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ies and an outlet duct through which cleansed fluid is discharged from
the cyclonic separator, wherein the outlet duct extends between two ad-
jacent cyclone bodies.
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CYCLONIC SEPARATOR COMPRISING AN OUTLET DUCT EXTENDING
BETWEEN TWO ADJACENT CYCLONE BODIES

The present invention relates to a cyclonic separator and to a vacuum cleaner

incorporating the same.

Vacuum cleaners having a cyclonic separator are now well known. Efforts are
continually being made to reduce the size of the cyclonic separator without adversely

affecting the performance of the separator.

In a first aspect, the present invention provides a cyclonic separator comprising a ring of
cyclone bodies and an outlet duct through which cleansed fluid is discharged from the
cyclonic separator, wherein the outlet duct extends between two adjacent cyclone

bodies.

In a conventional cyclonic separator having a ring of cyclone bodies, cleansed fluid
from the cyclone bodies is typically discharged into a manifold located above the
cyclone bodies. The outlet of the cyclonic separator is then located in a wall of the
manifold. In contrast, the outlet of the cyclonic separator of the present invention is
located between two of the cyclone bodies. As a result, the manifold may be omitted

and a vertically more compact cyclonic separator may be realised.

Each of the cyclone bodies may discharge fluid into the outlet duct, and the outlet duct
may have a first section and a second section. The first section then extends along an
axis about which the cyclone bodies are arranged, and the second section extends from
the first section to between the two adjacent cyclone bodies. In a conventional cyclonic
separator having a ring of cyclone bodies, the central space around which the cyclone
bodies are arranged is often unutilised. The present invention, on the other hand, makes
use of this space to locate the first section of the outlet duct. The second section then
branches from the first section and extends between two of the cyclone bodies. In
making use of the otherwise unutilised space, a more compact separator may be realised

without compromising on performance.
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The cyclonic separator may comprise an elongated filter located in the outlet duct. Dirt
that has not been separated from the fluid by the cyclone bodies may then be removed
by the filter. In employing an clongated filter, a relatively large surface arca may be

achieved for the filter.

The filter may comprise a hollow tube that is open at one end and closed at an opposite
end, and fluid from the cyclone bodies enters the interior of the filter via the open end
and passes through the filter into the outlet duct. As a result, the fluid acts to inflate the
filter and thus prevent the filter from collapsing. It is not therefore necessary for the

filter to include a frame or other support structure to retain the shape of the filter.

The cyclonic separator may comprise a dirt collection chamber into which dirt separated
by the cyclone bodies collects. The dirt collection chamber then surrounds at least part
of the outlet duct. Where the outlet duct comprises a first section that extends along an
axis about which the cyclone bodies are arranged, the dirt collection chamber surrounds
at least part of the first section. Since the dirt collection chamber surrounds at least part

of the outlet duct, a relatively compact cyclonic separator may be realised.

The dirt collection chamber and the outlet duct may share a common side wall. As a
result, less material is required for the cyclonic separator, thereby reducing the cost

and/or weight of the cyclonic separator.

The cyclonic separator may comprise a first cyclone stage and a second cyclone stage
located downstream of the first cyclone stage. The first cyclone stage then comprises a
cyclone chamber having a longitudinal axis, and the second cyclone stage comprises the
ring of cyclone bodies arranged about the longitudinal axis. The first cyclone stage is
intended to remove relatively large dirt from fluid admitted to the cyclonic separator.
The second cyclone stage, which is located downstream of the first cyclone stage, is
then intended to remove smaller dirt from the fluid. As a result, a relatively high

separation efficiency may be achieved for the cyclonic separator.
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The cyclone bodies may be located above the cyclone chamber and project downwards
into a space surrounded by the cyclone chamber. This then has the advantage of

reducing the height of the cyclonic separator.

The cyclone chamber may surround at least part of the outlet duct. As a result, a more
compact cyclonic separator may be realised. Each of the cyclone bodies may discharge
fluid into the outlet duct, and the outlet duct may have a first section that extends along
the longitudinal axis of the cyclone chamber, and a second section that extends from the
first section to between the two adjacent cyclone bodies. The cyclone chamber then

surrounds at least part of the first section of the outlet duct.

The cyclonic separator may comprise an inlet duct for carrying fluid to the cyclone
chamber, and the inlet duct may extend between the two adjacent cyclone bodies. As a
result, a more compact cyclonic separator may be realised. In particular, where the
cyclone bodies are located above the cyclone chamber, the cyclone bodies may project
downwards into a space surrounded by the cyclone chamber as to reduce the height of
the cyclonic separator. The inlet duct may then extend between the two cyclone bodies
such that fluid may be introduced into an upper part of the cyclone chamber without the

need to increase the height of the cyclonic separator.

The inlet duct may comprise a first section for carrying fluid in a direction along the
longitudinal axis of the cyclone chamber and a second section for turning the fluid into
the cyclone chamber. The second section then extends between the two adjacent
cyclone bodies. This then enables fluid to be carried through the cyclone chamber in a
manner that minimises, or indeed prevents, the inlet duct from interfering adversely

with the fluid spiralling within the cyclone chamber.

The inlet duct may extend from an opening in the base of the cyclonic separator. By
providing an opening in the base of the cyclonic separator, a less tortuous path may be

taken by fluid carried to the cyclonic separator. For example, when the cyclonic
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separator is employed in an upright vacuum cleaner, the cleaner head is generally
located below the cyclonic separator. Accordingly, the ducting responsible for carrying
fluid from the cleaner head to the cyclonic separator may take a less tortuous path,
thereby resulting in improved performance. Alternatively, when the cyclonic separator
is employed in a canister vacuum cleaner, the cyclonic separator may be arranged such
that the base of the cyclonic separator is directed towards the front of the vacuum
cleaner. The ducting responsible for carrying fluid to the cyclonic separator may then
be used to manoeuvre the vacuum cleaner. For example, the ducting may be pulled in
order to move the vacuum cleaner forwards. Moreover, the ducting may take a less
tortuous path thus improving performance. In particular, the ducting need not bend

around the base of the cyclonic separator.

