
Proceedings of the First International Weed Control Congress, Melbourne 1992 165

Spray equipment for applying herbicides in ultra -low volume

C. G. McWhorter and J. E. Hanks

Application Technology Research Unit, U.S.
Department of Agriculture, Agricultural Re search
Service, Stoneville, MS 38776, USA.

Summary
An air-assist sprayer was developed to apply
herbicides in ultra -low volume (ULV) in
either water or in oil. Components needed
to construct the air - assist spray system for
use either in spray chambers in the green-
house or on a tractor are described. Positive
displacement pumps are used to meter
liquid flow to the nozzle at which point air is
introduced to atomize the liquid. The flow
rate of the pump is nearly equal for water
or oil and linear relationships were obtained
for both liquids over a wide range of voltage
inputs. Major variables that affect the size
of spray droplets are: (a) the volume of
diluent applied; (b) orifice size of the spray
nozzle; (c) the diluent applied; and (d) air
pressure.

Introduction
Visual observations in field research in the
mid 1980s indicated that paraffinic oil applied
broadcast at 9 L ha-' provided nearly complete
coverage of grasses. Subsequent laboratory
research confirmed that oil droplets spread up
to 100 times better than water droplets on the
leaf surfaces of grasses (5). Further research
showed that several herbicides controlled
johnsongrass (Sorghum halepense L. (Pers.))
better in paraffinic oil at 9 L ha-' than when
applied in water at 187 L ha-' (1). An air- assist
sprayer was designed to apply either oil or
water sprays at volumes as low as 2 L ha-' but
these used disc orifices to regulate liquid flow
(7). The openings in the disc orifices were as
small as 0.25 mm in diameter; causing them to
clog. Since other spray equipment, such as
control droplet applicators and air - assist
sprayers used to apply sprays at low - volume
(LV) and ultra -low volume (ULV), also used

disc orifices to regulate liquid flow, we
conducted research to develop an air- assist
spray system that does not require disc orifices,
to meter liquid. This paper 'describes the
components used to construct this spray
system and discusses the major variables that
affect its use.

Materials and methods
The components of the air - assist sprayer are
shown in Figure 1. Spray liquid is metered by
the pump (C) and is expelled, through the
nozzle (E) by air pressure supplied from an
external source (D). The liquid leaving the
nozzle is atomized by the air.

Liquid flow rate can be adjusted by turning
a vernier dial on the pump. The pumps' used
are small, valveless piston pumps (4). Pumps
are available with pistons that are either 4.8
mm or 6.4 mm in diameter and these operate
within a cylinder that is precisely matched to
the piston. Most of the pumps used in our
research have had ceramic pistons and cylinder
liners, but these are available in other materi-
als. Pump drivers (motors) are available in
both alternating and direct current electric
units and in pneumatic units. Electric pumps

Figure 1 Components of an air- assist sprayer
are: (A) graduated cylinder (tank), (B) electric
motor, (C) metering pump, (D) air supply line, (E)
nozzle and (F) air pressure gauge.

Footnote
'. Fluid Metering, Inc., Oyster Bay, NY 11771,

USA.
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are available in a variety of voltages.
Air is provided on field sprayers by two

diaphragm -type compressors mounted in
tandem. The output of each is plumbed to a
single supply line that is equipped with a
butterfly valve and air pressure gauge (F). The
valve permits regulation of air flow to the
desired level and diverts excess air to the
atmosphere. Air is carried to a manifold where
it isdistributed to each nozzle. The compres-
sors on the sprayer are driven by a hydraulic
motor that is powered by the hydraulic system
on the tractor.

Many different nozzles have been evalu-
ated for uniformity of distribution across the
spray pattern with this air - assist system. Most
conventional nozzles used with hydraulic
systems have quite different patterns than
those with the air- assist system. Size of the tip
was a major factor in the type of pattern
produced by the conventional tips. In the range
of sizes available for a particular tip, one size
may produce good patterns; whereas larger or
smaller sizes may produce very erraticpat-
terns. A floodjet nozzle2 provided uniform
distribution of both oil and water sprays and
was used in most of our field research.

