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(57) Abstract: A fan assembly (10) including a plurality of
fan blades (28) connected to a rotatable central fan hub
(29) and extending radially outwardly from the fan hub
(29) and being spaced equidistantly about the fan hub (29).
An annular shroud (16) is provided within which the fan
blades (28) rotate, whereby the tips of the blades (28) are
in close facing relationship with a facing surface of the
shroud (16). A plurality of radial spokes (20) extend from
the shroud (16) to a fixed central shroud hub (22) which is
coaxial with the fan hub (29). An air intake guard (33) is
provided at the rear of the fan assembly (10) and includes a
plurality of spaced apart radial spokes (34). A stator (11) is
provided at the front of the fan assembly (10) and includes
an annular ring (12) which is connected to the shroud (16)
and a plurality of radial spokes (14) extend from the ring
(12) to a fixed central stator hub (13) which is coaxial with
the fan hub (29). A liquid delivery arrangement is provided
that is connectable to a source of liquid, the liquid delivery
arrangement including a plurality of discharge outlets (52)
positioned to discharge liquid into the path of the fan
blades (28) from adjacent the fan hub (29).
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FAN ASSEMBLY
Technical Field

[0001] The present invention relates to a fan assembly and has been
developed principally for the agricultural spraying industry, whereby the fan
provides the motive energy for spraying liquid fertilisers, fungicides, pesticides,
and the like onto agricultural crops. However, the fan assembly could have other
applications given that its principal advantages over prior art fans are in terms of

lightness, fan efficiency, ability to disperse aerosols and compactness.
Background of Invention

[0002] References herein to prior art are not to be taken as an admission that
that prior art was known or that the prior art information was part of the common

general knowledge as at the priority date of any of the claims.

[0003] The present invention has been developed in order to improve the
efficiency involved in spraying liquids onto agricultural crops. In particular, the
inventor has attempted to improve the extent to which spray penetrates beyond
the external periphery or external foliage of a crop and into the interior of the crop.
Penetration of spray into the interior of a crop can be quite difficult with certain
crops, for example citrus crops and certain nut tree crops, as well as some tropical
fruit crops. For instance, in the case of certain citrus crops these have quite stiff
branches and the leaves of the foliage are difficult to displace, so that the external
foliage tends to present a barrier to the internal foliage. This creates real problems
for the spraying of citrus trees, given that where the exterior foliage of a tree is
sprayed but not the interior foliage, infestation of the entire tree can still occur from

the inside out.

[0004] The inventor has therefore sought to develop a fan that can more
reliably apply sprays to agricultural crops that reach both the interior of the crop as

well as the exterior.

[0005] Moreover, the inventor has sought to provide a fan that can provide the

above benefit but at a rate of spray that is consistent with current spraying
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equipment. That is, the speed at which spray is applied to crops is generally
measured in terms of the speed at which the sprayer can be driven along the rows
of crop. Typically the speed at which sprayers are driven along a row is between
3kph and 7kph, with 7kph being an upper maximum speed. Spraying personnel
generally aim to spray between Skph and 7kph. The upper maximum speed limit is
often a function of the ground over which the spraying equipment moves, whereby
the ground surface is often rough or uneven and prevents a tractor or truck or the
like from travelling faster than that speed. The upper maximum speed limit can
nevertheless be influenced by other factors such as the volume and density of
spray to be deposited on a crop. In particular, where crops such as citrus crops
are being sprayed, often the spray equipment is moved at a slower rate to
increase the likelihood of spray penetration into the interior of the crop. This clearly
slows down the rate at which the target area can be sprayed and typically
increases the amount of spray that is used and wasted. That is, because it is
generally quite easy to spray the external foliage of a crop, moving the spraying
apparatus more slowly tends to deposit more spray on the external foliage than is
required and this either drips from the foliage onto the ground, or is retained on the

foliage, but is in excess of what is required.

[0006] In developing the present invention, the inventor has developed a fan
assembly that not only achieves exceptional results in terms of spraying efficiency
when used as a fan for spraying agricultural crops, but the inventor has also
created a fan which is lightweight compared to comparable fans used on other
spray equipment, is easy to assemble from component parts and which has a
greater efficiency in terms of output compared to comparable fans and has higher
rates of penetration into crop foliage. While these latter outcomes were not
necessarily intended or expected at the outset of the development, they are very
pleasing and result in additional savings when used in spraying equipment in
terms of reduced weight of spraying equipment and reduced energy needed to

drive the fans.
Summary of Invention

[0007] In a very broad form, a fan assembly according to the invention includes

a plurality of fan blades that are connected to a rotatable central fan hub and
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which extend radially outwardly from the fan hub and are spaced equidistantly
about the fan hub. The fan assembly also includes an annular shroud within which
the fan blades rotate, whereby the blade tips are in close facing relationship with

the facing annular surface of the shroud.

