific
pressure which would yield the desired pattern and rate of insecticide
discharge per minute as established by the WHO Expert Committee on
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Insecticides has been discussed. A discharge pressure of 10 p.s.i. has been
proposed. Besides developing the desired spray-application characteristics,
this low pressure would: (1) reduce spray-pressurizing labour, (2) ensure
better spray adherence to surfaces by reducing discharge velocity and by
producing droplets of an optimum adherence size, and (3) reduce nozzle-tip
abrasion, with resultant longer life for each tip.

When advantages of controlled low-pressure (10 p.s.i.) discharge on
the nozzle tip are taken into consideration, they outweigh any advantages
of higher presspre. In fact, there appear to be few, if any, direct advantages
to be gained by a high (40 p.s.i.) working pressure.

REtSUMIE

Des nortnes pour les buses des pulv6risateurs a pression prealable ont ete etablies par
le Comite d'experts des Insecticides, de l'OMS, avant que les regulateurs de pression,
fix6s aux pulverisateurs a main soient entres dans la pratique courante. Jusqu'a ce moment,
on avait l'habitude de produire une pression prealable de 3,3 atmospheres (50 p.s.i.) et
de poursuivre la pulv6risation, meme quand la pression etait tombee en de,A des normes
specifiees.

Le regulateur de pression permet de contr6ler la pression de debit, le d6bit de la buse
et I'angle de pulverisation. II assure une repartition plus uniforme de l'insecticide (puisque
les trois facteurs susmentionnes restent constants pendant toute l'operation). I1 permet en
outre de realiser une economie d'insecticide et de main-d'ceuvre. L'auteur propose
d'abaisser a 0,7 atm. (10 p.s.i.) la pression specifique de debit, que le Comite d'experts,
dans ses recommandations, avait fixee a 2,7 atm. (40 p.s.i.) - le d6bit etant exprime en
gallon des Etats-Unis. Tout en satisfaisant aux conditions exigees des pulverisations, cette
pression abaissee r6duirait le travail physique que demande la mise sous pression du
pulverisateur. Elle assurerait une meilleure adherence de l'insecticide en reduisant la
vitesse de d6bit et en donnant des gouttelettes de dimensions optimales. Enfin, elle aurait
pour effet de diminuer la corrosion et l'usure des buses. Ces avantages sont bien supe.
rieurs aux qualites que peuvent pr6senter les dispositifs a pression elevee.
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