The inlet duct may carry fluid to an upper part of the cyclone chamber. Fluid then
spirals in a direction that generally descends within the cyclone chamber. Dirt separated
from the fluid may then collect in a dirt collection chamber located below the cyclone

chamber.

The cyclone chamber may surround at least part of the inlet duct. This then results in a
relatively compact and streamlined cyclonic separator. In particular, an inlet duct that

extends along the outside of the cyclone chamber may be avoided.

Part of the inlet duct may be formed integrally with the outlet duct. As a result, less
material is required for the cyclonic separator, thereby reducing the cost and/or weight

of the cyclonic separator.

In a second aspect, the present invention provides a vacuum cleaner comprising a

cyclonic separator as described in any one of the preceding paragraphs.

In order that the present invention may be more readily understood, embodiments of the
invention will now be described, by way of example, with reference to the

accompanying drawings, in which:
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Figure 1 is a perspective view of an upright vacuum cleaner in accordance with the

present invention;

Figure 2 is a sectional side view of the upright vacuum cleaner;

Figure 3 is a sectional front view of the upright vacuum cleaner;

Figure 4 is a perspective view of the cyclonic separator of the upright vacuum cleaner;

Figure 5 is a sectional side view of the cyclonic separator of the upright vacuum

cleaner;

Figure 6 is a sectional plan view of the cyclonic separator of the upright vacuum

cleaner;

Figure 7 is a side view of a canister vacuum cleaner in accordance with the present

invention;

Figure 8 is a sectional side view of the canister vacuum cleaner;

Figure 9 is a side view of the cyclonic separator of the canister vacuum cleaner;

Figure 10 is a sectional side view of the cyclonic separator of the canister vacuum

cleaner; and

Figure 11 is a sectional plan view of the cyclonic separator of the canister vacuum

cleaner.

The upright vacuum cleaner 1 of Figures 1 to 3 comprises a main body 2 to which are

mounted a cleaner head 3 and a cyclonic separator 4. The cyclonic separator 4 is
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removable from the main body 2 such that dirt collected by the separator 4 may be
emptied. The main body 2 comprises a suction source 7, upstream ducting 8 that
extends between the cleaner head 3 and an inlet 5 of the cyclonic separator 4, and
downstream ducting 9 that extends between an outlet 6 of the cyclonic separator 4 and
the suction source 7. The suction source 7 is thus located downstream of the cyclonic

separator 4, which in turn is located downstream of the cleaner head 3.

The suction source 7 is mounted within the main body 2 at a location below the
cyclonic separator 4. Since the suction source 7 is often relatively heavy, locating the
suction source 7 below the cyclonic separator 4 provides a relatively low centre of
gravity for the vacuum cleaner 1. As a result, the stability of the vacuum cleaner 1 is
improved. Additionally, handling and manoeuvring of the vacuum cleaner 1 are made

easier.

In use, the suction source 7 draws dirt-laden fluid in through a suction opening of the
cleaner head 3, through the upstream ducting 8 and into the inlet 5 of the cyclonic
separator 4. Dirt is then separated from the fluid and retained within the cyclonic
separator 4. The cleansed fluid exits the cyclonic separator 4 via the outlet 6, passes
through the downstream ducting 9 and into the suction source 7. From the suction
source 7, the cleansed fluid is exhausted from the vacuum cleaner 1 via vents 10 in the

main body 2.

Referring now to Figures 4 to 6, the cyclonic separator 4 comprises a first cyclone
stage 11, a second cyclone stage 12 located downstream of the first cyclone stage 11, an
inlet duct 13 for carrying fluid from the inlet 5 to the first cyclone stage 11, an outlet
duct 14 for carrying fluid from the second cyclone stage 12 to the outlet 6, and a
filter 15.

The first cyclone stage 11 comprises an outer side wall 16, an inner side wall 17, a

shroud 18 located between the outer and inner side walls 16,17, and a base 19.
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The outer side wall 16 is cylindrical in shape and surrounds the inner side wall 17 and
the shroud 18. The inner side wall 17 is generally cylindrical in shape and is arranged
concentrically with the outer side wall 16. The upper part of the inner side wall 17 is
fluted, as can be seen in Figure 6. As explained below, the flutes provide passageways
along which dirt separated by the cyclones bodies 28 of the second cyclone stage 12 are
guided to a dirt collection chamber 37.

The shroud 18 comprises a circumferential wall 20, a mesh 21 and a brace 22. The
wall 20 has a flared upper section, a cylindrical central section, and a flared lower
section. The wall 20 includes a first aperture that defines an inlet 23 and a second larger
aperture that is covered by the mesh 21. The shroud 18 is secured to the inner side
wall 17 by the brace 22, which extends between a lower end of the central section and

the inner side wall 17.

The upper end of the outer side wall 16 is sealed against the upper section of the
shroud 18. The lower end of the outer side wall 16 and the lower end of the inner
side 17 wall are sealed against and closed off by the base 19. The outer side wall 16,
the inner side wall 17, the shroud 18 and the base 19 thus collectively define a chamber.
The upper part of this chamber (i.e. that part generally defined between the outer side
wall 16 and the shroud 18) defines a cyclone chamber 25, whilst the lower part of the
chamber (i.c. that part generally defined between the outer side wall 16 and the inner
side wall 17) defines a dirt collection chamber 26. The first cyclone stage 11 therefore
comprises a cyclone chamber 25 and a dirt collection chamber 26 located below the

cyclone chamber 25.

