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Description

[0001] The invention relates to cyclonic separating
apparatus, particularly but not exclusively to cyclonic
vacuum cleaners.

[0002] There is an ever-present demand for consum-
er goods to be compact, to require minimum mainte-
nance and to achieve maximum performance. The area
of vacuum cleaners is no exception. However, it is also
desirable for the cross-sectional area of the flow path
inside a vacuum cleaner to be maintained at or above
a specified minimum value. For cyclonic vacuum clean-
ers, currently enjoying considerable popularity in the UK
and other countries, a typical minimum cross-sectional
areafor the flow path is between 500mm2 and 1000mm?2
depending upon the specific dimensions and perform-
ance characteristics of each machine. Maintaining a
cross-sectional area within this range of values presents
no problem in most portions of the vacuum cleaner but
the tangential entry into the cyclone and the airflow path
immediately upstream thereof is a portion of the ma-
chine in which the maintenance of the minimum area
can affect the overall dimensions of the machine. It can
also extend the length of the flow path beyond that which
would otherwise be desirable.

[0003] Attempts have been made to "slim down" cy-
clonic vacuum cleaners. However, there must be an ad-
equate cross-sectional area provided immediately up-
stream of the tangential entry to allow the airflow path,
which passes outside the overall diameter of the cyclone
upstream of the tangential entry, to maintain its mini-
mum cross-sectional area. This either prevents any re-
duction of the radial dimension of the machine which
might otherwise have been desirable or introduces an
awkward and unsightly bulge or enlargement into the
apparatus. The problem is particularly acute in the area
of the inlet to the inner cyclone in vacuum cleaners in-
corporating two concentric cyclones. Another disadvan-
tage of known tangential entries into cyclonic vacuum
cleaners and other separators is that at least part of the
airflow entering the cyclone will be spaced from the cy-
clone wall by a considerable distance and any particles
entrained in that part of the airflow will take longer to
reach the wall and become separated than is desirable.
Furthermore, the need to convert an airflow previously
moving helically along an annular path into a generally
linear airflow immediately upstream of the inner cyclone
requires the provision of a length of conduit or ducting,
commonly referred to as the transfer port, sufficient to
achieve the change. Losses occur in such conduits due
to friction. It would therefore be generally advantageous
to avoid including the transfer port so as to reduce the
overall dimensions of the apparatus, and also to reduce
the ultimate length of the airflow path and thereby re-
duce losses due to friction. It would also be advanta-
geous to introduce more of the airflow closer to the cy-
clone wall than is currently possible. These principles
apply in cyclonic separating apparatus other than vac-
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uum cleaners.

[0004] An object of the invention is provide cyclonic
separating apparatus which is capable of maintaining a
minimum cross-sectional area of fluid flow whilst mini-
mising its overall dimensions. It is a further object of the
present invention to provide a vacuum cleaner which is
more compact than other vacuum cleaners. A further
object is to provide cyclonic separating apparatus hav-
ing increased efficiency and/or which has fewer losses
than similar known separating apparatus. A still further
object is to provide cyclonic separating apparatus in
which the particles entrained in the fluid flow entering
the cyclone are closer to the cyclone wall than in known
apparatus.

[0005] The invention provides cyclonic separating ap-
paratus as claimed in claim 1. Further and advanta-
geous features are set out in the subsidiary claims. The
invention also provides a vacuum cleaner as set out in
claim 11.

[0006] Providing two or more points of entry to the in-
terior of the cyclone surface effectively spreads the inlet
over a greater proportion of the circumference of the cy-
clone surface . If two points of entry are provided, the
radial dimension necessary to achieve the minimum
cross-sectional area of the airflow can be reduced by
one half without affecting the axial dimension of the
points of entry. If ten points of entry are provided, the
necessary radial dimension is only one tenth of that pre-
viously required. The previously necessary transfer port
can be dispensed with and a substantial reduction in the
width of the machine can be achieved. The fluid flow
enteringthe cyclonic separating apparatus is much clos-
er to the cyclone wall than in known arrangements and
is also less turbulent than that entering similar apparatus
having only one point of entry. Preferably, the points of
entry are equispaced about the longitudinal axis of the
cyclone. This axi-symmetrical arrangement stabilises
the flow in the cyclone and improves the separation ef-
ficiency.

