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ABSTRACT

A mul ti-purpose spinning disc controlled droplet
applicator (CDA) has been devel oped. The sprayer takes care
of spraying applications for different needs such as:
| nsecticide/ fungicide spraying, Herbicide spraying and even
tree crop spraying elimnating the need for having different

sprayi ng machi nes.

The machi ne was devel oped by nodifying the conventi onal
(CDA) sprayer to produce different sizes of droplets achieved
by change of sprayer notor voltage and the change of sprayer
configuration to provide for adjustnent for tree crop spraying.
An alternate power source was also identified as being nore

superior to conventional U2 batteries.

Laboratory evaluation of the prototype revealed that the
sprayer was capable of producing insecticide/fungicide droplets
of 82 mcron volune nedian dianmeter (vnd) at 600 rpm disc
speed when the input voltage was set at: 12V and Herbi ci de
droplets of 285 mcron vmd at 2500 rpmwhen set at 6v. Spray
volune distribution pattern tests revealed a decrease in the
Coefficient of variation of spray with decrease in input
voltage. The dispersion ratio range between 1.22-1-30 which

are within acceptable limts for cda spraying.
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Field tests revealed an application rate of 7.2 L/ha
for insecticide/fungicide and 24 L/ha for herbicide sprayings
with spray droplet densities O 236 and 19 droplets per
square centineter respectively. The nmaxi numvertical height

reached by droplets during tree Gop Spraying was 8 netres.

Power consunption tests reveal ed an average consunption
of 16.1 watt at 12 volt during Insecticide spraying and A 6
watt at 6 volt during Herbicide application. Annual spraying
operating power cost with the nodified power source was bel ow
20% of that when conventional W2 batteries were used. The
above in addition to higher field capacity, versatility, and
better spray droplet spectra due to relatively constant
operating voltages were sone of the nerits of the new prototype

sprayer design.
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Volume Median diameter (Vmd)

This is the diameter of a droplet in a
representative sample of spray such that when divided
into two equal parts one half contains droplets which
diameters are smaller than the vmd and the otherx
half of the wvolume contains droplets which diameters

are larger than the wvmd.

Number median diameter (Nmd)

This is the numerical average droplet size

without any reference to volume,

Dispersion Ratio (xr)

This is the ratio of the volume median diameter
(vind) to the number median diameter (nmd). The closer
this ratio is to unit, the more uniform the spray
droplets are, For satisfactory and acceptable CDA
spraying the dispersion ratio should be less than l.4

(r;‘l_l.‘l) .

Spraving efficiency

This is the ratio of the minimum spray volume
required for a particular target to the actual spray

volume applied.



Droplet density (n)

This is the number of droplets per square
centimetre of sprayed surface e.g:- 5-10 droplets/
cm2 for Translocated herbicide, 20 droplets/cm2 for
most insecticides and systemic fungicides and
50-70 droplets/cm2 for non systemic fungicides,

serve as a general guideline.,

Droplet spectrum

This is a wide range or sequence of spray
droplets emitted from a sprayer nozzle. Droplet
spectrum emphasises not only on droplet sizes but also

on droplet uniformity and distribution,



CHAPTER 1

INIRODUCTION

1.1 Project Background

Pesticides will continue to play a great role in the
rapid development of agricultural crop production. As
Smith (1980) pointed out pesticides remain our most powerful
tool in pest management in spite of recent popular pressure
to have their use curtailed and despite intensive research
into alternative methods., Higher standards of living by an
ever increasing human population will undoubtedly mean

increased use of pesticides., (Table 1l.1)

Table 1.1 Increase in use of pesticides throughout the
world as indicated by annual expenditure
(After Farm chemicals 1975 and Farm chemicals

international 1993).

Pesticide Expenditure (Millions of US Dollars)
1971 1974 1980 1991
Herbicides 1,100 2,200 3,500 11,000
Insecticides 8500 1,800 2,500 6,900
Fungicides 300 1,000 1,300 4,500
Soil fumigants 20 70 100 -
Others (growth 50 100 150 1,400

regulators)etc.,

Total 2,270 5,170 74550 23,800




%

The trend especially in developing countries is towards
large scaled farming, as such the use of pesticides is likely
to continue to increase backed with increase in manual labour
cost., This necessiates wiser and more carefu)l use of
pesticides, If environmental contermination and resides in
foods are to be minimised (Southwood, 1977). This calls for

better design and development of pesticides application

machinery of cheap and diversified nature,

1.1,1 General classification of present day

pesticide application machinery,

Pesticide applicators could be classified into the

following groups and sub groups as shown in Fig. l.1l,
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From the above figure it could be observed that

sprayers could be classified into six main groups according

to the type of energy used for droplet atomization at the

nozzle vizs-

1.

Hydraulic energy sprayers

These are sprayers that use hydraulic pressure
energy to break spray liquid into droplets of a wide
range of sizes. Examples are knapsack lever operated
or compression sprayers and tractor mounted or self

propelled sprayers, (Figs. 1.2 - 1,.,4),

Gaseous energy sprayers

These sprayers use high velocity air to shear
liquid flowing into its stream into fine droplets,
Examples are the motorised knapsack Mistblowers,

(Fig. 1.5) (Clayphon 1971),.

Centrifugal energy sprayers

These sprayers use spinning action of a disc to
disc to atomize liquid into droplets falling on to
it using centrifugal energy from the disc. Examples
are the Ultra low and low volume sprayers (Figs 1.6

and 1.7) (Matthews, 1990).,

Thermal enerqgy sprayers

These sprayers use oil containing an active
ingredient to be injected into a stream of hot gas
which vaporises it and produces dense fog formed by

the condensation of the ©0il when emitted into the
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atmosphere. Example as in fogging machine,

(Munthali, 1976).

Kinetic energy sprayers

In these sprayers, drops of spray liquid are
formed by feeding liquid by gravity through a small
hole as in a simple dribble bar, (Clyphon and

Thornhill, 1974a).

Electrical energy sprayers

In these sprayers, charged droplets are produced
at the nozzle by passing spray liquid through a strong
electric field formed by a high voltage generator
(Nyambo, 1989). Example as in the ICI Electrodyn
sprayer (Fig. 1.8).

Other pesticide applicators includes-
Dusters

Dusters are used for applying solid, powdered
chemical pesticides in the form of dusts using some
form of air for particle distribution. They could be
either manual using simple bellow type devices or
motorized using high velocity air generated by an

engine similar to that of a mistblower. (Fig. 1.9)

Granule applicators
Granule applicators deliver much larger solid

particles to the forget than of dusters. They are

usually used for spot treatments (Farmery 19806) .
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l.1.2 Design purpose and limitations

of existing pesticides applicators

Among the various uses of the various types

of pesticide application equipment are the followings:-

(a) Application of insecticide sprays to control flying

or crawing insects on plants,

(b) Application of fungicide sprays to control plant

diseases.

(c) Application of herbicides to kill weeds, either
indiscriminately or selectively and either at pre-

or post emergence stage.

(d) Application of Dusts particles for control of

insects on the fields or in stores and wire houses,

(e) Application of granular pesticides mainly for spot

treatments at the base of individual plants.

(f) Application of pre-harvest sprays to defoliate or
condition crops such as cotton for mechanical

harvesting.

(g) Application of hormones (growth regulators) to
increase fruit set or prevent early droping of

the fruit.

(h) Application of biological materials such as
viruses and bacteria, in sprays to control insect

pests (Non-Chemical methods of pest control).
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Various pesticide application machines are
therefore designed to accomplish the above mentioned
tasks. Earlier designs of pesticide applicators
especially spravers were made as 'multipurposed!,
Hydraulic energy sprayers for instance are used to
apply both insecticides fungicides and herbicides

with same machine.

Later studies and developments in pesticide
application technology revealed that different droplet
sizes and distribution (droplet spectra) are required
for different pest situations. Hydraulic sprayers for
example produce very wide range of droplet sizes
(Matthews, 1979) and as such not suitable for
specialized pest situations, hence the need for an
alternative nozzle has been long recognised (Fraser,
1957). The use of high volume ( > 600 L/ha) for field
crops (Suleiman, 1986) for hydraulic nozzle sprayers
also is another basic limitation especially in areas
where water is scarse, availability of diluent is thus

very critical here.

The use of narrow swath per nozzle and the need
for alot of mixing of chemical during spraying to avoid
settlement below tanks are other limitations of these

existing devices. Especially with knapsack sprayers

much more time is needed per hactare treatment then
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with other designs.,

Large droplets produced (about 500 micron
volume median diameter-vmd) may some times become
unstable resulting in possible run off causing
chemical loss and hence environmental pollution
resulting in major changes in population of non-
target organisms such as earth worms (Cooke et al,

1984),

Poor bush penetration and high capital
investiment especially for tractor mounted trailed or
self propelled hydraulic boom sprayer represent other
limitations, Even though less critical during
spraying, operators safety is critical during
formulation handling. Operator is likely to make

more contact with chemical at this stage.

An attempt to correct the above mentioned
limitation let to the development of an improved
nozzle capable producing narrower spectrum of
droplets and of specific sizes for the desired pest

situations.

l.1.3 Development of Controlled Droplet

Applicators (CDA)

Controlled droplet application emphasises the
importance of applying correct droplet size for a

given target and also the uniformity of droplet size
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to optimise the use of minimum volume and dose to
achieve effective control of the pest. 1t is therefore
an extension of the Ultra low Volume (ULV) concept
which objective is to apply the minimum volume of spray

compartible with achieving economic control of pest,

A most promising method of controlling sizes of
droplets within fairly narrow limits is by the use of
centrifugal enexrgy nozzles with which droplets can be
adjusted to some required size by restricting their
rotational speeds within certain range., Various types
of cda sprayers have hence been designed and developed
for production of different droplet spectra required

for different pest situations needed.

A hand-held spinning disc ulv sprayer usually has
a plastic spray head with a small electric motor which
drives a rotating disc (Fig. 1.7). Liquid is fed from
a litre capacity tank through a restrictor into the
surface of the rotating disc by gravity, so that the
centrifugal force spreads the liquid to the edge of

the disc where droplets are formed.

Controlled droplet applicators have an age over
and above other classes of conventional spraying

machines due to the following basic advantages vizs-



(i)

(1ii)
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Cda sprayers use very low (20-30 L/ha), to
Ultra low (/. 5 L/ha) down to Ultra-Ultra low
(0.5 L/ha) amount of spray liquid per unit
area, thus proving very advantageous in driex
areas of the world including Northern parts
of Nigeria where availability of diluent is
scarce. (Compare with 200-500 L/ha for High
volume sprayers). Despite the decrease from
200 litres of spray from conventional hydraulic
sprayer to about 2.5 litres/ha, with cda
sprayer on fully grown cotton, yields were

similar (Matthews, 1990).

They produce the narrowest spectrum of droplets
which is most desirable since specific sizes

of droplets are required for specific pest
situations (e.g 80 um vmd for insect and

200 um for weed control etc).

They produce higher concentration of droplets
per unit amount of diluent used (e.g 4x%10”
droplets per litre compared with 16 x 10° for
high volume sprayers (Suleiman, 1986), This
is highly advantageous since an even coverage
over the whole plant may be desirable when

applying fungicide (Hadfield, 1987).
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(iv) Their use with oil based sprays not liable
to evaporation facilitates greater spraying
efficiency; compared to water based sprays
with high volume sprayers liable to

evaporation.,

(v) Wider swath widths, better penetration and
retention of droplets makes spray operation
faster with cda them with conventional

Sprayers.

(vi) Lower initial capital investiment, least
environmental pollution possibilities and
least labour requirements are other added
advantages of hand-held cda sprayers over
other classes of spraying machines.,

(Swiss, 1993),

1.2 Statement of the problem

Based on the comparison of their features and
per for mance characteristics with those of other
conventional sprayers it could be clearly observed
that the controlled droplet applicators have in
totality shown clear obvious advantages over and
above other conventional high volume hydraulic spravers,
as outlined in section 1l.4. It could therefore be said

that the controlled droplet application (Cda) principle

as a pesticide application technique can stay.
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However, in spite of their obvious merits as already
outlined and despite the fact that controlled droplet
applicators came into prominence well over 15 years ago
(Matthews, 197?5 they are still tec be fully established
and aceepted as @ better alternative to conventional
pesticide spraying devices in many parts of Nigeria.
Farmers still ﬁrefer to use the conventional knapsack
lever operated or compression sprayers with high volumetric
outputs even in the drier parts of Nigeria despite their
obvious limitations, One would have expected by now, an
almost total replacement of the weonventional spraying
techniques that are not only drudgerous but in-efficient
with the more modern light weight controlled droplet

applicators,

"
The bases for contiuwed preference of the conven-

tional high volume hydraulic sprayers are as follows:-

i) Power (battery) consumption of eda sprayer.
The power consumed by many of the cha sprayers is
generally high with some makes consuming as high as
about 23 Watt (Suleiman, 1991) thus resulting in very
frequent battery replacements some of which last only
a few hours (Suleihan and Kaul 19“(& and Yusuf 1993),
About N8O 1is required to load an Ulva sprayer taking
8 pairs of batteries, This results in high operating
cost of such sprawers amd consequently high spraying

costs.
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ii) Spraying type limitation of'cda sprayers

An existing cda battery oé;ated sprayer can only be
used for a particular type of spraying operation, e.g.
Insecticide or fungiclde application only and that a user
requires another type of cda sprayer for herbicide
application, thereby requiring a user to own two different
types of cda sprayera for normal ground crop spraying.
The HV sprayer on the other hand (Wheather lever operated or
compression type) could be used for a variety of spraying

operatin e.g. Insecticide/fungicide and as well as

herbicide spraying.

iii) Tree Crop Spraying . .
The HV sprayer could toc some extent also be used f;;

gmall tree crop spraying in addition to ground créep. Crops

such as clitrus could be sprayed as droplets are to some

extent projected high up as a result of pressurisation of

liquid spray from tank before emission into droplets,

It has however been pointed out in 1,1.2 that the
conventional high voluae hydraulic sprayers possesSvarious
limitations such as excessively high volumetric out puts
(making 1t very unsuitable in areas where water is a con-
straint), Wide range of droplet slzes (making it unsuitable
for specific type of spraying), Narrow swath, poor bush
pemetration etc thus justifying the development of an

alternative sprayer,
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1.3 Objectives of the Study

Based on the above, it could therefore be seen clearly
that there 1s the need to evolve an alternative sprayer that
is multipurpose in function which would combine the perfor-
mance advantage of hydraulie mistblower and controlled
droplet application sprajer concepts, This is disirable
80 that those advantages 553035ed and demonstrated by
c¢da sprayers are retained and additional ones that are ﬂ353
attributable only to hydraulie and gaseous energy sprayers
are also encoporated,

The specific objectives of the thesis are:-

1) To evolve a controlled droplet applicator prototype that is;-
i} Capable of producing droplets suitable for 1insecti-~
clde/fungicide application (as in one class of

existing cda sprayers and some hydraulie sprayers).

i1i) Capable of producing droplets that are suitable for
| ~¢bicide application (as in another class of cda
sprayers). .
111) Capable of Projec}ing the drcplets to longer
distances such as trees than conventiocnal cda or

hydraulic sprayers (i.,e similar to mistblowers),

iv) 0f improved operating power utilisation than
Currently availlable thus reducing sprayer operating
costs presently responsible for slow adoption of

present day cda sprayers,
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2) To evaluate the prototype sprayer with
characteristics ontlined on 1 (1) = (1v) nbove

in the laborntory and in the field,

3) To make appropriante recommendations with regards
to further developmental work in the concept if

L]
and where necessary.

1.4 Signifitance of the Study

Research and development in pesticide application
technology is globally peared towards achieving an
effective pest control not only by using the minimum
volume and amount of pesticide but also with an efficient
equipment of minimal capital and operating costs. This
is not only to reduce expenses attributed to ever rising
costs of pesticides and application machinery but also to
minimise environmental pollution posing threats to both the
operator, the atomsphere and the soil fauna. In Nigeria
and indeed in many other developing countries where
almost all spraying machines used are imported care during
selection for import or local purchase and during operation
is highly important.

The information to be gained from this study would
serve as a pointer to manufacturers of conventional

controlled droplet applicators not only to improve upon
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designs of existing mnkes nnd models of spinninpg disc
cda machines bubt also to develope new ones to meet the
present day user requirements, considering high costs
of owning and operating more than one machine for

spraying operation.

U2 dry cell battery manufacturers could use
information from this study to evolve more economically
suitable battery makes for use with cda spinning disc
sprayers that would produce not only improved droplet

spectra but also performance in general,

In summary, this study may lead to the
production of an improved controlled droplet applicator

of greater versatility and more economical power use.
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CHAPTIER 2

REVIEW OF LI1TERATURE

2.1 Fundermental Concept

Thirty six years ago, Fraser (1957) stated; 'An
atomizing device to give control and adjustable drop
size within narrow limits is universally required!.
Later, Bals (1969) pointed out that tthe efficiency
of a sprayving machine is inversely proportional to
the range of droplets it emits, whilst the suitability
for a specific problem depends on the actual size of
the droplets emitted'. The concept of controlled drop-
let application (cda) is not new, although the term
was only coined in 1975 by J. Fryer, Director of the
UK's Weed Research Organization during discussions on
the application of herbicide and through the encourage-
ment of whom the technique came into prominence

Matthews (1977).

Centrifugal energy nozzles have proved valuable
in the laboratory as a means of obtaining a narrow
spectrum and hence controlled droplets, but early
attempts in the field were not successful since they
were operated under flooded conditions in an attempt
to apply the same volumes of liquid as used with

hydraulic nozzles.



Liquid is fed near the centre of a rotating
surface so that centrifugal force spreads the liquid
to the edge at or near which the droplets are formed.
Fraser, Dombrowski and Routley (1963) have defined
three methods of droplet formation as the liquid

flowrate is in creased. These are:-

(i) Single droplet formation
(ii) Ligament formation

(iii) Sheet formation

Single droplet formation

In this case single droplets leave directly from
the nozzle at low flow rates., The diameter of droplets
produced singly by a rotary nozzle can be approximately
calculated from the following equation (Walton and

Prewett 1949),

...lIlll..l'l.l..l....(zol)

_ - -
4 K = Jbe

d = diameter of droplet (pm)

w = angular velocity (rad/sec)

D = diameter of disc or cup (mm)

¥ = surface tension of liquid (mN/m)

@ = density of liquid (g/cm>)

K = constant which has been found experimentally

to average 2.76 (Fraser, 1957),



Fig. 2.1 Sattellite Droplets from a Rotating Disc.
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These single droplets are called satellite
droplets and are very unifrom. Ideally these are
the types of droplets required in controlled droplet
application. However, these types of droplets could
only be formed at very low flow rate about 60 ml/min
(Dombrowski and Lloyd 1974). Their sizes depends on
such factors like the disc angular velocity, size of

disc, surface tension and density of spray liquids(Figz.”.1)

Ligament formation

In this case liquid spray leave the spinning
disc in the form of long curved threads or ligaments
and subsequently break down into droplets. This
happen at flow rates that are higher than those in
which satellite droplets are formed. In the transition
from single to ligament droplet formation, the size
and number of satellite droplets increases causing a
decrease in mean diameter. The spray droplets produced
in this stage are therefore not as uniform as the
satellite or individual droplets. They are formed at
flow rates of about 100 ml/min (Frost 1978)., rig. 2.2
Sheet formation

In this case liquid leaves the nozzle in the
form of an attenuating sheet which dis-integrates -
mostly caused by aerodynamic waves of increasing

amplitude so that fragments of the sheet break up

into ligaments and subsequently into droplets
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(Bals, 1970). Sheet formation occurs when the
rotating surface is flooded. This occurs at flow

rates higher than those at which ligaments only are
formed. Droplet formation at this stage is similar
to that with hydraulic nozzles and a wide range of
droplet sizes is produced. It occurs at flow rates

of about 800 ml/min. (Fig. 2.3).

