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Description
FIELD OF THE INVENTION

[0001] Inoneaspect,thisinvention relatestoacyclonic
surface cleaning apparatus, such as a vacuum cleaner
that has a plurality of cyclones in parallel and which are
removably mounted. The vacuum cleaner may a plurality
of cyclonic stages wherein at least two cyclonic stages
comprise a plurality of cyclones in parallel. In another
aspect, this invention relates to improved cyclone de-
signs. In a further aspect, this invention relates to im-
proved designs for an array of cyclones, including de-
signs wherein the cyclones are positioned side by side,
wherein some, and preferably all of the cyclones are con-
nected in parallel.

BACKGROUND OF THE INVENTION

[0002] Cyclonic vacuum cleaners are known in the art.
In addition, cyclonic vacuum cleaners which comprise a
first stage cyclone and plurality of second stage cyclones
are known. An example is shown in Conrad (United
States Patent No. 6,782,585). As shown therein, a vac-
uum cleaner has a first cyclonic cleaning stage compris-
ing a single first stage cyclone and a second cyclonic
cleaning stage downstream from the first cyclonic clean-
ing stage and comprising a plurality of cyclones in par-
allel.

[0003] The plurality of second stage cyclones typically
remove particulate matter finer than the particulate mat-
ter that is removed in the first cyclonic cleaning stage.
Accordingly, the coarsest particulate matter that is en-
trained in an air stream is removed in the first cyclonic
cleaning stage and finer particulate matter is removed in
the downstream cyclonic cleaning stage. However, the
air exiting the second cyclonic cleaning stage may still
contain sufficient particulate matter to damage a suction
motor positioned downstream from the second cyclonic
cleaning stage. Accordingly, as shown in Conrad, a filter
may be positioned downstream from the second cyclonic
cleaning stage and upstream from the suction motor.
[0004] [0003a] The US-B1-6 238 451 discloses a vac-
uum cleaner comprising a dirty air inlet for receiving air
containing dirt, a clean air outlet, an air flow path extend-
ing downstream from the dirty air inlet to the clean air
outlet and a filtration assembly positioned in the air flow
path, the filtration assembly comprising at least one first
cyclone in flow communication with the dirty air inlet and
having a partially cleaned air outlet; at least one second
cyclone having a treated air inlet and a treated air outlet,
the treated air inlet in flow communication with the par-
tially cleaned air outlet; and, at least one electrostatic
filter positioned in the air flow path upstream from the
first cyclone and downstream of the clean air outlet.
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SUMMARY OF THE INVENTION

[0005] In accordance with a first embodiment, a cy-
clone chamber for a vacuum cleaner may have a plate
positioned intermediate the opposed ends (the top end
and the bottom end) of the casing of a cyclone separator
so as to divide the interior of the cyclone casing into an
upper cyclone chamber and a lower dirt collection area
or chamber positioned beneath the upper cyclone cham-
ber. The plate, in conjunction with the structure of the
cyclone separator, produces a passage that connects
the cyclone chamber and the dirt collection chamber in
communication such that dirt that enters the cyclone
chamber is conveyed to the dirt collection chamber. All,
or at least a portion of the passage, extends laterally or
outwardly.

[0006] The plate may be any of those known in the art
such as those disclosed in United States Patent No.
6,874,197. The plate may have a plurality of openings
therein or, preferably, it is solid. The plate is positioned
inward from the outer wall of the casing so as to define
an annular gap between the outer peripheral edge of the
plate and the inner wall of the cyclone casing. The plate
overlaps a portion of a flow director or a portion of an
outwardly extending portion of the casing to define the
passage. The peripheral wall of the plate may be of var-
ying geometries and orientations to assist in particle re-
moval.

[0007] In an alternate embodiment, instead of a plate,
the central portion of the bottom of the cyclone casing
may be raised inwardly so asto define a plateau. Accord-
ingly, the dirt collection chamber need not extend under
the plate or plateau.

[0008] In accordance with a second embodiment of
the instant invention, a plate of the first embodiment, or
any plate known in the art, is moveably mounted in a
cyclone casingindependent of the movement of a bottom
opening door, or may be removably mounted. For exam-
ple, the plate may be secured in position by means of
magnets. Alternately, the plate may be held in position
mechanically, such as by the plate having one or more
members that are received in an opening and secured
therein by, e.g., areleasable snap fit. Thus the plate may
be snapped into position and removed therefrom as re-
quired. Alternately, orin addition, the plate may be mount-
ed on a mechanical member for movement from a first
position wherein the plate divides the cyclone casing in-
terior into a cyclone chamber and a ditt collection cham-
ber and a second position wherein the plate has been
moved to a position wherein the plate is positioned such
that dirt may pass generally freely from one chamber to
the otherandthen out an open end of the cyclone casing.
For example, the plate may be pivoted to a position gen-
erally parallel to the longitudinal axis of the cyclone cas-
ing.

[0009] One advantage of this design is that the mag-
nets permit the plate to be removed for disposal and/or
cleaning. In addition, a further advantage of using mag-
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nets is that the magnets will assist in attracting and re-
taining magnetic particles in the cyclone chamber, there-
by increasing the efficiency of the cyclone. In particular,
carbon dust, which is produced by electric motors that
have brushes, is magnetic. Accordingly, the use of a cy-
clone or cyclones incorporating magnets will assist in the
removal of carbon dust from an air stream. Accordingly,
it is preferred to utilize a cyclone or array of cyclones
containing magnets downstream from a motor and, op-
tionally, in place of a filter, such as a HEPA filter. It will
be appreciated that magnets may be used to assist in
particle capture in any of the embodiments set out herein.
[0010] In accordance with a third aspect of the instant
invention, a filtration unit for a surface cleaning appara-
tus, preferably a vacuum cleaner, uses at least two cy-
clonic stages wherein each stage comprises a plurality
of cyclonesin parallel. An advantage of this design is that
the backpressure across the cyclones is reduced. For
example, the cyclonic separation construction of the fil-
tration unit, may include afirst stage comprising a plurality
of cyclones in parallel and a second stage comprising a
plurality of cyclones in parallel. In current known design,
a single first stage cyclone is used. In comparison, pur-
suant to this third embodiment, the dirty air in a surface
cleaning apparatus may be first subjected to treatment
in a cyclonic stage comprising a plurality of cyclones in
parallel and subsequently treated in a cyclonic stage
comprising a plurality of cyclones in parallel wherein both
stages are preferably upstream of the air flow motor. A
third cyclonic stage comprising a plurality of cyclones in
parallel may be positioned downstream from the air flow
motor.

[0011] Preferably, each cyclone of one stage is not in
fluid flow communication with all of the cyclones of the
subsequent stage. More preferably, each of the cyclones
of one stage isin fluid communication with only one down-
stream cyclone. Accordingly, the air exiting one cyclone
is fed to only one downstream cyclone.