[0008] By the requirement that the blade tips are in close facing relationship
with the facing annular surface of the shroud, the preference is that the blade tips
are within 2 to 10mm of the facing annular surface of the shroud, or more
preferably within 2 to 5mm of the facing annular surface of the shroud. There will
naturally be some movement between the blade tips and the facing annular
surface of the shroud during use of the fan assembly when the blades are rotating
(such as when the fan assembly is being moved along an uneven ground surface
between adjacent rows of crops) so that the spacing between the blade tips and
the facing annular surface of the shroud can vary but it is an average spacing that
is meant when the millimetre distances are given above. There will also naturally
be some tolerance variations in the fan assembly so that even when the fan
assembly is stationary, the spacing between the blade tips and the facing annular
surface of the shroud may vary about the internal circumference of the annular
shroud. Again however, it is an average spacing that is meant when the millimetre

distances are given above.

[0009] The fan assembly further includes a liquid delivery arrangement for
delivering liquid generally centrally of the fan assembly into the path of the fan
blades, or into the path of airflow generated by rotation of the fan blades. By this
arrangement, liquid which is delivered in this manner will be picked up by airflow
delivered by the fan blades for distribution onto the foliage of an agricultural crop
being sprayed. This central form of liquid delivery is unique in relation to
agricultural sprayers, in which typically, the liquid is delivered at the periphery of
the annular shroud, or adjacent to the blade tips. That prior art arrangement has
disadvantages in that it requires a metal (usually stainless steel) tube or conduit to
be formed in a ring at the periphery of the annular shroud and requires the ring to
include openings for the connection of nozzles. The ring, nozzles and fittings
between the ring and the shroud and between the ring and the nozzles, must all

be very robust, because of the propensity or likelihood of the ring and nozzles to
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be damaged by branches and foliage in the normal course of the use of the
spraying fan. That is, fans in general tend to be bumped or knocked in their
ordinary use during a spraying operation and placing the ring and nozzle
arrangement at the periphery of the shroud requires the arrangement to be
sufficiently robust to survive those impact loads. This means that the prior art
arrangements are heavy and quite expensive, and are difficult to replace if
damaged, because of the secure mounting arrangements employed to keep them

in place.

[0010] In contrast, the present invention proposes to deliver liquid generally
centrally of the fan assembly, which places the delivery assembly in a very
protected position. The assembly therefore can be less robust and less complex
and can be mounted in a manner which is more easily replaced if required. The
inventor believes that the central mounting that has been developed can be much
cheaper than the prior art mounting discussed above, thereby contributing to a
reduced cost for fan assemblies according to the invention. Another advantage of
the central liquid delivery is that the liquid is immediately entrained in the air
stream, ensuring good and uniform dispersal of the liquid, rather than attempting
to enter the air stream from the periphery of the fan where not all of the liquid is

entrained for good dispersal.

[0011] In a more specific form of the invention in which central liquid delivery is

provided, a fan assembly according to the invention can include:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced equidistantly
about the fan hub;

an annular shroud within which the fan blades rotate, whereby the blade
tips are in close facing relationship with a facing annular surface of the shroud, the
facing surface being positioned between front and rear annular edges of the
shroud, a plurality of radial spokes extending from the shroud to a fixed central

shroud hub which is coaxial with the fan hub;



WO 2017/015708 5 PCT/AU2016/050663

an air intake guard at the rear of the fan assembly and including a

plurality of spaced apart radial spokes;

a stator at the front of the fan assembly, the stator including an annular
ring which is connected to the shroud and a plurality of radial spokes extending

from the ring to a fixed central stator hub which is coaxial with the fan hub;

a liquid delivery arrangement that is connectable to a source of liquid;

and

the liquid delivery arrangement including a plurality of outlets positioned
to discharge liquid into the path of air delivery from the fan blades from adjacent to
the fan hub.

[0012] In an alternative form of the invention described above, the air intake
guard and the stator and their associated spokes and other components can be

omitted.

[0013] In relation to the front and rear annular edges of the shroud, these are
spaced apart axially or in the direction of airflow through the fan. The edges can

be parallel.

[0014] The advantages of discharging liquid centrally of the fan assembly have
been discussed above. In the above form of the invention, discharge is defined as
being adjacent the fan hub, which is generally centrally of the fan assembly. Liquid
discharge could be radially inboard of the fan hub, or outboard of the hub and still

be within the scope of the requirement for generally central discharge.

[0015] Any number of discharge outlets can be provided. The inventor has
tested versions of the invention that include eight outlets and eleven outlets.
However, it would be equally acceptable for a fan assembly according to the
invention to have a minimum of two discharge outlets, and thereafter three, four,
six, eight, ten or twelve outlets, or odd numbers of outlets between those. As the

fan assembly grows in size, the number of outlets can be increased if desirable.

