WO 2008/1490:54 A 1 |00 00000 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO O

International Bureau

(43) International Publication Date
11 December 2008 (11.12.2008)

(10) International Publication Number

WO 2008/149054 Al

(51) International Patent Classification:
BO5B 7/00 (2006.01) AOIM 7/00 (2006.01)

(21) International Application Number:
PCT/GB2008/000885

(22) International Filing Date: 13 March 2008 (13.03.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0711000.0
0802273.3

GB
GB

8 June 2007 (08.06.2007)
7 February 2008 (07.02.2008)

(71) Applicant and

(72) Inventor: KNIGHT, Brian, George [GB/GB]; Knight
Farm Machinery Ltd., Wireless Hill, South Luffenham,
Oakham, Rutland LE15 8NF (GB).

(74) Agent: EVENS, Paul, Jonathan; Maguire Boss, 24 East
Street, St Ives, Cambridgeshire PE27 5PD (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: SPRAY APPARATUS

34

Fig. la

—

(57) Abstract: Spray apparatus comprising at least one nozzle (14), a source of spray chemical connected via pipework (12) to the
at least one nozzle (14), a high pressure fluid system (20) connected to the at least one nozzle (14) via a pressure reducing means (26)
adjacent the at least one nozzle whereby low pressure fluid is fed to the at least one nozzle together with spray chemical to produce

an atomised spray output.



WO 2008/149054 PCT/GB2008/000885

10

15

20

25

TITLE: SPRAY APPARATUS

DESCRIPTION

The invention relates to spray apparatus primarily
for use in agriculture, although such apparatus may find
application in horticulture or in industry generally.

BACKGROUND TO THE INVENTION

Conventionally, an agricultural sprayer comprises a
spray boom formed from folding sections, each of which is
typically ém in length, and with spray nozzles arranged
along the boom’s length. The nozzles are arranged into
groups that can be switched on and off by the operator or
by a global positioning system (GPS) to accommodate
changes in working width influenced by field shapes. GPS
control has made it easy to fit more groups of nozzles for

a given width of spray boom. This greatly improves the
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efficiency of the sprayer by reducing the amount of ground
over-sprayed, that is sprayed twice.

Most chemical application in agriculture is carried
out through conventional hydraulic spray nozzles of a wide
varietybof designs. Two examples of such spray nozzles are
twin fluid and air induction spray nozzles. Both types of
nozzles are designed to atomise the solution to be
applied, not only by the characteristic of the nozzle
outlet but also by the introduction of air into the
nozzle. Low pressure compressed air is used in a twin
fluid nozzle and an air induction spray nozzle inducts air
through a venturi within the nozzle assembly.

One advantage of the twin fluid design over the air
induction design is that the droplet spectrum of the
atomised solution may be controlled by the amount of air
supplied to the nozzle. Thus a single nozzle may be used
to cover a wide range of application rates and droplet
ranges which normally require a plurality of conventional
spray nozzles. However, there are disadvantages in using
such nozzles.

The amount of compressed air that must be produced is
quite high and distributing this on the spraying apparatus
requires considerable pipe work extending along the length
of the sprayer boom. Furthermore, the compressed air
typically used by the nozzle is low pressure, i.e. in a
pressure vrange from 0 to 2 bar. Accorxrdingly, it 1is
usually provided by a low pressure air compressor. Low

pressure alr requires large diameter pipes to reduce
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losses in the distribution system. Thus extensive, large
pipe-work is required for the air nozzles to function.

SUMMARY OF INVENTION

According to the present invention there is provided
spray apparatus comprising at least one nozzle, a source
of spray chemical connected to the at least one nozzle, a
high pressure fluid system connected to the at least one
nozzle via a pressure reducing means adjacent the at least
one nozzle whereby low pressure fluid is fed to the at
least one nozzle together with spray chemical to produce
an atomised spray output.

The use of high pressure fluid reduces the losses in
pipe work of the high pressure fluid system and therefore
improves the efficiency of the nozzle. As set out above,
low pressure is typically but not limited to the range 0
to 2 Dbar. High pressure is above this range and is
typically but not limited to up to 8 bar.

Boyles law states that the pressure P of a gas
multiplied by the volume V equals a constant (Pv=k)
assuming there is no temperature change. Accordingly,
reducing the pressure of the fluid results in an expansion
of the fluid adjacent the nozzle and this creates a large
increase in volume. By changing the pressure of the fluid
in the vicinity of the nozzle, high pressure fluid may be
transported through the rest of the system. Accordingly,
less volume of fluid has to be produced and transported by
the high pressure system.