The transition between satellite droplets and
ligaments and between ligaments and sheet formation
occurs over a range of flow rates when droplets are

formed by both mechanisms. (Frost, 1974).

At a constant flow rate which is as low as
possible, as close to 60 ml/min (1 ml/sec) as possible
but obviously lower than 100 ml/min and at a constant
spinning disc rotational speed a spinning disc cda
sprayer is therefore expected to produce constant
droplet spectrum required for a particular pest
situation, This is important because different pest

situations require different spray droplet spectra.

2.2 Review of CDA Spraver Development and
general performance studies

Almost all of conventional high volume hydraulic

sprayers currently being used in Nigeria are imported

let alone the more modern controlled droplet applicators.



As such very little work was done in the area of
research and development of cda sprayers in this
country. However, this is not the case globally as

a number of attempts at various parts of the world

were made in the fields of equipment design and
modifications to control the droplet sizes and minimise
spray volume rates yetl achieving the desired pest

control,

Young . (1987) reported the use of
a piezoclectrically driven single drop generator Lo
produce specific size droplets, such that by varying

'

the orifice size, pulse width and amplitude, control
over a wide ranue of %:uplet size was achieved. The
generator produced and accurately placed single droplets
of four formulations with constant Hruplct size and
impaction velocity, and applied them to the surface of
wheat leaves in a controlled manner. Panneton and Roy
(1L990) reported the development of a mono disperse drop-
let generator which uses the principle of controlled
break-up of liguid jets. Droplet coalescence was shown
to be effectively controlled by emitting the jets from
a rotating cylinder. Droplet sizes of range 120-220 Pm
were achieved with dispersion ratio 1.00, This 1is
probably about one of the least valuc of dispersion ratios
(most uniform spray droplet 5pcctru$) produced so far
within the present day literature on controlled droplet

application, Similar work was reported by Livor and
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Shashora (1988) on a ground crop sprayer designed and
developed in the USSR for spray application in low and
ultra low volume conditions in forest plots. The
atomizer rotational speed can be regulated accurately
between 000 - 4500 rpm and can abply herbicide and
arboricides on crops up to a height of 3 metres and on
a slope up to 20Y with median drop sizes of 120 um

(at 4500 rpm) and 650 um (at 000 rpm). '

Some of the work done in the area of cda sprayer
developments were aimed at not only ;ontrolling sizes of
droplets only to suit particular pépt situation but
for reduction of spray material volume rate also.
Matthoews el ol (1992) reported trials
with a wind tunnel sprayer which incu;puratus a rotary
drum driven by a hydraulic motor which also drives a fan
producing a moderated air blast ducted in acurtain shape
by the design of the housing., The results indicated
that the tunnel sprayer can minimize spray treatments
allow spraying in wind conditions which would cause
excessive drift with other equipment and re-cycle up to
one third of spray and apply at lower volume than con-
ventional spraying cquipment., It has_bccn proven that
minimising the spray volume per unit area results in more

l
effective pest control at least in herbicide application,
Ugryumor et-al (1990) reported achieving l.5-2.0 times
effective herbicide spraying when Round-up (Glyphosate)

was applied to sorghum, millet, pea ?nd mustard at the rate
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of 10L/ha as against 250 L/ha. Similar work aimed at
reducing spray rate at IRRI, philiphines reported by
Awadhwal et al (1992) described the
development of a spinning brush (VLV) pesticide
applicator., The applicator consists of a rotary
brush atomizer mounted on the end of a shaft that
passes through a pipe frame and rotated manually with
a bevel gear. When the bristles of the wet brush a
forcibly deflected and then a llowed to bounce back
swiftly a spray of fine droplets is generated.
Chemical flows by gravity at a reasonably constant
rate and drips onto the brush bristles. A sheet metal
deflector generates a spray when the brush is rotated.
When the sprayer was evaluated comparatively with a
Micro Ulva spinning disc sprayer, a CP 15; CP 16 and
Tung Ho hydraulic knapsack sprayers in terms of spray
droplet spectrum the results obtained are as given

on the Table 2.1,
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The droplets from the brush applicator have vmd
of 187 m, smaller than that of knapsack sprayers
CP 16 and Tung Ho but bigger than that of CP 15 and
Micro Ulva droplets., The dispersion ratio of the
brush applicator was 2.07 Cf with 2.85 for Tung Ho
indicating greater spray droplet uniformity from the
brush applicator. With a mean droplet density of
43.1 droplets/cm2 and CV of 30.2% it is adequate for
pesticide application. The spraying operation using
the applicator does not only require less effort than
knapsack sprayer but requires only 12-15 litres and
about 6 hours to cover 1l hectare as against 200 litres
of water and 14 hours to cover a hectare with knapsack

sprayers.

A more precise herbicide application technique
developed and aimed at considerable reduction of spray
material and minimising of environmental pollution was
that reported by Felton et-al (1991). 1In his report,

a reflectance based prototype weed detector and spraver
that could automatically activate each nozzle of a

boom in order to spray only green vegetation was developed
and tested in the field using a 37 nozzle, 18 m spray

boom operating at a ground speed of l2km/hr and spray

line pressure of 250 Kpa. With the sprayer, a total

area of 2681 ha was treated giving a mean saving in

area sprayed, relative to overall treatment of 90% with
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considerable reduction in spray volume herbicide cost
and time requirement, Even in less surphisticated

cda spraying technique for weed control clear advantages
were shown over and above hydraulic high volume spraying.
Bisen and Devnan (1987) reported comparative performance
of hand-held cda spinning disc sprayers and knapsack
hydraulic sprayers using cone and fan nozzles in the
application of herbicides in soya bean, at the rate of
2.0 L/ha., The results showed higher field capacity
achieved with the cda compared to knapsack sprayers

and resulted in hicgher benefit cost ratio of chemical

treatment with 58-70% savings in labour requirement.

Due to large variability in spray deposition with
little repeatability between runs obtained from the
practice of applying pesticides to field crops using
motorised knapsack mistblowers by using prevailing
wind to drift a spray cloud on to the target area
as reported by Alexander and Wills (1990) a number of
air assisted nozzles were developed with the aim of
improving spray droplet uniformity and improve canopy
penetration. Bode (198Q) reported the development of
an air assist nozzle that uses pneumatic energy to
atomize the spray liquid, such that by changing the
alr pressure, various droplet sizes can be produced
without changing nozzle tip, producing more uniform
droplets on both the over and under surfaces of the

leaves,
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Electrostatic charging of spray materials aimed
at producing uniform droplets of controlled size and
improving spray deposition efficiency is another
revolutionary concept in pesticide spraying technology
gaining popularity all over the world. The method is
seen as an important development in the technique of

controlled droplet application of pesticides.

Almekinders et-al (1991) investigated the deposit
patterns of spray droplets relying primarily on
electrostatic and gravitational forces for transporta-
tion and subsequent deposition in order to better
understand the underlying processes governing the
electro-deposition process. The deposits distribution
of the charged spray cloud were measured in a wind
tunnel and on artificial plants. The results indicated
that electrostatic forces can be used to improve the
deposit efficiency of spray droplets but an additional
force is required to improve canopy penetration and
reduce drift of air bone charged droplets. This
improvement of spray deposition efficiency was confirmed
by Gupta and Alamban (1991) in their development of a
twin spinning disc electrostatic herbicide sprayer for
low land rice tested under field condition in Thailand.
The performance of the electrostatic sprayer was
compared to an existing knapsack hydraulic sprayer.,

Using 50% of the herbicide manufacturerts recommended



33

dose, weeding efficiency and spray distribution
uniformity of the electrostatic sprayer were 86% and
O5% respectively compared to 74% and 57% for hydraulic .
sprayer. Most of the equipments already mentained in
the review are stilllin_prptotype stages vet to be .

perfected. An.example of arcommercially available

electrostatic cda sprayer is the !Electrodynt!, .. ... o

B I P

developed by the Imperial Chemical Industries (ICI)
and first evaluated comparatively with other cda
sprayers in this country in 1980 and reported in
Raheja et-al (1984). The 'Electrodynt! differs from
the popular Ulv applicatofglin that the small droplets
(40-60 m vmd) are electrically charged and are.
consequently aftraqted to the earthed target, (the plant).
Like the popﬁlar spinning disc sprayer the tubular
thandle! contains four UZ batteries from which a high
voltage generator_prodgces about 25,000 volt at the
tbozzlet (bottlé'+‘n0221é) end of the applicator. Thél
. bozzle is a plastic bottle containing the spray liquid
which when the bottle ;s inverxted flows into the nozzle
comprising two tubes #fé inside'the other, These tubes
provide a narrow gap outlet (annulus). Built into the
- nozzle configurationvare twq elegtrodes; cne charges
”'%ﬂe.hozzle ﬁith high voltage, the other provides an
earth potential in a ring collar which surrounds the .I'i
nozzle, Spraying liquid of a specific viscosity and

conductivity is gravity fed to a circular gap at the
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nozzle tip. Air is bled into the bottle up the

centre of the circular nozzle up the thread of a
plastic screw. This screw and the annular nozzle

gap regulate the flow rate which is only at the
required rate when a constant stream of bubbles

is rising from the air bleed screw, The conducting
plastic nozzle contacts the high voltage out put

from the generator which is housed in the main body

of the stick. The atomisation process being extremely
energy efficient requires a current of only 2-5 micro
amps and therefore present no safety hazard to the
operator. Am electric field is set up between the
charged nozzle and the earthed ring surrounding the
nozzle and it is this field which causes the liquid
leaving the nozzle to form a series of fine ligaments,
These ligaments subsequently breaks up into aessentially
uniform sized droplets with a similar charge (+ ve) on
each resulting in repulsion from the nozzle and each
other, with subsequent attraction to the nearest
earthed object. Any small satellite droplets produced
carry a different charge to mass ratio and are conse-

quently attracted to the earthed ring around the nozzle.

Unlike the conventional spinning disc cda sprayers
a number of safety special safety precautions need to

be observed while using the sprayer. It is necessary
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for instance with this sprayer to ensure an adequate
earth return for electrons leaving this nozzle on the
droplets, 1f the earth lead does not contact plant

or ground intermittently a charge will build up on the
sprayer which could prevent the machine from operating
correctly. Eventually this charge will reach a level
where it will discharge usually through the operator,
if insulated from the ground, giving a mild electic
shock, If the operator is not insulated from the
ground the charge will gradually leak through the
operator without being noticed, After spraying the
nozzle must be discharged by touching it against an
earthed object before attempting to fit the bottle cap
or remwving the bottle. Failure to do this will result
in a mild electric shock since a residual charge is
held for an appreciable period after the high voltage

generator is switched off,

2.1.,1 Research at the Institute forx

Agricultural Research (IAR) Samaru

A prototype of the ICI 'Electrodyn! sprayer and a
conventional spinning disc ultra low volume (ULV) Cda
sprayer, Micron Ulva were compared at the IAR Samaru
to assess relative merits and weaknesses in performance
(Raheja et-al, 1984), Main focus was on flow rate of
spraying liquid, spray droplet spectrum and power
consumption., The summary of results are given on

Tables 2:1 - 2.3.
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Compared with conventional hydraulic energy (HV)
sprayers with volumetric outputs of about 500 L/ha
(Suleiman, 1986), controlled droplet applicators generally
use much much lower volume application rate (diluent) but
maintaining similar amount of active ingredient per ha.
This tremendous saving of diluent is advantageous not
only with respect to reduction in weight of application
machinery but also in areas where water is a constraint

especially in drier parts of Northern Nigeria.

The vmd for the ED sprayer was found to range from
45 to 64 micron (im) in comparison to Ulva which was 96-
102 m for red restrictor and 104-115 for the yellow
restrictor., There was an increase in droplet size with
decrease in the number of batteries in the battery
compartment (input voltage), the ED sprayer did not work
at an input voltage of less than 3 volts (Table 2.2). The
recommended droplet size for normal crop spraying using
Ulv machines is 60-120 um with 80 um as being the optimum.=
The smaller droplets ( 80 Pm) though desirable in
insecticides application are very drift prone and may
never settle on the target. The point of deposition
down wind presuming a cross wind speed of lm/sec and a
height of release of lm is 22m for 40 um droplets; 1Om
for 60 um droplets; 6m for 80 um droplets and 3m for
120 um droplets., The smaller droplets produced by the
'ED!' sprayer (40-60 um) are not affected by the wind
velocity as being electrically charged they are attracted

by the target crop. This system therefore has an
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Table 2.1 Comparison of flow and application rates

of 'Electrodyn! Sprayer with 'Micron Ulva!l

" Cda Sprayer (After Raheja et-al 1934)

Sprayer Nominal Measured Volume . Active
X ", Flow rate Flow rate Application Ingredient
o L rate | (ai) -
(Gm3miﬁl) (CmBmiﬁl (L/ha)* a/ha e
Electrodyn  3.00 3,10 0.52 (Im swath) 12,00
(ED) N S 0.26 (2m swath) ©.00
: - f o L o _
ULVA 30.00 20,00 1.11 (3m swath) 19.00
spinniné.
disc
(vellow N
restrictox)
ULVA 60.00 83.0Q 2,31 (6m swathl 41,50
" spinning ' - L
disc |
" (Red
restrictor)

* Based on a walking speed of

1.0 n/sec,



advantage of allowing spraying at the wind speeds
where normal ULV spinning disc spraying would be
risky. Even though the ED sprayer has the merit of
not being dependent upon wind to ensure appropriate
spray cloud dispersion it however has a limitation of
restricted swath width to just the width of a single
crop canopy due to the nature of motion of charged

droplets,

The droplet spectrum for the 'ED! sprayer is very
narxow compared with that of the normal spinning disc
Ulva sprayer such as the ULVA machine but droplet
distribution is slightly bimodal similar to that of
the ULVA., This means that the droplet distributiaon

does not show appreciable advantage over ULVA machine,

S0 far, the above review at the IAR was focusses
on insecticide/fungicide cda application only, using
small droplets of oil based sprays. Some work was
however carried out at the Institude on spinnig disc

cda herbicide applicator performance.,

Kaul ’ ' (1981) evaluating
comparatively the performance of four spinning disc cda
herbicide applicators vizs- Micron Herbi, FW, Handy,
Berthond C2 and Turbair weeder, points out that there
is some indication of change in flow rates as the
sprayer bottles empty with flow rates increasing as the

bottles are about to empty in some makes., While the
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.machines show a rather close rxange in their swaths
widths (l.42-1.5m) (Table 2.3), they however show

volume distribution patterxrns of varying degrees,
Comparative evaluation of the four spinning disc
herbicide applicators in terms of spray droplet

spetrum revealed that even though the machines

operate on same principles 1s shown on indication of .. ..

differences in spray droplet spectra Table 2.,4. R

FE

The Micxon Herbi gave the best droplet formatiom -*
.émong the machines showing the narrowest spectrum,
However, droplets of sizes closer tc that recommended
for normal herbicides application (about 200-25C
micron vmd) are obtained when the machine is operated
at around the lower voltage limits (about 6v). Thisu' o

is also the case with Berthoud C2 machire. '~~~ = . ..,

The FW Handy on the other hand produces droplets-f?"
closest to the recommended size but with the most
irregular number distribution showing a bi—modality__-i.'

in the spectrum obtained. . | i

Turbair weéder pfédﬁéés dropleté fhat are rathef e
too small for herbicide application (125-140 um vmd) {-£T
for all the three restrictors and at the recommended =
voltage (6V) most likely due to low flow rates and

a bit higher rotaticnal speeds. The droplets are .n;m

however relatively more uniform with the least

dispersion ratio (1.2 - 1.3).
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Table 2.3 Flow rates and Swaths of four makes of
spinning disc LV Cda herbicide applicators

using different restrictors, (Kaul 2t al

(1981).
Machine Restrictor Rotational Average Swath width
speed flow rate
(rpm) (ml/min) (m)
Micron Blue 2000 53 1«50
Herbi Yellow 2000 82
Red 2000 230
FW Blue 1700 53 1.44
Handy Yellow 1700 80
Red 1700 235
Berthoud Blue 2000 55 1.44
c2 Yellow 2000 82
Red 2000 230
Turbair 0.9 mm 2300 22 1.42
Weeder 1,1 mm 2300 24

l.2 mm 2300 28
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When the four spinning disc herbicide applicators
were evaluated comparatively in the field under same
operational and environmental conditions it was
found that for the same type of test fluid, the
turbair forester gave about half the application
rate (12 L/ha) than either Herbi, Handy or Berthoud
machines (Table 2.5), This reduction in application
rate would be advantageous in the use of such a
machine if other parameters such as droplet sizes
were optimum, Although time involvement per hectare
appears to be long, this is generally dependent upon
the operator walking speed (in this case rather low-
0.85 m/sec) and in most situations the normal operator
walking speed for spraying operation is about 1.0
m/sec, which would have resulted into appreciably

reducing the time involvement per unit area.



Table 2,5 Field evaluation of four Spinning

disc LV herbicide applicators

(from Kaul et 21 ’1984);

Machine Micron EW Berthoud Turbair
Herbi. Handy c2 Forester

Restrictor Yellow Yellow Yellow L.1 mm
Swath (m) 1450 l.44 1,44 1,20
Application
rate 24,0 22.50 25,60 12,0
L/ha
Time
involvement 4,50 4,50 4,50 4,65
hr/ha
Walking speed - 0.85 m/sec
Temperature - 28°%
Wind speed - 3 m/sec
Test fluid - watexr plus ‘teepol!t
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2.2 Modifications on some Existing Cda
Spraying techniques to improve spraying
efficiency.

A number of attempts have been made in some parts
of the world especially Europe to modify or re-design
existing controlled droplet application techniques in
order to improve spraying efficiency and yet retaining
the cda advantages, These attempts are however mainly
limited to herbicide application and are highlighted

belows: -

" 2.2.1 Development of Pleumatically driven

spinning disc herbicide applicator

(Birky sprayer).