[0012] In accordance with this preferred design, the
outlet from an upstream cyclone is connected in fluid
communication with the inlet to a downstream cyclone.
The outlet of the upstream cyclone may be tangential or
aspiral, which extends for less than a full revolution. More
preferably, the outlet of the upstream cyclone and the
inlet of the downstream cyclone each are configured such
thatthey individually extend for less than a full revolution.
When the outlet and the inlet are directly connected to-
gether, together they may comprise a continuous spiral
that extends more than one revolution. Accordingly, the
outlet from the upstream cyclone and the inlet to the
downstream cyclone, when merged, may form a contin-
uous spiral. One advantage of this design is that the ro-
tational momentum of the air developed in an upstream
cyclone may be utilized and, preferably, enhanced in a
downstream cyclone. For example, when an air stream
enters afirstcyclone, energy will be expended to produce
rotational motion in the air. If atangential outlet is utilized,
then some of the rotational momentum may be preserved

10

15

20

25

30

35

40

45

50

55

and in fact enhanced, as the air travels through the tan-
gential outlet. If the tangential outlet merges or is fed to
the inlet of a downstream cyclone, then the rotational
momentum may be preserved and enhanced without
having a substantially longer spiral or tangential inlet. It
will be appreciated that the use of a tangential outlet from
an upstream cyclone and a tangential inlet to a down-
stream cyclone wherein they are connected to maintain
at least some rotational momentum, and preferably are
connected together, may be used in alternate construc-
tions. For example, they may be used with any embodi-
ment disclosed herein. They may be used in embodi-
ments wherein one cyclone is in communication with
more than one downstream cyclone and in other fields
of application.

[0013] Inaccordance with afourth aspect of the instant
invention, asurface cleaning apparatus, preferably avac-
uum cleaner, has two cyclonic stages wherein one of the
cyclonic stages comprises a plurality of cyclones in par-
allel and at least one dirt collection chamber associated
therewith, wherein the plurality of cyclones and associ-
ated dirt collection chamber or chambers comptise a cy-
clonic unit which is removable from the surface cleaning
apparatus as a sealed unit, other than openings for fluid
flow passages leading to and from the cyclones. In a
preferred embodiment, the ditt collection chambers have
a sufficient capacity such that they may require emptying
only once a month, during normal use, preferably once
every three months and more preferably once every four
months. Once advantage of this design is that, due to
the increased storage capacity, the cyclonic unit need
only be removed and emptied occasionally and therefore
may remain in the surface cleaning apparatus much of
the time when a main or first stage collection chamber is
removed for emptying. For example, if a first cyclonic
stage is removed for emptying, retaining a second cy-
clonic stage in the surface cleaning apparatus reduces
the weight and size of the component that is removed
from the surface cleaning apparatus when the first stage
is to be emptied.

[0014] Alternately, or in addition, in accordance with
this fourth embodiment, a surface cleaning apparatus,
preferably avacuumcleaner, has at least firstand second
cleaning stages wherein the first cleaning stage has a
dirt collection member and the second cleaning stage
comprises a plurality of cyclones and at least one dirt
collectionchamber, wherein the firstand secondcleaning
stages are emptied separately. Preferably, each stage
comprises a plurality of cyclones and, more preferably,
each stage comprises a plurality of dirt collection cham-
bers.

[0015] In accordance with a first embodiment of this
aspect, there is provided a portable vacuum cleaner com-
prising:

(a) a dirty air inlet;
(b) a handle;
(c) at least first and second cleaning stages wherein
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the first cleaning stage has a dirt collection member
and the second cleaning stage comprises a plurality
of cyclones and at least one dirt collection chamber,
wherein the first and second cleaning stages are
emptied separately; and,

(d) an air flow motor.

[0016] Inone embodiment, the second cleaning stage
is removed from the first cleaning stage prior to emptying
the second cleaning stage.

[0017] In another embodiment, the second cleaning
stage is removed by itself from the vacuum cleaner. Pref-
erably, second cleaning stage includes at least one filter.
[0018] In another embodiment, the first and second
cleaning stages are each separately removable from the
vacuum cleaner. Preferably, the second cleaning stage
is downstream from the first cleaning stage. Alternately,
or in addition, the first cleaning stage comprises at least
one cyclone and the dirt collection member comprises a
dirt collection chamber.

[0019] Inanother embodiment, the first cleaning stage
has a capacity to store dirt for a predetermined number
of one hour sessions of use of the vacuum cleaner for
regular household cleaning and the second cleaning
stage has a capacity to store dirt for at least three times
and, preferably ten times, the predetermined number.
[0020] In another embodiment, each of the first and
second cleaning stages has a storage volume and the
storage volume of the second stage is selected such that,
when the vacuum cleaner is used to collect particulate
matter for which the vacuum cleaner is designed, the
second cleaning stage requires emptying not more than
once for every three times, and preferably not more than
once every ten times, the first stage is emptied.

[0021] In another embodiment, the second cleaning
stage has a capacity to store dirt for at least one month
of regular use of the vacuum cleaner.

[0022] In another embodiment, the second cleaning
stage has a capacity to store dirt for at least three months
of regular use of the vacuum cleaner.

[0023] In another embodiment, the second cleaning
stage has a plurality of dirt collection chambers that are
emptied concurrently.

[0024] In another embodiment, each cyclone of the
second cleaning stage has an associated dirt collection
chamber and each dirt collection chamber is associated
with only one cyclone and all of the dirt collection cham-
bers of the second cleaning stage are emptied concur-
rently.

[0025] In another embodiment, the plurality of cy-
clones and at least one dirt collection chamber are re-
movable as a closed unit from the vacuum cleaner. Pref-
erably, the dirt collection chamber has an openable bot-
tom. Alternately, orin addition, the secondcleaning stage
has a plurality of dirt collection chambers that are emptied
concurrently.

[0026] In another embodiment, the second cleaning
stage is sealed when removed from the vacuum cleaner
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other than fluid flow passages leading to and from the
cyclones.

[0027] In another embodiment, the vacuum cleaner is
selected from the group consisting of an upright vacuum
cleaner, a wet/dry vacuum cleaner and a canister vacu-
um cleaner.

[0028] In another embodiment, the vacuum cleaner
further comprises a door moveable to an open position
wherein the second cleaning stage is removable when
the door is in the open position.

[0029] In another embodiment, the second cleaning
stage is slidably removable from the vacuum cleaner.
[0030] In another embodiment, the second cleaning
stage is removably mounted to the first cleaning stage.
Preferably, the second cleaning stage is moveable up-
wardly from the first cleaning stage.

[0031] Itwill be appreciated that any of these alternate
embodiments may be combined in an apparatus in any
combination or sub-combination.

[0032] In accordance with a second embodiment of
this aspect, there is provided a surface cleaning appara-
tus comprising:

(a) a dirt inlet;

(b) a handle;

(c) at least first and second cleaning stages wherein
the second cleaning stage comprises a plurality of
cyclones and at least one dirt collection chamber,
wherein, other than fluid flow passages leading to
and from the cyclones, the second cleaning stage is
removable from the surface cleaning apparatus as
a sealed unit for emptying; and,

(d) an air flow motor.

