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DROP SPECTRUM COMPARISON OF FIVE AERIAL

APPLICATION NOZZLE ASSEMBLIES

INTRODUCTION

In Nova Scotia, Vision® (active ingredient:
elyphosate 356 grams/litre) is the most commaon
aerially-applied forestry herbicide. These
applications are made with helicopter mounted
spray systems utilizing various nozzle compo-
aents and configurations. Although the nozzles
are similar in size and output, they produce a
noticeably different distribution of drop sizes
(drop spectrum). The droplets generated com-
monly range in diameter from 10 to 2000
micrometres (LLm) (Bode et al, 1981). Droplets
less than 100 um are undesirable due to their
ability to drift off-target while droplets greater

than 1000 um result in reduced coverage and
effectiveness {Akesson, 1987). The manufac-
turer of Vision® (Monsanto) recommends a
droplet size range of 250 to 500 pm for effective
vegetation control with their product. This
range reflects a compromise between good drift
control and adequate coverage (Monsanto,

“1990).

The purpose of this report is to determine the
drop size distribution of five nozzle assemblies
commonly used in forestry: the D6 JET, D8
JET, D8-45, D8-46 and 8010 LP.

METHODS

Field Work

On an abandoned airstrip in Stanley, Hants
County, a flight line was cstablished approxi-
mately 73 metres (m) from the surrounding
forest cover. A 57 m long data-collection line
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was laid out perpendicular to, and centered on
the flight line. Kromekote cards measuring 10 x
10 centimetres were sequentially numbered
from 1 to 20 and affixed to the data-collection
line at 3 m intervals (Figure 1). These cards
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were used o record the droplets emitted during
the trial.

A 0.2% solution of Bulls Eye® marker dye in
water was pumped into a Jet Ranger 206 B
helicopter equipped with a Simplex® model
4900 spray system. Boom width was 8.3 m
with 51 active nozzles, twenty-two on each side
plus seven nozzles between the skids, Boom

nozzles were spaced evenly at approximately 15
cm and were angled in-tlight at 135¢ (45° back).
Passes over the cards were made at approxi-
mately 105 kilometers per hour at a release
height of about 10 m. The center point of the
flight line was clearly marked such that the pilot
was able to center the pass accurately. Two
passes were conducted for each nozzle type.
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Figure 1. Schematic of data collection layout.

After each pass, the kromekote cards werc
collected and then replaced with fresh cards.

Through the use of a Crop Hawk® flow rate
monitor, the pilot adjusted the pressure in flight,
to maintain a total solution output of between 35
and 50 litres per hectare. This was necessary
due to the difference in the orifice size of the
different nozzle types. Appendix I shows the
flow rate, application rate, boom, pressure and
weather data for each pass.

Laboratory and Data Analyses

The following drop size determination was
completed by Warnica (1990). Cells on the
kromekote cards were sampled based on double
digit random numbers generated from
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Mendenhall (1987). Sampling intensity ranged
from 3 to 10% of each card to keep the total
number of droplets sampled for each nozzle
approximately equal. The diameter of each
droplet within each sample cell was measured
using a 12 power microscope with a graduated
eye piece. When oval drops were encountered,
they were measured across their length and
width with the average being recorded as the
diameter. Drops on sample cell boundaries
were measured only if one half their area was
within the designated cell. Droplets were meas-
ured in units, as defined by the graduated eye-
piece, with each unit equalling 83 \m in size.
On impact with the kromekote card, a droplet
forms a stain larger in diameter than the original
drop. The relationship between the droplet and
the stain is known as the spread tactor and must
be determined for each sample surface and



