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Abstract

The performance of hydraulic flat fan and rotary cage and sleeve aomisers for aeia application of adul-ticides
in mosquito control was assessed in a wind tunnel and spray chamber. Droplet size spectra were measured for
different spray formulations of known physicd properties, at different atomiser operational use @nditions and
wind tunnel air velocities. The droplet size measurements were made using a laser dif-fradion particle size
analysis system. The sprays were studied using an Oxford Lasers gray visualisation system, which fadlit ated
the interpretation of the aomisation data based on modes of liquid bregkup.

The rotary atomisers were more cgable of readily producing the optimum droplet size of 25 pm for
this kind of application than were the hydraulic nozzZles. Droplet size from the rotary atomisers could be con-
trolled by changing the rotation rate d@ther through adjustments to the pitch of the windmill blades or through
changes in the voltage and current supplied to the dedric motor. Droplet size deaeased with higher rotation
rates. Flow rate tended to reduce the rotation rate, which was the main reason for droplet sizeincreasing as flow
rates increased up to approximately 20 L/min. At higher flow rates, the mechanism of atomisation from the
rotary atomisers changed from dired droplet formation and ligament bregup to shee disintegration. With the
coarser mesh rotary cage @omiser, some droplet formation was also by jet-on-wire shatter. With the 10, 20 and
40um mesh porous reen rotary sleeve aomisers, the sprays were relatively narrow in droplet size ranges (low
relative span) compared to similar sprays from the rotary cage aomisers. With the hydraulic nozzZles, droplet
size tended to deaease with higher pressure and wind speed, and greaer nozze angle to the drstream. The
physica properties of the spray mixture affeded droplet size, with finer sprays tending to be formed from lower
surfacetension conditi ons, due to lessresis-tance occurring for spray formation.

Introduction
Optimum Droplet Sizefor Control of M osquitoes

Many fadors determine the performance of mosqguito adulticide sprays. As with other types of pesticide
application, droplet size is usually the most important of these fadors [1]. Correlations of mortal-ity rates of
adult mosquitoes in cages exposed to sprays suggested that the optimum droplet sizeis between 5 and 11 um [2,
3,4, 5]. Work with exposure of mosguitoes in the field suggests that the optimum droplet diameter is 5-22 um
[6, 7, 8]. A similar sizerange has been found to be optimal for mosquito control in wind tunnel studies [7]. Other
reseachers have determined the optimum droplet size for colledion on mos-quitoes using scanning electron
microscopy [9]. Inseds were released into a chamber containing a palydisperse oil spray. The inseds were
colleded and analyzed for the droplet sizes which they colleded during flight. The study showed that 97% of
the droplets colleded by the mosquitoes were 2-16 pm.

Comparative droplet sizework has shown that different measurement techniques can produce dif-ferent data
for the same mosquito sprays [10]. Given this effed, droplet size dassificatlion systems have found utility for
standardizing acossmeasurement systems through the use of reference sprays[11, 12].

Equipment for Producing Adulticide Sprays

Given the neead for droplets with diameter 5-25 um for control of adult mosquitoes, careful atten-tion must
be given to the seledion and use of atomisers for agial spraying. Some mosquito sprays are g-plied with
ground equipment such as foggers [13], however, the present paper discusses agial applications.

In aeial adulticiding using hydraulic nozzes, pressures, nozzle angles and airstream velocities need to be
high for production of small droplets. Wide fan angles and small orifice sizes also help optimize such
applicaions. Aerial applicaions have also involved rotary cage and sleeve aomisers. These include Micronair
and Beeomist models, although other manufadurers also exist. The use of rotary seeve atom-isersis effedive
for mosguito control [14] with spraysin the 10to 20um droplet diameter range [1].

A summary of fadors affeding droplet sizein aaial spray applicaionswas given by [15and 1§.