[0033] It will be appreciated that any of the alternate
embodiments set out with respect to the first embodiment
may be used with this second embodiment. andthat they
may be combined in an apparatus in any combination or
sub-combination

[0034] In accordance with a fifth aspect of this inven-
tion, a surface cleaning apparatus is constructed with a
plurality of cyclones in parallel that have at least one as-
sociated dirt collection chamber, and preferably a plural-
ity of dirt collection chambers, wherein the interior of the
at least one dirt collection chamber, and preferably each
dirt collection chamber, is visible from a position exterior
to the surface cleaning apparatus. Therefore, a consum-
ercan see the amount of dirt collected in the dirt chamber
and determine when the dirt chamber should be emptied.
This is particularly advantageous if the surface cleaning
apparatus has two cyclonic stages and the stages are
separately emptyable and, more preferably, separately
removable. Therefore, aconsumer will be able to visually
determine when the stage should be emptied. This as-
pect is particularly preferred if combined with the fourth
aspect, especially if the second stage has a dirt capacity
wherein it need not be emptied every time the first stage
is emptied.
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[0035] While all or part of the associated cyclone(s)
and the dirt collection chamber(s) may be transparent
(i.e., see through), in a particularly preferred embodi-
ment, the only transparent portion need be the upper end
of the dirt collection chamber (e.g., the portion extending
below a maximum fill line). Thus only the top, or all of,
the dirt collection chamber(s) may be transparent. One
advantage of this design is that when the dirt collection
bin is full, a user will not see into the interior of any of the
dirt collection chamber and will have a visual signal to
emptythe cyclonic stage. Ifboth the interior of the cyclone
and the dirt collection chamber are visible, then a con-
sumer may overfill the dirt collection chamber thereby
decreasing the efficiency of the surface cleaning appa-
ratus. Preferably, the portion above a predetermined fill
line is not transparent. For example, all of the cyclone
casing may be made from transparent plastic and the
required portion may be masked by coating it (e.g., paint)
and/or by applying a label.

[0036] In accordance with a sixth aspect of this inven-
tion, asurface cleaning apparatus is provided with atleast
a visible portion of the interior of a cyclone separator and
an illumination member that is positioned to provide illu-
mination to at least a portion of the cyclone separator
interior. One advantage of this design is that it enhances
the ability of a user to view the cyclonic action in the
cyclone chamber (and know if there is a problem by the
air flow pattern) and/or to know when the dirt collection
chamber requires emptying. For example, if a vacuum
cleaner is used under low light conditions, e.g. at night
in a room, then it may be difficult for a consumer to view
the interior of the cyclone separator. It willbe appreciated
that this aspect is particularly useful if combined with one
or both of the fourth and fifth aspects.

[0037] If too much dirt accumulates in a dirt collection
chamber, then the efficiency of the cyclone decreases
and the amount of dirt that travels through the cyclone
without being captured increases. This may result in ex-
cessive dirt passing through the suction motor of an ap-
pliance, such as a vacuum cleaner, thereby shortening
the life expectancy of the appliance. Enhancing the ability
of a consumer to monitor the dirt that has been captured
by a cyclone separator reduces the likelihood of a con-
sumer allowing too much dirt to accumulate in a ditt col-
lection bin of a cyclone.

[0038] In accordance with this aspect, all or a portion
ofthe cyclone separator casing may be constructed from
an electroluminescent material. Alternately, the inner
wall of all or a portion of a cyclone may be coated with
an electroluminescent material.

[0039] Forexample, all or a portion of the front portion
of the cyclone may be transparent and all or a portion of
the rear portion may have an electroluminescent coating.
The illumination provided by the electroluminescent ma-
terial enhances the ability of a consumer to view the in-
terior of the cyclone chamber and determine the amount
of dirt that has accumulated therein. Accordingly, it will
be more apparent to a consumer when the dirt collection
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chamber or bin (which is preferably part of the cyclone
separator casing) needs to be emptied. Alternately, only
the cyclone separator casing housing the cyclone cham-
ber may be so treated or made of an electroluminescent
material, whereby the appearance of dirt accumulating
in the cyclone chamber may be a visible signal to a user
to empty the dirt collection chamber.

[0040] Alternately, or in addition, one or more lights
may be provided internal of a cyclone chamber and/or
directed at the interior of a cyclone chamber so as to
enhance the ability of a consumer to determine the
amount of dirt present in the cyclone chamber. Prefera-
bly, the light comprises one or more LEDs.

[0041] In accordance with a seventh aspect of this in-
vention, a surface cleaning apparatus is provided with a
cyclonic stage comptising a plurality of cyclones in par-
allel and a plurality of dirt collection chambers that are
emptied concurrently wherein the plurality of cyclones
and the plurality of dirt collection chambers are remova-
ble as a unit from the surface cleaning apparatus. One
advantage of this design is that by using a plurality of dirt
collection chambers, cross flow between cyclones via
the dirt exit of the cyclones is reduced. In a particularly
preferred embodiment, each cyclone has its own dirt col-
lection chamber. In practice, there may be a different
vacuum level in each cyclone of a plurality of cyclones.
If there is a common dirt collection chamber for a plurality
of cyclones, then some air will tend to travel out the dirt
exit of one cyclone and across the common dirt collection
chamber and enter a second cyclone via the dirt exit of
the second cyclone, resulting in some dirt reentering the
second cyclone. A further advantage is that the cyclone
dirtchambers are removed from the surface cleaning ap-
paratus while closed so that they may be transported to
a garbage can or the like for emptying without the con-
tents being scattered during transport.

[0042] In accordance with an embodiment of this as-
pect, there is provided a surface cleaning apparatus com-
prising:

(a) a dirt inlet;

(b) a handle;

(c) atleast afirst cleaning stage comprising a plurality
of cyclones in parallel and a plurality of dirt collection
chambers that are emptied concurrently wherein the
plurality of cyclones and the plurality of dirt collection
chambers are removable as a unit from the surface
cleaning apparatus; and,

(d) an air flow motor.

[0043] In one embodiment, each cyclone has an as-
sociated dirt collection chamber and each dirt collection
chamber is associated with only one cyclone and all of
the dirt collection chambers are emptied concurrently.
Preferably, the dirt collection chambers have a common
bottom that is openable.

[0044] In another embodiment, the surface cleaning
apparatus further comprises a second cleaning stage
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and the first cleaning stage is removed from the second
cleaning stage prior to emptying the plurality of dirt col-
lection chambers.

[0045] In another embodiment, the surface cleaning
apparatus further comprises a second cleaning stage
and the first cleaning stage is removed by itself from the
surface cleaning apparatus. Preferably, the first and sec-
ond cleaning stages are concurrently removed from the
surface cleaning apparatus and the first cleaning stage
is removed from the second cleaning stage prior to emp-
tying the plurality of dirt collection chambers.

[0046] In another embodiment, first cleaning stage
comprises a cyclonic cleaning unit that is sealed when
removed from the surface cleaning apparatus otherthan
fluid flow passages leading to and from the cyclones.
[0047] Inanother embodiment, the first cleaning stage
includes at least one filter removable with the first clean-
ing stage.

[0048] In another embodiment, the surface cleaning
apparatus further comprises a door moveable to an open
position wherein the first cleaning stage is removable
when the door is in the open position.

[0049] Inanother embodiment, the first cleaning stage
is slidably removable from the surface cleaning appara-
tus.

[0050] In another embodiment, the cyclonic cleaning
unit is removably mounted to a second cleaning stage
and the first cleaning stage is moveable upwardly from
the first cleaning stage.

[0051] Inanother embodiment, the first cleaning stage
comprises at least 15 cyclones in parallel.