Tests also show the chemical flow range of the nozzle
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is significantly improved. This is particularly important
because previously it has been necessary to change
components within the nozzle to achieve similar results.
It is very time consuming to change the large number of
nozzles fitted to wide sprayers.

The high pressure fluid system may be a high pressure
compressed air system with a compressor. The pressure
reducing means may be in the form of a restrictor, a
restricting orifice or an air wventuri. The air wventuri
may introduce additional air and therefore further reduce
the volume of compressed air required. An additional
advantage of the venturi is that if the atomising air is
turned off, air may still be introduced through the
venturi’s open port if the passage of fluid through the
spray nozzle is designed to induct air. This may be used
if very coarse droplets are required.

The high pressure fluid system may also be connected
to at least one nozzle via a switch which activates or
deactivates the at least one nozzle in response to flow
changes from the high pressure fluid system. The switch
may activate the nozzle in response to fluid pressure
applied from the high pressure fluid system and deactivate
the nozzle when no fluid pressure is applied. The switch
may comprise a component which opens when air pressure is
applied and closes, e.g. via spring pressure, when air
pressure is not applied. Accordingly, 1if the fluid is
turned off, spraying stops and recommences when pressure

is applied. Such high pressure switching is known.
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The switching may be automatically controlled, e.g.
by GPS, to eliminate operator mistakes. This may ensure
accurate application to the target area and full
traceability of product applied without relying on human
input. Furthermore, switching at the nozzle improves
response times. Accordingly, fluid operated nozzle
switching is becoming more desirable and commonly used.

The known high pressure switching system may be used
in conjunction with the known atomising nozzles. However,
in such a combination, it 1s necessary to have two
separate compressed air systems, one providing high
pressure compressed air to the switching system and a
second providing low pressure compressed air to the
atomising nozzle. Providing two systems requires a large
amount of pipe-work. However, in the present system, the
high pressure fluid system 1s ©providing the dual
functionality of atoﬁising the spray liquid and
controlling the nozzle switching. A single feed pipe feeds
the at least one nozzle to feed both the switching and the
twin fluid nozzle, thus eliminating a large amount of pipe
work and simplifying the apparatus. Furthermore, such a
combined system will be cheaper to fit than a system which
uses a standard high pressure nozzle switching system and
a standard low pressure atomisation system.

The apparatus may comprise a plurality of nozzles
with some or all of the nozzles connected to the high
pressure fluid system to provide atomisation of the spray

chemical and/or nozzle switching as described above. A
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plurality of the nozzles may be associated with a single
pressure reducing means. Thus the nozzles may be arranged
in groups with each group fed from it’s own pressure
reducing means, e.g. via a manifold. In this way, the
pressure reducing means and the associated group of
nozzles can be kept close together. Typically, the
nozzles may be at around 500mm spacing along the spray
boom and it is envisaged that a single pressure reducing
means might feed a group of eight or nine spray nozzles.
Thus the low pressure air pipe-work from the pressure
reducing means to the furthest nozzles on each side of a
centrally disposed high-pressure airline might typically
be around 2m in length.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is diagrammatically illustrated, by way

of example, in the accompanying drawings, in which

Figure la is a schematic drawing of a spray apparatus
according to the invention;

Figures 1b and 1c are side and perspective views of a
nozzle assembly of the spray apparatus of Figure 1la;

Figure 2a is a schematic flow diagram of the nozzle
assembly of Figure 1b incorporating a restrictor;

Figure 2b is a schematic flow diagram of the nozzle
assembly of Figure 1b incorporating an air venture.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1la shows an agricultural crop sprayer, of the
kind that can be vehicle mounted or towed by a tractor.

Such sprayers generally comprise a source of spray liquid
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usually in the form of a tank 30. The tank 30 is
connected by pipe-work 12 to a pump 32 and to spray nozzle
assemblies 10, so that the spray liquid can be pumped
under pressure through the pipe-work 12 to the nozzle
assemblies to be applied to a crop. The spray nozzles are
mounted at intervals along a spray boom (not shown) and as
seen in Figure 1la the left-hand loop X of pipe-work shows
one possible implementation of the present invention while
the right-hand loop Y of the pipe-work shows another
implementation. A control wvalve 34 is operated to direct
the spray ligquid back to the tank 30. A filling hopper 36
is also provided by which chemical to be sprayed can be
introduced into the apparatus.

Figures 1b and 1lc show a nozzle assembly 10 for the
spray apparatus of Figure 1la. The nozzle assembly 10
comprises an on/off wvalve 22 which is connected to a
source of high pressure air by pipe-work 20. The valve is
activated automatically by switching on the flow of high
pressure compressed air and deactivated by turning off the
flow of air.