[0007] Each point of entry consists of a longitudinal
slot for directing fluid into the cyclone in a tangential
manner. A vane is provided for smoothly directing fluid
through each slot. This type of arrangement is easily
constructed by moulding in a plastics material and is
thus economical and maintenance free. The arrange-
ment dispenses with the need for a scroll-type transfer
port when the apparatus forms part of a vacuum cleaner
having two cyclonic separators, thereby reducing the
length of the airflow path between the separators and
reducing power losses due to friction. The airflow enter-
ing the cyclone is also more axi-symmetric than in sep-
arators having a single tangential entry.

[0008] An embodiment of the invention will now be de-
scribed by way of example only and with reference to
the accompanying drawings, wherein:

Figure 1 is a schematic sectional side view of cy-
clonic separating apparatus according to the prior
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art;
Figure 2 is a schematic sectional side view of cy-
clonic separating apparatus incorporating the
present invention; and

Figures 3a and 3b are perspective and plan views
respectively of a component of the apparatus of Fig-
ure 2 from which the details of the invention as em-

bodied can clearly be seen.

[0009] Figure 1 illustrates schematically known cy-
clonic separating apparatus of the type suitable for use
in cyclonic vacuum cleaners. In Figure 1, only the sep-
arating apparatus is illustrated for reasons of clarity.
When the apparatus forms part of a vacuum cleaner, at
least one dirty air inlet will be arranged upstream of the
illustrated separating apparatus and a clean air outlet
will be arranged downstream thereof. A motor or fan unit
capable of drawing an airflow from the dirty air inlet,
through the separating apparatus, to the clean air outlet
will be provided, normally downstream of the separating
apparatus but upstream of the clean air outlet. The mo-
tor or fan unit will normally be positioned within the air-
flow path so as to make use of the airflow to cool the
motor. However, these details do not affect the present
invention and therefore they will not be described in any
further detail here.

[0010] As illustrated, the known separating apparatus
10 incorporates an outer cyclone 12 and an inner cy-
clone 14. The constructional details are set out below.
[0011] The cyclonic separating apparatus 10 compris-
es an upper annular plate 16. A cylindrical vortex finder
18 in the form of a cylindrical tube extends through the
annular plate 16 so as to project both into the interior of
the cyclonic separating apparatus 10 and upwards be-
yond the annular plate 16. The cylindrical vortex finder
18 includes at its upper end means for connecting the
cyclonic separating apparatus 10 to the downstream air-
flow path of the apparatus, although the connecting
means are not shown for reasons of clarity. The cylin-
drical vortex finder 18 projects into the cyclonic separat-
ing apparatus 10 to a distance equal to approximately
0.9 times the external diameter of the annular plate 16.
[0012] Depending from the annular plate 16 is the in-
ner cyclone 14. The inner cyclone 14 consists of an up-
per cylindrical portion 14a and a frusto-conical portion
14b. The upper cylindrical portion 14a terminates at a
level above the lower end of the cylindrical vortex finder
18. The frusto-conical portion 14b of the inner cyclone
14 tapers downwardly and terminates in a cone opening
20. The diameter of the cone opening 20 is no greater
than the diameter of the cylindrical vortex finder 18.
[0013] Located radially outwardly of the inner cyclone
14 is a shroud 24. The shroud 24 has an outer annular
flange 24a, a frusto-conical portion 24b, a perforated cy-
lindrical portion 24c and an inner annular flange 24d.
The inner annular flange 24d is sealed in an airtight
manner to the frusto-conical portion 14b of the inner cy-
clone 14. The perforated cylindrical portion 24¢ extends