The 'Birky! sprayer, developed by the Swiss
Nigerian Chemical Company (Ciba-Geigy) is a controlled
droplet applicator for spraying herbicide at low
volume (LV) with a preumatically driven spinning disec.
While in the conventional Cda herbicide applicator
like !Micron Herbi! and !'FW Handy! the disc driven by
an electric motor powered by D size dry cell batteries,
the Birky spinniﬁg disc is driven by air supplied to
a turbine by a pneumatic piston pump. (Kaul and
Suleiman, 1990). In a way it combines the principles
of a knapsack lever operated hydraulic sprayer with
that of a spinning disc Cda sprayer. The Birky

sprayer has three interchangeable restrictors colour
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coded Yellow, Red and Blue of different orifice
sizes giving an output range of about 20-30 L/ha

and droplet size range of about 190 ~ 300 micron

vind and a wider Swath width at about 1.6 metres
compared with other conventional cda spinning

disc herbicide applicators already mentioned. The
Birky has a unique advantage of eliminating the

use of batteries there by making it more  economical
to operate than other hand held spinning disc

herbicide applicators,

2.2.,2 Development of Peristaltic pump Sprayer

{ICT) «

In the ICIL peristaltic pump sprayer (Matthews,
1979) liquid is forced through a piece of rubber or
plastic tubing by progressive squeezing along the
wall of the tube., A peristaltic pump, operated by
rotating cams attached to the wheel of a small sprayer
is used for inter-row application of herbicides with
an impact nozzle, operated at low pressure (about
0.7 bar). The main difficulty in the field arises
from mud collecting on the wheel., Minute holes
developed in the tubing of the pump after field use

and produced a fine spray which reaches the crop.
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242.3 Development of the IAR Ground-metred
shrouded Disc Herbicide Applicator
(GMSD)

The IAR Ground metred shrouded disc herbicide
applicator (GMSD) is a CDA Spinning disc manually
operated herbicide sprayer based on very low volume
(VLV) Spraying System (Choudhury, Kaul and Ogboxn
1981). It is another attempt to improve both the
spray volume distribution pattern of a conventional
Cda herbicide applicator and the application rate by
employing the principles of disc shrouding and the
use of peristaltic pump, The pump which is ground
metred is able to supply liquid to the centre of
the shrouded disc at a rate that is proportional to
the walking speed of the operator. By so doing the
spray application rate is controlled and the spray

volume distribution pattern improved.

2.2.4 Development of the IAR improved
Ground metred Shrouded disc

Herbicide Applicator (IGMSD)

This is another attempt made at the IAR to
improve the efficiency and capacity of existing manual
cda herbicide application technique, In the sprayer

a boom consisting of two Micron Herbi Spinning discs

shrouded at 180° and spaced at 95cm apart and

positioned at 60cm above the ground is employed
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based on Bitrus (1985).

Two 12 volt electric motors driving the
spinning discs are connected in parallel to a
set of B8 U2 batteries arranged in a compact
battery case mounted on the handle of the sprayer.
The spray tank is placed centrally between the discs
and spray delivery tubes which connect the tank out
let and the restrictor through a paristaltic pump
(Suleiman and Imam, 1987), Just below the shrouds
of the discs are tubes leading back to the tank to
enable excess spray liquid circulate back to the
tank. During operation of the sprayer,
the spray chemical is pumped on to the surface of the
rotating disc by the paristaltic pump which rate of
pumping depends only on the walking speed of the
sprayer operators so that any increase in operator
speed only increase flow rate and vice-versa thereby
ensuring uniform application of chemical along the
swath. The pump automatically stops supplying liquid
to the spinning disc when the operator stops thereby
preventing over does during spraying. Any excess
liquid which is not atomised by the disc recirculates

back into the tank thereby saving chemical.

When the sprayer was evaluated comparatively with
two other cda sprayers viz The Micron Herbi Sprayer
and the GMSD (After:choudliq9|1981] in terms of spray

volume distribution pattern droplet
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spectrum, field capacity, swath and application
rate of spray material (Table 2.6); the sprayer
droplets were found to fall within acceptable range
for herbicide application, The sprayer has wider
swath lower spray application rate and higher
capacity. Above all, better spray volume distribu-
tion pattern,
Table 2.6 Laboratory and field performance
comparison of the improved Ground-metred
Shrouded Disc (IGMSD) and two other cda

herbicide applicators (Suleiman & Imam, 1987)

Machine Distribution Droplet Size Field Test
pattern test Test
Coeff of Field Swath Appli-
variation (vimd) (Nmd) (r) Capacity cation
i ot
a, Fits rate

(Ha/hr) (m) (L/ha)

Micron 77 .97 240 200 1,20 0.43 1.50 6,00
Herbi
GMSD
(after 46,07 248 219 1,13 0.42 1:50 6.04

choudling

1981)

Improved
34,60

Ly%
LN
C

230 1,09 0.84 2,90 4.C3
GMSD
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2.3 Review of CDA Sprayer Power Consumption

Studies

Power consumed by a cda spinning disc sprayer
during operation is the product of the current ebing
drawn by the electric motor driving the rotating

disc and the voltage across the electric motor, Thus:

P = VI LA B B B R B B B B R B B IR B B B R B B B RN OB (2.2)

Wheres -
P = Power consumption (Watt)
V = Voltage across the motor (Volt)

I = Current passing through the motor (A. )

Power consumed by the sprayer is the main determin-
ing factor of the performance of the sprayer. The
objective of any spraying operation is the emission of
spectrum of droplets and placing them on a particular
target. In paralled, the main objective of cda spraying
is the emission of narrow spectrum of droplets of a
particular size and directed to a specific target to
control a specific pest. It is only normal to say
therefore that for the successful production of such
droplets and placing them where they are required the
source of power for running the sprayer must also be
specific, definate and constant., If there is a change
of power at the beginning or during the course of spray-
ing it may not be out of place to expect also a change

in the emmission of the droplets, However, the type of
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change in the spray droplet emmission that actually
takes place and the effect of such change in pest
control is not fully understood., Also there are
various types of power sources that are used for
running cda sprayers mainly electrical, manual or
mechanical or even a combination of some of the
above. A point worthy of notice here is that even
within a particular class of power used for running
sprayers say-electrical power - there are still
various makes and models of power units such as the
U2 batteries which may themselves vary in characteris-
tics and may hence affect the sprayer performance.

These are also yvet to be fully studies and understood.,

A number of skeletal studies concerning power
supply and consumption of cda spinning disc sprayers
as they affect diec speeds and as they are affected by
flow rates also have been carried out in some few

Research Institutes,

Investigation carried out at International the
Pesticide Application Research Centre (formexly
Overseas Spraying Machinery Centre), Imperial College
London University on the relationship between input
voltage across the spinning disc cda sprayer electric
motor and period of use indicated that there was a
decrease in voltage with period of use of the cda

spraver at a particular flow rate (h!t‘ft ws, 1979
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This study however said very little about the
nature of spray droplets being emmitted by the

experimental sprayer with decrease in voltage.,

Beeden, (1975) observed a decrease in battery
life and reduced rotational speed of disc with
increase in flow rate. He further observed a
decrease in the life of battery used with spinning
disc sprayer when the temperature falls from 27°C
to 15°C and a decrease in life of battery when
viscons liquids are sprayed.

Bals (1990) in his Battery life tests with
two models of Ulva cda sprayer obtained the following

results as summarised in the Table 2.

Table 2. Battery life test with two models of

cda sprayers

Sprayer Battery make Battery Life#*

Make/model number (hrs of running)

Micro Ulva Ever Ready Silver

6 25
seal R 205 (UK)
Micro Ulva Varta Super
& 12
2020 (Togo)
Ulva 16 Ever Ready Silver
& 13
Seal R 205

NB* Number of hours of run of sprayer upto the period
when the spinning disc rotational spead drops to
below 4000 rpm,
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v;. The results from the above table gave some
indication of variation of lengths of life of
different makes of batteries when used in same cda
sprayer and also variations of life length when
diffexent types of cda equipments are used with

same type of battery as power source,

P

Enayﬂﬂ.2;4 Scme Observations on the Literature

"ﬁf_geview -

fhe_folibﬁing 6bservati6nsIcan bé made.frém-fhéﬂ”

review, | |

(i) Different designs of cda sprayers aimed at

achieving different sprayving aobjective(s).3f

exist, eithexr as cdmmercially avalilable models

(Tableﬂb.7) or as equipments still at prototype

state (TableAZ.B)m However, although they are

of various makes, models, operating on different

principles, they can be classified into four -

groups; viz:-

- High speed spinning disc cda sprayers

| (Battery powered) for application of small
droplets suitable for control of insects

and disease pests in particular. . .., .

- Low speed spinning disc cda sprayérs
(Battery powered} for application of large

. droplets suitable for control of weeds;f?f
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- Electrical cda sprayers (Battery powered)
for application of charged droplets at
present restricted to production of small
droplets for insects and disease control

Only.

- Manually powered spinning disc cda sprayers

for insect/disease and weed control,

(ii) All the cda spraying machines so for produced
and in the market today, except the Birky
Sprayer, have their spinning discs powered by
a set of U2 dry cell batteries, In other words
they have a common power source either to
rotate a disc for droplet atomation or to
power a built in generator to supply voltage
to produce electric field for charging droplets

and breaking them into droplets,

(1ii) There has been a number of attempts to modify
some of the existing Cda sprayers either with the
view to improving spray volume distribution

pattern, Application rates or field capacity,

(iv) These attempts however, are limited only to a
certain class of cda sprayers - The herbicide
applicators no attempt has so far been made to
improve same on the insecticide/fungicide

applicators within the cda sprayers.



(v)

(vi)

(vii)

(Y3t
n

More importantly the cda sprayers, which are
powered generally by a common source of power
(U2 class of batteries) lack adequate
information regarding the effect of different
makes of such power source(s) on droplet
spectra or even the effect of same powex
source on different designs of cda sprayers,
even though there is a pointer that such

effect(s) exist (Table 2),

Moreover, all the manually carried cda
sprayers so far being marketed today achieved
are things only in common - Ground Crop
Spraying - Non of such sprayers in their
present forms could be used for tree crop pest
control or for control of pests in accessible
due to limited distances their droplets are

projected.

Most of the cda sprayers so far designed are

each for specific purpose - either insecticides/
fungicides or for herbicide application. Non

of them in their present design could be used

as a multi-purpose applicator - for application
of more than one type of pesticide and for more
than one pest location situation without the use
of some other special accessary and yet maintain-

ing the cda advantage.
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These factors along with the need to
develope a multi-purpose sprayer for a low
scaled farmer indicate a need for the proposed

study.
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These factors along with the need to
develope a multi-purpose sprayer for a low
scaled farmer indicate a need for the proposed

study.
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CHAPTER 3

3.0 METHODOLOGY

The primary objective of this thesis was to
evolve a multi-purpose sprayer which combines the
advantages of both hydraulic knapsack sprayers and
motorise knapsack mist-blowers as well as retains
the basic merits of conventional controlled droplet

applicators,

The study involves first the identification
and study of the basic weaknesses (1imitations) of
the conventional CDA sprayers which limit their
acceptability and then encorporating design modifica-
tions aimed at improving the system., The procedure
for the investigation of the identified limitations
and evolving design procedure for modified and
improved system is given in this chapter while the
design and evaluation of the improved multi-purpose
sprayer prototype based on results of investigation

are given on Chepters 5 and 6 respectively.
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3.1 Determination of power consumption of selected

CDA sprayers and effect on Droplet Spectra,

As already stated, in Chapter one, power
consumption and limited versatility seem to be some of
the major weaknesses of the present day battery operated
CDA sprayers. It is therefore necessary to investigate
and compare the relative power consumption of the
various classes of existing CDA sprayers with a view

to finding solution to power consumption problem,
3.1.1 Seclection of Experimental CDA: Sprayers.

The following sprayers {9 nos) were chosen for
power consumption studies at different input valtage
levels and relative effects on their spray droplet

spectra.

i) Micron Ulva spinning disc CDA insecticide/

fungicide sprayer,

ii) 'Techoma TT UBV and Techoma II insecticide/

fungicide sprayers.

1ii) Turbair XI and Turbair XII insecticide/

fungicide sprayers (plate 3.1).

iv) Micron Herbi, FW Handy, Berthoud C, and Turbair
forester/weeder spinning disc herbicide sprayers

(Plate 3.2).



3.1 The five experimental spinning
disc insecticide/fungicide cda

sprayers.,

B ( _'_1_ T b ot - LB oy d "‘-.___ bote- uiClelE
*’(_-l[_ s 3 by

3.2 . The four experimental sprutiby,

disc herbicide cda sprayers. ' -»
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Brief description of the design features and
principles of operation of the chosen CDA sprayers
listed above are given in Appendix 1. The selection
of the above mentioned sprayers for the experimental
work was purely based on availability within the
study locality. Based on a short market survey
carried out, they found to be the most common makes

and models of CDA sprayers in the locality.
3.1.2. Selection of Ultra low volume formulations

Based on Jorhstone and Johnstone (1977) Studies
on the effect of meteorological factors on requirements
of Ulv formulations for evaporation and ease of atomisa-
tion problem Cypermethrin 1.8 Ulv (Cymbush) was
selected for use with Tecmoma and Ulva machines whiie
Turbair Resmethrin was chosen for the Turbair X machines.
These formulations were however replaced by simulated
mixtures of Cora 0Oil and Kerosine in the ratios 3:2 and
146 respectively in order to avoid operator hazards and

peollution to environment.
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3.7.3. Selection of Droplet Size and Power

consumption measuring equipments,

The data for droplet spectra  and power
consumption studies were obtained simultaneously,
below is the high light of the main equipments used

for obtaining the data and the bases for selection.
3.7.3.1, Droplet sampling equipment

The rotorod sampler (May (19685), and May,
(1986)) was selected as a droplet sampling equipment
due its obvious advantage of impaction tendency of
droplets on its rotating body and its suitability
for use with normal glass slide coated with

Magnesium oxide (Plate 3.3).

3.743.2. Selection of Droplet Measuring Equipment

Among the most modern methods and equipments
for measuring droplets from a sprayer such as Laser
holography, High speed photography, Microscope and
graticule and partide size analyser, the particle
size analyser was chosen for the measurement of

droplet sizes due to its being the quickest and most



3.3 Droplet sampling using the

rotorod sampler,

‘'9e0900000Ge
w

ement of droplet sizes

Measur

using the Flemings particle

size Analyser.
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phisticated method available within the locality

(Plate 3.4).

3.143.3, Selection of Power Consumption

Measuring equipments$

The powef consumption measuring eguipments

used for this work include:-

i) A constsnt Power Source: Which the IRWIN L,T,
el
Power supply type EJ176 with a variable voltage
supply of range 0-~35 Volt, DC was selected purely

based on availability plate 3.5.

ii) An Ammetre:-

This was reguired to measure the current drawn
by the sprayer motor (Plate 3.5) and the make
selected was the Harris A Ammetre, selected for
its simplicity and current measuring ranges of
0-1.0 Amp and 0-5 Amp in steps of 0.02 and 0.1 Amp

respectively.

i31) A Voltmetre:-—
This was required to measure the voltage
across the sprayer electric motor (Plate 3.5).
Harries V voltmetre was selected on the same basis

as for the Ammetre azbove. It could measure



AR TR

Plate 3.5 Power consumption measuring equipments.
Left to riyht; Voltmetre

>, Ampmetre, Constant
power source,

v "

N
S 2y

'ﬂﬂ,

yir

Plate 3.6 Spinning disc speed measuring devices,
Left to riglhits Hel2 5003 stroboscope, G.T, Optical

FivClicaie 1 alid "Vibratak! Tachometier

]
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voltage in two ranges 0-5 volt and 0-15 volt in

steps of 0.1 and 0.5 volt respectively.

3e1.30h4. Selection of Spinning disc rotational

speed measuring device,

A suitable tachometre, G.T. Optical Tachometre
was selected for this among a few makes such as
vibratak and Helioth stroboscope tachometres on the
basis of i1ts higher accuracy relative to others

(Plate 306) .

3.1.3.5. Other laboratory and field apparatus/

equipments used,

In addition to the above mentioned, the following

equipments were used for the experimental work.

(i) Standard Microscope with a Mechanical slide and
four ocularlenses., (ii) A stop watch (iii) A
measuring tape (iv) measuring cylinders {v) Glass
slides (vi) Magnesium oxide ribbon (vii) A burner
(viii) A Hygromete. consisting of a wet and dry bulb
thermometers. (ix) A universal laboratory stand

aned
{x) A tally counterfﬁxi) A Glass slide marker,
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3.1.3.6., Design of the first set of Experiments

The droplet spectra and power consumption of
each of the nine chosen sprayers were determined at
three input voltage levels vizi~ 12, volt (upperlimit)
and & volt lower limit below which the Datteries
used in running the sprayers would be regarded
runned down {(Matthews 1979) and an intermediate
voltage between the two limits (9 volt) in order to
detect what happens in between, This was achieved by

adjusting the variable wvoltage supply.

3.1.3.7. Randomisation

Here, droplet samplings were allocated between
treatments (i.e, particular sprayer run at particular
voltage level) at random to avoid conscious or
unconcious bias in collection of droplets due to
pessible change in environmental condition, tiredness
of the sprayer operator etc. A completely randomised

design was carried out.

3.17.3.8. Layout of Experiments

To satisfy the principle of randomisation,
droplet samplings were numbered and arranged so that a

random selection of numbers carry particular treatment,
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using the table of random numbers (Lindley and

Miller 1970).
3.7.3.9, Execution of the Experiments
3.1.3.9.1 Droplet Sampling Procedure

Droplets were collected on Magnesium oxide
{Mg.0) coated slides on which craters of droplets
were formed by the impact of the droplets on the
rotating slide, formed by burning two strips of
magnesium oxide ribbons each 10cm in length below
a glass slide., A total of 90 slides containing
droplet craters were obtained from the sprayers

runned with the respective simulated mixtures,
3¢7¢3+9.2 Droplet Size measurements

This was carried out using the Flemings parti le
size analyser and a standard microscope as per

described in Matthews (1975a).

3.1.3.9.3 Droplet Size Analysis

This was carried out as per described in
Matthews (1975a). Samples of spray deposition, and
calculation forms are as given on Appendices B and C
while a sample of graph of cummulative percentages

plotted against a mean diameter of droplets to obtain
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the Vmds and Nmds of each sample as given on
Appendix D. Due to the large number of droplet
samples and the number of droplets to be counted
from each slide (300 nos) manual calculations

were regarded too tedious, time consuming and
liable to arithmetic errors. Thus a computer
programme (Portran) was developed to calculate all
the necessary parameters (Appendix G) a sample of
outputs of calculation of which is given on

Appendix H.

3.2 Determination of the effect of type of Power

source on droplet spectrum.