[0016] The discharge outlets could be positioned upwind of the fan blades and

inject liquid into the path of the fan blades, or into the path of airflow generated by
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rotation of the fan blades, for distribution. However, the preference is that the liquid
discharge occurs downwind of the fan blades, and the preference is that the
discharge occurs adjacent to the root or roots of the blades. In the blade assembly
that will be described later herein in relation to the accompanying drawings, it will
be shown that the discharge outlets are adjacent to the blade roots, but that the
point of discharge is actually radially outside the blade roots. The discharge outlets
themselves are therefore within the path of airflow generated by rotation of the fan
blades, but not within the high wind velocity section of the airflow. This again
differs from prior art arrangements where the discharge outlets or nozzles are
positioned at the periphery of the fan assembly, or adjacent the blade tips,
whereby discharge of liquid in those arrangements is straight into the highest air
velocity produced by the fan blades. The method of liquid discharge of the
invention ensures that the liquid droplets that are discharged from the discharge
outlets are fully swept up into the air stream produced by the fan blades for
efficient dispersal as a mist or aerosol and to thus reach their intended target (the
foliage and fruit in crop spraying). This differs from prior art arrangements that
have the discharge outlets positioned at the periphery of the annular shroud
whereby some of droplets that are discharged are blown peripherally outwards,
thereby resulting in droplets not effectively reaching the foliage, and leading to

environmental losses and higher costs of spraying.

[0017] The discharge outlets of the liquid delivery arrangement can take any
suitable form and can be formed as nozzle discharge outlets. The nozzles can be
adjustable so that the liquid which is discharged through them can be coarse or
fine droplets, and the nozzles can be removable for replacement, for example, if

they are damaged or if a nozzle with different characteristics is required.

[0018] While the liquid delivery arrangement can take any suitable form, in one
form, a single liquid inlet is provided which feeds a plurality of liquid delivery
conduits that extend to or form the discharge outlets. In one form, the single liquid
inlet can feed a central delivery port to which each of the liquid delivery conduits
connects to or opens into and the liquid delivery conduits can then extend to a
plurality of nozzle outlets. The nozzle outlets can be formed at the opposite end of

the liquid delivery conduits to the central delivery port. The nozzle outlets can be
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formed as nozzles or they can be arranged for the attachment of nozzles. In a
very simple form, the nozzle outlets of the liquid delivery conduits are the open

ends of the liquid delivery conduits without any additional formation.

[0019] The liquid delivery conduits can be tubes, such as rigid or flexible metal
or polymer tubes. Alternatively, the conduits can be formed in a manifold or block
that can be machined or moulded, preferably injection moulded. This latter form of
manifold can be produced inexpensively and highly accurately and be lightweight
but robust. An injection moulded manifold can also include metal inserts where
required, such as for the attachment of nozzles. Alternatively, if the moulding
material is suitable, the nozzles can be threaded directly into the conduit outlets of
the manifold to tap their own thread, or a thread can be formed as part of the
moulding process. An injection moulded manifold (or a machined manifold) can be
generally solid apart from the liquid delivery conduits and can be positioned either
downstream of the fan hub, downstream of the stator hub, or between the fan and
the stator hubs. The manifold can be fixed in any suitable manner such as to the

stator by bolting.

[0020] A fan assembly according to the invention can be provided with an
intake guard of unique conical construction. The guard is provided for safety to
prevent injury to personnel that use the fan assembly, but it can also be provided
to prevent or limit the entry of debris into the fan assembly that is drawn into the
fan as the fan draws air. It is to be noted that a fan assembly according to the
invention is intended to be high volume and so the volume of air being drawn into
the fan will also be high and there will be a potential for the fan to draw debris
along with air, particularly if the fan assembly is positioned close to the ground.
The intake guard can extend from the periphery of the fan assembly, such as from
the shroud or stator, to a central portion of the fan assembly and according to
some forms of the present invention, is formed as a cone that inclines in the
direction of airflow through the fan from a high point centrally of the fan assembly
to a low point at the periphery of the fan. That is, with the fan facing downwardly,
the intake guard would also incline downwardly from the centre region of the fan to