liquid. Barry et al. (1978) found that the spread
factors for a .1% and .5% dye solution in water
on kromekote cards were 1.7 and 2.0 respec-
tively. For the purpose of this report, a spread
factor of 1.8 was used, meaning, the recorded
stain is actually 1.8 times larger than the origi-
nal droplet. This reduced the value of each
graduated unit to 46 Lm in size prior to impact-
ing on the kromekote card. Therefore, all drop-
lets less than or equal to 46 pum fell into the 46
\m class; all droplets greater than 46 and less
than or cqual to 92 pm fell into the 92 wm class,
etc. (Appendix ). Classes were then grouped
to provide four ranges of drop sizes. The drift
prone range was defined as 0 to <231 pm. The

manufacturer’s recommended range (Monsanto)
was defined as =231 to £461 um'. Recognizing
the potential for good efficacy of slightly larger
drops, an acceptable range of »231 to <1153 um
was also defined. All drops larger than 1153 um
were grouped in the over size range due (0 the
efficacy reduction and poor leaf area coverage
associated with these drop sizes (Table 1),

Once actval drop sizes were calculated, vol-
umes were determined using the volume equa-
tiom for a sphere. Drops were then categorized
in the aforementioned diameter ranges and
volumes and percent of total volumes were
calculated.

Table 1. Droplet diameter range classification

Drift Pronc
Manufacturers Recommended
Acceptable

Over Size

- 231
231 461
23] 1153

RESULTS AND DISCUSSION

Do-JET
The D6-JET (disc type, 6/64" orifice) nozzle
lacks a swirl plate which results in the produc-

tion of a solid stream of liquid during operation.

Formation of the droplets is dependent almost
entircly on wind shear created by the forward
motion of the helicopter (Matthews, 1984).
This produces a broad spectrum of droplet sizes
(Figure 2). The D6-JET produced drops be-

1.  Monsanto recommends a range of 250-504 [Lm.
Since the ¢lass limits did mot correspond, the
manufacturer’s range was adjusted to =231 -
=461 ym.,

tween the 92 and 4150 um classes inclusive
(Appendix II). Only 18% of the total volume
was in the acceptable range and only 4% 1 the
range recommended by the manufacturer of the
herbicide (Table 2). Although less than 1% of
the volume was in the less than 231 LWm category
(defined as the drift prone range), 82% was in
the larger than recommended category. The
droplets produced in this larger category are less



Table 2. Percent of droplet volume for each nozzle by diameter class.

Drift Prone 115 0.4
(=231 pm)

0.3 4.2 1.2 3.0

Manufac urers
- Recommended
C (=231 to =461 um)

Over Size 1268 6.2
{(=1133 ) 1498 5.6
1729 7.0
1959 6.0
2190 7.3
2420 1.6
2651 53
2882 , 2.6
3112 33
3343 11.6
3573 49
3804 ),
4034 20.2

Total 81.6

8.2 4.3 7.7 13.7
10.4 6.7 10.9 15.9
7.5 0 12.9 0
12.9 0 7.3 0
11.9 0 6.7 0
12.0 0 4.9 0
4.9 0 0 0
6.5 0 0 0
0 0 0 0
5.1 0 0 0
0 0 0 0

0 0 0 0

0 0 0 0
79.4 110 504 29.6

cfficacious due to the reduction in coverage on
target vegetation. Twenty percent of the total
volume produced by the D6-JET was contained
in the 4034 pm class. This volume was ac-
counted for by only three droplets. The volume
contained in one 4000 wm droplet is equivalent
to over 1200 droplets, 375 pm in size.

D8-JET

The D8-JET (disc type 8/64" orifice)} as in the
D6-JET, has no swirl plate but has an orifice of
a slightly lareer size. The difference in the

orifice size produces a similar solid stream at a
lower pressure, therefore results were found to
resemble those for the DG-JET. The droplet
spectrum included drops from the 92 um class to
the 3320 pm class (Appendix II). The drift
prone range of droplets accounted for less than
1% of the total volume, while 79% of the vol-
ume was in the larger than recommended cat-
egory (Figure 3). This leaves only 20% of the
total volume in the recommended size class
range, with 3% of the volume in the category
recommended by the herbicide manufacturer
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Figure 2. The distribution of spray volume by droplet diameter class

emitted by the D6-Jet nozzle.
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Figure 3. The distribution of spray volume by droplet diameter class

emitted by the D8-Jet noz

(Table 2). Again, with nearly 80% of the total
volume in the large drop class, coverage will be
considerably reduced, resulting in a reduction in
efficacy.