While in the previous set of experiments
(Section 3.2) a constant supply of power from a
fixed source at different levels was used to
investigate the power consumption and droplet spectra
from different makes/models of Cda sprayers, in this
set of experiments a particular Cda sprayer was
selected and run by different makes of power sources
(Dry charged and Wet cells) in order to assess the
individual power sources performence in terms of
production of correct droplet spectrum and durability

and in totality its suitability for running a Cda
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Sprayer, §%¢t‘04. » gome common U2 batteries
available in the locality - : ' . four makes
viz:~ Berec, Eveready, ABC and Brister were selected,

{the four being most common and also indigencn.nl.s;);;If’(-“’t’f’e 3'7)

3.2,1 Selection of Experimental Sprayer

Among the common makes/models of Cda sprayer
listed in the previous Section, Micron Ulva was found
to be the most common and has the provision of being
used either with I pairs of batteries in series or
8 pairs in paralled and hence selected for the

experiment,

3.2,7 Selection of other Experimental Equipments

All other laboratory apparatus used for the
experiments such as current, voltage, rotational speed
measuring devices were the same as for previous
experiments, Also the droplet samplings, Analyses and

calculétions methods were also the same.

3.2,7, Design, layout, and execution of the second

set of Experiments.

The following parameters are to be measuredi-
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i) Rate of voltage drop of the individual

batteries during the period of spraying.

ii) Effect of (i) above on the sprayer droplet

spectrum.,

iii) Life of individual makes of power source (i.e.
the number of hours of spraying before voltage

falls to below 6 volt).

iv) Consequences such effect(s) (if any) may have

on crop protection,

Each of the selected make of battery was used
to operate the Ulva sprayer for fifteen minutes
continecusly and followed by five minutes rest within
which the formulation bottle was changed upto a period
of two hours a day. The batteries were then allowed
to rest over night and the process continued the next
day until the voltage fell to below & volt when they
were regarded runned down., During that period droplet
samples were collected, current and voltage across the
sprayer motor were recorded {(fig. 3.2). Similarly a
sample of lead acid electrolyte batteries were used and

data recorded, b
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3.2.4 Measurement and Analysis of droplet sizes.

The sizes of droplets were measured in the
usual manner as for previous experiments. Calculations
of Vmds, Nmds and rs and power consumptions were

carried out in the same manner.

3. ? Other Data Analyses

The statistical analysis of interest for the

investigation include the following:i-

1) Computation of mean, standard deviation, range
and co-efficient of variation of a number of
measured data especially with regards to the
spray volume distribation patterns cof the

developed.

ii) Analysis of variance using F-ratio of the
measured variables for each set of experiments
for sprayer power consumption, droplet spectra

and battery performance characteristics.
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CHAPTER 4

4,0 RESULTS AND DISCUSSIONS

In this Chapter, results of the series of
experiments conducted on the selected 9 makes/models
of spinning disc low and Ultra low volume cda sprayers
and & makes of their power sources (U2 batteries) are
presented and discussed in relation to conceptualizing
an improved design of a multi-purposed cda sprayer.

The Chapter is divided into four main sections vizi-

i) Droplet spectra and power consumption of
spinning disc ecda sprayers as influenced by

change in voltage.

ii) Characteristics of different makes of power
sources used with spinning disc sprayer and their

effects on the sprayer droplet spectrum.
1ii) 1Influence of (i) and (ii) above on crop protection

iv) At the end of the Chapter, a summary of general
inferences and evolvement of design criteria are
presented which indicate the needs and formed the
basis for the design of the improved multi-purposed

controlled droplet applicator.
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4.1 Droplet spectra and Power

consumption of spinning disc

cda Spravyers as influenced by

change in motor voltage

In the discussions it is important to
first present the summaries of some of the basic
results obtained from the series of the experiments
conducted during the investigations, Tables 4,2
and 4.3 show the summaries of parameters of spray
droplets spectra., Rotational speeds and power
consumptions of the five insecticide/fungicide
spinning disc cda sprayers and the four

spinning disc herbicide sprayers respectively as
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they were run at different motor voltage levels.
Table 4,8 on the other hand shows similar parameters
measured when Ulva sprayer only was used with
different makes of U2 batteries daily un- 1 the
batteries were runned down. On the three Tables
only the mean values of the parameters measured

are represented as highlights while the actual
values were used for the various analyses carried

out,

4.,2,1 The influence of change of motor
Voltage level on droplet spectra

of Spinning disc cda Sprayers,

This section gives summaries of the nature of
spray droplet spectra of the selected experimental
cda spinning disc sprayers as their motor voltages
were changed during the course of spraying. The
basic parameters of spray droplet spectra determined
were volume median diameters (Vmds), Number median
diameters (Nmds) and Dispersion ratios (rs) of the
sprayers. The effects of change in motor voltage
are presented and discussed for each parameter in

turn,

4.241.) Volume Median Diameters

The Summaries of Volume median diameters of the

9 spinning disc cda sprayers at different operating
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voltages are presented on Fig. 4.2 to Fig. 4.3 and

Table 4,3 with highlights as follows:-

(i) Irrespective of sprayer make the volume median
diameters are lowest at higher motor voltages
and vice versa. Thus smaller droplets (70-

80 micron) that are suitable for the control

of flying insects, and insects on foliage
(Matthews, 1979) are those produced at 12 volt
and near around for micron ulva, Turbair XII
and Tecnoma 11 models. As the voltage decreases
in all cases droplet sizes increase up to about
200-250 micron (vmd) for the above mentioned
makes of machines at about 6 volt.

The situation is however different in the case
of Tecnoma I model, At similar voltage levels
the Tecnoma 1 machine produces generally
smaller droplets (50-60 micron vmd) and below
the sizes normally regarded as most suitable
for general crop spraying (about B8O pm vmd )
(Bals (1969), Matthews, (1l979) and Bals (1982).
The droplets produced by Tecnoma I model are
thus very liable to drift and are potential
operator and environmental pollutants, Such
spray droplets are not only lost to non target
areas and thus constitute an un-economical

spraying operation but also pullute the
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Table 4.4 Summary of Analysis of Variance of Volume ..
' Median Diameters of the CDA Spinning disc

Sprayers at various motor voltages

.+ Machine/ :'jﬁ3f7f-
Vol tage -

. (Variables) Source of Error  DF S5 MS F

A, INSECTICIDE/FUNGICIDE APPLICATORS

LT 12 volt Between sprayers 4 1134 283.6  20.2%

- Residual =~ 10 140 14.0

- Lep () Q‘S_yﬁlfgfl: a

9 volt Between sprayers 4 16454 4113.6 24.8%
Residual - 10 1660 l6¢

LSD (5%)- 23,4 -

6 volt Between sprayers 4 50460 12615  186,1% -

+° . .Residual ... . . .10 - 678 678 - . .-
LsD (%) 15,0 . .o o e

B. HBRBICIDE APPLICATORS . © . . .

12 volt Between sprayexs 3 =~ 6225 2075 9.5*_;f,“

e e Residual “ . 8 1750 218.75:l f-f;f
LSD {5%)- 27.9 _ L

Zg%*_  9 volt Between sprayers 3 7200 2400 _. 5.3*:

' } | :._ Residugli“f,f_ 8 3600 450 |

LSD (5%)- 40,0 | .

-f::;f: 6 volt Between Sprayers 3 2625 875. 5.83%

IR ’ | Residual .. ~ 8 1200 150

LSD (5%)— 23.'0 | ) - | -

* Significant at P -. 0.0S.
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environment causing hazards to both the operator,

wild lives and soil fauna.,

There were significant difference in volume
median diameters of the five makes of insecticide/
fungicide spinning disc sprayers at each and
every voltage level they were operated, (Table
4.3)., At 12 volt however, the differences
between the vmds of Ulva and Tecnoma L1 models,
and those between the Turbair X machines were
not significant as revealled by the LSD value
(6+80)+ This trend continues for the Turbair X
models upto 9 volt level but not for other
models.

At 6 volt however, the variation is more
pronounced when no two sprayers produce droplets
that are not significantly different (LSD (5%) =

15,0)

Irrespective of Herbicide applicator make/model,
the vmds were lowest at higher voltages (12 volt)
for all the four makes of sprayers investigated.,
However, the variation of vmds within the
different makes of sprayers at all the voltage
levels investigated was not significant., (200-
220 at 12 volt, 220-240 at 9 volt and 240-270

at 6 volt). This may be due to the fact that
the motors were governed and restricted to

rotate within close rotational speed range of
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1750-2200 rpmj; between the 6V and 12 volt
limits,

(iv) There were significant difference in rmds of
the four spinning disc herbicide applicators
at all the voltage levels investigated,
However only the difference in vmds between
Micron Herbi and FW Handy and between the
latter and Berthoud C2 are significant, all
others are not at 5% level as revealed by
the LSD values at all the three voltage

levles investigated,

4,1,2 Number Median Diameter

The Summaries of Number median diameters of the
nine spinning disc sprayers operated at different
voltage levels are presented on Figs. 4,4 and 4,5 and

Table 4,5 with high lights as follows:

(i) Similar to the trend of results obtained for
volume median diameters, in general there was
a progressive increase in the values of Number
median diameters of the five insecticide/
fungicide spinning disc sprayers with decrease
in motor voltage, Thus lower average droplet
sizes (without reference to volume) are obtained
at higher voltages (say 12 volt) while higher
nmds are obtained at lower voltages. This is

the case for all the five makes of insecticide/
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fungicide applicators,

Number median diameters vary significantly
between the different makes of the spinning
disc sprayers at all voltage levels investi-
gated and this is also the case when same

make of sprayer is used at different voltage
levels, In the case of Micron Ulva there were
about 100% and 200% increase in Nmd when the
voltage dropped from 12 volt, to 9 volt and

6 volt respectively. Other makes showed
similar trends of increase of Nmd with decrease

in voltage but not to the same degree.

There were also significant difference in the
Number median diameters of the four spinning
disc herbicide applicators investigated at all
the levels of voltages they were operated.
However, this variation of Nmds at all the
voltage levels did not follow a definate tred.
In other words, there was no definate relation-
ship between motor voltage and Nmd.

While at 12 volt the Nmd for Micron herbi was
lowest it was highest at 9 volt rathexr than
6.0 volt as was the case with insecticide/
fungicide applicators. Similar results were
obtained for the FW Handy while for Turbair
weeder there was a progressive decrease in Nmd
with increase in voltage across the sprayver

motor,
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Table 4.5 Summary of Analysis of Variance of Number

Median Diameters {(Nmd) of the CDA Spinning

disc Sprayers at various motor voltages.

. ;'Machine/
Vol tage

.”? (Variables)

Source of Brror

DF

sS Ms';jfigk, .

- -

. A. INSECTICIDE/FUNGICIDE APPLICATORS

12 volt

. LSD (5%)-

9 volt

ff?ﬁ :LSD (5%)-

ot .;..:. 6 volt

LSD (5%)-

12 volt

LsD (5%)-

Between Sprayers
Residual
5,0

Between Sprayers
Residual

42,0 |
BetWeéﬁ Sprayers
ReSidual.T :

19,0

B. HERBICIDE APPLICATORS

Between Sprayers
Residual .

740

4

10

4

10

10

978  244,5  33,0%

74 744

10479.6 2619,9  4,9%

5342 53d.2

30735.6 7683.,9 67.3%

1142 114.2

12037 4012.3 2B84%*

113 14,13

* Significant at P ., 0.05.



Thus with the spinning disc herbicide
applicators an increase or a decrease in motor
voltage though significantly change Nmd, but
does not either increase or decrease Nmds
consistantly. Hence a change in motor voltage
changes the average sprayer droplet size but
that the degree and trend of such change
defends upon individual herbicide applicator

makes.

4,1.3 Dispersion Ratio

The summaries of Dispersion ratios of the 9
spinning disc sprayers operated at different voltage
levels are presented on Fig. 4.6 to Fig. 4.7 and on

Table 4,6 with highlights as followss:-

(i) Regardless of insecticide/fungicide applicator
make or model, lower values of dispersion ratios
were obtained at higher operating voltages
(say 12 volt). Like wise for the same machines
higher values were obtained at lower voltages
(6 volt).

Thus all the sprayer makes produce droplets
of narrower spectra i.,e more uniform droplets
at high operating voltages and wider spectra

at lower operating voltages,
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Summary of Analysis of Variance of

. Dispexsion Ratios of the CDA Spinning

disc Sprayers at various voltage levels,

ns Not Significant at P .

]

Machine/
"t (variables) Source of Brror  DF  SS MS F
. A. INSECTICIDE/FUNGICIDE APPLICATORS
12 volt Between Sprayers 4 0,0096 0,0024 2,60™°
Residual” ol 10  0.0092 0.00092 |
9 volt Between spragers' 4 0,0078 0,00195 1,87°
. | Residual .- 10 0.0108 0.00108
¥{:3316 volt Between Sprayers 4 0,1242 0,0311 24.6%
- . . Residuals 10 0.0126 0,00126
LSD (5%6)- 0.07 o o
B, HERBICIDEIAPPLICATOES A -
e 12 volt Between Sprayers 3 0.0206 0,006875 0,022"°
Residual 8 2.4908 0.31135 _
9 volt Between Sprayers 3 0.054 0.018 8.,47% |
Residual - L 8§ 0.017 0.0021
"JQZILSD (5®)- 0.09 R
6 volt Between Sprayers 3 0,1106 0,0368  12,93%
Residual 8 0.0228 0,00285 o
LSD (5%)- 0.1 S
*  Significant at P . 0,05
0.05
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(i) Within higher operating voltage levels
(9-12 volt) the values of the dispersion
ratios obtained from the machines were not
significantly different (Table 4,6).
Hence at higher voltages all the machines
produced droplets that were of similar
or same degree of uniformity irrespective
of make or model,
At lower operating voltage (6 volt) however,
the values of dispersion ratios were signifi-
cantly different, indicating that the degree
of droplet uniformity vary from one make or
model of machine to another when operated
at lower motor voltage levels., So apart from
theffact that the machines generally produce
less uniform droplets at lower operating
voltages, the degree of non uniformity also

vary significantly between the makes/modles.

4,2 PpPower Consumptions/Rotational Speed

Summaries of power consumption of the 9 spinning
disc sprayers operated at different voltage levels are
given on Fig. 4.8 to Fig. 4,10 and on Table 4,7 while
those of the sprayer Rotational speeds operated as
described above, given on Figs. 4.l1l1-4.12 and on

Table 4.8, with highlights as followss-
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(i) For all the sprayer makes/models investigated
higher power consumptions are observed at
higher motor voltage levels and vice versa.
This ofcourse was expected since power
consumed by the sprayer is proportional to
the voltage across the motor other parameters
remaining constant or varying proportionally.
Similarly higher sprayer disc rotational speeds
were observed at higher voltages for the five
insecticide/fungicide sprayers only.
For the herbicide applicators however, highex
speeds were observed at 12 volt only but as
the voltage decreased (from 12,v-6,0v) the
rotational speeds for all the sprayers remained
fairly constant due to the presence of mechanical
governors which control the speed of the discs
within fairly close range, So even when the
voltage reduced from l2v to 6v the percentage
change in the sprayer disc speed was at most
about 13,6% for turbair weeder while it was only
4% for the FW Handy model, with Micron Herbi and
Berthoud C2 falling in between with 10% change

each,

(i) For the insecticide/fungicide applicators, and
at all operating voltage levels, power consumption

between the sprayers vary significantly (Table 4.7).
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Table 4.7 Summary of Analysis of Variance of
Power consumptions of the CDA Spinning

disc Sprayers at various voltage levels.  _

Machine/
Vol tage T T _ el ¢
(Variables)  Source of Error. DF SS MS v F:
A. INSBCTICIDE/FUNGICIDE APPLICATORS . . & -Q'fﬂkﬁiV“““
12 Volt  Between Sprayers 4 580.4 145,1  4357%
., Residual . % . 10  0.33  0.033
LSD (5%)- 0.33 ERRR et e
9 Volt Between sprayers 4 141 35.3 547 *

_ Residual . . . 10 0.644 0.0644

LSD (5%)- 0.46

6 Volt Between sprayers 4 23.67 5.92 84,3%
Residual v 10 0.70 0,070

LSD (5%)- 0.48

B. HERBICIDE APPLICATORS

. 12 volt Between Sprayers 3 2,279 0,7596  225%
Ut Residual jff.f‘ "8 0.,027 o0.00338
LD (%)= 0wl ..o t¢
| 9 Volt ‘Between Sprayers 3 0.4131 0.1377 _L7905*
et Residual . '8 " 0.0646 0.008075 ':;.
LSD (5%)~ 0.17 o o o I
6 Volt Between Sprayers 3 0.,2808 0.0936  0,29"°

Residual ~ 8 0,0384 0.,0048 .

* Significant at P £ Q.05

ns Not Significant at P 2 005,
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The two Tecnoma sprayers for instance showed
striking difference vizg-

At the same voltage one rotated at high speed
(Model 1, 10, 500 rpm) and drew a large amount
of power (about 23 watt), the other rotated more
slowly (mod ' II) and drew mich less power
(about 7 watt)., The large power consumption

of the former resulted in its high rotational
speed and hence production of very small droplets
(about 50 um) below the sizes normally regarded
as acceptable for ground crop spraying using
this class of cda sprayers.

The power consumed by the Tecnoma 1 sprayer

was about 3=4 times greater than that consumed
by the other makes of sprayers at all the

voltage levels investigated,

(iii) For the four herbicide spinning disc sprayers,
power consumption was generally higher at higher
voltages and vice versa, (Fig 4.15). FW Handy
model consumed greater amount of power than any
other make tested at all the voltage levels but
does not show any appreciable advantage in either
droplet size or uniformity to that effect. Infact
the other three makes of herbicide sprayers
produce slightly more uniform droplets (lower

dispersion ratios) than the FW Handy at 12 volt,



99

Table 4.8 Summary of Analysis of Variance of
Rotational Speed of the CDA Spinning

disc Sprayers at decreasing voltage levels.