Fluid enters the cyclone chamber 25 via the inlet 23 in the shroud 18. The mesh 21 of
the shroud 18 comprises a plurality of perforations through which fluid exits the cyclone
chamber 25. The shroud 18 therefore serves as both an inlet and an outlet for the
cyclone chamber 25. Owing to the location of the inlet 23, fluid is introduced into an
upper part of the cyclone chamber 25. During use, dirt may accumulate on the surface

of the mesh 21, thereby restricting the flow of fluid through the cyclonic separator 4.
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By introducing fluid into an upper part of the cyclone chamber 25, fluid spirals
downwardly within the cyclone chamber 25 and helps to sweep dirt off the mesh 21 and
into the dirt collection chamber 26.

The space between the shroud 18 and the inner side wall 17 defines a fluid
passageway 27 that is closed at a lower end by the brace 21. The fluid passageway 27 is

open at an upper end and provides an outlet for the first cyclone stage 11.

The second cyclone stage 12 comprises a plurality of cyclone bodies 28, a plurality of

guide ducts 29, a manifold cover 30, and a base 31.

The cyclone bodies 28 are arranged as two layers, each layer comprising a ring of
cyclone bodies 28. The cyclone bodies 28 are arranged above the first cyclone stage 11,
with the lower layer of cyclone bodies 28 projecting below the top of the first cyclone

stage 11.

Each cyclone body 28 is generally frusto-conical in shape and comprises a tangential
inlet 32, a vortex finder 33, and a cone opening 34. The interior of each cyclone
body 28 defines a cyclone chamber 35. Dirt-laden fluid enters the cyclone chamber 35
via the tangential inlet 32. Dirt separated within the cyclone chamber 35 is then
discharged through the cone opening 34 whilst the cleansed fluid exits through the
vortex finder 33. The cone opening 34 thus serves as a dirt outlet for the cyclone

chamber 35, whilst the vortex finder 33 serves as a cleansed-fluid outlet.

The inlet 32 of each cyclone body 28 is in fluid communication with the outlet of the
first cyclone stage 11, i.e. the fluid passageway 27 defined between the shroud 18 and
the inner side wall 17. For example, the second cyclone stage 12 may comprise a
plenum into which fluid from the first cyclone stage 11 is discharged. The plenum then
feeds the inlets 32 of the cyclone bodies 28. Alternatively, the second cyclone stage 12
may comprise a plurality of distinct passageways that guide fluid from the outlet of first

cyclone stage 11 to the inlets 32 of the cyclone bodies 28.
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The manifold cover 30 is dome-shaped and is located centrally above the cyclone
bodies 28. The interior space bounded by the cover 30 defines a manifold 36, which
serves as an outlet for the second cyclone stage 12. FEach guide duct 29 extends

between a respective vortex finder 33 and the manifold 36.

The interior space bounded by the inner side wall 17 of the first cyclone stage 11
defines a dirt collection chamber 37 for the second cyclone stage 12. The dirt collection
chambers 26,37 of the two cyclone stages 11,12 are therefore adjacent and share a
common wall, namely the inner side wall 17. In order to distinguish the two dirt
collection chambers 26,37, the dirt collection chamber 26 of the first cyclone stage 11
will hereafter be referred to as the first dirt collection chamber 26, and the dirt collection
chamber 37 of the second cyclone stage 12 will hereafter be referred to as the second

dirt collection chamber 37.

The second dirt collection chamber 37 is closed off at a lower end by the base 31 of the
second cyclone stage 12. As explained below, the inlet duct 13 and the outlet duct 14
both extend through the interior space bounded by the inner side wall 17. Accordingly,
the second dirt collection chamber 37 is delimited by the inner side wall 17, the inlet

duct 13 and the outlet duct 14.

The cone opening 34 of each cyclone body 28 projects into the second dirt collection
chamber 37 such that dirt separated by the cyclone bodies 28 falls into the second dirt
collection chamber 37. As noted above, the upper part of the inner side wall 17 is
fluted. The flutes provide passageways along which dirt separated by the lower layer of
cyclones bodies 28 is guided to the second dirt collection chamber 37; this is perhaps
best illustrated in Figure 5. Without the flutes, a larger diameter would be required for
the inner side wall 17 in order to ensure that the cone openings 34 of the cyclone

bodies 28 project into the second dirt collection chamber 37.
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The base 31 of the second cyclone stage 12 is formed integrally with the base 19 of the
first cyclone stage 11. Moreover, the common base 19,31 is pivotally mounted to the
outer side wall 16 and is held closed by a catch 38. Upon releasing the catch 38, the
common base 19,31 swings open such that the dirt collection chambers 26,37 of the two

cyclone stages 11,12 are emptied simultancously.

The inlet duct 13 extends upwardly from the inlet 5 in the base of the cyclonic
separator 4 and through the interior space bounded by the inner side wall 17. At a
height corresponding to an upper part of the first cyclone stage 11, the inlet duct 13
turns and extends through the inner side wall 17, through the fluid passageway 27, and
terminates at the inlet 23 of the shroud 18. The inlet duct 13 therefore carries fluid from

the inlet 5 in the base of the cyclonic separator 4 to the inlet 23 in the shroud 18.

The inlet duct 13 may be regarded as having a lower first section 39 and an upper
second section 40. The first section 39 is generally straight and extends axially (i.c. in a
direction parallel to the longitudinal axis of the cyclone chamber 25) through the
interior space bounded by the inner side wall 17. The second section 40 comprises a
pair of bends. The first bend turns the inlet duct 13 from axial to generally radial (i.e. in
a direction generally normal to the longitudinal axis of the cyclone chamber 25). The
second bend turns the inlet duct 13 in a direction about the longitudinal axis of the
cyclone chamber 25. The first section 39 therefore carries fluid axially through the
cyclonic separator 4, whilst the second section 40 turns and introduces the fluid into the

cyclone chamber 25.

