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Abstract

This communication describes a method for the
rapid measurement of variations in the discharge rates
of nozzle tips in the field and the percentage of
increase in output. This method would facilitate the
establishment of a replacement schedule for nozzle
tips used in spraying programmes, and periodic ad-
justments when new formulations of insecticides or
other types of nozzle tip are supplied.

The economic importance of the timely replace-
ment of nozzle tips in a spraying operation has been
discussed by Kuo et al. (1972). To establish a
replacement schedule, it is necessary to determine the
degree of increase in the discharge rate resulting
from erosion of the nozzle tip of the sprayer. Nozzle
tips are usually tested in the field by fitting them to
a standard compression sprayer and measuring the
output for 1 min at a standard operating pressure.
This process is tedious, especially if large numbers of
nozzles are involved, and a simpler and more efficient
test is described below.

Materials and method
The test calls for lengths of glass and rubber

tubing, a funnel, a container, and a stop-watch or
watch with a second-hand. A clamp facilitates the
measurements and readings. A nozzle tip with the
standard discharge rate (757 ml/min) is necessary
for the initial calibration.
The method consists in measuring the time taken

for a certain volume of suspension or water in an
open glass tube to flow by gravity through a nozzle
tip. It is obvious that, the larger the orifice of the
nozzle tip, the more rapidly the liquid flows out-
i.e., the shorter the time of discharge. As will be
shown below, the variation in discharge time is
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inversely proportional to that in the discharge rate
of the tip tested. Therefore, by measuring variations
in the discharge time, the method enables any
variation in the discharge rate to be determined.

In an experiment with a standard (C)HSS 8002
nozzle tip, a tube 85 cm long and with an internal
diameter of 1.2 cm was used. The tube bore two
marks 60 cm apart: 10 cm from the top and 15 cm
from the bottom. It was held in a vertical position,
either by hand or with a clamp, and the nozzle
tip to be tested was fitted to the lower end of the
tube by a 5-cm length of rubber tubing. A container
was placed underneath the nozzle, the rubber tubing
was closed by finger pressure, and the tube was
filled with clean water through a funnel. The top
of the tube was then closed with the thumb, the
rubber tubing released, the thumb raised, and the
water allowed to flow out until the meniscus reached
the upper mark on the tube. The time was noted, the
thumb completely lifted, and the water allowed to
run through the nozzle tip until the meniscus had
reached the lower mark. At that point the time was
noted again. The test was repeated three times and
the average time (in seconds) taken for the water to
pass between the upper and lower marks was
recorded. About 68 ml of water passed through the
standard nozzle tip in about 43 s.

Possible causes of error, such as air bubbles
rising from the bottom of the tube during the timing,
or blockage owing to the presence of dirt in the
nozzles or water, made it necessary to repeat the
test. There was no need for recalibrating or checking
once the discharge time had been accurately de-
termined with a standard nozzle tip.
During discharge, it was possible to observe the

general spray distribution pattern of the tip, its
uniformity, and whether or not it was still sym-
metrical after the tip had been used.

Calculation of the percentage variation in discharge
rates. With the proposed method, the volume of
liquid discharged-i.e., the volume of liquid between
the two marks-being constant, the discharge rate
under identical test conditions is inversely related to
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the time taken for discharge. Thus d = vlt (Eq. 1),
where d is the discharge rate, v the volume of liquid
(between the two marks) discharged, and t the time
taken for discharge. This implies that any decrease
in the time taken for discharge represents an increase
in the discharge rate of the nozzle tip, and vice versa.
The proportion of increase or decrease in the
discharge rate or the percentage variation in the
discharge-i.e.,

(de-ds)1ds x 100 (Eq. 2)
-can be calculated as follows:

(de-ds)1d8 x 100=
(v/te-vIts)I(vIts) x 100=
(ts-te)ltex 100 (Eq. 3)

t8 being the time (in seconds) taken for a standard
new nozzle tip to discharge the volume of liquid
between the two marks (v); te, the time (in seconds)
taken for an eroded nozzle tip to discharge that
volume of liquid; ds, the discharge rate of the
standard new nozzle tip; and de, the discharge rate
of the eroded nozzle tip.