the periphery of the fan.
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[0021] The above form of intake guard has been developed by the inventor for
the fan assembly when used for spraying agricultural crops, because such fans
are often subject to a significant amount of leaf debris being sucked into the fan
upwind of the fan. That is, with the fan being operated, a significant amount of air
is sucked into the fan and this air can carry debris, including leaf debris with it. The
intake guard therefore can be arranged to prevent the entry of a significant
proportion of that debris, and the conical nature of the intake guard means that the
debris can slide down the conical surface under the influence of the air intake, and
can be discharged from the intake guard at the periphery of the guard, or at the
periphery of the shroud. By discharged, it is meant that the leaf debris will travel
down the conical surface of the intake guard under the influence of the pneumatic
load applied to the debris by the rotating fan blades, but once the debris reaches
the periphery of the guard or the shroud, the pneumatic load will drop and the
debris can fall from the fan assembly having not passed into the fan assembly,
Advantageously, this can minimise the amount of debris that enters the fan and
which can potentially clog rotating components of the fan, or which can be
discharged through the fan and into the crop being sprayed. Further, manual

cleaning of the air intake can be reduced or eliminated.

[0022] The air intake guard as described above can be employed with fan
assemblies according to the invention as discussed above, for example a fan
assembly that includes fan blades and a shroud, or in can be combined with the
form of fan assembly discussed above that includes a liquid delivery arrangement.
As will be evident from the discussion of the drawings which follows, that

combination is embodied in the fan assembly illustrated in the drawings.

[0023] In a more specific form of this version of the invention, a fan assembly

is provided which includes:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fan blades being spaced

equidistantly about the fan hub,

an annular shroud within which the fan blades rotate, whereby the blade

tips are in close facing relationship with a facing annular surface of the shroud, the
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facing surface being positioned between front and rear annular edges of the
shroud, a plurality of radial spokes extending from the shroud to a fixed central

shroud hub which is coaxial with the fan hub,

an air intake guard at the rear of the fan assembly and including a
plurality of spaced apart radial spokes, the spokes being formed in a conical array
that inclines from a generally central part of the fan assembly to a peripheral part

of the fan assembly.

[0024] A fan assembly of the above kind can include characteristics of the fan
assemblies disclosed earlier herein, and for example, can include a stator at the
front of the fan assembly. In some forms of the invention, the stator can include an
annular ring which is connected to the shroud and a plurality of radial spokes
extending from the ring to a fixed central stator hub which is coaxial with the fan
hub. The radial spokes can be provided just for structural purposes and also for

directional air flow purposes as will be described later herein.

[0025] The radial spokes of the air intake guard can be wire spokes (thin
spokes) and can be spaced apart sufficiently that air being induced into the fan
assembly is not overly restricted by the intake guard. For support, the radial
spokes can be connected at either end to annular rings at each of the central part
of the fan assembly and at the peripheral part of the fan assembly. The rings can
be interrupted as required for connecting the intake guard to the fan assembly. A
further annular ring can be provided between the annular rings discussed above

for connection to the spokes for support and rigidity purposes.

[0026] In developing the fan assembly of this specification, the inventor aimed
to improve the penetration of spray into the interior of crops being sprayed. In the
discussion of prior art above, it was noted that citrus and some nut and tropical
fruit trees in particular are difficult to spray completely given the rigidity of the
braches of such trees and the difficulty in creating openings in the foliage for spray
to penetrate to the interior of the tree. The inventor therefore sought to develop a
fan assembly in which the airflow emitted from the assembly was emitted in a
swirling motion, in order cause a shaking or flapping motion of the foliage and

branches of a target tree, with the intent that this would cause openings to be
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formed in the external parts of the foliage for spray to enter into the interior foliage.

Accordingly, the inventor developed a fan assembly that includes:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced equidistantly
about the fan hub,

an annular shroud within which the fan blades rotate, whereby the blade
tips are in close facing relationship with a facing annular surface of the shroud, the
facing surface being positioned between front and rear annular edges of the
shroud, a plurality of radial spokes extending from the shroud to a fixed central

shroud hub which is upwind and coaxial with the fan hub,

the radial spokes being formed as fixed vanes which are relatively thin
and which have a depth in the axial direction of the fan assembly, the vanes
having an angle of attack greater than zero to the direction of axial flow through
the shroud in order to promote directional change of airflow through the shroud

and prior to the fan blades.

[0027] The inventor has discovered that a fan assembly of the above kind can
assist to form an air output from the fan assembly that swirls. The air output can
have a number of swirling components rather than single swirling output. As
would be apparent from the discussion above, that swirling motion can assist to
displace the leaves and branches of crops being sprayed so that the interior of the
crop is accessible for coverage. Testing by the inventor of the fan assemblies
according to the invention has shown that swirling motion is effective for the
displacement discussed above and testing has shown that spray penetration into
the interior of citrus trees in particular, is achieved by fan assemblies according to
the present invention in which the radial spokes of the fan assembly are formed as
vanes with an angle of attack which is greater than zero. The preference is that the
angle of attack of each of the fixed vanes is the same, although it could be that in

some embodiments, the angle of attack can vary.