[0052] Inanother embodiment, the first cleaning stage
comprises at least one cyclone per square inch, prefer-
ably at least two cyclones per square inch, and more
preferably at least four cyclones per square inch.
[0053] In another embodiment, the surface cleaning
apparatus is selected from the group consisting of a vac-
uum cleaner, a sweeper and a carpet extractor.

[0054] In another embodiment, cyclones of the first
cleaning stage are spaced apart to define a region be-
tween adjacent cyclones in which particulate matter col-
lects. Preferably the region has a floor that is moveable,
whereby the collection area may be emptied when the
floor is moved. Preferably, the dirt collection chambers
of the first cleaning stage have a common bottom that is
openable and the floor is moved when the common bot-
tom is opened. Preferably the common bottom and the
floor comprise a continuous member that is moveably
mounted, and preferably pivotally mounted, to the first
cleaning stage.

[0055] In another embodiment, the surface cleaning
apparatus further comprises a second cleaning stage
and the first cleaning stage is positioned exterior to the
second cleaning stage.

[0056] In another embodiment, the surface cleaning
apparatus further comprises a second cleaning stage
comprising at least one cyclone and the plurality of cy-
clones are positioned exteriorto the at least one cyclone.
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[0057] In another embodiment, the surface cleaning
apparatus further comprises a second cleaning stage
comprising at least one cyclone and the first cleaning
stage is positioned exterior to the at least one cyclone.
[0058] It will be appreciated that any of these alternate
embodiments may be combined in an apparatus in any
combination or sub-combination.

[0059] In accordance with an eighth aspect of the in-
stant invention, a cyclone chamber is provided with a
screen that covers all or a portion of the outlet from the
cyclone chamber and which is removable and, optionally,
replaceable, preferably through the top (airentrance end)
of the cyclone chamber. In a preferred embodiment, the
screenisformedwith a handle (e.g., the air outlet conduit)
so that a consumer need not touch the screen during
removal. A part of the top panel of the cyclone casing
may be removable with the screen as an assembly and
may be used to secure the assembly in position (e.g., by
a screw thread, bayonet mount or other releasable
means that engages with the portion of the cyclone sep-
arator casing that is not removed with the screen). The
screen may have longitudinally extending side walls to
define an outer perimeter screen and a transversely ex-
tending wall to define a central screen, which are con-
nected together so as to define a screen member that
has an open volume (a capture region) thatis surrounded
on its length, width and height by a screen material. For
example, the screen may be H shaped, a square U shape
or a square inverted U shape.

[0060] Alternately, or in addition, in accordance this
aspect, the screen is provided in a cyclone chamber such
that the air travels into an open enclosure of the screen
prior to traveling through the screen to the outlet from the
cyclone chamber. For example, the screen may be H
shaped or a square inverted U shape. The open enclo-
sure is surrounded on all sides (other than the bottom),
by screen material, thereby enlarging the surface area
of screen through which the air may travel prior to enter-
ing the cyclone outlet. The air will initially tend to travel
upwardly into the open enclosure, and through the trans-
verse member to the cyclone outlet. If the transverse
member becomes clogged, the air may pass through the
side wall of the open enclosure and then travel back in-
wardly through additional screen material into the interior
of the screen prior to exiting through the cyclone outlet.
[0061] Thescreenispreferably constructedfromama-
terial that will assist in retaining or trapping particulate
matter. For example, the screen may be made from an
adhesive material. Alternately, or in addition, the screen
may be provided with microfilaments that extend out-
wardly therefrom. The microfilaments create a surface
(for example like a very fine Velcro™) material on which
elongate material such as hair may become trapped.
[0062] It will be appreciated that any one of these as-
pects may be combined with one or more of the other
aspects in any combination or sub-combination.

[0063] Inaccordance with anotheraspect ofthis inven-
tion, there is provided an improved cyclone, which may
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be used in a vacuum cleaner. In particular, a cyclone may
have an inlet that is positioned exterior to the cyclone
chamber. For example, it may be positioned on top of
the cyclone. It may be formed as the upper portion of the
cyclone chamber casing or it may be mounted on top of
the upper casing of the cyclone and be in air flow com-
munication with the cyclone chamber formed in the cas-
ing. The inlet comprises a spiral or tangential inlet. Pref-
erably, the spiral ramp may extend through an arc from
15 to 360° and, preferably from 25 to 270° and, more
preferably from 25 to 90°. It will be appreciated thatin an
alternate embodiment, the spiral inlet that extends for
less than a full revolution may be constructed in the side
wall of a cyclone bin. This construction may be used in
conjunction with any of the aspects set out herein or,
alternately, on its own.

[0064] Inaccordance with another aspect of the instant
invention, a cyclone or a plurality of cyclones may be
made from a biodegradable material. An advantage of
this design is that the cyclones may be disposable. Ac-
cordingly, when deposited in a land fill site, the cyclone
casing will eventually biodegrade. For example, a cy-
clone may be made of a paper based material that is
compression molded oran injection molded starch or glu-
cose based material sothat the product is biodegradable.
This construction may be used in conjunction with any
of the aspects set out herein or, alternately, on its own.
[0065] Inaccordance with another aspect of the instant
invention, the casing of a cyclone chamber, or a portion
thereof, may be made from a deformable material, such
as an elastomeric material. Preferably, the casing has
sufficient rigidity to maintain its shape during storage and
transportation of a vacuum cleaner and, more preferably,
during normal operation of a vacuum cleaner. This con-
struction may be used in conjunction with any of the as-
pects set out herein or, alternately, on its own.

[0066] Inaccordance with another aspect ofthe instant
invention, the inner surface of the outer wall of a cyclone
separator, or a portion thereof, and/or the inlet and outlet
and any components therein may be coated with an ad-
hesive material or may be lined with a removable adhe-
sive material. For example, the adhesive material may
be agar or pectin or a rubber based adhesive. One ad-
vantage of this embodiment is that particulate matter will
adhere to the adhesive material as the air rotates in the
cyclone chamber and contacts the outer wall of the cy-
clone casing or other portion having adhesive material
associated therewith. Accordingly, the efficiency of the
cyclone will be increased by dirt adhering to the outer
wall of the cyclone. In accordance with this aspect of the
invention, the cyclone, or an adhesive liner inserted in
the cyclone, may be disposable. Accordingly, the cyclone
casing may be constructed from a thin walled plastic (e.g.
avacuum molded plastic). Alternately, the adhesive that
is selected may release dirt on contact with water. Ac-
cordingly, if a user washes out the interior of the cyclone,
then the dirt, which has adhered to the outer wall of the
cyclone chamber, will be removed. In a particularly pre-
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ferred embodiment, it is preferred that the adhesive be
provided on a downstream cyclone which is designed to
remove finer particulate mater. Accordingly, this embod-
imentis particularly preferred for use in the second, third,
fourth or other sequential stage(s) of a multistage cyclone
separator where small quantities of fine particles are to
be collected. This construction may be used in conjunc-
tion with any of the aspects set out herein or, alternately,
on its own.

[0067] Inaccordance with anotheraspect of the instant
invention, the cyclone casing may be constructed from,
or may be coated with, a biocidal material. The biocidal
material will prevent the growth of microbiologics, or re-
duce the tendency of microbiologics to grow, in the cy-
clone chamber. For example, a biocidal agent such as a
tin arsenic compound may be added to the plastics of
which the cyclone bins are molded, or biocidal materials
such as surfactant lipid preparations may be applied to
the interior and/or exterior surfaces of the cyclones to
inhibit the growth of bacteria, molds, or viruses. This con-
struction may be used in conjunction with any of the as-
pects set out herein or, alternately, on its own.