M easurement of Droplet Size

Some reseachers have measured droplet size for agially-applied sprays using field measurement
tedhniques with papers [17], rotary impadion samplers [18] or magnesium oxide mated dides [19]. A ma-jor
limitation of such field sampling techniques is their tendency to under-estimate small droplets through poar
colledion efficiency and resolution. The use of wind tunnels for measuring sprays using non-intrusive laser
sampling devices provides rapid sampling urder controlled conditions. Good agreement has been found between
droplet size spedra data measured in wind tunnels and on adua aircraft [20]. The use of wind tunnels for
thousands of droplet size measurements by the Spray Drift Task Force (SDTF), a on-sortium of 39 agricultural
chemicd companies investigating fadors affecing pesticide drift for regulatory requirements, was explained by
Hewitt [21]. The SDTF studies included hydraulic and rotary atomisers. The SDTF used dfferent sampling
methods for hydraulic sprays than for rotary atomisers, due to the dif-ferent emission form from each
applicaion. While hydraulic nozzZles were verticdly traversed while @n-tinually sampling to obtain a
representative cross-sedion average droplet size distribution, multiple chordal measurements were mmpared
with single eenterline measurements with the @omiser and laser diffradion instrument laser beam central in the
wind tunnel working sedion. The SDTF atomizaion and field studies have been described elsewhere [22, 23].
Teske [24] used the experimental atomization data mlleded by the SDTF and athers to validate his theoreticd
assesaments that the most appropriate gproach to sampling rotary cage aomisersisthrough the use of centerline
measurements. This approach has been included in a standard test method keing finalized by the American
Society for Testing and Materials (ASTM) for sam-pling liquid sprays with laser diffraction techniques [25].
This approach was also used in the present study.

M ethods

The present study involved applications with flat fan nozzles and rotary cage and sleeve aomisers. These
were sampled using full traverse and centerline measurements, respedively, in aacordance with standard
operating procedures used by the SDTF and also the gpropriate ASTM standard [25]. All meas-urements were
made in wind tunnels at New Mexico State University and the University of Queendand, Australia. These wind
tunnels have been described by [21, 26].

A Malvern laser diffradion particle size analyzer was used to charaderize the drop size spedra. All
measurements were made using 600 @ 800 mm focal |ength lenses which measured droplets in the sizerange 3
tol504 um. Data and results were obtained using model independent analysis. All measurements were
repli cated with threemeasurements per treament.

Spray solutions of Anvil® 10+10 (Clarke Mosqguito Control Asciation, Roselle, IL) or tap water were
displaced from spray tanks by compression.

The wind tunnel studies included airstream velociti es representing those encountered in applications with
rotary wing (~80 mph) fixed-wing piston engine (~120 mph) and turbine engine (140 - 175 mph) powered
aircraft. The major nozze types used for commercial adulticide gplications and tested in the wind tunnel
studies included 800, 8001, 8003, 8005and 11001 flat fan nozZles (Spraying Systems Co., Wheaon, Illi nois),
a Micronair AU5000 rotary cage @omiser (Micron Sprayers Ltd., Bromyard, England) and Bee®mist rotary
sleeve aomisers with various sreen sizes (Clarke Mosquito Control Asociation).

The rotary atomisers were operated at rotation rates between 11,200 and 17,500 rpm, measured us-ing
opticd and inductive pickup tachometers.

The flat fan nozzles were oriented at the typicd mosquito adulticide spraying setting of 135 (i.e. 45°
forward into the drstream), and the rotary atomisers were oriented straight badk from the drstream.

Flat fan nozZe tests included spray pressures of 40and 70 ysi and wind speeds of 145and 175mph. Rotary
atomiser testsincluded liquid flow rates of 0.66- 3.05 L/min and wind speeds of 80-175 mph.

Resultsand Discussion

Given the importance of droplets with diameter <25 pum for mosquito control, the results of the droplet size
measurements are summarized with resped to the entire droplet size spedrum, the mean Dv0.5 and the spray
volume mntained in droplets with diameter below 24 pm (Vol<24 pm).

Flat fan nozzes

The gplication of water and Anvil at 40 psi presaure through 8001 and 8003 flat fan nozzes ori-ented at
135° into a 175 mph airstream (Figure 1) produced sprays with respedive Dv0.5 values of 86 to 104 um (water)
and 55to 73 um (Anvil). The aility of the Anvil to produce finer sprays than the water proba-bly refleds the
different physicd properties, in particular lower dynamic surfacetension of the Anvil com-pared to water. The
production of finer sprays with smaller orifice diameters is consistent with previous work with hydraulic nozzes
[22, 27, 28]. The influence of ar shea causing the production of smaller droplets with higher airstream
velocitiesin pesticide gpli cations has been confirmed in previous work [29].



At alower airstream velocity of 145 mph, the gplication of Anvil througha 11001flat fan nozzle oriented
at 135 to the drstream produced a similar Dv0.5 around 70 pm to the higher wind speead application (175 mph)
with an 8001 nozzle. Previous reseach [22] has own that narrower flat fan plume angles produce ®arser
sprays, so the present study shows that this can be offset (in the cae of an 80° flat fan compared to a 110° flat
fan) by increasing the ar shear at the nozzle tip, for example by increasing the ar-craft forward speed (in this
case, from 145to 175mph). The range of Vol<24 pum values for applications of Anvil through these flat fan
nozzeswas 15to 21%.