Since the inlet duct 13 terminates at the inlet 23 of the shroud 18, it is not possible for
the inlet duct 13 to introduce fluid tangentially into the cyclone chamber 25.
Nevertheless, the downstream end of the inlet duct 13 turns the fluid sufficiently that
cyclonic flow is achieved within the cyclone chamber 25. Some loss in fluid speed may
be experienced as the fluid enters the cyclone chamber 25 and collides with the outer

side wall 16. In order to compensate for this loss in fluid speed, the downstream end of
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the inlet duct 13 may decrease in cross-sectional area in a direction towards the inlet 23.

As a result, fluid entering the cyclone chamber 25 is accelerated by the inlet duct 13.

Fluid within the cyclone chamber 25 is free to spiral about the shroud 18 and over the
inlet 23. The juncture of the inlet duct 13 and the shroud 18 may be regarded as
defining an upstream edge 41 and a downstream edge 42 relative to the direction of
fluid flow within the cyclone chamber 25. That is to say that fluid spiralling within the
cyclone chamber 25 first passes the upstream edge 41 and then the downstream edge 42.
As noted above, the downstream end of the inlet duct 13 curves about the longitudinal
axis of the cyclone chamber 25 such that fluid is introduced into the cyclone
chamber 25 at an angle that encourages cyclonic flow. Additionally, the downstream
end of the inlet duct 13 is shaped such the upstream edge 41 is sharp and the
downstream edge 42 is rounded or blended. As a result, fluid entering the cyclone
chamber 25 is turned further by the inlet duct 13. In particular, by having a rounded
downstream edge 42, fluid is encouraged to follow the downstream edge 42 by means

of the Coanda effect.

The outlet duct 14 extends from the manifold 36 of the second cyclone stage 12 to the
outlet 6 in the base of the cyclonic separator 4. The outlet duct 14 extends through a
central region of the cyclonic separator 4 and is surrounded by both the first cyclone

stage 11 and the second cyclone stages 12.

The outlet duct 14 may be regarded as having a lower first section and an upper second
section. The first section of the outlet duct 14 and the first section 39 of the inlet
duct 13 are adjacent and share a common wall. Moreover, the first section of the outlet
duct 14 and the first section 39 of the inlet duct 13 each have a cross-section that is
generally D-shaped. Collectively, the first sections of the two ducts 13,14 form a
cylindrical element that extends upwardly through the interior space bound by the inner
side wall 17; this is best illustrated in Figures 3 and 6. The cylindrical element is
spaced from the inner side wall 17 such that the second dirt collection chamber 37,

which is delimited by the inner side wall 17, the inlet duct 13 and the outlet duct 14, has
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a generally annular cross-section. The second section of the outlet duct 14 has a circular

cross-section.

The filter 15 is located in the outlet duct 14 and is elongated in shape. More
particularly, the filter 15 comprises a hollow tube having an open upper end 43 and a
closed lower end 44. The filter 15 is located in the outlet duct 14 such that fluid from
the second cyclone stage 12 enters the hollow interior of the filter 15 via the open
end 43 and passes through the filter 15 into the outlet duct 14. Fluid therefore passes
through the filter 15 before being discharged through the outlet 6 in the base of the

cyclonic separator 4.

The cyclonic separator 4 may be regarded as having a central longitudinal axis that is
coincident with the longitudinal axis of the cyclone chamber 25 of the first cyclone
stage 11. The cyclone bodies 28 of the second cyclone stage 12 are then arranged about
this central axis. The outlet duct 14 and the first section 39 of the inlet duct 13 then
extend axially (i.e. in a direction parallel to the central axis) through the cyclonic

separator 4.

In use, dirt-laden fluid is drawn into the cyclonic separator 4 via the inlet 5 in the base
of the cyclonic separator 4. From there, the dirt-laden fluid is carried by the inlet
duct 13 to the inlet 23 in the shroud 18. The dirt-laden fluid then enters the cyclone
chamber 25 of the first cyclone stage 11 via the inlet 23. The dirt-laden fluid spirals
about the cyclone chamber 25 causing coarse dirt to be separated from the fluid. The
coarse dirt collects in the dirt collection chamber 26, whilst the partially cleansed fluid
is drawn through the mesh 21 of the shroud 18, up through the fluid passageway 27, and
into the second cyclone stage 12. The partially cleansed fluid then divides and is drawn
into the cyclone chamber 35 of each cyclone body 28 via the tangential inlet 32. Fine
dirt separated within the cyclone chamber 35 is discharged through the cone opening 34
and into the second dirt collection chamber 37. The cleansed fluid is drawn up through
the vortex finder 33 and along a respective guide duct 29 to the manifold 36. From

there, the cleansed fluid is drawn into the interior of the filter 15. The fluid passes
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through the filter 15, which acts to removes any residual dirt from the fluid, and into the
outlet duct 14. The cleansed fluid is then drawn down the outlet duct 14 and out

through the outlet 6 in the base of the cyclonic separator 4.

The cleaner head 3 of the vacuum cleaner 1 is located below the cyclonic separator 4.
By having an inlet 5 located at the base of the cyclonic separator 4, a less tortuous path
may be taken by the fluid between the cleaner head 3 and the cyclonic separator 4.
Since a less tortuous path may be taken by the fluid, an increase in airwatts may be
achieved. Similarly, the suction source 7 is located below the cyclonic separator 4.
Accordingly, by having an outlet 6 located at the base of the cyclonic separator 4, a less
tortuous path may be taken by the fluid between the cyclonic separator 4 and the suction

source 7. As aresult, a further increase in airwatts may be achieved.