D8-45

With the incorporation of a #45 swirl plate,
the D8 nozzle (D8-45) produced the highest
percent of volume in both the acceptable and the
manufacturer’s recommended range. The

zle.

inclusion of the #45 swirl plate changes the
solid stream to a hollow cone spray pattern
resulting in the formation of droplets by the
nozzle. In addition, the swirl plate breaks up the
excessively large droplets while combining
smaller droplets into larger ones (Matthews
1984). Droplet size, for the D8-45, was found
to vary between the 46 and the 1614 pum classes,
a considerable reduction in range from both the
D6 and D8 JET nozzles (Figure 4). The total



volume of droplets in the acceptable range was
85%, with 22% of this within the manufacturers
recommended range (Table 2). Only 11% of the
volume was in droplets larger than the accept-
able range and fell into the two size classes just
exceeding that range. A total of 4% of the
volume was in droplets that fell into the drift
prone range, the highest amount of the nozzles
tested. As Appendix Il indicates, only 0.23% of
the volume fell in droplets less than 92 pum in
size, this being the most likely size of drop to
move off target (Stewart & Gratkowski, 1976).

D8-46

The final testing conducted with the D8 orifice
involved the use of a #46 swirl plate. The #46
swirl produces the same hollow cone pattern as
the #45 swirl but at a higher flow rate for a
given pressure. The spectrum of droplets pro-
duced by this nozzle was from the 92 pm class
to the 2536 pum class, with droplets in excess of
1844 um few and sporadic (Appendix IT). The
acceptable droplets accounted for 48% of the
volume with 8% recorded in the range recom-
mended by the manufacturer (Table 2). The
over size droplets accounted for 50% of the total
volume, of which 32% was in the three classes
just exceeding the acceptable range (Figure 5).

The D8-46 produced only 1% of its volume in
drop sizes in the drift prone category with
0.05% in the less than 92 um classes.

3010LP

The last nozzle tested was the 8010 LP (low
pressure) which was designed for high volume
tractor boom applications. Internally the 8010
nozzle directs two jets of water that meet at an
elliptical orifice causing the production of a thin
film of liquid which quickly disintegrates into
droplets (Matthews 1984). When in use on
aerial application devices, the nozzle is aligned
parallel to the boom thus avoiding partial de-
struction of droplets by wind shear. The accept-
able range produced by this nozzle, accounted
for 68% of the total volume of spray. The
manufacturers recommended range contained
20% of the volume, with 30% in the oversize
category (Table 2). As with the D8-45, the
droplets in the oversize range were in the classes
just exceeding the acceptable range. The drift
prone range contained 3% of the volume, with
the less than 92 pum classes accounting for
0.09% (Appendix II). The 8010 had the nar-
rowest droplet diameter spectrum of all nozzles
tested with all recorded droplets between the 46
and 1568 um classes (Figure 6).
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Figure 4. The distribution of spray volume by droplet diameter class

emitted by the D8-45 nozzle.
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Figure 5. The distribution of spray volume by droplet diameter class
emitted by the D8-46 nozzle.
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Figure 6. The distribution of spray volume by droplet diameter class
emitted by the 8010 LP nozzle.

CONCLUSIONS

Five commonly used nozzle types were tested 1) The D8-45 nozzle produced the highest
with water and dye in a simulated glyphosate percentage of volume in both the accept-
application by helicopter. These tests showed able and the herbicide manufacturer’s
that the droplet size distribution produced by recommended range (85% and22% respec-
these nozzles varied. This allows for flexibility tively). The nozzle also produced the
in nozzle selection choosing between nozzle highest percentage in the drift prone cat-
types to achieve a given combination of efficacy egory (4%) making this assembly suitable
and drift control. where sites are not adjacent to sensitive

areas.