[0028] In forms of the invention which include a stator, the radial spokes of the

stator can also be formed as fixed vanes which are relatively thin and which have
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a depth in the axial direction of the fan assembly. The vanes can have an angle of
attack which is greater than zero to the direction of axial flow through the stator
again, in order to promote directional change of airflow through the stator and
downwind of the fan blades. Again, the preference is that the angle of attack of
each of the vanes is the same, although it could be that in some embodiments, the

angle of attack can vary.

[0029] In alternative forms of the invention which include a shroud and a stator
and in which both include radial spokes, the radial spokes of both the stator and
the shroud can be formed as fixed vanes which are relatively thin and which have
a depth in the axial direction of the fan assembly, but only the vanes of the stator
have an angle of attack greater than zero to the direction of axial flow through the
stator in order to promote directional change of airflow through the stator and

downwind of the fan blades.

[0030] In a preferred fan assembly according to the invention, each of the
shroud and the stator includes the fixed vanes as described above that have an
angle of attack greater than zero to the direction of axial airflow through the
respective shroud and stator. Where each of the shroud and stator include angled
vanes, the swirling motion of air discharged through the fan assembly is
maximised. The vanes of the shroud and stator can each be angled or have an
angle of attack in the same direction or they can be angled in opposite directions.
Also, where the angle of attack between the vanes of the shroud and stator are
opposite, the respective angles of attack can be of the same value (but in opposite

direction) or can be of different value.

[0031] The radial spokes of the shroud and a stator can be straight or can
have a twist from root to tip. The twist can be variable or constant. In this form of
the invention, the angle of attack of the spokes will vary from root to tip.
Accordingly, the where ranges are given for the angle of attack these can provide
the minimum angle at the root up to the maximum angle at the tip. The selected
angle can be dependent on the amount of swirl required and the velocity of air
being produced. In one form of the invention, the angle of attack of the vanes of
the stator at the root of the vanes can be 17.6 degrees, and at the vane tips can

be 22.4 degrees. In one form of the invention, the angle of attack of the vanes of
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the shroud at the root of the vanes can be 27.4 degrees, and at the vane tips can
be 29.2 degrees. These are examples only and the angle of attack can vary as

required.

[0032] It is to be noted that where the radial spokes of the shroud and/or the
stator are formed as fixed vanes of the kind described above, the vanes can be

formed to have an aerofoil shape.

[0033] Moreover, the shroud can be formed in any of the embodiments
discussed herein as having a duct profile, so that it promotes air intake through the
shroud. A duct profile is a profile in which the interior surface of the duct is curved
from a wider opening to a smaller opening (forming a venturi), while the outlet of
the duct downwind of the opening can continue this curvature, or can be relatively

straight.

[0034] In any of the different embodiments of a fan assembly according to the
invention discussed above, the fan blades can be angled from the fan hub forward
or in the direction of air flow through the fan assembly as this can facilitate the use
of a conical air intake guard as described before. In this arrangement, the annular
shroud can be displaced upwind of the shroud hub, with the radial spokes of the
shroud extending at an angle between the shroud and the shroud hub. Likewise,
the fan hub can be positioned coaxial with the shroud hub, with the fans being
angled forwardly in the upwind direction to match the forward mounting of the

shroud spokes and the conical form of the air intake.
Brief Description of Drawings

[0035] In order that the invention may be more fully understood, some

embodiments will now be described with reference to the figures in which:

[0036] Figure 1 is a perspective view of a fan assembly according to one

embodiment of the invention.
[0037] Figure 2 is an exploded rear side view of the fan assembly of Figure 1.

[0038] Figure 3 is an exploded front side view of the fan assembly of Figure 1.
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[0039] Figure 4 is a front view of the fan assembly of Figure 1.
[0040] Figure 5 is a side view of the fan assembly of Figure 1.
Detailed Description

[0041] Figure 1 is a perspective front view of a fan assembly according to an
embodiment of the invention. The fan assembly 10 includes a stator 11 which
includes a peripheral annular ring 12, a central stator hub 13 and a plurality of
radial spokes 14 that extend between an inside surface of the ring 12 and the hub
13. A further annular ring 15 extends between the ring 12 and hub 13 and assists

to retain the spokes 14 against movement and flexing.

[0042] The ring 12 of the stator 11 is connected to an annular shroud 17 only
the inside surface of which is visible in Figure 1. This shroud is better illustrated in
the exploded view of Figure 2 and reference will also be made to that figure

hereinafter.

[0043] The shroud 17 includes a front annular edge 18 and a rear annual edge
19 whereby reference to front and rear is a directional reference relative to the
direction of airflow through the fan assembly. The front edge extends from a
generally cylindrical section while the rear edge extends from a section that is

formed as a duct as defined earlier herein.