Since the inlet duct 13 and the outlet duct 14 are located within a central region of the
cyclonic separator 4, there is no external ducting extending along the length of the

cyclonic separator 4. Accordingly, a more compact vacuum cleaner 1 may be realised.

In extending through the interior of the cyclonic separator 4, the volume of the second
dirt collection chamber 37 is effectively reduced by the inlet duct 13 and the outlet
duct 14. However, the second cyclone stage 12 is intended to remove relatively fine dirt
from the fluid. Accordingly, it is possible to sacrifice part of the volume of the second
dirt collection chamber 37 without significantly reducing the overall dirt capacity of the

cyclonic separator 4.

The first cyclone stage 11 is intended to remove relatively coarse dirt from the fluid. By
having a first dirt collection chamber 26 that surrounds the second dirt collection
chamber 37, the inlet duct 13 and the outlet duct 14, a relatively large volume may be
achiecved for the first dirt collection chamber 26. Moreover, since the first dirt
collection chamber 26 is outermost, where the outer diameter is greatest, a relatively
large volume may be achieved whilst maintaining a relatively compact overall size for

the cyclonic separator 4.
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By locating the filter 15 within the outlet duct 14, further filtration of the fluid is
achieved without any significant increase in the overall size of the cyclonic separator 4.
Since the outlet duct 14 extends axially through the cyclonic separator 4, an elongated

filter 15 having a relatively large surface area may be employed.

The canister vacuum cleaner 50 of Figures 7 and 8 comprises a main body 51 to which a
cyclonic separator 52 is removably mounted. The main body 51 comprises a suction
source 55, upstream ducting 56 and downstream ducting 57. One end of the upstream
ducting 56 is coupled to an inlet 53 of the cyclonic separator 52. The other end of the
upstream ducting 56 is intended to be coupled to a cleaner head by means of, for
example, a hose-and-wand assembly. One end of the downstream ducting 57 is coupled
at an outlet 54 of the cyclonic separator 52, and the other end is coupled to the suction
source 55. The suction source 55 is therefore located downstream of the cyclonic

separator 52, which in turn is located downstream of the cleaner head.

Referring now to Figures 9 to 11, the cyclonic separator 52 is identical in many respects
to that described above and illustrated in Figures 4 to 6. In particular, the cyclonic
separator 52 comprises a first cyclone stage 58, a second cyclone stage 59 located
downstream of the first cyclone stage 58, an inlet duct 60 for carrying fluid from the
inlet 53 to the first cyclone stage 58, an outlet duct 61 for carrying fluid from the second
cyclone stage 59 to the outlet 54, and a filter 62. In view of the similarity between the
two cyclonic separators 4,52, a full description of the cyclonic separator 52 will not be
repeated.  Instead, the following paragraphs will concentrate primarily on the

differences that exist between the two cyclonic separators 4,52.

The first cyclone stage 58, like that previously described, comprises an outer side
wall 63, an inner side wall 64, a shroud 65 and a base 66, which collectively define a
cyclone chamber 67 and a dirt collection chamber 68. With the cyclonic separator 4 of
Figures 4 to 6, the base 19 of first cyclone stage 11 comprises a seal that seals against

the inner side wall 17. With the cyclonic separator 52 of Figures 9 to 11, the lower part
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of the inner side wall 64 is formed of a flexible material which then seals against an
annual ridge 71 formed in the base 66 of the first cyclone stage 58. Otherwise, the first

cyclone stage 58 is essentially unchanged from that described above.

The second cyclone stage 59, again like that previously described, comprises a plurality
of cyclone bodies 72, a plurality of guide ducts 73, and a base 74. The second cyclone
stage 12 illustrated in Figures 4 to 6 comprises two layers of cyclone bodies 28. In
contrast, the second cyclone stage 59 of Figures 9 to 11 comprises a single layer of

cyclone bodies 72. The cyclone bodies 72 are themselves unchanged.

The second cyclone stage 12 of the cyclonic separator 4 of Figures 4 to 6 comprises a
manifold 36, which serves as an outlet of the second cyclone stage 12. Each of the
guide ducts 29 of the second cyclone stage 12 then extends between the vortex finder 33
of a cyclone body 28 and the manifold 36. In contrast, the second cyclone stage 59 of
the cyclonic separator 52 of Figures 9 to 11 does not comprise a manifold 36. Instead,
the guide ducts 73 of the second cyclone stage 59 meet in the centre at the top of the
second cyclone stage 59 and collectively define the outlet of the second cyclone

stage 59.

The inlet duct 60 again extends upwardly from an inlet 53 in the base of the cyclonic
separator 52 and through the interior space bounded by the inner side wall 64.
However, the first section 76 of the inlet duct 60 (i.c. that section which extends axially
through the interior space) is not spaced from the inner side wall 64. Instead the first
section 76 of the inlet duct 60 is formed integrally with the inner side wall 64.
Accordingly, the first section 76 of the inlet duct 60 is formed integrally with both the
inner side wall 64 and the outlet duct 61. Owing to the locations of the inlet duct 60 and
the outlet duct 61, the second dirt collection chamber 75 may be regarded as C-shaped
in cross-section. Otherwise, the inlet duct 60 is largely unchanged from that described

above and illustrated in Figures 4 to 6.
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The most significant differences between the two cyclonic separators 4,52 resides in the
locations of the outlets 6,54 and the shapes of the outlet ducts 14,61. Unlike the
cyclonic separator 4 of Figures 4 to 6, the outlet 54 of the cyclonic separator 52 of
Figures 9 to 11 is not located in the base of the cyclonic separator 52. Instead, as will

now be explained, the outlet 54 is located at an upper part of the cyclonic separator 52.