Machine/
Voltage

(Variables) Source of Error DF SS MS F

A INSECTICIDE/FUNGICIDE APPLICATORS

12 volt Between Sprayers -+ 21900 5475 23.1%
Residual 10 2370 237

9 Volt Between Sprayers 1 27264 6816 83,1%
Residual 10 820 82

6 Volt Between Sprayers B! 22080 5520 117 .4%
Residual 10 470 47

B. HERBICIDE APPLICATORS

12 Volt Between Spravers 3 240 80 14,22+
Residual 8 45 5,625

9 Volt Between Sprayers 3 35,626 11,875 9.50*
Residual 8 10.0 1.25

* Significant at P /. 0.05
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The power consumptions of the four sprayers
above were however, not significantly different

at 6 volt,

4.3 Characteristics of Different Makes of

U2 Batteries used in CDA Spraver and

influence on Spray Droplet Spectra

Summaries of the combined changes in voltage with
spraying time for all the life days of each of the four
makes of U2 batteries and the nature of spray droplet
spectra produced by the sprayer under each condition are
presented on Figs., 4.13 to Fig. 4.16 and on Tables 4,9

to Table 4,11, The highlights are as follows:-

(1) In general, when the four makes of batteries
were compared in terms of durability, their life
spans when used in the same manner and with the
same insecticide/fungicide spinning disc Ulv
'5prayer were found to vary significantly
(Tables 4.9 to 4,11), with Eveready and Berec
showing clear superiority over the rest when
they were used for 17 and 16 hours,respectively
before their voltages dropped to 6 volt showing
the least average rate of voltage drop,

The ABC battery proved to have the least life
span, just about half of that of th other two

makes (Eveready and Berec) and with the highest
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Summary of Analysis of

Spans,

Rate of voltage

spectrum parameters of

U2 batteries when used

variance of Life
drop and droplet
the four makes of

with ULVA Sprayer.,

(Variables) Source of Error DF SS MS F
Life span Between Batteries 3 176.25 584,75 2
Residual 8 18.50 2.31
LSD (%) - 2.6
Vmd Between Batteries 3 3392.26 1130.75 100 .50#%
Residual 8 90.00 11.25
LSD (5%) - 6.3
Dispersion Between Batteries 3 0.0294 0,0098 16,33#%
Ratio
Residual 8 0.0048 00,0006
LSD (5%) - 0.05
Rate of Between Patteries 3 0.1178 0.03293 A2, 7%
Vol tage
drop
Residual 8 0.0096 0,0012
LSD (5%) - 0.07
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average rate of voltage drop. (Fig. 4.13 and
Table 4.,10), The Brister battery'!s life span
The Brister batteryt!s life span and rate of
voltage drop (Fig. 4.15 and Table 4.10) falls
in between that of ABC and the other two makes,
Although the life spans of Berec and Eveready
makes could be compared in this situation as
they proveﬁ to be not significantly different
(LSD = 2.6), at 5% level, the Eveready make's
performance was characterised by a lot of disc
speed fluctuations with irregular change in
voltage throughout the period of use., (Fig.
4,2 ). The spinning disc electric motoxr
consumed varying amount of current when used
with the Eveready make compared with the others
resulting in generally lower rotational speeds

of the disc at similar voltage levels,

All the four makes of batteries evaluated with
the sprayer showed one peculiar common
characteristics; vizs-

Their respective voltages drop sharply as

they were used continously with the spinning
disc ultra low volume sprayer and when allowed
to rest for a certain period (say over night
in this case) they regain back partially their

power due to occurence of repolarisation, in

some cases almost to the original level of
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voltage at the previous day (Fig. 4=-14 and

Fig. 4.16)., The rotational speed of the disc
which also declines sharply as the voltage of
the battery falls is also regained to near

the previous day'!s levels.

When the batteries were used continuously,
rather than intermittantly it was observed

that their voltages fell much more rapidly
resulting in shorter life duration (Figs. 4.17-
4.20). Life spans of ABC, Berec, Brister and
Eveready batteries wexre reduced by 31%, 34%,
35% and 37% respectively (Table 4.10). The
battery make with the longest life span when
used intermittantly seems to exhibit most acute
shortening of life span when used continuously
and vice-versa, These figures confirm the
advantage associated with intermittant overx

and above continuous spraying using same set of

batteries to runned downg

(iii) Droplet spectra change significantly with change
in disc rotational speed (Table 4.9). Consequently
the volume median diameter (vmd) increases with
decrease in battery voltage and disc rotational
speed. In other words, large droplets are
formed as the battery get runned down, The
droplet size normally regarded as most suitable

for general crop spraying with this method is
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about 80 "m vmd and sizes close to this seem
to be produced only at higher voltages (4:8.0
volt) and by the time the voltage drops to
6 volt the types of droplets being formed

(about 200 P

m vmd) are almost those more

suitable for herbicide application rather than
insecticide/fungicide and hence very unsuitable
for the purpose particularly where flying insects
are to be controlled., As the voltage drops in
each battery set case, the droplets uniformity
also deteriorates (Higher dispersion ratio values,
Table 4,9) in lower voltages (near 6 volt) the

droplets sizes range approach those of hydraulic

nozzles,

At individual levels the Berec battery set
produced the narrowest spectrum of droplets
when used with the sprayver with the least range
of dispersion ratios as the voltage drops
(L.18=2.,00).

Eveready produced the widest spectum of droplets
with the highest range of dispersion ratio (1,18~
2.86) although its life span was comparatively
even slightly longer than that of Berec. This
was mostly due to the disc speed fluctuations
characterised by the use of Eveready make of
batteries and hence production of widest range
of droplet sizes., The other two makes, ABC and

Brister fell in-between the above two makes in
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terms of production of uniform droplets within
the range of voltage used (r = 1l.19-2.80 and
1.19-2.30 respectively). The flow rate from
the sprayer was found to remain at constant
value of 0.85 cm> sec™t irrespective of spinning
disc rotational speed or veoltage drop from any
set of pattery make., This is due to the fact
that the flow of spray ligquid to the Centre

of the disc is controlled aonly by gravity and
has little to do with the rotational action of
the spinning disc, indicating that flow rate of

any cda sprayer is independent of type of power

source.,

On the whole the characteristics of different
makes of U2 batteries when used in cda sprayer
and influence of spray droplet spectrum could be
summarised as followsgs-

With regards to the four makes of batteries:
ABC, Berec, Brister and Eveready tested, they
perform significantly different in terms of
durability (life span to run down) and conse-
quently formation of spray droplet spectrum from
the sprayer. Berec and Eveready makes could be
used for up to 16 and 17 hours actual spraying

respectively when used intermittantly. The
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same makes of batteries could however, only be
used for the periods of 10,5 and 10,75 hours
respectively when used continuously (i.e
without the 22 hrs rest a day), (figs 4.17-
4.20). The Brister and the ABC makes could
respectively be used for five and four days of
spraying when used intermittantly (i.e 10 and

8 hours actual spraying time) and 6.5 and 5.5
hours respectively when the batteries were used

continuously until they run down,

The voltage of each individual battery set
drop sharply when used continuously but recovers
partially its lost power when allowed to rest
overnight due to the occurance of repolarisation
making it possible to be used for the periods

mentioned above,

With Berec make of batteries the narrowest
droplet spectrum was produced by the spinning
disc sprayer while with Eveready which has similarx
life span with Berec, the widest and hence less
desirable droplet spectrum was produced among
all the makes evaluated due to its voltage
fluctuations and hence the sprayer spinning disc
rotational speed. In terms of spray droplet
uniformity, Brister and ABC makes fell in between
Berec and Eveready. Droplet sizes produced by

sprayer when used with each of the battery makes
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were within the range acceptable for general

crop spraying only at higher voltages .

(8.0 volt).

4,4 Gonséquences of the Sprayers and

ﬁi_'fower source effects on Crop Protection_;:;

. When the results of this study is viewed at a .
glance in its totality a number of silent feaﬁﬁresﬂof 2o
cda sprayers are discovered as followss-

(1} Variations of VYmds, Nmds, rs and Power
consumptions of same classes of cda sprayers

operated at similar spraying conditions.

(ii) Variations of Vmds, Nmds, rs and Power
consumptions of same cda sprayer at different
levels of operating power.

(iidi) Deterioration of a particular power source
voltage with time when used in cda sprayers

and droplet_spect:a changes with usage.

(v) Varjation in performance of similar powex
sources used in cda sprayers and effects on

sprayer droplet spectrum.

The ultimate goal of this study is to, thrqﬁéﬁ
‘"b%hé.results obtained in the study, improve the efficiency
of the methed of spray droplet atomisation.for the-ir o
application of different classes of pesticides forl.f
plant protection against pest and at least or reduced

costs., It is therefore important to consider first the
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consequences of the silent features of the cda
machines and their various makes of power sources

on crop protection with the aim of finding solutions
to negative effects or devicing method(s) of further

improvement,

4.4.1 Consequences of changes in

Volume median diameter

Volume median diameter of a spray droplet sample
is a measure of droplet size in relation to the volume
of chemical applied. It is important because
different pest situations require different droplet
sizes and within a particular pest situation, the
narrowest droplet spectrum is required for the most
efficient pesticide application, Any significant
variation in excess of the optimum droplet size would
definately result in some negetive effect on droplet

deposition efficiency.
de4,1l,1 Losses of Pesticides

Increase in Vmd in excess of the optimum value
(e.g 80 Mm ovmd for crawling insects) means that the
droplets are too big and as they land on the targets
(e.g plant canopy) they may become wunstable and run
off! the target depending of course of the plant leaf
configuration, topography and inclination, This may

result in serious losses of pesticides which may
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consequently reflect in the volume of pesticide

being applied per unit area. By and large this would
result in increase in cost of chemical application
since the excess volume of pesticide that 'run off!
and does not stay at the intended target still has

to be paid for by the user, This is particularly
important when fungicides are being applied in whichs=
case the spores have to be almost totally covered by
suitable droplets especially if pesticides are not

systamic.

Parallel adverse effects are encountered when
droplets are too small (e.g for below the optimum) for
instance those produced by Tecnoma I Ulv sprayer.

When droplets are ‘too small they may not after all land
at the intended target (e.g aerosols droplets about
SQPm) unless when they are charged, rather they may

be carried away by the wind (drift) to another non
target area where they are not required and are as

such lost to the environment.

4,4,1,2 Environmental Pollution
Not only losses of pesticides results due to
either droplets being too big or too small in excess
of optimum sizes, but also greater environmental
pollution, The greater the 'run off! the greater
the environmental pollution. Lives of certain
advantageous soil fauna responsible for improving

soil structure such as earth worms might be affected
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by greater chemical residues due to environmental
pollution. This may be more notice either when
operating a particular cda sprayer at too low an
operating voltage (say {6 volt} or by using an
unsuitable make of power source even at highex
voltage level as seen from the results, Similarly
when droplets are too small and are carried away
from the intended target area to neighbouring crops
or fields, they do not only got lost but also

pollute the environment.

4,4,1.3 Operator Hazard

Chemicals are hazardous especially insecticides/
fungicides. Even though sprayer operators are strongly
adviced to use protective clothings, they are at the
high risk of in-haling chemical pesticides especially
droplets that are very small. (e.g 30,pm) and
worse still is that such droplets are often the high
toxicity ones from insecticides or fungicides rather
than even the lesser toxic herbicides. Higher chances
of skin contact prevails when droplets are small since
they are likely to remain in suspension for a time
long enough to come in contact with the body of an
operator and this worsens when droplets are excessively

small.
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4,4,.,1.4 In-effective Pest Control

When controlling flying insects for instance,

we need droplets that are small enough to remain in
suspension in the target environment for sufficient
length of time to enable the flying insects to come

in contact with them, I1f however, the droplets
increase in size due to either deterioration in
voltage of a particular type of power source or
sprayer motor design, then this suspension ability

is cost and effectiveness of control of flying insects

is reduced.

4,4,1.5 Phytotoxicity

Phytotoxic burns on plants leaves result when
droplets are too big. Phytoxic effects may be caused
by chemical burning, physically by droplets on the
plant surface acting as lenses and focus the sun's
rays on the plant tissue, or by subsequent effects on
plant growth (Matthews, 1979). Thus increase in
volume median diameter as a result of rapid decrease
in voltage of a power source could result in phytoxic
burns which consequently affects plant growth and

hence vyield,

4.4,2 Consequences of variation in

Dispersion ratios

As already defined and explained, the dispersion
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ratio (x) of a spray droplet spectrum is the measure
of spray droplet uniformity, and is controlled by

the values of both the volume and Number median
diameters. The closer the value of the dispersion
ratio to unity the narrower the spectrum of spray
droplets. The main aim of developing a controlled
droplet applicator of any class is to be able to
produce a narrow spectrum of droplet for particular
pest situations since different pest situations
require different droplet sizes. Thus for any reason,
either operational or otherwise when that narrow
spectrum of droplets from a cda machine is altered
(widened) then the basic aim for which it is designed
and developed would be defeated., Ideally the dispersion
ratios for all cda applicators should be less than 1.4
(r 7/ 1.4) (Matthews, 1979), Any value higher than
this indicates an unacceptable spectrum that is below

the required standard.

From the results of these investigations it
could be observed that once the motor voltage falls
to below 9 volt, the r values increase appreciably to
even above the 1,4 acceptable limit. Also for all
the makes of power sources evaluated it could be
observed that once the sprayer is used for upto
2 hours a day the r values exceed the 1,4 limit at

the end of each day.
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These variations in r values for the different
operating conditions would result in production of
non uniform droplets, in many cases approaching
values obtained using hydraulic nozzles (Table 4,9)
the major weakness of which is the production of
wide range of droplet sizes., The efficiency of
spraying is therefore reduced when the xr values
change with operating conditions of the sprayer

which consequently affects plant protection.

4,5 Consequences of Variations

in power consumptions

Power consumption of spinning disc cda sprayers
is one of the major concerns of the user during
chemical application, Infact it is the first question
the farmer asks himself: "“How many batteries would

the machine take’ And How much money is involved "

The user is therefore not only interested in the
make and model of cda sprayer with the least power
consumption but also on the type and or make of power
source for the sprayer that lasts longest all
parameters of spray droplets formation remaining the

salne 4

Increase in power consumption means increase in
running cost of the spinning disc cda sprayer by way
of frequent battexry replacement, Ipcrease in

running cost means un economical pesticide application
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in the long run.

At similar voltage levels (12 volt) one machine
tecnoma I drew large amount of power and produce small
droplets that would after all easily get drifted by
wind, while another Ulva, consumes much less (less
than % of Tecnoma I power consumption) and produce
better droplet spectrum, Even 1if the former's
droplet spectrum were better the user would run away
from it since he is likely to replace his dry cell
batteries at least 3 times before the user of the
latter machine replaces his battery set. 8Since the
sprayer user is not likely to have prior knowledge
on the power consumption of the machine before use
or purchase as it is not normally stated in the
instructional manual/leaflets accompany the sprayer,
he is likely to get discouraged in using ethe modern
cda technology if he happens to by chance own a large
power consumption machine make such as the Tecnoma I,
This situation may be compounded further if he happens
to use the Tecnoma I machine with say an ABC get of
dry cell batteries that lasts only fouxr days using
the sprayer with the least power consumption. (the

Ulva in the case).
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4.6 Evolving Design Critaria for
Modifying CDA Spravers

From the results of the foregoing investigations
and the logical conclusions from the data obtained
the following could be evolved as critaria for

modifying controlled droplet applicators,

1, Looking at the variation in spray droplet sizes,
distributions and uniformity with change in
operating conditions for all machines especially
insecticidq/fungicide cda sprayers and considering
the basic objectives of cda application technique,
the present method of operation of cda equipment
must be changed if such objectives are to be
achieved. Presently in the normal method of cda
spraying in the field today, the operator is never
concious of what type of droplets his machine is
producing at any one moment and where they are
directed to. Once the cda sprayer is loaded with
U2 batteries it is used contini ously un 1 either
the total amount of chemical intened for application
is finished or when the machine's disc almost stops
spinning due to lack of power (low voltage) from
the power source before they are re-loaded with
fresh batteries, Despite Matthews (1979),
recommendation of two hours contindi.ous spraying
per day and 22 hours battery rest the droplets

change significantly after the first hour of
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contin ous spraying, Therefore spraying should
stop with a particular set of UZ batteries

after one hour of contin ous spraying as against
the contin .ous spraying to battery run down ox
even the two hour former recommendation. One
would observe that from Figs. 4.13-4.16 (in-
clusive) the fall in voltage one hour after
conti.ous spraying in most cases for all power
sources makes is not more than 1,0 volt on
average. The droplets sizes, distribution and
uniformity would not have changed so considerably

during this period.

Sc in a nut shell for efficient cda spraying a
set of eight U2 batteries should be used for
spraying for 1 hour only a day to be followed by

23 hour rest to allow for repolirasation.

Where a large hactarage is involved requiring
spraying for more hours, more than one set of

U2 batteries should be obtained and a set replaced
after each hour, although this may have economic
repercussion on the part of the operator.

However, once this method is adopted, the operator
is sure of obtaining correct range of spray drop-

let spectrum for his pest situation.
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There has to be a change in approach in the
design and development of controlled droplet
applicators. At present, various manufacturers
develope and produce various cda sprayers with
different motor characteristics thus producing
varying spray droplet spectra for same pest
situation (e.g insecticides/fungicide applica-
tion), This cannot lead to total achievement
of cda advantages since in many cases in-
currect spray droplet sizes are produced by

some makes of machines (e.g Tecnoma I - about

50 P'm vmd for insecticide application). The
approach should therefore be to standardize the
type(s) of electric motors to be produced for

a particular spraying operation., These motors
must also be governed electric motors to regulate
and restrict the disc speeds to certain close
range even when there is some slight fall in
voltage (say within the one hour continuous
spraying recommended above).

Since it is not only the disc speed that govern
droplet sizes (thouhg it is the main factor)
other machine and spray chemical parameters such
as disc size, spray chemical density and surface
tension also contribute. Those parameters must
also be standardized if cda advantages are to be

fully achieved. So that all cda sprayers of each
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class should have a standard size electric motor,
same diameter and configuration of spinning
disc, and spray liquid of same density and

surface tension unlike the present situation.

As already concluded, the present makes and
models of power sources (batteris) used for
rumming cda sprayers are not suitable for the
purpose for which they are intended. None of
them maintain a constant voltage for sufficiently
long period to enable meaningful cda spraying
without change in spray droplet spectrum,

(Figs 4.13-4.10).

Here we are left with three options to improve
the situation. One is to operate the disc
manually so that there is always an assured
continuous spinning action of disc as in the case
of Birky 286 sprayer (Suleiman et-al 1984) and
the other is to use a different type of power
(battery) source altogether, However, the
former method may be still of very little signi-
ficance at the moment as Yusuf (1993) pointed
out that operator stroke length and stroke rate
all affect the spray droplet spectrum produced

by the sprayer.

The latter option may include either the use of

re-chargeable U2 dry cell batteries the voltage
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of which generally remains fairly constant

for longer periods of time before running down
or to use still rechargeable wet cells that are
portable enough relatively cheap and easily
available to users which voltage also remain
fairly constant for longer periods of time, !
The third option which is to use solar energy
to power cda sprayers though possible but in
practicable due to the astronomical cost of
solar cells needed to generate the desired
motor voltage (About %1,000 for 12 volt as of
1992-source: Kaduna International trade fair

1992) .

The main weakness of cda spraying with manually
carried machines today is limited application,
The normal hand-held battery operated cda
sprayer is not versati e. It is either an
insecticide/fungicide or a herbicide spinning
disc sprayer and could only be used for that
very purpose and no more as already confirmed

from the survey.

If the basic advantages of cda technique is to
be fully utilized at reduced costs the machine
in its present state must be made more versati
A hand-held cda machine must therefore be able

to accomplish at least if not more different
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spraying operations that are of vital importance

vizs-

Insecticide/fungicide Spraying - requiring

production of droplets of about 70—80Pm vind .