[0044] The shroud 17 also includes a plurality of radial spokes 20 and in the
illustrated arrangement, five spokes 20 are employed, although not all are visible
in either Figure 1 or 2. The spokes 20 extend from the inside surface 21 of the
shroud 17, to a central shroud hub 22. The hub 22 is annular and coaxial with the
shroud ring 17 and with the hub 13 of the stator 11.

[0045] The outer surface of the stator ring 12 includes a plurality of
equidistantly spaced recesses 24 which are provided to accommodate fasteners
which fasten the stator 11 to the shroud 16. The further exploded view of Figure 3
shows the openings 25 formed in the annular edge 19 of the shroud 16 that

receive the fasteners that are accommodate in the recesses 24.
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[0046] Disposed within the ring 17 of the shroud 16 is a fan 27 which
comprises a plurality of fan blades 28 mounted to a rotatable fan hub 29. Seven

blades 28 are included in the illustrated arrangement.

[0047] An endcap 30 mounts to the edge 31 of the shroud hub 22 and the
endcap 30 forms a connection point for the air intake guard 33. The air intake
guard includes a plurality of spaced apart radial spokes 34 (see Figure 5) that
extend between an inner annular ring 35 and an outer annular ring 36. The
annular ring 36 is interrupted at the gap G (see Figure 3) for the passage of a

liquid delivery hose 37, that will be discussed later herein.

[0048] A motor 40 includes a rotatable drive spindle 41 that engages through a
spline connection with a boss 42 of the fan 27. The motor 40 can be electrically or
hydraulically driven. In this respect, the preferred manufacturing form for the fan
27 is to injection mould the fan about a metallic boss, which includes a groove for
receipt of the spline formed on the spindle 41. The motor 40 includes a flange 43
which includes openings for receipt of fasteners to connect it to the radial section
44 of the shroud hub 22. The spindle 41 extends through the opening 45 of the
section 44 and into engagement with the boss 42 of the fan 27. Those fasteners
also extend into openings formed in return tabs 46 which form part of the mounting
arrangement to mount a fan assembly 10 to a post 47. The mounting arrangement
includes a pair of side plates 48 which are identical and which can be clamped by

bolts 49 onto the post 47 which can be part of a spraying apparatus.

[0049] The fan assembly 10 further includes a liquid delivery arrangement,
which in Figures 1 to 3 comprises a delivery hose 37 that extends to a supply of
liquid, generally pressurised liquid, and which feeds a plurality of liquid delivery
conduits 50 through a central delivery port 51. Each of the conduits 50 opens into
the port 51 and extends to a plurality of nozzle outlets 52. Figures 3 and 4 in
particular show a nozzle 53 applied to one of the nozzle outlets 52, but the other
nozzle outlets are shown without an actual nozzle fitted thereto. This shows that
nozzles 53 can be removed from the nozzle outlets 52 and replaced if damaged,
or replaced if a different style of nozzle, having a different spray pattern for

example, is to be used.
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[0050] Figures 4 and 5 are front and side views of the fan assembly as shown
in Figure 1.
[0051] It will evident from the figures that the nozzle 53 forms one outlet

through which liquid is discharged into the flow path of the fan blades 28. As
shown in Figure 4, the nozzle 53 is positioned adjacent to and downwind of the
root of the fan blades 28 where the fan blades connect to the hub 29. The spray
from the nozzle therefore sprays liquid, in droplet form, into the path of the fan
blades from a position generally centrally of the fan assembly. In prior art
arrangements, the nozzles would be positioned adjacent to the outer annular
periphery of the stator 11 or the shroud 16, such as adjacent the annular edge 18
of the shroud 16. It will be appreciated that in that construction, a tube, typically a
stainless steel tube, would need to have a diameter approximately equal to the
diameter of the edge 18 and include fittings for attachment of suitable nozzles. As
indicated before, by positioning the nozzles at the periphery of the fan assembly,
they are more likely to be damaged by interaction with the crops being sprayed, or

by interaction with equipment, such as other farming equipment.

[0052] The conduits 50 are fed through an inlet feeder 54 (see Figures 1 and
4), that feeds to the port 51 and through which delivery is made to the conduits 50.
Each of the conduits 50 and the feeder 54 could alternatively be formed in a solid
block, manifold or body which is injection moulded or machined. In fact, this is
preferred as a solid block, manifold or body can be can be produced inexpensively
and highly accurately and be lightweight but robust. An injection moulded block,
manifold or body can also include metal inserts where required, for the attachment
of nozzles. Alternatively, if the moulding material is suitable, the nozzles can be
threaded directly into the conduit outlets of the block, manifold or body to tap their
own thread, or a thread can be formed as part of the moulding process. An
injection moulded block, manifold or body (or a machined block, manifold or body)
can be generally solid apart from the liquid delivery conduits and can be positioned
either downstream of the fan hub 29, downstream of the stator hub 13, or between
the fan and the stator hubs. The block, manifold or body can be fixed in any

suitable manner such as to the stator 11 by bolting.
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[0053] The intake guard 33 is clearly shown in Figures 2 and 3, but Figure 5

most clearly shows the conical nature of the guard.