The outlet duct 61 of the cyclonic separator 52 comprises a first section 78 and a second
section 79. The first section 78 extends axially through the cyclonic separator 52. More
particularly, the first section 78 extends from an upper part to a lower part of the
cyclonic separator 52. The first section 78 is open at an upper end and is closed at a
lower end. The second section 79 extends outwardly from an upper part of the first
section 78 to between two adjacent cyclone bodies 72. The free end of the second

section 79 then serves as the outlet 54 of the cyclonic separator 52.

The filter 62 is essentially unchanged from that described above and illustrated in
Figures 4 to 6. In particular, the filter 62 is elongated and is located in the outlet duct
61. Again, the filter 62 comprises a hollow tube having an open upper end 80 and a
closed lower end 81. Fluid from the second cyclone stage 59 enters the hollow interior
of the filter 62, passes through the filter 62 and into the outlet duct 61. Although the
outlet 54 of the cyclonic separator 52 is located at a top part of the cyclonic separator
52, the provision of an outlet duct 61 that extends axially through the cyclonic separator
52 provides space in which to house the filter 62. Consequently, an elongated filter 62

having a relatively large surface area may be employed.

The upstream ducting 56 is located at a front end of the vacuum cleaner 50. Moreover,
the upstream ducting 56 extends along an axis that is generally perpendicular to the
rotational axis of the wheels 82 of the vacuum cleaner 50. Consequently, when a hose
is attached to the upstream ducting 56, the vacuum cleaner 50 can be conveniently
moved forward by pulling at the hose. By locating the inlet 53 of the cyclonic
separator 52 in the base, a less tortuous path may be taken by the fluid when travelling

from the hose to the cyclonic separator 52. In particular, it is not necessary for the
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upstream ducting 56 to bend around the base and then extend along the side of the

cyclonic separator 52. As a result, an increase in airwatts may be achieved.

By locating the inlet 53 at the base of the cyclonic separator 52, the vacuum cleaner 50
can be conveniently tilted backwards by pulling upwards on the upstream ducting 56 or
a hose attached thereto. Tilting the vacuum cleaner 50 backwards causes the front of
the vacuum cleaner 50 to lift off the ground so that the vacuum cleaner 50 is supported
by the wheels 82 only. This then allows the vacuum cleaner 50 to be manoeuvred over

bumps or other obstacles on the floor surface.

The cyclonic separator 52 is mounted to the main body 51 such that the base of the
cyclonic separator 52 is directed towards the front of the vacuum cleaner 50, i.e. the
cyclonic separator 52 is tilted from vertical in a direction which pushes the base of the
cyclonic separator 52 towards the front of the vacuum cleaner 50. Directing the base of
the cyclonic separator 52 towards the front of the vacuum cleaner 50 reduces the angle

through which the fluid is turned by the upstream ducting 56.

The suction source 55 is not located below the cyclonic separator 52; that is to say that
the suction source 55 is not located below the base of the cyclonic separator 52. It is for
this reason that the outlet 54 of the cyclonic separator 52 is not located in the base.
Instead, the outlet 54 is located at an upper part of the cyclonic separator 52. As a
result, a shorter and less tortuous path may be taken by the fluid between the cyclonic

separator 52 and the suction source 55.

In having an outlet duct 61 that extends between two of the cyclone bodies 72, a more
compact cyclonic separator 52 may be realised. For known cyclonic separators having a
ring of cyclone bodies, fluid is often discharged into a manifold located above the
cyclone bodies. The outlet of the cyclonic separator is then located in a wall of the
manifold. In contrast, with the cyclonic separator 52 of Figures 9 to 11, fluid is
discharged from the cyclone bodies 72 into a first section 78 of the outlet duct 61, about

which the cyclone bodies 72 are arranged. A second section 79 of the outlet duct 61
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then extends outwardly from the first section 78 to between two of the cyclone
bodies 72. As a result, the manifold may be omitted and thus the height of the cyclonic
separator 52 may be reduced. In conventional cyclonic separators, the central space
around which the cyclone bodies are arranged is often unutilised. The cyclonic
separator 52 of Figures 9 to 11, on the other hand, makes use of this space to locate the
first section 78 of the outlet duct 61. The second section 79 of the outlet duct 61 then
extends outwardly from the first section 78 to between the two cyclone bodies 72. In
making use of the otherwise unutilised space, the height of the cyclonic separator 52

may be reduced without compromising on performance.

In order to further reduce the height of the cyclonic separator 52, the cyclone bodies 72
of the second cyclone stage 59 project below the top of the first cyclone stage 58. As a
consequence, the shroud 65 and the cyclone chamber 67 surround the lower ends of the
cyclone bodies 72. The inlet duct 60 then extends between the same two cyclone bodies
as that of the outlet duct 61. As a result, fluid may be introduced into an upper part of
the cyclone chamber 67 without the need to increase the height of the cyclonic

separator 52.

As with the cyclonic separator 4 of Figures 4 to 6, the inlet duct 60 and the outlet
duct 61 extend through the interior of the cyclonic separator 52. Accordingly, there is
no external ducting extending along the length of the cyclonic separator 52 and thus a

more compact vacuum cleaner 50 may be realised.

In each of the embodiments described above, fluid from the second cyclone stage 12,59
enters the hollow interior of the filter 15,62. The fluid then passes through the
filter 15,62 and into the outlet duct 14,61. By directing the fluid into the hollow interior
of the filter 15,62, the fluid acts to inflate the filter 15,62 and thus prevents the
filter 15,62 from collapsing. Consequently, it is not necessary for the filter 15,62 to
include a frame or other support structure in order to retain the shape of the filter 15,62.