[0068] Inaccordance with anotheraspect of theinstant
invention, all or a portion of a cyclone casing, which may
include the inlet and/or outlets of the cyclone casing and
any screen material utilized therein, may be manufac-
tured from or coated with an electret material. Electret
materials are constructed so as to have a permanent
electric charge polarization. For example, a plastic may
be heated inthe presence of an electric field and allowed
to cool, resulting in permanent polarization of the plastic.
One advantage of this embodiment is that all or a portion
of the cyclone casing may be constructed to function as
a magnet thereby increasing the efficiency of a cyclone
by removing electrically charged patrticles. Typically, par-
ticulate matter that travels through a cyclone becomes
charged due to the passage of the material at high speed
through the cyclone separator. Accordingly, the use of a
cyclone casing or portions thereof, which are made from
materials that have a permanent electrostatic field, en-
hances the separation efficiency of the cyclone, particu-
larly finer particulate matter, by combining electrostatic
attraction and cyclonic separation. Accordingly, this em-
bodiment is particularly preferred for use in the second,
third, fourth or other sequential stage(s) of a multistage
cyclone separator where small quantities of fine particles
are to be collected. This construction may be used in
conjunction with any of the aspects set out herein o,
alternately, on its own.

[0069] Inaccordance with anotheraspect of the instant
invention, some or all of the particle collected in one cy-
clone are conveyed to another cyclone, which may be
upstream or downstream, whereby at least some of the
particulate matter conveyed to the upstream or down-
stream cyclone is collected in the particle collector for
the upstream or downstream cyclone. One advantage of
this embodiment is that a consumer may need to only
empty a single cyclone bin of a surface cleaning appa-
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ratus. This construction may be used in conjunction with
any of the aspects set out herein or, alternately, on its
own.

[0070] Inaccordance with another aspect of the instant
invention an array of cyclones is provided wherein the
cyclones may be sized such that there are at least 2 cy-
clones, preferably at least 5 cyclones, more preferably
at least 10 cyclones and most preferably at least 25 cy-
clones per square inch measured in a plane transverse
to the longitudinal axis of the cyclone separators. This
construction may be used in conjunction with any of the
aspects set out herein or, alternately, on its own.
[0071] In any aspect of this invention, a cyclone sep-
arator may include any plate known in the art for defining
a dirt collection chamber in a cyclone separator below
the cyclone chamber. The plate is preferably positioned
inward from the outer wall of the cyclone separator casing
so as to define an annular gap between the outer periph-
eral edge of the plate and the inner wall of the cyclone
casing. If the plate is spaced from the inner wall of the
cyclone separator casing, then the plate has an upper
surface and a lower surface and a peripheral wall that
extends between the upper and lower surfaces. The pe-
ripheral wall may be of varying geometries and orienta-
tions to assist in particle removal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] These and other advantages of the instant in-
vention will be more fully and completely understood in
association with the following description of preferred
embodiments of this invention wherein:

[0073] Figure 1 is a perspective view of a preferred
embodiment of a vacuum cleaner incorporating two cy-
clonic cleaning stages;

[0074] Figure 2 is a cross section along line 2-2 of the
vacuum cleaner of Figure 1;

[0075] Figure 2a is an exploded view of the cyclonic
cleaning stages of the vacuum cleaner of Figure 1;
[0076] Figures 3, 3a and 3b are perspective views of
a cyclone inlet according to an alternate preferred em-
bodiment of the instant invention;

[0077] Figure 4 is a perspective view of a cyclone sep-
arator in accordance with an alternate preferred embod-
iment of the instant invention, wherein the outer casing
of the cyclone separator is transparent;

[0078] Figure 5is a perspective view of a cyclone sep-
arator in accordance with an alternate preferred embod-
iment of the instant invention;

[0079] Figure 6is a perspective view of a cyclone sep-
arator in accordance with an alternate preferred embod-
iment of the instant invention;

[0080] Figures 6aare side views of platesthat are used
in accordance with alternate embodiments of this inven-
tion to divide the interior of a cyclone separator into a
cyclone chamber and a dirt collection region;

[0081] Figures 6b and 6¢ are perspective views of
plates that are used in accordance with alternate embod-
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iments of this invention to divide the interior of a cyclone
separator into a cyclone chamber and a dirt collection
region;

[0082] Figure 6dis a vertical section through a cyclone
separator showing an alternate position for a plate in ac-
cordance with an alternate preferred embodiment of the
instant invention;

[0083] Figure 6e is a vertical section through a cyclone
separator showing an alternate preferred embodiment of
the instant invention wherein the plate is mounted by
means of magnets;

[0084] Figure 6f is a side view of a cyclone separator
showingan alternate preferred embodiment of the instant
invention wherein a magnet is used to assist in particle
capture;

[0085] Figure 6gis a vertical section through a cyclone
separator showing an alternate preferred embodiment of
the instant invention wherein the plate is mounted by me-
chanical means to the inner surface of the side wall of
the dirt collection chamber wherein the bottom door is
closed;

[0086] Figure 6his a vertical section through a cyclone
separator of Figure 6(g) wherein the bottom door is open;
[0087] Figure 7 is a vertical section of a cyclone sep-
arator showing an alternate preferred embodiment of the
instant invention wherein the bottom of the cyclone cas-
ing is raised to form an annular dirt collection chamber;
[0088] Figure 7ais a vertical section of a cyclone sep-
arator showing an alternate preferred embodiment of the
instant invention wherein the lower portion of the side
walls of the cyclone casing have a larger diameter to form
an enlarged dirt collection chamber;

[0089] Figure 7b is a vertical section of a cyclone sep-
arator showing an alternate preferred embodiment of the
instant invention wherein the bottom of the cyclone cas-
ing is raised to form an annular dirt collection chamber
and a longitudinally extending annular dirt collection
chamber is provided;

[0090] Figure 7c is a vertical section of a cyclone sep-
arator showing an alternate preferred embodiment of the
instant invention wherein a redirector is provided;
[0091] Figure 7d is a vertical section of a cyclone sep-
arator showing an alternate preferred embodiment of the
instant invention wherein a redirector is provided and the
outlet is in the bottom of the cyclone casing;

[0092] Figure 8 is a perspective view of an array of
cyclone separators in accordance with alternate pre-
ferred embodiment of the instant invention;

[0093] Figure 8a is a top plan view of a construction
detail for the array of cyclones of Figure 8;

[0094] Figure 8b is atop plan view of an alternate con-
struction detail for the array of cyclones of Figure 8;
[0095] Figure 8cis atop plan view of an alternate con-
struction detail for the array of cyclones of Figure 8;
[0096] Figure 8d is a side view of the alternate con-
struction detail of Figure 8c;

[0097] Figure 9is atop plan view of the cyclone array
of Figure 8c;
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[0098] Figure 9a is a perspective view of the cyclone
array of Figure 8c;

[0099] Figure 10 is an exploded perspective view of
the cyclone array of Figure 8c constructed as two se-
quential stages with a common manifold between the

stages;