10

15

20

25

30

35

40

45

50

55

upwardly towards the annular plate 16 from the outer
edge of the inner annular flange 24d. The frusto-conical
portion 24b lies substantially parallel to but spaced from
the frusto-conical portion 14b of the inner cyclone 14 so
that an annular passageway is formed between the two
frusto-conical portions 14b and 24b. The outer annular
flange 24a extends between the upper edge of the frus-
to-conical portion 24b of the shroud 24 and terminates
in register with the outer edge of the annular plate 16.
[0014] A cylindrical bin 26 depends from the annular
plate 16. The cylindrical bin 26 is sealed in an airtight
manner to the outer edge of the annular plate 16. The
outer annular flange 24a of the shroud also seals in an
airtight manner against the wall of the cylindrical bin 26.
An annular chamber 22 is thereby created radially out-
wardly of the frusto-conical portion 14b of the shroud 14
and is bounded on the other three sides by the cylindri-
cal bin 26, the outer annular flange 24a of the shroud
24 and an annular sealing flange 23. The annular pas-
sageway between the two frusto-conical portions 14b
and 24b forms an inlet to the annular chamber 22. A
transfer port 27 extending beyond the cylindrical bin 26
provides an outlet from the annular chamber 22. The
transfer port 27 provides a tangential air inlet in the wall
of the upper cylindrical portion 14a so that air entering
the inner cyclone 14 flows tangentially to the wall of the
upper cylindrical portion 14a. The transfer port 27 must
have a sufficiently large cross sectional area to ensure
that the free flow of air within the apparatus 10 is not
hindered.

[0015] The base 28 of the cylindrical bin 26 is formed
integrally with the cylindrical bin 26 or can be removable
to allow emptying. Surfaces 30 extend between a por-
tion of the cylindrical bin 26 near the base 28 and a por-
tion of the frusto-conical portion 14b of the inner cyclone
14 a little above the cone opening 20. The surfaces 30
divide the interior of the cylindrical bin so as to form a
first dust collecting area 32 for the first or outer cyclone
12 and a second dust collecting area 34 for the second
or inner cyclone 14.

[0016] An upstream tangential air inlet 40 is arranged
in the wall of the cylindrical bin 26 immediately below
the outer annular flange 24a of the shroud 24. The up-
stream tangential air inlet 40 provides an inlet to the out-
er cyclone 12 to allow the introduction of the airflow be-
tween the wall of the cylindrical bin 26 and the frusto-
conical portion 24b of the shroud 24. The upstream tan-
gential air inlet 40 has a lower edge 42 which is located
upwardly of the upper edge of the perforated cylindrical
portion 24c¢ of the shroud 24. The cross-sectional area
of the upstream tangential air inlet immediately up-
stream of the cyclonic separating apparatus is substan-
tially 800mm2 or another suitable value, depending up-
on the specific characteristics of the machine in which
the apparatus is used.

[0017] The operation of the above cyclonic separating
apparatus 10 will now be described. An airstream in
which dirt and dust is entrained is introduced at relatively
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high speed to the outer cyclone 12 viathe upstream tan-
gential air inlet 40. The air spirals around the outer wall
of the cylindrical bin 26 and moves downwardly in a hel-
ical manner causing separation of dirt and debris from
the airflow due to centrifugal forces. The air then moves
inwardly and upwardly above the surfaces 30 and pass-
es through the perforations in the perforated cylindrical
portion 24c of the shroud 24 leaving a substantial
amount of dirt and debris in the first dust collecting area
32. The air then passes along the annular passageway
between the frusto-conical portion 24b of the shroud 24
and the frusto-conical portion 14b of the inner cyclone
14. It passes into the annular chamber 22 and from there
along the transfer port 27 to the tangential air inlet to the
inner cyclone 14 and the helical motion of the acceler-
ating airflow down the frusto-conical portion 14b causes
very high speeds to be attained and dirt and dust parti-
cles to be separated from the airflow. As the air passes
through the cone opening 20 into the second dust col-
lecting area 34, further dirt and dust particles still en-
trained in the airflow are separated and collected whilst
clean air travels back through the cone opening 20 and
exits the cyclonic separating apparatus 10 via the cylin-
drical vortex finder 18.