Herbicide spraying - requiring the production

of droplets of about 200-250 “m vmd.

Tree crop spraying - requiring production of
droplets of similar sizes as of (a) above and

projecting them to for distance.

Any other specialized pest control job such as

avicide spraying for control of brid pests.

It is therefore strongly desirable that future

designs of CDA machines be multipurposed (and yet

retain the CDA advantage of production of uniform

droplets and application of least spray volume rate)

a feature which is presently one partly possessed by

knapsack hydraulic spiayers and partly by motorized

knapsack Mistblowers.
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CHAPTER 5

5,0 DESLIGN OF CONCEPTUAL

CONTROLLED DROPLET APPLICATOR,

PROTOTYPE "

The literature review, the analysis and
discussions of the experimental results obtained
from the study indicate that controlled droplet
applicators have distinct advantages in modern
pesticide application technology as summarised

belows -~

(i) Their very low (LV) to Ultra low (ULV)
volume application rates {/'30 L/ha to S5
p/hu) of spray liquid make them highly
advantageous especially in areas whére water
is a constaint.

(ii) Production of generally smaller droplet (about)

80 um vmd for Ulva machines) and of very hign
|
concentration and above all of very narrow
ra
range (r‘ 1l.4) of sizes much more uniform them

those produced by conventional hydraulic

sprayers.
(1ii) Thedir oil based formulations facilitates least
evaporation tendency of droplets and requires

no mixing beofre or during spraying.
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{iv) Possession of relatively wider swath widths

due to the use of wind for drift spraying.

(v) Better retention of chemical as a xesult of
production of small droplets that do not

lyun offt the intended targets.
. (vi} Better bush penetration as a result of wind
effect (drift) on smaller droplets which they

_produce.

(vii) Faster spray application due to wider swaths

-widths and

(viii) Ease of operation as less human energy is
used for operation ﬁnlike for conventional
lever operated or compression hydraulic -

. knapsack sprayers, |

fhe cda techniQue should therefore stay in view of

its obvious merits.

IIn the same way, the limitations inherent in
theixr present design which limits the exploitation
of their obvious advantages most of the time have
also been discussed in Chapter 4 (4.4 and 4.5);.
Recommendations as ways and means of improving
~their present situations have also been made as
highlighted on Chapter 4.6, In view of their
appropriateness and the need to solve some of their
performance praoblems it is imperative to eliminate

some cf their limitations. This Chapter contains
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details of some attempts aimed at eliminating some
of those limitations so as to aenhance their efficient

usage.,

301 THE MOLTI=PURPOSE CDA UPRAYER

One of such attempts is that of the design and
development of a conceptual mul ti-purpose

cda sprayer system,

The basic objective of this attempt is to
eliminate most (if not all) of those investigated
limitations of the existing cda sprayer system as

revealed from the survey and experimental results,

The conceptual universal cda sprayer should
therefore be capable of meeting the following basic

requiremerntss-

(a) Must be used as a ground crop cda sprayer for
insecticide/funyicide application using con-

ventional ULV formulation,

(b) Must be used as a ground crop cda sprayer for

herbicide application using the appropriate

formulation,

(c) Must produce droplet sizes of 70-80 F'm vma

range for (a) above,

(d) Must in addition produce droplet sizes of

200-250‘fm vid range for (b) above.
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unsuitable for such purpose at least as

they stand presently (although rechargeable
types may be a lot better when costs of
purchase and maintainance are not considered}.
This is due to their very short life under
constant load, reduction in output voltage
with load, poor shelf life; prone to leakage

and loss of power at low temperatures,

Secondary cells, in the form of lead acid
liquid electrolyte types are chosen as more
suitable power source than the conventional
primary cells discribed above. This is
because lead acid types have the advantage

of being relatively cheap and widely available
for motor cycles etc, in the 6 volt form
although they are not available in D size
form, However, they could easily be arranged
into suitable packs and easily and quickly
re-charged., Above all, the lead acid liquid
electrolyte batteries are relatively much more
common and hence easily obtainable in any part

of the locality.

Versatility

One of the major weaknesses of the existing
cda sprayer designs as found and highlighted
from this investigation is their limited

applications in day to day sprayving situations.,
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As such it has been strongly recommended
that their limited applications be improved,
so that they are made more versatile; in
order to cater for more spraying situations.
The proposed design of the conceptual
universal cda sprayer would therefore aim at
satisfying both insecticde/fungicide and
Herbicide spraying as well as tree crop
spraying in addition to the possibility of
being used for inaccessible bushes and or

acquatic spraying situations.

(iv) Local Production and Maintenance

The conceptual universal cda sprayer should be
simple to produce and repair by local artisans
using locally available equipments and material.
As such as far as possible, easily available

materials have been used.

(v) Production and Operating Costs

In view of the economic level of an ordinary
peasant farmer particularly in Nigeria the
sprayer should relatively be of low capital

and operating costs.

5.3 Design of the Spraver Prototype

Components

(1) Spinning Disc Atomizer size,
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(a) Requirements: -

Droplet sizes:;- Must be able to produce
droplets of 70-80 “m vmd for
insecticide/fungicide applica-
tion and 200-300 Mm vmd for
Herbicide application through

change in rotational speed.

Dispersion ratio (r):- = l.4
Flow rate :- 2 ml/sec = (2x10"6m3/sec)
Spray form .tion density:-
lg/cm3=(l03kg/m3)(measured)v
Spray formulation viscositys-
1072 Ns/m° (measured) *
Spray formulation surface tensiong-

33x10"2 N/m  »

(b) Determination of disc size:-

Assume a rotational speed (N) of 6000 rpm

Angular velocity W= 2 IL N [ ﬂ
60
W= 2 JI x 6000
60

1

w 628,32 rad. sec”

Using Frost, (1981),

vV o= = (1)
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where V = Volume of droplet
q = Volume flow rate along one
ligament
f = Frequency of drop production

for one ligament.

q = Yn (2)

where Q = Total volume flow rate
n = Number of ligaments,

From (1) and (2)

v = R/ns (3)
2\ 0.93 [ -0,44
n = 0,20 | 4D — D — (4]
u S p2
where W = Angular velocity of disc.
= Liquid spray density
D = Diameter of disc
y = Liquid spray viscosity
SN = Liquid spray surface tension.,
° = (yn® )+ (5) (Frost, 1981)
Q . Q

Combining expressions (3), (4) and (5) an

expression for the drop diameter was obtained

d = 1.87 _QO.44,)_ 0.15 AxOQ,017
DO.BO e 0.75 ® 0.16

{

(6)
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From (6) above an expression for the disc

size was obtained as followss-

OIBO 044L} 0.15 £i0.017

= 1.87 QO

D (7)
d lr"'0075 )0.16
where d = diameter of droplet (Pm)
The size of a spinning disc capable of
producing a 75rm droplet (assumed from (a)
for insecticide/fungicide spraying) could
therefore be found as follows;-
0,44 0,15
p°+80 _ 1,87 (2x10~° x_(33x10™° *
0«16
(628.32)°+7°x (10%) x
0.017
(10‘2
75 x 10™°
p°+80 _ 1,87 3,1078x10"2 x 0,599483 x 0.924698
125,498 x 3.01995 x 7,5x10™°
p°*80 . 0.1133375
D = 0.06576m (diametex)

Thus the diameter of the spinning disc required

for the prototype sprayer is 66 mm
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However, the size of the spinning disc
closest to this value and which is available
from the range of insecticide/fungicide cda

sprayvers evaluated is that of 80 mm diameter.

Disc size chosen is therefore - 80 mm,

Required rotational speed for Herbicide

sprayvin

Since the same spinning disc is intended to

be used for herbicide spraying. The minimum
rotational speed required to produce a suitable
herbicide droplet of 200 Mm vmd is calculated

as followg -

From the following relation,

w0¢75 - 1.87 90n44r€“"" O..l.5 -‘_\0007
a DO.BO 0.16

(8)

The angular relocity required to produce a given

spray droplet size is given bys-

Q44 0415 10,017+ 33
W o= 1.87| (9)
\_a 280 0,16 (fzom 8)

.

Hence

To produce the 200 HPm droplet



~ .15
0«44y (33x1072)

W= (1.87 (2x10-°)

200x10™° (0.06576)°*5° x

0.017 143

(107%)

(107)

0.16 |

W = 126.188 rad/sec

RPM required - N =_60W
2 I{

N = _60 x 126,188
3 ¥l

1205.0066

n

=
I

1205 r.p.m.

Ihe disc must have a rotational speed of

1205 rpm

This speed is obtainable even at voltages

lower than 6 volt.

(iii) Required Number of Discs and Disc Spacing

Required application rate (upper level)

= 20-30 L/ha (Mean = 25 1/ha)
* * %
Mean Swath width = 3,0 + 1.5 = 2.25 m

Area to be covered in 1 second at 1 m/sec =

225 m2

* Normal swath for insecticide/fungicide
application.

*# Normal swath for improved cda herbicide
applicators,
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Flow rate per disc = 2 ml/sec.

Output pexr disc per hactare = 2225 x 10000
* 1000

= 8.8 Litres
Number of discs required to apply mean spray
rate

25 A
.8 = 2.84

Select 3 Spinning Discs

Bitrus (1985) in his investigation of spray
volume distribution patterns of multi disc
arrangements obtained the best disc spacing
in terms of spray uniformity as 75 cm apart
and at about 45 cm above the target crop ox
soil as this arrangement has the least value

of co-efficient of variation,

For this design a disc spacing of 75 cm apxt
is therefore selected based on the fore

mentioned investigation,

(iv) From the foregoing, two different rotational
speeds of disc are required to be produced by
the sprayer to enable it generate the two required
droplet sizes (for insecticide/fungicide and for
herbicide spraying). This could be generated by

voltage variation across the spinning disc



electiric motor, by a suitable power source
design. The dry U2 battery cells normally
used with these types of sprayers ha;c already
been shown to be unsultable for the purpose
and alternative power source were suggested

as per the recommendations incn i 4,04

i
The power source sullable for this sprayer is

therefore the lead acid type cell normally used

i motor Cfcles. This is on the basis of its
relatively low cost and high power capacity per
unit volume, It usually has a Liquid electrolyte-
strong sulphuric acid - in most vehicle applica-
tions but arc now available with either a jelly
like electrolyte (yel - cell) or a solid
electrolyte eliminating the risks of spillage

and maintenance problems (Arnold, 1985).

To use the above cell in the prototype sprayer
it requires 2 ready made units of the cells of
6 v block each, to be fitted in a case and
carried by a shoulder strap. When 2 units of
the cells of 6v each are connected in series

a 12 volt unit would be uhLiiucd Lo enable the
disc rotate at about 0OQO0-7000 rpm (Table 5.1)
to produce droplets of about 75-80 Mm ovind and
1.15 dispersion ratio for insucticide/fungicide

applications,
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On the other hand when 1 unit of the cell
of 6v block is connected across the disc
motor it would rotate at about 1205 rpm

to produce a droplet of about 200 P

m wvmd,
for herbicide sprayinu. The battery was
first evaluated using an Ulva Sprayer and the

change in voltage and achieved droplet

spectrum obtained is given on Table Al

(v) Required Spray droplet Projection

The requirement for versatility has to be met,

in other words the sprayer must be capable of

being used for both ground crop and tree spray-

ing where droplets must be projected over long
distances which at present is only met by motorised

knapsack mistblower,

Suleiman and Kaul (1980), evaluated comparatively,
the performance of five motorised knapsack mist-
blowers commonly available in Nigeria and their
vertical throws were measured and found to be as
followss~ Turbine K90 supper (Italian},-

8 metres, As pee Bolo Junior (Indian;- 5.5 metres,
Yanmar MK 150 (Japan) - 4.0 metres, Fontan RII
(German) - 4,0 metres and Kinkelder L35 (Dutch)-

8 metres.
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Hence for effeicient projection of spray droplets
up trees for control of tree crop pests in orchards the
height of the prototype sprayer should be in the
neighbour hood of 8 metres., However, here human factors
concerning operational comfort, and convinience would

be considered apart from the total weight of the sprayer,

The 8 m height was therefore only used as a guide
for design but the actual height would defend upon
individual subject (operator) convenience., The rotary
atomizer used in this sprayer ware supported horizontally
on a mast at a height which is adjustable up to 8 metres

above the ground.

5.4 Su Y OF DESIGN P ERS

The Table below gives the summary of values of
design parameters obtained in 5,3 and used for the

fabrication of the conceptual universal cda sprayer,

Table 5.3 Design parameters used for the Prototype

cda sprayer.,

Parameter Value obtained/Type selected
1, Size of Spinning disc 80 mm
(diametex)
2, Spacing between spinning 750 mm

discs
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Table 5.3 (Contd)

3.

7

FPower source

Height of sprayer

Structure of handle

Tank capacity

Spray flow

restrictor

2 units of lead acid
electrolyte cells of 6v
block each in a pack

8 metres (maximum)

8 inter locking sections
each 1.0 metre in length.
1l litre

(normal Ulv sprayer size

tank)

0,5 mm diameter

Rotational speed of/ Expected droplet/  Purpose

disc (rpm)

At 12 wvolt

6,000

At © wvolt

1205 (minimum)

size (fm vmd )

80 Insecticide/
fungicide
spraying.

200 Herbicide

spraying
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5.5 DESCRIPTION OF THE SPRAYER PROTOTYPE

|

The omunllipurpee cda sprayer 1is designed to meet
the specific requirements outlined in 5.1 (a - i).
It consists of three electrically driven rotary
!

atomizers mounted on a 1,5 metre wide boom

supported horizontally on a mast at a height which

is adjustable up to about or near 8 metres (i.e the
maximum vertical throw from a mistblower. Suleiman

and Kaul (1980}, above the ground (Fig. 5.1).

The mast consists of - ;L’inter-locking sections
each L, m in length and both the boom and mast

constructed of aluminum tubing.

Pesticide liquid is delivered from a 1,0 litre
bottle placed centrally above the boom by gravity via
three transparent spray deliver fuhes to inter-
changeable restrictors near the ¢entre of the rotating
discs., The discs are driven by DC electric motors
powered by two 6 volt DC, re-chargeable iead—acid
electolyte batteries, in a power box., A switch on
the power box provides either 6v or 12 v DC electricity
to the atomizers allowing droplets sizes to be altered

to suit different spraying situations.

viz;- 70 - qum at 12 volt for insecticides and or
fungicides spraying and 200 - 250 P vmd at 6 volt

for herbicide spraying.
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At the middle of the 1.5 metre wide boom is
a spray indication lamp which especially in the
night gives an indication of the work of the spravers.
The intensity or brightness of the lamp may also be
an indicator of the voltage level of the battery used

with the sprayer.

546 PRINCIPLES OF OPERATION

The universal cda sprayer is designed for use
as a ground crop insecticide/fungicide applicator,
Herbicide applicator, as well as a tree crop/avicide
spraying device. Setting the sprayer for one form
of spraying operation or the other is achieved by
adjustment of droplet sizes as well as height of the
sprayer, Thus encorporating the features of both
cda sprayers, Highe volume sprayers and Motorised

Mistblowers.

5.6.1 Ground Crop Spraying

For ground crop spraying of insecticide/
fungicide where smaller droplets of about 80 micron
vmmd are required, the height of the sprayer is first
adjusted by moving in the inter-locking sections
until a suitable length of handle is obtained that is
comfortable enough to the sprayer operator. The power
pack is slung at the operators shoulder and the

sprayer held in position as of any other conventional
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Ultra low volume applicator. (Plate 6.1). The
sprayer motors are then operated at 12 volt by
turning the tont' and tofft! switch, on the power

pack, after fixing the chemical bottle and the
restrictors., The sprayer is then used like any

other hand held Ulv spraver at same operator speed
(1.0 m/sec) but maintaining the appropriate swath
width selected during the sprayer calibration,

Like during the use of any other spraying machine,
the wearing of protective clothing is necessary
especially the long overall coat, face shield,

boats and hand gloves to reduce the operators

contact with chemical. It is not adviseable to

spray when the wind speed is zero since small droplets
formed by the sprayer at that voltage levle have
little energy of their own foxr impaction and therefore
will drift for long distances under steady air, It
is, however, also not adviseable to use the sprayer
when the wind speed is greater than 5 metrq/sec;
unless where the field is very large that there is

no dangers of drift. Wind speed should be about

4 m/sec which must be measured by a pocket wind

metre or a cup anaemometre, The height of the
sprayer boom above the target should also be adjusted
to suit wind velocity. A height of about 0.5 metre
is suitable for high wind speed while that of

1,0 metre above the target for lower wind speeds,
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For ground crop herbicide spraying either pre-
emergence or post emergence, the sprayer is

operated in exactly the same way as described

above but with the power pack switched to 6 volt,
there by reducing the spinning disc rotational speed
and thus producing bigger droplets (200 - 250 %1
vind)} for herbicide application., Especially for post
emergence non-selective herbicide application
extreme care must be taken to prevent drift of
chemical especially to neighbouring field by ensuring
usage at lower height above target and correct

voltage (6 volt).

5.6,2 Tree Crop Spraying

All aspects of spraying operation preparation
regarding operator protection and equipment settings
used for ground crop spraying are carried out in the
same manner for tree crop psprayindg. The height of
the sprayer is then adjusted by drawing out the inter
locking sections until a suitable height required is
reached, Apart from insecticide and fungicide tree
spraying the sprayer could be used for application
of avicide for control of birds such as Qualea fairly
accurately and effectively since the lack of noise
(unlike mistblower) would enable the brids be sprayed

before they aget friaghtened by engine noise. The
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spraying indication lamp is specifically useful
here for the operator to have an idea of the actual

working condition of the sprayer,

5.7 Cost Estimate of the Prototype

Sprayexr

AL the current markel price the cost estimate

of the prototype universal cda spraver is as followsgi-

Table 5,4 Estimated cost of one unit of the

universal cda sprayer prototype,

Componen t Estimated Quantity Cost#*

Unit Price#* required

(M) (N)

1, Spray Tank 100, 00 1 100, 00

2. Spray deliver:) 1500 3 4300
tube

3. Boom 50, Q0 1 50,00

4, Spray indication S50 .00 1 50,00
lamp

S5 Spray head with 500,00 3 'S 00,00
disc

6. Interlocking 100 .00 8 500.00
sections

7. Electric cable £5.00 lo(metres) 150,00

* pased on market price as of  <v/./u4
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Table 5.4 (Cont'd)

8.

9.