[0100] Figure 11 isatop plan view of the cyclone array
of Figure 8b;

[0101] Figure 11 ais a perspective view of the cyclone

array of Figure 8b;

[0102] Figure 12 is an exploded perspective view of
the cyclone array of Figure 8b constructed as three se-
quential stages with a common manifold between the

stages;

[0103] Figure 13is atop plan view of the cyclone array
of Figure 8a;

[0104] Figure 14 is a perspective view of the cyclone

array of Figure 8a;

[0105] Figure 15 is an exploded perspective view of
the cyclone array described in Figure 8a constructed as
two sequential stages with a common manifold between
the stages

[0106] Figure 16 is a perspective view of a cyclone
array removed from a vacuum cleaner wherein the water
inlet port is open;

[0107] Figure 17 is a perspective view of a vacuum
cleaner wherein the second cyclonic stage is removed
while the first cyclonic stage is retained in position onthe
vacuum cleaner;

[0108] Figures 18 and 19 are perspective views of a
vacuum cleaner wherein the first and second cyclonic
stages are removed and the first and second cyclonic
stages are subsequently separated for separate empty-
ing;

[0109] Figures 20 and 21 are perspective views of an
alternate embodiment of a vacuum cleaner wherein the
second cyclonic stage is removed while the first cyclonic
stage is retained in position on the vacuum cleaner

DETAILED DESCRIPTION OF THE INVENTION

[0110] The following description of the preferred em-
bodiments of the improvements in cyclones and arrays
of cyclones are described herein with reference to their
application in a surface cleaning apparatus and, in par-
ticular, a vacuum cleaner. It will be appreciated, that in
different embodiments, the improvements may be used
in other household appliances, such as air cleaners in-
cluding portable room air cleaners, air cleaners for fur-
naces and the like, as well as other commercial and in-
dustrial uses including breathing masks, such as for use
in hospitals and in toxic environments and air treatment
systems for cars and the like.

Description of exemplified upright vacuum cleaner

[0111] In a preferred embodiment, the improvements
are used in a surface cleaning apparatus and, preferably,
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avacuumcleanerand, more preferably, a vacuum clean-
er having a plurality of cyclonic cleaning stages. A pre-
ferred embodiment of a multi stage cyclonic vacuum
cleaner that is used to exemplify the different aspects is
shown in Figures 1 and 2. As shown therein, vacuum
cleaner 1 is an upright vacuum cleaner having a ground
engaging head 2, a main casing 3 pivotally mounted with
respect to ground engaging head 2, a handle 4 for steer-
ing vacuum cleaner 1 and an electric cord 5. Main casing
3 has a cyclonic cleaning unit 6 comprising a first cyclonic
cleaning stage 7 comprising a single cyclone and a sec-
ond cyclonic cleaning stage 8 comprising a plurality of
cyclones 9 in parallel. Dirty air may be introduced into
first cyclonic cleaning stage 7 by any means known in
the art. Referring to Figures 1 and 2, vacuum cleaner 1
has a ground engaging head 2 having a dirty air inlet (not
shown) which is in airflow communication with the first
stage cyclone inlet 10. The air travels through first cy-
clonic cleaning stage 7, which is exemplified as compris-
ing a single cyclone, and exits upwardly via first stage
cyclone outlet 27. The air travels upwardly to enter sec-
ond stage cyclones 9 via second stage cyclone inlets 12.
The air travels through second stage cyclones 9 and ex-
ists second stage cyclones 9 via second stage cyclone
outlets 13. The treated air then travels downwardly via
conduit 14 into the ground engaging head to a fluid flow
motorthat is preferably a suction motor 15 prior to exiting
vacuum cleaner 1.

[0112] Ground engaging head 2 may be of any con-
struction known in the art and may include a rotating
brush or the like to assist in entraining dirt in the dirty air
inlet (not shown) in ground engaging head 2. In addition,
vacuum cleaner 1 may include an extension wand or the
like for above the floor cleaning as is known in the art. It
will also be appreciated that in an alternate embodiment,
vacuum cleaner 1 may be a canister vacuum cleaner, a
back pack vacuum cleaner, a carpet extractor, a wet/dry
vacuum cleaner, or other vacuum cleaner or surface
cleaning equipment utilized in household and commer-
cial applications which may use a surface cleaning head
(i.e. a head that may be used to clean a surface that may
be a floor, wall, furniture or other surface as is known in
the art), and which are preferably used in domestic ap-
plications and, in particular, indoor applications.

Combinations of cyclones

[0113] In accordance with an aspect of the instant in-
vention, which may be used individually or with any other
aspect, a plurality of cyclonic cleaning stages and, pref-
erably, aplurality of arrays of cyclones are provided. Pref-
erably, such constructions are utilized to remove partic-
ulate matter in air, particularly in domestic applications,
such as surface cleaning apparatus (e.g. vacuum clean-
ers, carper extractors and the like) and air cleaners (e.g.,
portable air cleaners or air cleaners connected to a fur-
nace fora house). As shown in Figure 2, a vacuum clean-
er may has a cyclonic cleaning unit 6 comprising a first
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cyclonic cleaning stage 7 comprising a single cyclone, a
plurality of second stage cyclones 9 and a plurality of
third stage cyclones positioned in pre-motor area 16 (e.g.
an array 73 as shown in Figure 8).

[0114] It will be appreciated that in an alternate em-
bodiment, the first cyclonic stage may comprise a plural-
ity of cyclones in parallel. For example, a vacuum cleaner
may comprise two cyclonic cleaning stages wherein each
comprises a plurality of cyclones in parallel, preferably
the first and second stages in order of fluid flow through
the vacuum cleaner.

[0115] As afurther example, suction or air flow motor
15 (e.g., a dirty air motor) may be positioned upstream
from the cyclonic cleaning unit 6, wherein unit 6 may con-
tain 1, 2, 3 or 4 cyclonic cleaning stages. In accordance
with this example, at least one, preferably a plurality of
and, more preferably, all of the cyclonic cleaning stages
comprise a plurality of cyclones in parallel.

[0116] Alternately, a cyclone cleaning stage may be
provided upstream from motor 15 and a plurality of cy-
clonic cleaning stages (e.g. 2, 3 or 4), may be positioned
downstream from the suction motor 15. Some, and pref-
erably a plurality of and, more preferably, all of the cy-
clonic cleaning stages comprise a plurality of cyclones
in parallel.

[0117] Alternately, aplurality of cyclonic cleaning stag-
es may be provided upstream from the motor and one or
more cyclonic cleaning stages may be provided down-
stream from motor 15. For example, two orthree cyclonic
cleaning stages may be positioned upstream from the
motor 15 and one or two cyclonic cleaning stages may
be positioned downstream from the motor 15. Preferably,
some, more preferably most and, most preferably all of
the cyclonic cleaning stages comprise a plurality of cy-
clones in parallel.

[0118] In aparticularly preferred embodiment, four cy-
clonic cleaning stages may be provided upstream from
a motor 15 wherein at least one, preferably some and,
most preferably all of the cyclonic cleaning stages com-
prise a plurality of cyclones in parallel.

[0119] Preferably, the cyclonic stages are provided ex-
teriorto each other (i.e., not nested). Therefore, they may
be stacked (one on top of the other) or positioned side
by side.