Example 1. In the experiment described above,
v is 68 ml and t8 43 s; the discharge rate is thus
d8 = v/t8 = 68/43 = 1.58 ml/s. Let it now be
postulated that this nozzle tip has been used in the
field, returned for testing, and found to have a
discharge time of only 32 s (approximately 3/4 of the
original time). The discharge rate would then be
2.1 ml/s, representing an increase of about 1/3 over
the original discharge rate. Thus, by means of
Eq. 3, it can be calculated that

(de-d)/d8 x 100 =
(t8-te)Ite X -00=
(43 - 32)/32 x 100 = 34%

Example 2. Assuming that the eroded tip required
a discharge time of 21.5 s (half of the original time),
the discharge rate would be twice the original rate
(136 ml per 43 s), i.e.,

(t8-te)Ite X 1 -0
(43-21.5)/21.5 x100 = 100%

Comparison of the accuracy of the field method
with that of clo.vely controlled laboratory tests.'
Various tip conditions were chosen in an experiment
to evaluate the variation that might occur between
the results obtained with the field method and with
controlled laboratory tests. The following nozzle
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tips, all of the standard (C)HSS 8002 type, were
chosen to represent the various conditions: (1) a
control tip having a discharge rate within ± 1 % of
the standard rate of 757 ml/min at a pressure of
0.028 kN/cm2; (2) a tip with a discharge rate
approximately 6% below the standard rate; (3) a
tip with a discharge rate approximately 12% above
the standard rate, as a result of wear; (4) a tip with
a spray angle of 830; and (5) a tip with a spray
angle of 780.
For the controlled laboratory tests, the discharge

rate of each tip was determined at a pressure of
0.028 kN/cm2 as in the field method described above,
but for 2 min. The percentage variation from the
standard discharge rate was then determined by
means of Eq. 2. Each of the 5 tips was then tested
by the proposed field method and the time taken for
discharge was noted, the readings being repeated
3 times. The percentage variation in the discharge
rates, in comparison with the standard discharge
rate (control tip) and the discharge rate of the other
tips, was then determined by means of Eq. 3.

Results

As may be seen from Table 1, the results of the
two methods were in close agreement. The variations
observed were slight, the greatest of them being
about 0.7 %. The field method showed slightly lower
values except in one case-that of tip ID, where the
0.02 %-higher value might have been due to a reading
error.

Discussion

Minor factors-such as shaking or tilting of the
tube, inaccuracy of timing, differences in water
quality, and momentary or partial blockage of the
nozzle tip-may affect the test results and should
therefore be taken into account.

Because of the low-gravity head pressure involved
in the field method, slight blockage of the tip, which
could result in a lower flow rate, cannot be readily
detected. It is essential to wash used tips thoroughly
with water before testing them. If the device is
initially calibrated with water, all the subsequent
tests should also be performed with water.

There was no noticeable improvement in the
accuracy of the field method when the quantity of
water was increased (by the use of a larger tube) in
order to reduce the possibility of a reading error by
reducing the speed of flow.
The need for a new tip to calibrate the device

would be obviated by selecting a tube with dimen-
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Table 1. Comparison of results obtained with laboratory and field methods

Laboratory method Field method
Nozzle Trial (pressure tank) (small glass tube) Differences
tip a No. discharge rate variation time to empty tube variation of % variations

(ml/min)b (%) (s) (%)

1 A: control tip 1 749.5 29.5
2 749.5 (749.5)c - 29.3 (29.33)C - -
3 749.5 29.2

1 B: smaller orifice 1 707.8 31.3
2 707.8 (707.8) -5.56 31.0 (31.10) -5.69 -0.13
3 707.8 31.0

1 C: eroded 1 844.0 26.2
2 844.0 (844.0) 12.6 26.0 (26.07) 12.5 0.1
3 844.0 26.0

1 D: spray angle of 830 1 734.3 29.9
2 734.3 (734.3) -2.02 29.7 (29.93) -2.00 -0.02
3 734.3 30.2

1 E: spray angle of 78° 1 745.6 29.5
2 749.4 (746.8) -0.32 29.7 (29.63) -1.01 -0.69
3 745.6 29.7

a All the nozzle tips were of the standard (C) HSS 8002 type.
b At a pressure of 0.028 kN/cm2.
c Averages are given in parentheses.

sions allowing the volume of liquid between the two
marks to be discharged in 60 s through a standard
nozzle tip, and by standardizing those dimensions.
This would also simplify the recording of variations
in discharge times. A tube meeting these criteria
would be 70-75 cm long and have an internal
diameter of approximately 1.537 cm, and the distance
between the marks would be 51.1 cm.
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