Results and discussion
There is a linear relationship between the flow
rate of paraffinic oil or water and different
pump settings at a constant voltage. There is a
less than two percent difference in the flow
rate of oil versus water and this was not
affected by liquid temperature from 13 to
35 °C. Also, varying air pressure from 14 to
103 kPa did not affect flow rate of the pump
(4).

The flow rate of the pump is directly
proportional to the input voltage of the motor
driving the pump (Figure 2). This variation in
flow rate is due to the rotational speed of the
motor varying proportionally with the voltage
input. The voltage supplied by the electrical
system on some tractors may vary, causing
inconsistent flow rates from the pump, but this
can be corrected by adding a DC -DC converter
between the electrical system of the tractor
and the metering -pump motor.

Major variables that affect the size of spray
droplets with this equipment are: (a) the total
volume applied; (b) orifice size of the spray
nozzle; (c) the diluent sprayed; and (d) air
pressure. When all other variables are held

constant, spray droplet size increases as the
volume of spray diluent increases. There is no
more than a 5 to 10% difference in the size of
spray droplets using oil versus water when
applications are at 2.3 to 4.7 L ha-', but as the
spray volume increases up to 9.4 L ha-', water
spray droplets become much larger than oil
spray droplets. The volume median diameter
(VMD) of water or oil droplets applied with
the sprayer varies from 109 to 145 pm when
the diluents are sprayed at 2.3 to 2.7 L ha-'
with an air pressure of 14 kPa. Increased air
pressure to 28 kPa reduces the VMD to less.
than 100 pm as compared to a VMD of 200 to
300 pm when applications are in water at 187
L ha-' with a conventional hydraulic nozzle.
The size of spray droplets can be increased by
the addition of a polyvinyl3 polymer to water
solutions or Paratac° to oil solutions.

Droplets of oil spread much better on the
leaf surfaces of grasses than water droplets (5).
Our unpublished research shows that the
spread coefficients obtained with water
droplets rarely exceed 20, whereas paraffinic
oils will frequently provide spread coefficients
of 400 to 800.

Figure 2 Relationship of flow rate of paraffinic oil
and water at 30°C to voltage supplied to the pump
motor.

Footnote
2 Floodjet nozzle 23413 -104 from Spraying

Systems Co., N. Ave., Schmale Rd., Wheaton,
IL 60187, USA.

3 Sta -Put Deposition Aid, Nalco Chemical Co.,
6216 West 66th Place, Chicago, IL 60638, USA.

° Paratac from the Exxon Corp., Baytown, TX
77520, USA.
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The level of barnyardgrass (Echinochloa
crus - galli (L.) Beauv.) and johnsongrass
control obtained with herbicides such as
clethodim and sethoxydim have been greatly
increased when these were applied in
paraffinic oil at 2.3 to 4.7 L ha', as compared
to conventional applications in water at 93 to
187 L ha-' (6). The increased level of control
obtained may not be a single variable but
could be an interaction between the diluent
used, spray droplet size, and herbicide concen-
tration in spray solutions. The spray solutions
used in many of our applications with the air-
assist sprayer were 40 to 80 times more
concentrated than the solutions applied in
conventional spray volumes. There are a few
published reports on differences in the deposi-
tion of oil versus water spray droplets on leaf
surfaces and it is possible that the low surface
tension of oil reduces the bouncing of droplets
from leaves and because the lower contact
angle of oils enables droplets to spread better
(3,8). The bounce of spray droplets from leaf
surfaces is reduced as surface tension and
contact angles are reduced (2,3).

In addition to applying herbicides in LV
and ULV concentrations with this sprayer, we
have also applied a variety of other sprays,
including inverts and undiluted herbicides.
More viscous formulations, such as formulated
glyphosate, may require slightly higher pump
settings and higher air pressures than those
used for water or oil, but undiluted herbicides
can be applied with the equipment as effi-
ciently as diluted herbicide solutions. The
availability of this equipment should markedly
increase the potential for increased research
with ULV applications.
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