Construction of cyclone inlets

[0120] In accordance with another aspect, which may
be used individually or with any other aspect, a cyclone
separator 20 may have air inlet 21 that is located on the
top of the separator 20, see for example Figures 3, 3a
and 3b. The inlet 21 may be round, oval, square, rectan-
gular, ellipsoid or any other shape in transverse section
to the direction of flow, but a rectangular shape, as ex-
emplified in the Figures, is preferred. The particle laden
fluid represented by arrow 22 enters into the air inlet 21
and is directed by the spiral ramp 25 that defines inlet 21
so as to create cyclonic circulation 23 in cyclone sepa-
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rator 20. The spiral ramp 25 can be configured to occupy
an arc of from 10° to 360° of the perimeter of the circum-
ference of the cyclone separator 20 as seen from above.
Preferably, the spiral ramp 25 extends through an arc
from 15 to 360° and, more preferably from 25° to 270°
and, most preferably from 25° to 90°. In the embodiment
of Figure 3a, air or fluid inlet 21 extends through an arc
of 90° and in the embodiment of Figure 3b, air inlet ex-
tends through an arc of 270°. The spiral ramp 25 may be
configured in either a clockwise or counterclockwise di-
rection. As exemplified in the drawings, at least a portion
of, and preferably all of, inlet 21 is positioned exterior to
the cyclone chamber, which chamber is located inside
cyclone separator 20. For example, the inlet may be on
the outersurface of cyclone separator 20 but is preferably
positioned at the top of cyclone separator 20.

[0121] Cyclonic circulation 23 in cyclone separator 20
causes at least a portion of the particles 24 within the
particle laden fluid stream 22 to be disentrained from the
fluid flow stream and accumulate within the lower region
of the cyclone separator 20. The fluid stream 26, which
exits the cyclone separator 20 through the fluid outlet 27
that is located adjacent to the inlet 21, has a reduced
concentration of the particles 24 than particle laden fluid
stream 22. It is understood that this construction can be
applied to a single cyclone or a plurality of cyclones in
parallel. In another embodiment, it will be appreciated
that outlet 27 may be provided in the bottom of cyclone
separator 20 or any other location known in the art.

Internal screen for a cyclone separator

[0122] In accordance with another aspect, which may
be usedindividually or with any other aspect, an improved
internal screen for a cyclone separator 20 is provided,
see for example Figure 4. In this alternative construction,
ascreen member 28 is preferably constructed from afine
mesh having a square area per opening or a hole of
0.000001 to 0.04 square inches. The screen openings
or holes may be round, oval, triangular, square, pentag-
onal, heptagonal, or hexagonal or the like and are pref-
erably multisided.

[0123] Alternately, or in addition, the screen 28 may
comprise a central screen 28a and an outer perimeter
screen 28b that has a longitudinal surface that is parallel
to the cyclone outlet. The central screen 28a extends
transversely to extend across the cross section of outer
perimeter screen 28b so as to provide a complete screen
surface extending between opposed parts of outer pe-
rimeter screen 28b. Central screen 28a, which is atrans-
verse member, may be positioned at the lower terminal
end 28’ of the outer perimeter screen 28b (to define a
generally square U-shaped screen), towards the upper
terminal end 28" of the outer perimeter screen 28 but
belowthe entrance tothefluid outlet (to define a generally
square inverted U-shaped screen), or any position be-
tween the two, and preferably proximate the midpoint
along the longitudinal length of outer perimeter screen
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28b as exemplified (to define a generally H-shaped
screen). It is preferred that the central screen 28a be
positioned between the terminal ends of the outer perim-
eter screen 28b so as to form a capture region 29 interior
of the outer perimeter screen 28b to assist in the entrap-
ment of fibers, hairs or particles. Capture region 29 is a
cavity interior of the longitudinal surface, namely outer
perimeter screen 28b, that is open to the fluid in the cy-
clone separator without passing through the screen. Itis
understood that the cross sectional shape of the screen
member 28 may be round, oval, square or any other
shape.

[0124] If central screen 28a becomes clogged, then
some or all of the air will commence traveling out the
lower portion 132 of outer perimeter screen 28b and may
then travel back inwardly through the upper portion 134
of outer perimeter screen 28b towards the centre of the
cyclone chamber at a position above central screen 28a
so as to travel to the cyclone outlet. Accordingly, the use
of a generally H shaped screen in vertical section en-
hances the amount of screen area which may be utilized.
[0125] Inaccordance with a further embodiment of the
instant invention, the outer perimeter screen 28b may
flare outwardly in a direction away from the outlet. Ac-
cordingly, a portion of the outer perimeter screen 28b
distalto the outlet 27 may have a diameter larger in cross
section than the portion of the outer perimeter screen
28b adjacent to the outlet. One advantage of this design
is that material that accumulates in the interior volume
of the screen is more likely to fall downwardly to the bot-
tom 31 of the cyclone casing when the air flow through
the cyclone chamber is terminated. Accordingly, for ex-
ample, if the cyclone is utilized as a cleaning stage in the
surface cleaning apparatus or an air cleaner, the user
may remove the dirt collection chamber of the cyclone
bin (e.g. the cyclone casing itself may be removed if the
bottom 31 of the cyclone casing defines the ditt collection
chamber) permitting the dirt to flow out of the interior vol-
ume of the flared screen into the bottom of the cyclone
casing. Alternately, if the screen 28 is removable, such
as is disclosed herein, then the screen 28 may be re-
moved permitting the dirt that has accumulated in the
interior volume (capture region 29) of the flared screen
to fall to the bottom 31 of the cyclone casing. Alternately,
the screen may be placed over a garbage can and
banged against the side to loosen the dirt contained
therein and permit the dirt to fall out of the flared capture
region 29.

[0126] It will be appreciated that transverse central
screen 28a need not be perpendicular to the longitudinal
axis of the outlet conduit 27.

Removable screen

[0127] Inaccordance with another aspect ofthe instant
invention, which may be used individually or with any
otheraspect and, preferably, the screen construction dis-
closed herein, a cyclone separator 20 is provided with a
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screen 28 that covers all or a portion of the outlet 27 from
the cyclone chamber and which is removable and, op-
tionally, replacable. In accordance with this alternate pre-
ferred embodiment, the screen 28 is configured so as to
be removable through or with the fluid outlet 27 of the
cyclone chamber. For example, as exemplified in Figure
4, cyclone separator 20 has an outlet conduit 27 that
extends partially into the cyclone chamber and has a
screen 28 attached or associated therewith. The screen
may have the same diameter as the outlet conduit 27 or
slightly less so as to be removable therethrough, or may
be larger and removable with the outlet 27. The outlet
conduit 27 may be removably mounted to the cyclone
casing, such as by a screw or bayonet mount. Accord-
ingly, a user may remove the outlet 27, and the screen
28 attached hereto by rotating the outlet conduit 27 and
longitudinally withdrawing the outlet conduit 27 upwardly
from the cyclone separator 20.