The nozzle assembly 10 also comprises an atomising
spray nozzle 14 which atomises the spray liquid to apply
an atomised spray sheet to a crop. Atomisation is
achieved by the structure of the nozzle itself and also by
the introduction of air into the nozzle.

Alr is introduced into the spray nozzle from the high
pressure compressed air system for switching the nozzle.

However, for atomisation of the spray liquid, low pressure
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air is required. The spray nozzle is thus connected to
high pressure air system via airline pipe-work 20 and
means 18 to reduce the pressure of the compressed air to
typically 0 to 2 bar (but not limited to). The pressure
reduction means is located close to the spray nozzle to
minimise the length of pipe through which the low pressure
compressed air passes.

Thus, the high pressure compressed air system is
providing the dual functionality of atomising the spray
liquid and controlling the nozzle switching. As shown in
Figure la, each nozzle is fed with a single pipe from the
high pressure system to feed both the switching and the
atomising functions.

Figure 2a shows a restrictor 26 which reduces the
pressure of the high pressure compressed air A feeding
into the spray nozzle 24. The restrictor 26 1is in the
form of section of airline pipe-work with a reduced
diameter, i.e. a narrowing of the pipe. The high pressure
compressed air is reduced to low pressure compressed air
according to Boyle’s law. The increase in volume of the
compressed air following the restrictor results in a
reduction of the compressed air pressure. The low
pressure compressed air is fed to the spray nozzle 24
together with spray ligquid B to produce an atomised spray
output C.

In the implementation shown in the left-hand pipe-
work loop X in Figure 1la, a small restrictor 26 is placed

next to each spray nozzle assembly, whereas in the
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implementation shown in right-hand pipe-work loop Y in
Figuré la, a single somewhat larger restrictor 26 is
placed in the high pressure airline 20 immediately
upstream of an adjacent group of nozzles to feed all of
the nozzles in the group. Obviously the group of nozzles
is limited Dby the distance between them and thus the
length of the low-pressure airline, since, in accordance
with the aims of the present invention, it needs to be
confined to a relatively small length of low pressure
airline. Preferably the'group of spray nozzles covers a
length of the spray boom of no more than around four
metres, although a group of nozzles extending over six
metres might be possible. Thus where the nozzles are
spaced apart by a distance of 500mm, the group of spray
nozzles may comprise nine adjacent nozzles.

Figure 2b shows an alternative means for reducing the
pressure, namely an air Venturi 28. The Venturi 28 is
similar to the restrictor in that it comprises a section
of pipe-work of reduced diameter. The narrower section of
pipe-work also comprises a small hole. The high pressure
compressed air is reduced to low pressure compressed air
according to Bernoulli’s principle. The fluid velocity
must increase through the constriction to satisfy the
equation of continuity whilst its pressure must decrease
due to conservation of energy. The gain in kinetic energy
is supplied by a drop in pressure. The theoretical

pressure drop at the constriction is given by:
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Where
V; is the fluid velocity before the constriction;

V, is the fluid velocity after the constriction, and
p is the fluid density

As the high pressure compressed air passes into the
narrowed section, the compressed air speed increases. As
it passes into the following wider section, the compressed
air speed decreases and air D is drawn into the pipe-work
through the small hole. Accordingly, a mixture of low
pressure compressed air and inducted air is presented to
the spray nozzle which combines with the input spray

ligquid B to produce an atomised spray output C.
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CLAIMS
1. Spray apparatus comprising at least one nozzle, a
source of spray chemical connected to the at least one
nozzle, a high pressure fluid system connected to the at
least one nozzle via a pressure reducing means adjacent
the at least one nozzle whereby low pressure fluid is fed
to the at least one nozzle together with spray chemical to
produce an atomised spray output.
2. Spray apparatus according to claim 1, wherein the
pressure reducing means is in the form of a restrictor, a
restricting orifice or an air venturi.
3. Spray apparatus according to claim 1 or claim 2,
wherein the high pressure fluid system is connected to the
at least one nozzle via a switch which activates or
deactivates the at least one nozzle in response to flow
from the high pressure fluid system.
4. Spray apparatus according to claim 3, wherein the
flow from the high pressure fluid system to control the
switch is automatically controlled.
5. Spray apparatus according to any preceding claim,
comprising a plurality of nozzles each of which is
connected to the high pressure fluid system.
6. Spray apparatus according to claim 5, wherein a
plurality of nozzles is associated with a single pressure

reducing means.
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