10,

Strap . ©o.. 50.00

Power pack 2 160.00
(6.0v) |

batteries

Switch - 75.00

530.00

320.00

Total Cost of one Unit

2895.00

copler
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6.0 EVALUATION OF PROTOTYPE

In this Chapter, the proceddre and results
of some major laboratory and field evaluation
tests carried on the 5 .. controlled droplet

applicator prototype are presented and discussed,

While the laboratory tests were carried out

under the following:-—

{1} Flow rate test
(di4) Spray volume distribution'pattern test
{14ii) Droplet spectrum analysis and

(iv) Power consumption tests, the field tests

were conducted under the headings mentioned

belows
(1) Post-emergence herbicide spraying
(ii) Ground crop insecticide/fungicide spraying
(idii) Tree crop pesticide application.

6,1 Laboratory Evaluation

This consists of a number of tests conducted
on the prototype in the crop protection machinery
laboratory of the Institute for Agricultural Research

1
under controlled engironment. Some of the results
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obtained from the laboratory tests were later

compared with those obtained in the field.

6.1.1 Flow Rate Test
The objectives of this test are:

(i) To investigate the efficiency of the

prototype sprayer air bleed system,

(ii) To find out wheather the flow rate remains

constant as the sprayer tank empties and

(iii) To obtain data that would serve as a basis

for the sprayer calibration,

The prototype sprayer was allowed to operated
without turning on the spinning discs electric motors.,
The sprayer tank was filled with cypexrmethrin 1,8 Ulv
(cymbush ULV) insecticide and the spray liquid collected
from three glass measuring cylinders one for each
disc at one minute intervals until the tank empties.
This was raplicated three times and the average values

of flow rates obtained given on table 6.1,
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Table 6,1 Flow rates from the insecticide/

| fungicide nozzles of the prototype

- sprayer using cypermethrin 1.8 Ulv

as test fluid,.
MEAN _ FLOW RATE

Time Nozzle 1 Nozzle Nozzle
{(min.) output . ; 5  output Output.
No. ow) T E ey -(nd)-‘i
1. ..50.6_ o .- 55.0 50.0
2, 40.0  ;- i S 45,0 0.0
3. 35,0 - 40.0 35.O-I-
4. 35.0 40.0 35,0
5. 35.0 40.0 35.0
6o 30.0 '._ 35,0 30.0
7. 30.0 . . 35.0 30.0 . .
8, 30,0 | 35.0 30.0
9. .:_ 0,0 - 35,0 30.0
10, 30.0 | _-  f 35,0 30.0
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During the check made to ensure that flow rate
remained constant for any liquid level in the
reservoir tank, in each case and for each nozzle
there was an initial surge of liquid until a partial
vacuum formed in the tank, Then the flow rate slows
down until the air bleed system began to operate
and the flow rate began to stablise, In general,
for each nozzle there was s decrease in flow rate
as the sprayer tank empties., At initial stage of
spraying this decrease was more pronounced with
nozzle 2 (fig. 6.1) (middle nozzle) due to a more
direct influence of gravity on its as a result of
its position in relation to the liquid reservoir
(fig. 5.1). The whole tank emptied in 10 minutes
using the smallest orificed restrictor, but from
the middle of the tank the flow rate decreased by
about 40% of the iniital value (from 50 ml/min to
30 ml/min). This would obviously affect application
rate by resulting in the application of lower dosage
in towards the last half of the sprayer tank. This
would necessitate either the refilling of tank at
shorter interval than 10 minutes or decrease in
operator walking speed to maintain the same concen-

tration of active ingredient over the target.
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6.1.2 Calibration of Prototype for

Insecticide/Fungicide Spraying

The prototype sprayver was calibrated using
the procedures laid down by Kaul and Suleiman (1990)

as followsg;-

Assuming an operator walking speed of 1.0 metre per

second and a swath width of 3,0 metres.

The volume (V) of spray liquid emmitted by the
sprayer in the first 5 minutes was 610 ml (Table

6.1).

From the relation given below, the application

rate (A) was calculated as followss-

A

v L/ha
30WS

where V = Amount of spray collected from the

sprayer nozzle(s) in 5 minutes (ml)

W = Swath width (metres)

S = Operator walking speed (metres/sec)

A = Volume application rate (L/ha)
Hence

A= 610 6.8 L/ha

30x3x1.0
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Thus the expected application rate of spray
chemical from the prototype is approximately
7.0 litres per hactare at an operator forward
speed of 1,0 metre per second and maintaining a

spray swath width of 2 metres.

An increase of operator walking speed to
1.5 metres per second would decrease the application
rate to about 4.5 litres per hactare, thus falling
well within the Ultra low volume spraying application

range,

6.,1.3 Calibration of Prototype for

Herbicide Spraying.

The prototype sprayer was operated as previously
done under 6,1.2 but with Herbicide nozzles of widex
orifice sizes and using Galex 500 FW pre-emergence
herbicide as test fluid, The sprayer was allowed
to operated normally but with the motor off until it
emptied completely. The results obtained are given

in Table 6.,2.
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Table 6.2 Flow rates from Herbicide nozzles of
the prototype sprayer using Galex

500 FW as test fluid.,

MEAN FLOW RATE
Time Nozzlel Nuzzle2 Nuzzl03 - Total
(Min.no) output output output output
(ml) (ml) (ml) (ml)
L 70 .0 75.0 70,0 215,0
2 70,0 70,0 70,0 210.0
3 65.0 70.0 65,0 200.0
4 65.0 70.0 65.0 200.0
5 065.0 70.0 05,0 200.0
.
TOTAL 335.0 355.0 335.0 1025,0

(in 5 min.)

Assume an operator walking speed of 1.0 metre
per second and 9 swath of 1,5 metre (beiny a

placement spray (no drift),

The spray volume application rate was calculated

using same relation as for insecticide spraying.
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Thus A
30WS

L/ha

V = 1025 ml W = 1.5m and $ = 1.0 m/sec.

=
I

1025
30x]1 5%l

A = 22,78 L/ha

Thus the expected application rate for
herbicide was approximately 23.0 litres per hactare
at an operator walking speed of 1.0 metre per second

and a swath width of 1.5 metre,

6,l.4 Spray Volume Distribution

Pattern Test.

Since the ultimate goal for any spraying
operation is applying chemical on an intended target
in as even a manner as possible it was necessary to
know the degree of uniformity of chemical emitted by
any prototype sprayer, This is specifically important
especially in pre-emergence herbicide application in
which un even distribution could result in either
over dose or under dose. The former resulting in
reduced selectivity of herbicide while the latter

in an erratic weed control (Suleiman et-al 1984) .
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The prime objective of this test was therefore
to determine the degree of uniformity of spray
chemical emitting from the prototype sprayer
nozzles to the swath and to determine the best
nozzle height above target for obtaining the most

uniform spray application.

During the test, the spray boom of the
prototype sprayer was positioned at l5cm, 30cm
45cm and 60cm above the patternator fig. and spray
liquid collected at 12 volt, 9 volt and 6 volt
using the lead acid electrolyte battery as a power

source,

6.1.,4,1 Analysis and Intepretation of
Spray Volume Distribution

Pattexrn Data.

Values of average liquid disposal from each
patternator channel collected by the tubes beneath
(Fig. '*) were plotted against the distance from the
target centre, Some of such graphs drawn are
presented on Gigs. 6.2 - 6.4, Co-efficient of
variations (CV) of the spray volume distribution
was calculated according to clearke and Cooke (1982)
for each spraying voltage and nozzle height

combinations.
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For example, at 1l5cm nozzle height above

patternator and for 12 volt power supply.

n = 58 __Ex-_= 50701 Ex = 1565 X = 26,98
Ex°"n (BEx)/n 50701 - (1565%/58

58

12,087

% Co=efficient of variation CV = SD 12,0866x100
X 26,983

The average values of co-efficient of variation
as calculated from the spray volume distribution
pattern data, the samples of which are given on

Appendix F, are shown on Table 6.3.
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Table 6.3 Co-efficient of Variation of the
Prototype spray volume distribution
patterns obtained from different

nozzles positions at three voltage

levels,
Boom Co-efficient of Variation (%) at
(nozzle) three voltage levels.,
height
(cm) (6V) (9v) (12v)
L5 25,2 35.6 44,8
30 26.0 40.5 45,0
45, 28.5 42,0 45,6

60 30.6 42.0 46,6
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From figure 6,6 which showed the relationship

between the co-effivient of variation of the spray

patterns and the relative positions of the

prototype nozzles above the target, the following

could be deduceds;-

(1)

Values of co-efficients of variation are
higher at higher sprayer motor voltages

used regardless of the height at which the
sprayer nozzles were positioned above the
target. Uniformity of distribution of

spray droplets produced along the swath

by the prototype sprayver decreased with
increase in voltage across the sprayer
electric motor. This implied that

Lerbicide droplets which were those produced
at lower voltages (say 6 volt) were more
uniformly distributed in general irrespective
of the height at which the sprayer was held
above the target, than the insecticide/
fungicide droplets which were those produced

at higher voltages (say 12 volt).

This difference in distribution pattern
uniformity between sprays formed at
different voltage levels could be explained
by the differential behaviour of spray

droplets of different sizes as they are
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released from a particular position to
the same given target. At 6 vclt when

‘larger droplets were formed (as will be..

4. seen im Section 6.1.5) and released from

. the nozzles they approached the target and

_land directly on it with minimal effect of
air resistance between the nozzle and the
target due to their sizes and therefore
least deviation off the target or collision
with other neighbouring droplets. The
result is hence spread of droplets in a

relatively more even manner.

At 12 vol&lon the'other hand, smallex
droplets were formed and were hence
influenced more by the effect of air
resistance between the nozzle and the
target due to their smaller sizes. There
was therefore higher tendency of some
droplets getting suspended foxr longer
periods in the air losing weight dug to

evaporation (although the environment is

relatively controlled) and collising with. .

some other neighbouring droplets, The
result was that some droplets may be thrown
off the course haphazardly resulting in

relatively less uniform distribution along

i,

-
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the swath, However, this effect of non-
uniformity of spray volume distribution
pattern along the swath of 12 volt may
not be that detrimental to the sprayex
performance since at that voltage level
it is insecticide/fungicide droplets that
are being formed in which case the
important factor is spray droplet size

uniformity rather than distribution pattern.

At a particular motor voltage level, the
sprayer prototype produced more uniform
spray distribution along the swath at
lower heights of the nozzles above the
target. This was indicated by the least
values of co-efficient of variations at

15 cm heights above target in all voltage
levels used. This could be explained by
the fact that the longer the distance
travelled by a particular droplet from the
point of release to the target the higher
the chances of external influences causing
it to deviate from its course or collide
with other droplets, thereby resulting in
non-uniform distribution and vice versa.
This indicates that the closer the sparyer

is held above the target (soil or crop) the
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more uniformly distributed the spray from
it is likely to be; a point worthy of

notice by the sprayer operator.

6.1.5 Droplet Spectrum Test

While in the previous section 6.l1.4, the
emphasis was on the uniformity of distribution of
chemical spray along the swath which is a reflection
of distribution of the active ingredient, it is also
important to know the actual sizes and uniformity
of the droplets themselves that are being emmitted
from the sprayer at a particular spraying situation,
This is particularly important so as to see whether
the prototype sprayer produces those required droplet
sizes and uniformity that were assumed originally as
bases for the prototype design as per section 5.3

(J—-a) .

The prime objective of this test was therefore
to determine the values of the vmds, Nmds and rs of
the prototype sprayer at the insecticide/fungicide
and herbicide operating voltage levels and compare

them with the expected values,

During the laboratory evaluation of the prototype
for droplet spectra, droplet sampling were conducted
at the two voltage levels 6v and 12 v corresponding

to the herbicide and insecticide/fungicides spraying
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Situations respectively, Magnesium oxide slides
were used to collect droplets using the method
described in section 3.1,3.1 and using the
rotorod Sampler (plate 3.3) as a smapling
equipment. The collection of droplets were done
as usual at random as described in section

3, and they were measured as per described
in section 3,1 using the flemings particle

size Analyser (plate 3.5).

641.5,1 Analysis and Interpretation of
the Prototype spray droplet

spectra,

Based on the droplet data obatained for the
prototype from the particle size analyser a similar
sample of which is given on Table a (Appendix A),
the graphs of the Cumulative percentages were
plotted against the mean diameters for the spray
data obtained at the three voltage levels. Values
of the volume median diameters and Number median
diameters were read from the above graphs {fig. )
and the summary of the obtained droplet spectra

parameters are given on Table 6,4,
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Table 6,4 Summary of Spray droplet parameters .

obtained from the prototype sprayver |,

at three voltage levels.

285

Motor Rotaticnal Spray Droplet Spectrum _
Voltage  speed of ._,%_(de)* _(de)** (:)***
disc A |
. (volt) (rpm) - (F'm) v (Pm)
12.0 6000 . - 82 67 1.22
9.0 4800 150 115 1,30
6.0 2700 220 1,30

NB #, %% and #%# . See foot notes dn

Table 6.4 shows the summary of spray de

droplet parameters obtained from the prototype

pages xviii and
xx for details.

.Sprayer when operated at 3 motor voltage levels.,

" The upper (12 v) and the lower (6v) voltage levels

droplet parameters are regarded as most significant’
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as these represent the respective motor voltages
within which suitable droplets for insecticides/
fungicides and herbicides applications are
produced. At 12V, when two units of lead acid
batteries are used the droplets of about 80 micron
vid were produced fitting well into acceptable
droplet size range suitable for insecticide/
fungicide ultra low volume spraying and falling
closed to the assumed range of values (5.3 i.a).
The droplet sizes are above those liable to serious

wind drift and below those prone to run-~off,

The droplet density produced by the prototype
which is a measure of spray concentration over the
target is important since high concentration of
droplets are required for disease control, medium
for insect and low (or scattered) for weed control

and avoidance of drift,

At the application rate of 6.8 L/ha (section
6.,1.2) and with droplet size of 82 Mm vmd being
produced the expected number of droplets (n) from
the sprayer prototype could be calculated according

to Matthews, (1979).

n = 60 /(100 \° g
I1 ( a_ )
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Where d = diameter of droplets and Q = Application
rate

for the above d = 82 "m vmd Q = 6.8 L/ha

5 = O 100 * 2 x 6.8 = 236

I} 82

giving a droplet density of 236 droplets per
square centimeter., This droplet density is very
satisfactory since a typical density of 1 cl.rop/mm2

i.e (100 droplet/cmzj is acceptable,

At 6v, when the use of one unit only of lead
acid battery was switched over to, the droplet
sizes produced also fell within an acceptable range

for herbicide application (200-300 "

m vmd) with the
dispersion ratio increasing to 1,30 indicating
slight decrease in spray droplet uniformity. The
droplet density at this voltage level was found to
be about 19 droplets per square centimeter. This
droplet density is also acceptable since with

300 um-droplets at an average density of 14 droplets/

cm2 has given goad weed control (Matthews! 1979),

6.1.,6 Power Consumption Test

The primary objective of this test was to
determine the amount of power consumed by the
prototype sprayer in producing the two different

classes of droplets it was designed to., The test
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was also carried out with the view to determining

the life span of the power source (lead acid
electrolyte battery) recommended for use with this
prototype sprayer, Determination of power consumption
of the prototype sprayer was conducted by operating
the sprayer in accordance with the set up shown in

the circuit diagram on fig., 3.6, Samples of results
of power consumption test are given on the Appendix G

and a Summary of results given on Table 6.5.

Table 6.5 Power Consumption and Rotational
Speed from 3 Spinning Discs of the

Prototype Sprayer at two Voltage

levles,
Voltage Current Rotational Power
levle drawn speed consumption
(volt) (Amp) (xrpm) (watt)
11,50 l.4 6500 16.1




181

The power consumed by the prototype sprayer
for the production of insecticide/fungicide
droplets is found to be much higher than for
herbicide spraying. 7This is expected since much
higher spinning disc rotational speed is needed
for the former situation in order to produce
smaller droplets required for the purpose. Even
though a relatively high power consumption is
recorded from the prototype at insectivide/fungicide
spraying situation which is mainly due to the fact
that more than one disc is driven by the power
source, this power consumption is still below the
levle consumed by some of the commercial cda
sprayers evaluated (e.g over 22 vwatt for Tecnoma

T1 UBV, (Table 4.1).

The life span of the lead acid electrolyte
batteries used with the prototype for insecticide/
fungicide spraying was also determined by operating
the sprayer as described in the previous page until
the voltage level fell to below 6 volt, and the
number of hours of spraying recorded. The summary

of results are given on Table 6,6,

The average rate of voltage drop of the lead
acid electrolyte batteries used with the prototype
sprayer (from 11,5v to 6,0 in 20 hrs) amounted to

below 0,3 volt/hr which is lower than even that of
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the longest life U2 battery tested (032 volt/hr
for Eveready U2 battery - Table 4.8) at a much
lower power consumption situation. Thus the lead
acid electrolyte battery shows a clear superiority
in terms of druability under any spraying situation
than the conventional dry cell U2 battery. The
voltage and hence spinning disc rotational speed
remain fairly constant for the first 13 hours of
spraying with a drop of only about 0.5 volt and
only 250 revolutions of the spinning disc. This
maintains the droplet spectrum of the sprayer
fairly constant. Both droplet sizes and uniformity
remain within the acceptable range for cda spraying

for most part of the battery life,
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Table 6.6 (Conttd)

Foot note

l. =~ Day!'s spraying. Spraying for a period of
two hours in the method described in the
previous page.

2 - Voltage across the sprayer motors measured
at the beginning and at the end of each days
spraying period (2 hours).

3 - Current drawn by the motors measured at the
beginning and at the end of each day's
spraying period.

- - Rotational speed of disc measured as
described in (3) and (2) above.

6.2 Field Evaluation

The objectives of the field tests were to
compare some of those performance parameters of the
sprayer measured in the laboratory such as the flow
and application rates, with their field values and
also to assess the general performance of the
prototype in the field especially with regards to
operator comfort during tree crop spraying, and

general operational problems where found.

6.2.1 Ground Crop Spraying

In this test the prototype sprayer was used

with the prepared mixture (described in Section 3.1.2)
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as test fluid in order to avoid environmental

pollution and operator hazard
(plate 6.1) after the sprayer
accordance with the procedure
Section 6.l.2. The plot area

ridges spaced at intervals of

on ridged plot
was calibrated in
as described in
was 0,75 ha with

75 cm apart. The

sprayer was operated at 1.0 m/sec walking speed

while maintaining a swath of 3 metres (4 ridges).

The results are shown on Table 6.7.

Table 6,7 Results of Ground

Spraying field test

Type of Amount of Area Swath Walking Application

mixture mixture of width speed rate

(formula- used in

tion] plot (avr)

used (L) (MB) (M) (M/SQC] (L/ha)
C ;3 K¥*

2 : 3 5.4 7500 3.0 110 7.2
Galex

Water

1l 7 18,0 7500 1.5 1.0 24,0

* See Section 3.1.2, Table 3,2
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The field test on the machine using the
insecticide/fungicide nozzles and mixture of
corn oil and kerosine 2:3 representing the
cypermethrin 1.8 Ulv gave a volume application
rate of 7.2 L/ha table 6.7, about 6.0% higher
application rate than that earlier predicted during
calibration. This may be mainly due to variation
in operator walking speed which may not necessarily
be maintained at 1.0 m/sec due to tiredness during

Spraying etc.