[0054] It can be seen from Figure 5 that the depth of the intake guard 33 is
greatest at the inner annular ring 35, and inclines downwardly to the ring 36. This
forms a conical guard or barrier against ingress of debris such as leaves and twigs
etc, when the fan assembly is operating and debris is present. The debris tends to
slide in a direction towards the outer annular ring 36 under the influence of the
pneumatic load applied to the debris by the rotating fan blades 28, and by that
mechanism, the debris is therefore removed from blocking the air intake to the fan
27. Once the debris reaches the periphery of the guard or the shroud, the
pneumatic load will drop and the debris can fall from the fan assembly having not
passed into the fan assembly. This is in contrast to prior art arrangements which
tend to have a generally flat guard, so that debris that is sucked onto the guard

remains on the guard until it is cleared manually.

[0055] Figures 2 and 3 clearly show the angle at of the radial spokes 20 of the
shroud 16. The spokes 20 have an angle of attack greater than zero and are
formed as vanes, which are relatively thin and which have a depth extending
between the edge 31 of the hub 22 and the radial section 44 of the hub 22. The
angle of the spokes 20 can be seen relative to a straight datum line D (see Figure
2). The spokes 20 as shown in the figures alter the direction of flow of air from
upwind of the shroud to downwind of the shroud. Thus, air that is drawn past the
spokes 20 tends to be redirected in the angular direction in which the spokes 20
are positioned, and therefore approaches the blades 28 already in a non-axial
direction. As discussed earlier, this tends to promote a swirling motion in the air
that is delivered from the fan assembly 10 giving the benefits as described above

in relation to interior penetration of agricultural crops.

[0056] To assist the swirling motion which is promoted by the spokes 20, the
spokes 14 of the stator 11 are also positioned to have an angle of attack greater
than zero. This can readily be seen in Figures 1 and 4 and in those figures, while
the spokes 14 have a reduced depth compared to the spokes 20, they
nevertheless are angled and cause the air that is delivered through the stator 11

by the fan 27 to continue the swirling motion which has already been established.
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The depth of the spokes 14 and 20 can be increased or decreased as required.
The swirling motion which is created by the arrangement discussed above has
been shown to improve the level of spray penetration into the interior of

agricultural crops, in particular citrus crops.

[0057] With reference to Figure 5, it is evident that the fan assembly 10 is of
much more compact construction than the prior art fans. Many prior art fans would
have a depth which is approximately twice that of the fan assembly 10 and thus
would be much heavier and more costly. This arises somewhat due to the
overlying arrangement of the stator and the shroud. That is, they are not
connected in series, but rather, the shroud nests within the stator. This also arises
somewhat due to the liquid delivery arrangement that is described and which if

very compact due to the position centrally of the fan assembly.

[0058] In addition, the inventor has designed the fan so that most of the parts
can be formed from plastic and can be injection moulded. In this regard, each of
the stator, the shroud, the fan and the liquid delivery arrangement can be injection
moulded from plastic or resin material. This dramatically reduces the weight of the
fan assembly when compared with prior art fans which are predominantly made

from metal or which are rotational moulded.

[0059] In addition, injection moulding of the fan and shroud enables a very
accurate mating arrangement between the tips of the fan blades 28 and the inside
surface of the ring 17 of the shroud 16. While many prior art fans have a gap of
between 10mm and 12mm between the fan tip and the facing shroud surface, the
inventor has achieved a gap (an average gap as described above) in the region of
4mm to 5Smm. This substantially increases the efficiency of the fan by reducing
flow loses between the shroud and the blades. Accordingly, it is a feature of the
invention that one or more of the fan, the shroud and the stator are injection

moulded.

[0060] Throughout the description and claims of the specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises", is

not intended to exclude other additives, components, integers or steps.
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[0061] The invention described herein is susceptible to variations,
modifications and/or additions other than those specifically described and it is to
be understood that the invention includes all such variations, modifications and/or

additions which fall within the spirit and scope of the present disclosure.
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CLAIMS

1.