[0018] It will be appreciated from the above descrip-
tion that the dimensions of the cyclonic separating ap-
paratus 10 cannot be reduced to any great extent, par-
ticularly the diameter of the apparatus in the region of
the upper end of the inner cyclone 14. The transfer port
27 forms the only inlet to the inner cyclone 14 and there-
fore the cross-sectional area of the airflow path at this
point and immediately upstream thereof must be main-
tained at or above a specific minimum value, for exam-
ple between 500mm2 and 1000mm2. If the diameter of
the cyclonic separating apparatus 10 were reduced at
this point, an unacceptable elongation of the apparatus
10 in the direction of the longitudinal axis thereof would
be necessary.

[0019] It will also be clear from Figure 1 that a portion
of the airflow entering each cyclone 12,14 is spaced a
significant distance from the wall 26, 14b thereof. The
greater the initial distance of an entrained particle from
the relevant wall, the longer it takes for separation of
that particle to be effected. Particles entrained within the
airflow and entering each cyclone 12,14 on the right
hand side of each inlet 40,27 as viewed in Figure 1 will
therefore take a significant time to become separated
and may even fail to become separated at all.

[0020] As will also be seen from Figure 1, the length
of the airflow path between the outer cyclone 12 and the
inner cyclone 14 is considerable. Air moving upwardly
along the annular passageway between the frusto-con-
ical portion 24b of the shroud 24 and the frusto-conical
portion 14b of the inner cyclone 14 enters the annular
chamber 22 and is then forced to circulate around the
annular chamber 22 before entering the inner cyclone
14 via the transfer port 27. The friction losses due to the
passage of air around the annular chamber 22 can be
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substantial.

[0021] An embodiment of the invention is illustrated
in Figures 2 and 3. Figure 2 is a schematic sectional side
view of cyclonic separating apparatus 110 similar to that
shown in Figure 1, from which a comparison of the in-
vention and the prior art can be made. Many of the com-
ponents of the apparatus 110 shown in Figure 2 are es-
sentially the same as the corresponding components
shown in Figure 1. The essential differences are de-
scribed below.

[0022] The most important difference is the arrange-
ment of the airflow path transferring air between the out-
er cyclone 112 and the inner cyclone 114. The upper
cylindrical portion 114a of the inner cyclone 114 has, in
the embodiment of the invention, a plurality of points of
entry 152 spaced about the longitudinal axis of the ap-
paratus 110 so as to allow air passing along the annular
passageway between the frusto-conical portion 124b of
the shroud 124 and the frusto-conical portion 114b of
the inner cyclone 114 to pass directly into the inner cy-
clone 114 in a tangential manner. The details of the ar-
rangement of the upper cylindrical portion 114a will be
described further below. However, the ability to pass the
air directly from the annular passageway to the inner cy-
clone 114 removes the need for a scroll-type inlet or
transfer port which forms part of the airflow path of the
apparatus illustrated in Figure 1. Not only does the omis-
sion of the inlet allow the radial dimension of the appa-
ratus to be reduced and simplify the construction of the
apparatus as a whole, but reducing the length of the air-
flow path may reduce power losses due to friction.
[0023] It will be seen from Figures 1 and 2 that the
radial dimension of the apparatus 110 can be reduced
as a result of the present invention. Furthermore, in the
apparatus shown in Figure 2, any rotational movement
present in the air approaching the inner cyclone 114 is
maintained rather than being removed prior to entry.
This improves the separation efficiency of the inner cy-
clone 114.