Nevertheless, if desired or indeed required, the filter 15,62 may include a frame or other
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support structure. By providing a frame or support structure, the direction of fluid

through the filter 15,62 may be reversed.

In the embodiments described above, the inlet duct 13,60 and the outlet duct 14,61 are
adjacent one another. Conceivably, however, the inlet duct 13,60 may be nested within
the outlet duct 14.61. For example, the first section 39,76 of the inlet duct 13,60 may
extend axially within the outlet duct 14,61. The second section 40,77 of the inlet
duct 13,60 then turns and extends through the wall of the outlet duct 14,61 and into the
first cyclone stage 11,58. Alternatively, the lower part of the outlet duct 14,61 may be
nested within the inlet duct 13,60. As the inlet duct 13,60 turns from axial to radial, the
outlet duct 14,61 then extends upwardly through the wall of the inlet duct 13,60.

The first dirt collection chamber 26,68 is delimited by the outer side wall 16,63 and the
inner side wall 17,64, and the second dirt collection chamber 37,75 is delimited by the
inner side wall 17,64, the inlet duct 13,60 and the outlet duct 14,61. However, in the
embodiment illustrated in Figures 9 to 11, the outlet duct 61 may be shorter such that
the second dirt collection chamber 75 is delimited by the inner side wall 64 and the inlet
duct 60 only. Moreover, for the situation described in the preceding paragraph in which
the inlet duct 13,60 and outlet duct 14,61 are nested, the second dirt collection
chamber 37,75 is delimited by the inner side wall 17,64 and one only of the inlet
duct 13,60 and the outlet duct 14,61.

In each of the embodiments described above, the outlet duct 14,61 extends axially
through the cyclonic separator 4,52. In the embodiment illustrated in Figures 4 to 6, the
outlet duct 14 extends to an outlet 6 located in the base of the cyclonic separator 4. In
the embodiment illustrated in Figures 9 to 11, the outlet duct 61 stops short of the base.
In having an outlet duct 14,61 that extends axially through the cyclonic separator 4,52,
adequate space is provided for a relatively long filter 15,62. However, it is not essential
that the outlet duct 14,61 extends axially through the cyclonic separator 4,52 or that a
filter 15,62 is employed in the cyclonic separator 4,52. Irrespective of whether the
outlet duct 14,61 extends axially through the cyclonic separator 4,52 or whether a
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filter 15,62 is employed, the cyclonic separator 4,52 continues to exhibit many of the
advantages described above, ¢.g. a less tortuous path between the cleaner head and the
inlet 5,53 of the cyclonic separator 4,52, and a more compact cyclonic separator 4,52

with no external ducting extending to the inlet 5,53.

In order to conserve both space and materials, part of the inlet duct 13,60 is formed
integrally with the outlet duct 14,61. Part of the inlet duct 13,60 may also be formed
integrally with the inner side wall 17,64 and/or the shroud 18,65. In reducing the
amount of material required for the cyclonic separator 4,52, the cost and/or weight of
the cyclonic separator 4,52 are reduced. Nevertheless, if required (e.g. in order to
simplify manufacture or assembly of the cyclonic separator 4,52), the inlet duct 13,60
may be formed separately from the outlet duct 14,61, the inner side wall 17,64 and/or
the shroud 18,65.

In the embodiments described above, the first dirt collection chamber 26,68 completely
surrounds the second dirt collection chamber 37,75, as well as the inlet duct 13,60 and
the outlet duct 14,61. However, an alternative vacuum cleaner may place constraints on
the shape of the cyclonic separator 4,52 and in particular the shape of the first dirt
collection chamber 26,68. For example, it may be necessary to have a first dirt
collection chamber 26,68 that is C-shaped. In this instance, the first dirt collection
chamber 26,68 no longer completely surrounds the second dirt collection
chamber 37,75, the inlet duct 13,60 and the outlet duct 14,61. Nevertheless the first dirt
collection chamber 26,68 surrounds at least partly the second dirt collection
chamber 37,75, the inlet duct 13,60 and the outlet duct 14,61, which are all located
inwardly of the first dirt collection chamber 26,68.

In each of the embodiments described above, fluid is introduced into the cyclone
chamber 25,67 of the first cyclone stage 11,58 via an inlet 23,70 formed in a wall of the
shroud 18,65. This arrangement has led to improvements in separation efficiency when
compared with a conventional cyclone chamber having a tangential inlet located at the

outer side wall. At the time of writing, the mechanisms responsible for the



10

15

20

25

30

WO 2012/140452 PCT/GB2012/050839

21

improvement in separation efficiency are not fully understood. For a conventional
cyclone chamber having a tangential inlet at the outer side wall, increased abrasion has
been observed on the side of the shroud at which fluid is introduced into the cyclone
chamber. It is therefore believed that the shroud presents a first line-of-sight for fluid
introduced into the cyclone chamber. As a result, part of the fluid entering the cyclone
chamber first impacts the surface of the shroud rather than the outer side wall.
Impacting the surface in this manner means that dirt entrained in the fluid has little
opportunity to separate in the cyclone chamber. Consequently, dirt smaller than the
shroud perforations will pass immediately through the shroud and will not experience
any separation, thereby resulting in a drop in separation efficiency. With the cyclonic
separators 4,52 described above, the inlet 23,70 to the cyclone chamber 25,67 is located
at a surface of the shroud 18,65. As a result, fluid is introduced into the cyclone
chamber 25,67 in a direction away from the shroud 18,65. Consequently, the first line-
of-sight for the fluid is the outer side wall 16,63. The direct route through the
shroud 18,65 1is therefore eliminated and thus there is a net increase in separation

efficiency.