2)  Similar to the D8-45, the 8010 LP nozzle
was found to contain 68% of the total
volume in the acceptable range and 20%
within the range recommended by the
manufacturer. The 8010 had the narrowest
drop size spectrum (46 to 1568 um classes)
and less volume in the most drift prone size
class (<92 wm) than the D8-45. The 8010
assembly is snitable where conventional
buffers are utilized.

3) The D5-46 nozzle contained 48% of the
volume in the acceptable and 8% in the
manufacturer’s range. Over half the vol-
ume was in the larger size category with
only 1% in the drift prone range. Droplets
were sporadic and few in number in the
classes greater than 1844 um, making this
nozzle suitable where a small reduction in

efficacy can be tolerated and greater drift
control 1s required.

4) The D6 JET and Dg JET produced the least

amount of volume in theacceptable range
(18% and 20% respectively) as well as in
the drift prone category (0.4% and 0.3%
respectively). Both nozzles produced a
wide spectrum of droplets, with a consider-
able percentage in excess of 2500 pm.
These nozzles could be used where consid-
erable efficacy reduction can be tolerated
for better control of drift but are not recom-
mended for gencral use.

The results of this study are specific to the
helicopter and spray system used. Alternate

equipment or adjustiments could result in differ-
ent drop size distributions.
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APPENDIX I ‘
THE FLOW RATE, APPLICATION RATE, BOOM PRESSURE AND WEATHER FOR EACH PASS

D6 JET I 168 46 2% 10.5 0 85
y) 130 35 16 10.5 S0 78

DSIET | | 188 51 18 11.0 [ 78
2 130 35 10 10.5 0 78

D8-45 ] 144 39 32 10.0 2 73
2 130 15 26 7.0 ] 97

D8-46 1 168 46 12 7.3 0 95
o 2 152 41 11 8.5 0 82
2010-LP 1 177 43 14 ND 5 96
177 45 14 ND 5 96




APPENDIX 11

PERCENT OF DROPLET VOLUME FOR EACH NOZZLE BY DIAMETER CLASS

1201t Prone
(22231 1)

115

" Manu facturer's
" Recommended
v (23] to=d61 um)

Over Size
(=1133 pm)

1498

1729

1959

2420

2651

3112

3343

3573

4034

1,02 0.96 1.71 2.06 i}
0,495 1,35 0 115 2.80
0,63 120 0 1.29 323
071 1,33 0 0 3558
2,36 3,32 262 316 397
1.15 1.22 145 2.62 0
0.95 2.59 3,18 192 4,82
0.69 1.97 ¢ 6,32 3,28
1.14 215 0 [ 5,74
1.65 2.35 2.08 i 0
1.80 1.28 0 273 0
0.98 1,39 0 1.43 0
0.52 1.50 0 322 0
fis 1.62 4] 1.74 0
370 1.75 il 375 0
1.33 1.59 0 1] 0
1.45 3.04 ] 0 0
0,77 5.44 0 2.33 0
1,64 1] 0 4.99 0
088 2,40 f} 0 ]
0.4 2,66 0 0 Q
3.00 4,26 ] 3,04 0
1.07 1.51 0 1] ¢
1.13 0 0 0 0
1.21 342 0 3,66 0
] 3.63 0 0 0

il 1.92 il 0 0

0 2.04 0 0 0

0 2.15 i} 0 0
1.60 228 [ 487 0
3.39 240 [ 1] 0
0 2.5 [ i 0
1.5% 0 0 ¥ a
0 6.532 0 [ ]
2,63 0 0 4} ]
331 0 i} 0 0
345 4] 4] 0 0
[is 5,10 4] 0 0
814 0 [} 0 0
4,94 0 0 0 0
6.3 0 0 4] 0
14.06 0 0 i 0
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