[0024] Before the detailed description of the upper cy-
lindrical portion 114a of the inner cyclone 114 is given,
the general mode of operation of the apparatus 110
shown in Figure 2 will be described. As has been previ-
ously described, dirty air enters the outer cyclone 112
via the tangential air inlet 140. The dirty air spirals
around the outer wall of the cylindrical bin 126 and
moves downwardly in a helical manner causing separa-
tion of dirt and debris from the airflow due to centrifugal
forces. The air then moves inwardly and upwardly
across the surfaces 130 and passes through the perfo-
rations in the perforated cylindrical portion 124c of the
shroud 124. A substantial amount of dirt and debris is
left in the first dust collecting area 132. The airflow then
passes along the annular passageway between the
frusto-conical portion 124b and the frusto-conical por-
tion 114b. It enters the cylindrical passageway 122
formed between inner cyclone 114 and the upper portion
of the cylindrical bin 126. The air is then immediately
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directed, by means of vanes 154, through a plurality of
longitudinal slots 152 in the upper cylindrical portion
114a of the inner cyclone 114 and is directed in a tan-
gential manner into the inner cyclone 114. As described
in relation to Figure 1, the air then spirals down the inner
surface of the inner cyclone 114 and the helical motion
of the airflow causes very high speeds to be attained
and dirt and dust particles to be separated. As the air
passes through the cone opening 120 into the second
dust collecting area 134, dirt and dust particles remain-
ing entrained in the airflow are separated and collected
whilst clean air travels back through the cone opening
120 and exits the cyclonic separating apparatus 110 via
the cylindrical vortex finder 118. As before, the cylindri-
cal bin 126 can be made removable to allow the first and
second dust collecting areas 132,134 to be emptied.
[0025] Figures 3a and 3b are perspective and plans
views, respectively, of the inner cyclone 114 forming part
of the apparatus 110 illustrated in Figure 2. The inner
cyclone 114 has an upper cylindrical portion 114a and
a frusto-conical portion 114b, the frusto-conical portion
114b incorporating a circular groove 114c¢ for receiving,
in a snap-fit manner, the inner edge of the inner annular
flange 124d of the shroud 124 illustrated in Figure 2.
[0026] The upper cylindrical portion 114a incorpo-
rates a plurality of helically offset panel portions 150 eq-
uispaced about the upper cylindrical portion 114a. In the
embodiment illustrated in Figure 3, ten panel portions
150 are illustrated. However, the number of panel por-
tions 150 can be varied to suit requirements. For exam-
ple, as few as four or as many as twenty four panel por-
tions could be provided. Each panel portion 150 is ar-
ranged such that its leading edge is radially spaced fur-
ther away from the longitudinal axis of the inner cyclone
114 than its trailing edge. Thus, each panel portion 150
lies along a substantially helical path. A longitudinal slot
152 is formed between the trailing edge of a first panel
portion and the leading edge of the subsequent panel
portion 150, seen in the direction of the airflow. The com-
bined area of the longitudinal slots 152 is no less than
the specified minimum diameter of the airflow path of
the apparatus 110. For example, when ten longitudinal
slots 152 are provided, and the specified minimum air-
flow cross-sectional area is 800mmg2, then each longitu-
dinal slot 152 must have an effective cross-sectional ar-
ea of at least 80mmz2,

[0027] The leading and trailing edges of each panel
portion 150 are shaped so as to minimise losses due to
friction when an airflow passes across the panel por-
tions 150. As can be clearly seen from Figures 3a and
3b, the preferred cross-sectional shape of each panel
portion is generally aerofoil shaped. Specifically, the
leading edge of each panel portion 150 is generally
rounded and the trailing edge of each panel portion 150
is generally tapered.

[0028] Located on the radially external face of each
panel portion 150 is an arcuate vane 154. Each vane
154 has a lower portion 154a which begins generally in
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register with the intersection between the frusto-conical
portion 114b and the upper cylindrical portion 114a of
the inner cyclone 114. The lower portion 154a extends
generally parallel to the longitudinal axis of the inner cy-
clone 114 and then merges with an arcuate upper por-
tion 154b which extends from the lower portion 154a to-
wards the trailing edge of the relevant panel portion 150.
[0029] Eachvane 154 extends radially outwardly from
the outer surface of the respective panel portion 150 to-
wards the upper portion of the cylindrical bin 126, which
is located radially outwardly of the inner cyclone 114.
The vanes 154 extend sufficiently far radially outwardly
to make contact with the cylindrical bin 126 and, prefer-
ably, the vanes 154 abut against the cylindrical bin 126
in an airtight manner. However, contact with the cylin-
drical bin 126 is not essential. Indeed, the vanes 154
can be omitted altogether if desired.