A fan assembly, including:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced
equidistantly about the fan hub,

an annular shroud within which the fan blades rotate, whereby the
blade tips are in close facing relationship with a facing annular surface of
the shroud, the facing surface being positioned between front and rear
annular edges of the shroud, a plurality of radial spokes extending from the
shroud to a fixed central shroud hub which is coaxial with the fan hub,

an air intake guard at the rear of the fan assembly and including a
plurality of spaced apart radial spokes,

a stator at the front of the fan assembly, the stator including an
annular ring which is connected to the shroud and a plurality of radial
spokes extending from the ring to a fixed central stator hub which is coaxial
with the fan hub,

a liquid delivery arrangement that is connectable to a source of
liquid,
the liquid delivery arrangement including a plurality of discharge outlets
positioned to discharge liquid into the path of the fan blades from adjacent
the fan hub.

A fan assembly according to claim 1, the discharge outlets being positioned

adjacent to and downstream of the root of the fan blades.

A fan assembly according to claim 2, the discharge outlets being spray

nozzle discharge outlets.

A fan assembly according to claim 3, the liquid delivery arrangement
including a plurality of liquid delivery conduits and the discharge nozzles

being removably connected to outlets of the liquid delivery conduits.
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10.

A fan assembly according to any one of claims 1 to 3, the liquid delivery
arrangement including a manifold positioned adjacent the fan hub, the
manifold including an inlet for receipt of liquid and including a plurality of
liquid delivery conduits in liquid communication with the inlet and which

include the discharge outlets through which liquid is discharged.

A fan assembly according to claim 5, the manifold including a generally

solid body through which the liquid delivery conduits are formed.

A fan assembly according to claim 6, discharge nozzles being removably

connected the discharge outlets of the liquid delivery conduits.

A fan assembly according to any one of claims 5 to 7, the manifold being

positioned between the fan hub and the stator hub.

A fan assembly, including:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced
equidistantly about the fan hub,

an annular shroud within which the fan blades rotate, whereby the
blade tips are in close facing relationship with a facing annular surface of
the shroud, the facing surface being positioned between front and rear
annular edges of the shroud, a plurality of radial spokes extending from the
shroud to a fixed central shroud hub which is coaxial with the fan hub,

an air intake guard at the rear of the fan assembly and including a
plurality of spaced apart radial spokes, the spokes being formed in a conical
array that inclines from a generally central part of the fan assembly to a
peripheral part of the fan assembly, the depth of the intake guard being
greater at the central part of the fan assembly than at the peripheral part of

the fan assembly.

A fan assembly according to claim 10, further including a stator at the front

of the fan assembly, the stator including an annular ring which is connected



WO 2017/015708 21 PCT/AU2016/050663

11.

12.

13.

14.

to the shroud and a plurality of radial spokes extending from the ring to a

fixed central stator hub which is coaxial with the fan hub.

A fan assembly according to claim 9 or 10, the radial spokes of the intake

guard being wire spokes.

A fan assembly according to any one of claims 9 to 11, the radial spokes
being connected to annular rings at the central part of the fan assembly and

at the peripheral part of the fan assembly.

A fan assembly, including:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced
equidistantly about the fan hub,

an annular shroud within which the fan blades rotate, whereby the
blade tips are in close facing relationship with a facing annular surface of
the shroud, the facing surface being positioned between front and rear
annular edges of the shroud, a plurality of radial spokes extending from the
shroud to a fixed central shroud hub which is upwind and coaxial with the
fan hub,

the radial spokes being formed as fixed vanes which are relatively
thin and which have a depth in the axial direction of the fan assembly, the
vanes having an angle of attack greater than zero to the direction of axial
flow through the shroud in order to promote directional change of airflow

through the shroud and prior to the fan blades.

A fan assembly, including:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced
equidistantly about the fan hub,

an annular shroud within which the fan blades rotate, whereby the
blade tips are in close facing relationship with a facing annular surface of

the shroud, the facing surface being positioned between front and rear
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15.

annular edges of the shroud, a plurality of radial spokes extending from the
shroud to a fixed central shroud hub which is upwind and coaxial with the
fan hub,

a stator at the front of the fan assembly, the stator including an
annular ring which is connected to the shroud and a plurality of radial
spokes extending from the ring to a fixed central stator hub which is coaxial
with the fan hub,

the radial spokes being formed as fixed vanes which are relatively
thin and which have a depth in the axial direction of the fan assembly, the
vanes having an angle of attack greater than zero to the direction of axial
flow through the stator in order to promote directional change of airflow

through the stator and downwind of the fan blades.

A fan assembly, including:

a plurality of fan blades connected to a rotatable central fan hub and
extending radially outwardly from the fan hub, the fans being spaced
equidistantly about the fan hub,

an annular shroud within which the fan blades rotate,

a liquid delivery arrangement that is connectable to a source of
liquid,

the liquid delivery arrangement including a plurality of outlets
positioned to discharge liquid into the path of air delivery from the fan

blades generally centrally of the fan assembly.
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