It is by no means obvious that locating the inlet 23,70 to the cyclone chamber 25,67 at
the shroud 18,65 would result in an increase in separation efficiency. The shroud 18,65
comprises a plurality of perforations through which fluid exits the cyclone
chamber 25,67. By locating the inlet 23,70 at the shroud 18,65, less area is made
available for the perforations. As a result of the decrease in area, fluid passes through
the shroud perforations at greater speed. This increase in fluid speed leads to increased
dirt re-entrainment, which should result in a drop in separation efficiency. In contrast,

however, a net increase in separation efficiency is observed.

Although reference has thus far been made to a shroud 18,65 having a mesh 21, other
types of shroud having perforations through which fluid exits the cyclone
chamber 25,67 may equally be used. For example, the mesh may be omitted and the
perforations may be formed directly in the wall 20 of the shroud 18,65; this type of

shroud can be found on many Dyson vacuum cleaners, ¢.g. DC25.
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In the embodiments described above, the inlet duct 13,60 terminates at the inlet 23,70 of
the shroud 18,65. This then has the advantage that the inlet duct 13,60 does not project
into the cyclone chamber 25,67, where it may interfere adversely with the fluid flow.
Nevertheless, one might alternatively have an inlet duct 13,60 that extends beyond the
shroud 18,65 and into the cyclone chamber 25,67. By extending beyond the
shroud 18,65, the inlet duct 13,60 may then turn such that fluid is introduced
tangentially into the cyclone chamber 25,67. Depending on the particular design of
cyclonic separator 4,52, the advantages of introducing the fluid tangentially into the
cyclone chamber 25,67 may outweigh the disadvantages arising from interference
between the inlet duct 13,60 and the spiralling fluid. Moreover, measures may be taken
to mitigate interference from the inlet duct 13,60. For example, the part of the inlet
duct 13,60 that projects into the cyclone chamber 25,67 may be shaped at the rear (e.g.
ramped) such that spiralling fluid colliding with the rear of the inlet duct 13,60 is guided
downwards. Alternatively, the first cyclone stage 11,58 may comprise a guide vane that
extends between the outer side wall 16,63 and the shroud 18,65, and which spirals by at
least one revolution about the shroud 18,65. Consequently, fluid entering the cyclone
chamber 25,67 via the inlet duct 13,60 is caused to spiral downward by the guide vane
such that, after one revolution, the fluid is below the inlet duct 13,60 and does not

collide with the rear of the inlet duct 13,60.
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CLAIMS

1. A cyclonic separator comprising a ring of cyclone bodies and an outlet duct
through which cleansed fluid is discharged from the cyclonic separator, wherein the

outlet duct extends between two adjacent cyclone bodies.

2. A cyclonic separator as claimed in claim 1, wherein each of the cyclone bodies
discharges fluid into the outlet duct, the outlet duct has a first section that extends along
an axis about which the cyclone bodies are arranged, and a second section that extends

from the first section to between the two adjacent cyclone bodies.

3. A cyclonic separator as claimed in claim 2, wherein the cyclonic separator

comprises an elongated filter located in the first section of the outlet duct.

4. A cyclonic separator as claimed in claim 3, wherein the filter comprises a hollow
tube that is open at one end and closed at an opposite end, and fluid discharged by the
cyclone bodies enters the interior of the filter via the open end and passes through the

filter into the outlet duct.

5. A cyclonic separator as claimed in any one of the preceding claims, wherein the
cyclonic separator comprises a dirt collection chamber into which dirt separated by the
cyclone bodies collects, and the dirt collection chamber surrounds at least part of the

outlet duct.

6. A cyclonic separator as claimed in claim 5, wherein the dirt collection chamber

and the outlet duct share a common wall.

7. A cyclonic separator as claimed in any one of the preceding claims, wherein the
cyclonic separator comprises a first cyclone stage and a second cyclone stage located

downstream of the first cyclone stage, the first cyclone stage comprises a cyclone
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chamber having a longitudinal axis, and the second cyclone stage comprises the ring of

cyclone bodies arranged about the longitudinal axis.

8. A cyclonic separator as claimed in claim 7, wherein the cyclone chamber

surrounds at least part of the outlet duct.

9. A cyclonic separator as claimed in claim 8, wherein each of the cyclone bodies
discharges fluid into the outlet duct, the outlet duct has a first section that extends along
the longitudinal axis, and a second section that extends from the first section to between
the two adjacent cyclone bodies, and the cyclone chamber surrounds at least part of the

first section of the outlet duct.

10. A cyclonic separator as claimed in any one of claims 7 to 9, wherein the
cyclonic separator comprises an inlet duct for carrying fluid to the cyclone chamber, and

the inlet duct extends between the two adjacent cyclone bodies.

11. A cyclonic separator as claimed in claim 10, wherein the inlet duct comprises a
first section for carrying fluid in a direction along the longitudinal axis and a second
section for turning the fluid into the cyclone chamber, and the second section extends

between the two adjacent cyclone bodies.

12. A cyclonic separator as claimed in claim 10 or 11, wherein the inlet duct extends

from an opening in the base of the cyclonic separator.

13. A cyclonic separator as claimed in any one of claims 10 to 12, wherein the inlet

duct carries fluid to an upper part of the cyclone chamber.

14. A cyclonic separator as claimed in any one of claims 10 to 13, wherein the

cyclone chamber surrounds at least part of the inlet duct.
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15. A cyclonic separator as claimed in any one of claims 10 to 14, wherein part of

the inlet duct is formed integrally with the outlet duct.

16. A vacuum cleaner comprising a cyclonic separator as claimed in any one of the

preceding claims.
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