[0030] Location means 160 can be provided in the
form of a blind recess located in one of the panel por-
tions 150 for ensuring that the inner cyclone 114 is ori-
entated correctly with regard to the remainder of the ap-
paratus 110. However, the location means 160 do not
form part of the invention currently under discussion.
[0031] It will also be appreciated that the entire inner
cyclone 114 as illustrated in Figures 3a and 3b can eas-
ily be moulded from a plastics material without undue
difficulty. The inner cyclone 114 can therefore replace
the inner cyclone 14 illustrated in Figure 1 with the re-
sultant advantages of reduced losses, reduced dimen-
sions and simplicity of construction. It will be appreciat-
ed that, when the inner cyclone 114 as illustrated in Fig-
ures 3a and 3b is utilised in the apparatus 110 shown in
Figure 2, the air passing along the annular passageway
between the frusto-conical portions 114b and 124b is
immediately directed by means of the vanes 154
through the longitudinal slots 152 and onto the inner sur-
face of the inner cyclone 114. The length of the airflow
path between the outer and inner cyclones is therefore
minimised and there are then consequential reductions
in frictional losses. Furthermore, since the minimum
cross sectional area of the airflow path can be main-
tained whilst reducing the radial dimension of the overall
apparatus, the object of providing a more compact vac-
uum cleaner can be achieved.

[0032] The flow in the inner cyclone 114 is also less
turbulent because of the axi-symmetrical arrangement
of the inlet ports and this increases the separation effi-
ciency of the cyclone.

[0033] Afurtheradvantage of the arrangement shown
in Figures 2 and 3 is the fact that all of the air entering
the inner cyclone 114 is relatively close to the cyclone
wall on entry. Since the time required to separate a par-
ticle from the airflow will be dependent on the initial dis-
tance of that particle from the wall, separation of parti-
cles from the airflow will be more rapid when using the
apparatus of the invention than other apparatus in which
at least some of the airflow enters the cyclone spaced
further from the wall.
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[0034] The invention is not limited to the embodiment
described above. Modifications and alterations not af-
fecting the principle of the invention will be apparent to
a skilled reader. For example, the vortex finder could be
considerably shorter and need not project above the an-
nular plate. The base of the cylindrical bin cold be made
conical or frusto-conical and other relative dimensions
could be altered without departing from the scope of the
invention. As mentioned above, vanes directing air into
the longitudinal slots need not be included.

[0035] The principles of the invention can be applied
to cyclonic separators for use in areas other than vacu-
um cleaners and, indeed, for use in separating particu-
lates from flows of fluids other than air.

Claims

1. Cyclonic separating apparatus comprising a cy-
clone for effecting cyclonic separation and a tan-
gential inlet for supplying fluid to the interior of the
cyclone, the tangential inlet having at least two
points of entry into the interior of the cyclone, where-
in each point of entry consists of a longitudinal slot
located in the cyclone for directing fluid into the cy-
clone in a tangential manner and wherein each slot
has a vane for directing fluid through the respective
slot.

2. Cyclonic separating apparatus as claimed in claim
1, wherein the tangential inlet has at least six points
of entry into the interior of the cyclone.

3. Cyclonic separating apparatus as claimed in claim
2, wherein the tangential inlet has ten or more points
of entry into the interior of the cyclone.

4. Cyclonic separating apparatus as claimed in any
one of the preceding claims, wherein the cyclone
has a longitudinal axis and the points of entry are
equiangularly spaced about the longitudinal axis.

5. Cyclonic separating apparatus as claimed in any
one of the preceding claims, wherein each vane is
arcuate.

6. Cyclonic separating apparatus as claimed in any
one of the preceding claims, wherein the effective
combined cross-sectional area of the slots is at
least 500mm2,

7. Cyclonic separating apparatus as claimed in claim
6, wherein the combined cross-sectional area of the
slots is between 500mm?2 and 1000mm2.

8. Cyclonic separating apparatus as claimed in any
one of the preceding claims, wherein the cyclone is
frusto-conical.
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9.

10.

11.

Cyclonic separating apparatus as claimed in any
one of the preceding claims, further comprising a
second cyclone located upstream of the tangential
inlet.

Cyclonic separating apparatus substantially as
hereinbefore described with reference to Figures 2
and 3 of the accompanying drawings.

A vacuum cleaner comprising cyclonic separating
apparatus as claimed in any one of the preceding
claims.
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