Test carried out using Galex 500FW water
mixture and using the herbicide nozzles gave a v
volume application rate of 24 L/ha, about 4%
higher than that expected from machine calibration.,
This again may be due to same reason as given above

for insecticide/fungicide spraying situation.,

6.2.2 Tree Crop Spraying

This test was carried out with the sprayer
prototype operating using the insecticide/fungicide
nozzles in an orchard consisting mainly of citrus
and using the same formulation mixture as in 6,2,1
(pPlate 6.2)+ The trees, which are mostly mangos
were approximately 5m high and 6.6m diameter, planted

at about 12 metre interval.
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Liquid spray involvement per hactare was
determined as per 6.2.1 and was found to be about
10 L/ha. This increase in volume application rate
was mainly due to low operator walking pspeed
during tree spraying since individual trees have
to be sprayed with extra care that spinning discs
teeth did not come in direct contact with tree
branches, etc to avoid disc teeth damage, which
may cause change in droplet spectrum (Suleiman,

1986) .
6.2.2.1 Operational Difficulties

The prototype sprayer is rather a bit difficult
to operate for tree crop spraying due to the length
of its handle at the first spraying experience of
the operator. The operator needs to learnt to have
proper balance of the prototype before it is operated
with ease. Also the use of the prototype sprayer for
tree crop spraying absolutely necessitates the use
of protective clothings especially the face shield
since the user would normally direct his eyes up above
the tree canopy to monitor the movement of spray
droplets and spinning discs, through the spray

indication lamp.,
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6.3 Advantages of the Prototype

The prototype sprayer has the following basic

advantages over and above conventional hand-held

controlled droplet applicatorss-

(1) Higher Field Capacity

With the use of three spinning discs for
droplet atomisation, the out put from the
sprayer would be relatively higher especially
when appropriate nozzle restrictors are
used. The operator could therefore walk
faster and maintain same swath or slower but
maintaining wider swath widths depending
upon the wind velocity at the time of

spraying,

(idi) Versatility

This is one of the most unique achievements
of the prototype sprayver. Through instant
change of motor voltage from the power pack,
suitable voltage level is selected for
particular droplet formation to suit particular
spraying situation., (e.g. 6v for herbicide
droplet etc).

Through the withdrawal or extension of

the inter-locking sections of the tubular



(iii)

(iv)
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handle the prototype sprayer could be
adjusted and set for either ground crop
or tree crop spraying. Thus the sprayer
is able to achieve spraying performance
of a conventional knapsack mistblower yet

maintaining the CDA advantages,

Better Droplet Spectrum

The voltage of the spraver is maintained
at a relatively constant level for longer
period of time than for conventional CDA
sprayer, as such droplet produced are

relatively more uniform,

Power Consumption

The operating cost which is almost wholely

governed by rate of power consumption (i.e
frequency of battery replacement) is compared
on Table 6.8 for a CDA sprayer using the
conventional U2 batteries and lead acid
electrolyte batteries recommended and tested

for the prototype.
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Table 6.8 Comparison on Baltery cost per year of

U2 and Lead acid electrolyte Batteries

used in CDA Spraying.

Costs Battery Type

u2 Lead acid

l. Purchase cost per sel (W) 50,00 * 320,00¢
2. Expected life (years) 0.02%% 5.004
3. Purchase cost per year (H/a) 4000,00 64,00
4, Recharging cost per year (H/a) MNil 730, OO # %
Total Battery Cost/year (N/a) 4000, 00 794.00

Thus for same periods of spraying the lead acid
electrolyte batteries cost only about £20» of U2 batteries
even though the initial cost of the former is much

higher.

* 4 pairs of U2 batteries at M2L.00 per pair and
one pair of lead acid batteries at H320.70 as at
the time of comparison 20/9/94

¥¥  Assuming maximum performance of 10 hours
spraying i.e 8 days per set.

#¥% N20.00 per 10 day spraying, as at the time of
comparison,

+ After Arnold (1985).
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The prototype therefore when used with the
recommended type of battery would prove much more
economical to use than the conventional cda

sprayer using the U2 dry cell batteries,
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CHAPTER 7
7.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
71 Summary and Conclusions |

From the investigations carried out in this
study it has been found that it is pecssible to
encorporate the unique features of hydraulic
sprayers, and motorise Knapsack Mist-blowers in a
controlled droplet applicator and yet retain the

CDA advantage.

The study resulted in the production of a CDA
sprayer prototype that is multi-purpose in nature and
capable of being used to apply insecticides/fungicide
and Herbicide by interchanging apprepriate nozzles
and adjusting appropriate power source voltage. It
could also be used for tree crop spraying by adjusting
its configuration thus achieving the mistblower

advantage.

Laboratory and field tests using the prototype
revealed reasonable performance in both insecticide/
fungicide, Herbicide and tree spraying within set
specifications in terms of spray droplet spectra, spray

volume distribution énd throws.
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sugpestions and Recommendntions for

Further Study

A number of modifications could be

incorporated to further improve the machine

as follows:-

(a)

(b)

(c)

Provision of improved foldable spray
boom to facilitate easy handling

especially during transportation.

Provision of pumping device (e.g. a
positive displacement pump to facilitate
direct pumping of spray chemical from
the operators back (say) to the spinning
discs in order to facilitate better
chemical flow control and to reduce the
burden of operation especially during
tree crop spraving. This will also
reduce the effect of gravity on flow

rate from the tanlk,.

The power source, should be provided
with a small charging device to facilitate
quick recharge of the power source without

having to look for such services always.
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Table AE

APPENDIX E

Effect of change in voltage of four makes of UZ batteries on rotational

speed and droplet spectrum of the ULVA Spinning disc CDA Sprayer.

Battery Day ﬂowﬂmcmw Current Rotational Droplet Spectrum
make speed ﬁﬂ&p zaam H@
u u
(volt) (Amp) (rpm) ("m) ("m) N
™
ABC 1 9,50 0.36 5600 85 73 1,19
T+75 0.22 3100 175 91 1.92
2 2,00 0,30 4400 98 82 1.19
6.75 0.16 2200 208 96 2.16
3 775 0.24 3400 160 125 1.28
6.50 0,14 2000 220 82 2,67
- 7 «50 0.26 4500 98 75 1,30
©.00 0,17 3000 175 63 2,8



Table AF1

APPENDIX

F

SPRAY VOLUME DISTRIBUTION PATTERN MEASUREMENT DATA SHEET

15cm

Boom height ....+.

Dry Bulb Tempe...s.

75

DisC sSpacing seesces

Wet Bulb Tempa.ssceo

Voltage

Relative HumiditVeasssse

12y

L L

m-OH.S._.MH.m.WHm:OH_— s e v esr e

Um—..ﬁmon-.-naoc

Tube No.,

= ww

n

10

1L

R1

X7
18

20

24

35
39

45

R2

16
16

16
20
24
26
34

-

R3

14
14

16
19

25

36

44

Volume of Spray collected in Millitres (ml)

Average

16
16

17
21
26
34
36

-

Tube No.
31

32
33

34
35

36
7
38
39
40

41

R1
44

46
46

46
=

37
31
29
25
27

24

R2
48

49
46

27
25
25

25

R3
45

47
48

47
43

34
30
28
26
26

23

Average

46

-
7

47

46
42

28
25
26

23

Loc
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APPENDIX G

Computer Programme Developed to Calculate Vmds end Nmds
C.THIS FROGRAM CALCULATES AHMONG OTHER DROFLET PARAHETERS,
C.THE CUHULATIVE PERCENTAGE &Y NUMBER(EXN) AND HY VOLUME(EXHUM )
C.OF UROFLETS FROH EACH STZE CLASS(D) UHICH UHEN PLOTTED AGAISI
C.THE HEANSTZE(UH) (ALSO CALCULATED), PRODUCES CURYES FROM WHICH
C.THE NUHRER HEDIUH DINAETERC(HMD), THE VOLUME HEDIUA DIAHETER(VAD)
C.AND THE DISFERSION RATIO(R) ,COULD KE OBTAIND,GIVEN THE APFROFRIATE
C.OATA FRON A SFRAY DROFLET SHMPLE,
C.THE DROPLET SAHFPLE COLLECTIHG SURFACE IS MAGNESIUM OXIDE COATED SLIDE,
DTHENSTON DCIOY, N(10),0T¢10),udC10),FERN{10),CUPERN(10)
DIBENSLON THCUBCIO) NOKCURCIO)Y , PERNDCCIO) GFRNOC(I10)
URITE (4,500!
500 FORMATCIHT ,11SCIH=-))
WRITE (8,100
10GFORNATCIH 5%, UFPER ", 5X, TRUE SI7E~, 3%, "MEAN”,5X, " NUHEER",
$30, 7ML 6X, CEXN,
$BX, TDHERT 90X, CNDHY R 10X, CANUNKAT  SK,CEXNDH N3, 74X,
+ "CLASS”, 86X, "UPPER” ,8X, SIZE ,A¥,” [N CLASS’ /X,
¢ STTE, 7%, "LCINET <, 5%, (DN}, 8%, (NI 22X, 7 (D7,
t8X, " (IT)" /)
URLTE (4,700)
J00 FORMATCIH ,115(1H=-))
0o 20 1=1,10
20 IHPUT DCDD,HCT)
SUMN=0
Do 30 I=1,10
JO SUM N=5UnN+iC D)
I=1
CUFERN(1)=0
SPRNDC(1)=0
DTCIY=D(1) 40,84
URLTE (6,200) D(1),DT(1)
200 FORHAT (F10,2,F12.2)
SURHDC=0
AQ DTLIVI)=D(T+1)00,.B6
DT+ =(DTCD)I+DTCI01))/2
PERMCT#I)=(NETHI)/SUHM) 1100
CUPERMCI+1)=PERNCI+1)+CUFERNCT)
DHCUBCI+T) =00 (141 ) %4]
HOHCUB(T+1 ) =DHCUBCT+1)elliT41)
SUHNDC=SUHNDC+HDHCUBCT#1)
[FII.EQ.9)GOTD 50
I=1+]
G010 10
50 SPRNIC(1)=0
0o 40 1+2,10

FERMOCCTY=CHDNCDECT) /S UNNDE) #1990
SPERHDCCI)=FERNDBCCT) #SPRNI (1=1)
40 WRITE €&,300) DO, 0T/ 1), DHCI),NCT),PERNCL) ,CUFERNCT),
AONCUBCTY  NOUCHBECT Y JFERHDLAL)Y  SPRIDCCT)
100 FORKAT(F10.2,F12,2,F10.2,18,F9.2,F8.2,F16,2,F12.2,F10.2,F12.2)
URITE(4,800)
B0 FORMATCIH ,115C1H=))
WRITE(S,400) SUMN,SUHNDC
400 FORMAT (31%, TOTALs”,11,22%, TOTaL" ,F18.2)
URITE (4,400)
400 FORMATAINX, 10 =7),27%,22("="))
STOP
Enp
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Ur¥Ek TRUE BIIE MEAN HUMBER XN LN DHeed Nurts ] AWM 4] [SUTLENR
CLASS UFFEK 611¢ IN CLASE '
B1IE Linnt (nH) (N |
(el (1)
-I..I.--.Il---h..--..--...'-I---.---..'---..h----l.--I---.-.---.--‘..--....--!--I--'--I'..--.-I.----l..l--.-.--':
10,00 b, 40 |
76,00 172,20 12,490 0 v, 0. 7144, 6% b U G
19,00 Th. B P80 ; d+33 P fyl0, 17 ARNAR DY 0.18 bo1e
10,00 Ju, a0 10,00 v ¢, 00 12,31 a7270,%0 RIg12.0, 060 1.8 1.%%
Lo, oo 43,00 3B, 20 23 A, 33 Y4, L2 B2040,40 ATIV124, b0 9,44 11.4)
80,00 41,60 A2, 30 4r ke 59.00 105023.82 1090193,00 15.03 o 4
70,00 40,20 L. N0 ny B ol MALAET 124474.0P 1oy 1%, 00 23,01 90,2
B0,.00 $d,.010 A4, 00 An 13.33 .00 J6BI36, 12 10730444, 00 J3. %4 bt TR |
F0.00 7l A0 ?1.10 10 1,11 5.3} 1904127, 89 Y000, 00 8.2 R}, 99
100,00 fis, 00 By.20 14 ALY 1ab, 00 545118, 43009, 00 17.0% 100,00
1hiaty 360 10TAL AL 1IN0 00
r ....... PR T R —— e L L L T T T L R L L b T L aerr e Mm-S ey |
[ R Thif SE2t HEAN HUMEL R N Itk liHea) Mt} ANDHe s ) FININes )
L1ALS KKk fi)2) IOLLASE
E12E Linn tnn (H
th iy
10,00 n,an
20,00 17,20 12.90 [ 0. 0. HIETTY L) 0, 0.
10,00 .00 2180 h L . 2.42 99IH, )7 JRN0L, 00 o,
44,00 14, 4yp 10, ta H fo, 12 ti. 006 20,90 45397, 60 r,*
0,00 14,00 10,00 nt bR o A, 47 G940, 40 ARTO A0, 00 Y
40,00 G1,40 A7, 30 " M2 85,33 105H23 .07 JRIOGAT, 00 1 -
J0.00 60,20 55.%¢0 by 10,867 246,00 1744674,.88 SOO54640,00 1
o, 00 48,00 0,00 ool | B,00 BA, 00 JAEYIIALN2 AAADDAA, DO 1]
?0.00 22,40 J .1 A A, 00 20, 00 Jrosr, B A2, 00 '
100,00 A5, 00 a0 g a.00 100,00 VERRERT Y 1AJAGYES, 0D L
1074l 300 TOTAL ARSH7590 .00
{
Frocerusnnenasssmminnmsssnssnanivensnnsses e o e A R -
{ Wirek TRitE S12E  KIOH HiHkT R XN fau fiKead bl xiit
1685 WLk S17 1 CLAGY
512t Linyt thn) 1H
) (nry
| 10.¢0 f,40
130,00 V2,40 12,90 /] 0. 0. JIAé. LY Q. "
30.00 5,80 .50 4 b33 1,13 $910.37 19753, 00 Q
| 40,00 14.40 1o.10 12 1,00 5.3 22820.%0 J32350,00 0
fhu Pt 3,00 16,00 73 4,00 Sy, A G0, 00 A0 00, (0 ]
L0, 00 HR R 4.0 42 20,47 50,43 10%623,82 ABAI074,00 2
20,00 (0.0 - P 9 24,13 rd 0 124476, 801 1198471, 00 Pt
o, na il o ha, b0 44 1i,87 |, 5! PR O Vivtled, 00 i,
Yo, 00 rar 73.,v90 £ 2,00 9%,1% 90817 . wy Bl0290Y 00 14,14
100,840 fd, 00 LR 14 4,4 100,00 HERTER PAIATAY 00 %2

............................... L T T T R sEsemswarssssrsasrm. st 2 bt B

1oral e 106 THYAL L010BYS4, B0
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* Description of the Experimental
Sprayers -t o S
_Ihe Micron Herbi Sprayex L ‘f'_;';“ | :: ;Q;%r;”

It has a 2% litre bocttle which contains the
spray mixture, and this is fed to an atomizer
(spinning disc) by gravity. The atomizer is driven
by a constant speed motbr powéred by eight U2 L
batteries. Restrictors of three sizes colour. .
coded blue, vellow and red in ascending order of _1E:'
orifice sizes are supplied so that the standard
flow rate of about 1 ml/sec can be achieved for oy

mixtures of different iviscosities. The spray head

. comprises the atomizer and the motor in a housing

two lugs on the motor housing fit on either side

of the extension tube, a bolt passes through the
lugs and is tightened by a wing nut. The angle of
the head is altered by loosening the wing nut. The
Herbi has twe positions - open and closed. The
open position is such that the extension Fupg isI .5f

drawn out and the batteries are inserted. This is

the working position. The closed position is for .. ..

ease of transport or starage, In this position, the .

batteries are carried separately and the extension

Dy
) PR
. 1 . R .

L
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Table § /. Change in Voltage of Two 6.0 volt lec. ..o ctrolyte batteries, varsur

Rotaticnal speed and droplet spectrum of an ULVA Sprayezr.

LDay Voltage  CQurrent mo&wwMOﬁmw speed Powar - Droplet Spectrum
. Consumption = (Vmd) AZHQU .J.ﬁnu i
(no)  (volt) * (amp)  (rpm) (warty  (Cm) - ("m)
1. 11.50 - 0.65 7000 7.8 78 - - 67 . 1.16
11.25 . 0.63 6300 7 .09 s 57 1.19
2. 11.50 0.65 6300 7 .48 78 68 1.15 0
31.25 0.62 . 6500 6.98 80 66 1,21 -
3. 11.40 0.6 - 6800 . 7.4 78 68 1.15
11.25 c.62 6500 6.98 g2 68 1.21
4. 11.40 0.¢5 E §700 : 7.41 - 80 68 1.1
11.20 D.80 6300 _ 6.72 85 65 1.21
5, 11.40 0.65 6700 - 7.a1 g2 62 1,21
11.20 0.%0 .- €300 _ 6,72 85 ° . 60 1.42
6. 11,35 G.60 6500 6.81 &5 65 1.51
11,15 G.60 6200 &.69 90 . 68 1.32



00*9

W
ui

oQoE

—-— -
|

L

ft
&

. ———

J

cr°0

($]}

00

oeT 00°*E

=5

=)
L0}
ol

o¥°0

oo*g

|._|

06

EE™ 1

LK
| 8

00°*6

000¢<

OTT

—_——
L

. .

00°8g

J =

00L?

Oc*E

=
Ci

[
JA

o

[!‘.

000<

O

N
o

1=
(]

ﬂt'\OC

m

0

oe

0c<

n
%))

L

(8
(8]

s

n

~)
L&)

CF 1

L]
(@]

0oce

L
(8]

tn

0L

L

0s°*'T

00°TT

000g

i

L

00°*T

Ln
i

000%

n

(8]
&1}

[ o

o
Ln

0e°0

00g9

{0
(0]

h

o
n

aTqer

(pP1uod)



Y = = —
: ’ Latace
- . -

i, O 0

- .|lll e | ——
- : . o 47 W —— s R
- #
O~———9 F5C U2 batiely
. o
M Sz BZREC U2 "

H——BL EVERZADY -

O———0 BRISTAP
O0——D Lt .D ACID electrolyte battery

Ld

T e

\

L ! | - . T . . g __
0 2 2 : 12 14 i 8 % ..g .
PFExIUD Ur Usc = NRSes
Fig. noa_un_.,mm.g of four U2 batteries and lead acid electrolyte battery lives
showing decrease in wlilage for the period of use with uiva sprayer —
'N‘ - - & -

R