Rotary Cage Atomiser

The Micronair AU5000 rotary cage atomiser produced finer sprays than the flat fan nozzles. However,
where higher spray pressure with the flat fan nozzles produced higher flow rates and finer sprays with a given
orifice diameter, greaer flow rates caused the sprays from the rotary cage aomiser to become aarser. Thisisin
agreement with previous studies, and refleds the fad that atomizaion from flat fan noz-zles is by a different
medanism than that from rotary atomisers. In flat fan nozzle gomizaion, liquid is discharged from the nozzle
as a sheet which breas down by the formation of perforationsin the shed. Atomization from rotary atomisersis
usualy by direa droplet or ligament formation. At high flow rates, the gauze of the rotary cage may beamme
flooded, causing atomization to be through shee bres&kup. Modes of atomizaion from different nozzle and
atomisers have been discussed elsewhere [30, 31]. DvO0.5 values ranged from 27 to 57um, depending on flow
rate and rotation rate. The results are within range of expeded findings from other studies. Van Vliet and Picot
[32] tested alarger AU4000atomiser with several fluids, flow rates and rotation rates, and oltained 40 to 60 %
of the spray volume in droplets with diameter 15to 55um at a wind tunnel speed around 110mph. The higher
wind speed in the present study provided 40% of the spray volume in this size range & a similar flow rate range
of ~2to 5L/min. This is reasonable given that the gomiser was smaller for the present study, and the wind
tunnel speal higher. The data do not agree well with field measurements of droplet size from an agia
applicaion with AU5000 atomisers [17], where an AU5000 atomiser was operated at a wide range of rotation
rates (not measured, but blades with unspedfied length were operated at angles between 35 and 85°) with a flow
rate of ~ 4 L/min. The flight speed was dower than that of the present wind tunnel tests (115 mph), and the tank
mix comprised kerosene oil with carbaryl. The Dv0.5 values ranged from 99to 273um. These values are larger
than those from the present study for several reasons, the main factor being the different droplet sizing technique.
Colledion cards provide an intrusive depasition sampling technique which tends to under-estimate the small est
dropletsin a spray.

In agreement with the present study findings, other researchers have observed that greder rotation rates
produce finer sprays from rotary cage atomisers [29, 33-35]. At higher rotation rates, the droplets are dfectively
flung acossthe aomiser gauze with greaer energy, producing smaller droplets. Wind tunnel studies with an
AU5000 atomiser showed that this could produce smaller droplets than an 8004flat fan nozzZle. The rotary
atomiser was used at flow rates between 2000and 8000mL/min and rotation rates of 4400to 9500rpm. In wind
tunnel airstream velocities from 130 to 60 mph, the Dv0.5 values varied from 34 to 159 pum for a range of
different tank mixes, which iswithin the droplet size ranges observed in the pre-sent study.

Rotary Seeve Atomisers

Atomization through the Beeommist rotary sleeve aomisers was affected mainly by rotation rate, with
higher rates producing finer sprays (Figure 2).

Wind speed and mesh size dso had an effed on atomization (Figure 3). At higher wind speeds, the sprays
becane coarser, probably due to the effed of the wind ondeaeasing the spray plume angle and modifying the
bregup length. A 1.5mm mesh size produced larger droplets and multi-model droplet size spedra, where the 20
and 40 um porous high density palyethylene screens produced smaller droplets and mono-modal or bi-model
sizedistributions. The 1.5mm mesh screen provided simil ar atomization behavior to the rotary cage aomisers.

The Beecomist 20 and 40 pm porous high density polyethylene screens produced Anvil sprays with Dv0.5
values of 25 to 35 um, depending on the rotation rate, flow rate, airstream velocity and screen size The
corresponding Vol<24 pm range was 14 to 48 %. With the 1.5mm mesh screen, the respedive Dv0.5 and
Vol<24 pm ranges were 55— 63 um and 4— 9 %.

Comparison of Flat Fan and Rotary Atomisers

The present study has shown that rotary cage and rotary screen atomisers provide the greatest po-tential for
obtaining the droplet size of <25 um required for optimum control of adult mosquitoes using aegial adulticiding.
With a given atomiser, flow rate and flight speed scenario, droplet size can be mn-trolled by changing the
rotation rate of these rotary atomisers, with greaer rotation rates producing small er droplets.

Figure 4 compares the droplet size spedra produced by the flat fan nozzles and rotary atomisers. The rotary
cage and 1.5mm screen rotary Sleeve g@omisers produced sprays that were bi- or multi-modal, while the flat fan
and fine mesh screen sizerotary sleeve gomisers produced sprays that were nominally mono-modal. The 20 and



40 um porous high density polyethylene screen rotary sleeve aomisers produced the narrowest droplet size
spedra.
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