[0128] In addition, it will be appreciated that if the
screen 28 has a larger diameter than the outlet conduit
27, then the wall of the cyclone casing in which the outlet
conduit 27 is provided will have a removable annular
band 30 wherein the diameter of the removable annular
band 30 is greater than the diameter of the screen 28.
Accordingly, when the annular band 30 is removed, an
opening is provided in the outer wall 30a of the casing,
which is sized to allow the passage therethrough of the
screen 28 (see for example Figures 2a and 17). Prefer-
ably, the annular band 30 forms a one piece assembly
with the outlet conduit 27 and may be integrally molded
therewith. Accordingly, only a single element needs to
be removed from the cyclone casing in order to remove
the screenforcleaning. Annularband 30 may be lockingly
affixed to outer wall 30a by any means known in the art,
such as by a bayonet mount, a screw mount, magnets
or locking tabs.

[0129] Inthe embodiment of Figure 2a, the first cyclon-
ic cleaning stage includes a down flow conduit 14. Down
flow conduit 14 is collinearwith the fluid outlet 27, extends
throughthe cyclone chamber53 and has an upperportion
19 positioned above the top of the cyclone separator 20.
Accordingly, in this alternate embodiment, the down flow
conduit 14 has an upper end 19 that forms the handle
forthe unit that is removed. As exemplified in Figure 2a,
a user may grasp end 19 and, e.g., rotate conduit 14 to
unlock tab 148 from a recess, not shown, and then pull
upwardly such that screen 28 is removed leaving an
opening 144 in the top of the cyclone, through which dirt
in the cyclone chamber 53 may be emptied.

[0130] If a second stage cyclonic stage 8 is mounted
on top of the first cyclonic cleaning stage 7, and the sec-
ond cyclonic cleaning stage includes a down flow tube
138, then the second cyclonic cleaning stage 8 is first
removed. It will be appreciated that end 19 may have a
gasket or O-ring 18 to seal down flow tube 138 of the
second cyclonic cleaning stage 8 and the upper end 18
of down flow conduit 14 of the first cyclonic cleaning stage
7.
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Geometry for a cyclone separator

[0131] In accordance with another aspect, which may
be usedindividually orwith any otheraspect, animproved
configuration for a cyclone separator 20 is provided, see
for example Figure 6. In accordance with this embodi-
ment, different geometries of cyclone separators 20 are
provided. In particular, it is preferred that the geometry
of a cyclone separator 20 is selected based on the size
of cyclone separator 20. According, it is preferred that
for cyclone separators 20 that are greater than 1 inches
in internal diameter (D), the geometry of the cyclone is
as follows:

the inletwidth (W) is preferably between D/3and D/5,

the inlet height (H) is preferably between 2W to 5W,
and

the height (h) above the floor or bottom 31 of the
cyclone separator 20 is preferably greater than 2H,
more preferably more than 4H and most preferably
more than 8H.
[0132] If an optional plate 32 is employed, then:
the height (h) above the plate 32 is preferably greater
than 2H, more preferably more than 4H and most
preferably more than 8H;
the height (i) below the plate 32 is preferably greater
than 1H, more preferably more than 2H and most
preferably more than 4H; and,
the gap between the peripheral wall of plate 32 and
the inner surface of the wall of the cyclone separator
20 is preferably 0.025" to 0.075",
more preferably 0.035" to 0.050", and most prefer-
ably 0.040".

[0133] Alternately, it is preferred that for cyclone sep-
arators 20 that are equal to or smaller than 1 inch in in-
ternal diameter (D), the geometry of the cyclone is as
follows:

the inlet width (W) is preferably between D/5 and D/
15 and more preferably D/8 to D/12;

the inlet height (H) is preferably between 2W to 5W
and preferably 3W to 4W; and,

the height (h) above the floor or bottom 31 of the
cyclone separator 20 is preferably greater than 2H,
more preferably more than 4H and most preferably
more than 8H.

[0134] If an optional plate 32 is employed, then:

the height (h) above the plate 32 is preferably greater
than 2H, more preferably more than 4H and most
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preferably more than 8H;

the height (i) below the plate 32 is preferably greater
than 1H, more preferably more than 2H and most
preferably more than 4H; and,

the gap between the peripheral wall of plate 32 and
the inner surface of the wall of the cyclone separator
20 is preferably 1 W to W/10, more preferably W/1.5
to W/4 and most preferably W/2 to W/3.

[0135] Itis understood that for cyclones separators 20
between 0.75" and 1.5 inches in diameter, good but not
optimal performance can be achieved by applying the
parameters for cyclone separators 20 smaller or larger
than 1 inch in diameter.

Configuration of a divider plate for cyclone separators

[0136] In accordance with another aspect, which may
be used individually or with any other aspect, improved
configurations for a plate 32 that is included in a cyclone
separator 20 to divide the interior of a cyclone separator
20 into a cyclonic region or cyclone chamber 53 and a
dirt collection region or chamber are provided, see for
example Figure 6a. As illustrated therein, plate 32 has
an upper or cyclone chamber surface 32a, a lower or dirt
collection chamber surface 32b and aperipheral wall 32c.
Each of these different configurations beneficially assist
in capturing different particle sizes. For example, the pe-
ripheral wall 32c of plate 33 is flat (i.e. it may extend
generally vertically). Plate 33 is preferred for use in a
cyclone separator 20 to capture general particles found
in carpets and homes where the particle size is 3 ormore
microns. Alternately, the peripheral wall 32¢c may meet
upper and/or lower surfaces 32a, 32b at an angle. See
for example plates 34, 35 and 36. As shown, plate 35
comprises an upper portion and a lower portion that in-
tersect at an intermediate location along the thickness of
the plate so as to define a sharp edge (e.g. it is generally
V shaped). As the size of the particles decreases, plates
33, 34 and 35 are more effective in that the discontinuity
at the outer perimeter improves ultra fine particle sepa-
ration. Alternately, the peripheral edge may be curved
(e.g. it may bow out in the centre so as to be generally
C shaped asshowninplate 37). When the specific gravity
of the particles being removed from the fluid stream is
similar to the specific gravity of the fluid, curved surfaces
such as 37, 38, 39, 40, and 41 tend to provide more ef-
ficient separation.

[0137] It has also been found that for mixtures includ-
ing a wide range of particle specific gravities, creating
regular or irregular, symmetrical or non-symmetrical
curves or angled discontinuous surfaces on the upper
surface 32a of the plate 32, i.e. the face disposed towards
the cyclone chamber, can enhance separation efficiency.
Examples are shown in Figures 6b and 6¢. Inthe example
of Figure 6b, a discontinuity 42a curves upwardly from
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upper surface 32a and a discontinuity 42b curves down-
wardly into upper surface 32a. In the example of Figure
6¢c, a discontinuity 43a is angled upwardly from upper
surface 32a and a discontinuity 42b is angled downward-
ly into upper surface 32a.

[0138] While plate 32 may be mounted transverse to
the longitudinal axis of a cyclone separator 20 (e.g., if
cyclone separator extends vertically, plate 32 extends
horizontally), it will be appreciated that in an alternate
embodiment that plate 32 may be other than in a plane
transverse to the longitudinal axis of a cyclone separator
20. For example, as shown in Figure 6d, the plate 44 is
mounted on an angle relative to the wall 45 of the cyclone
separator 20. It is understood that the cyclone separator
wall 45 may optionally be curved or angled towards the
top or towards the bottom of the cyclone separator 20.
[0139] In accordance with a further alternate embodi-
ment of the instant invention, the plate 32, which may be
of any particular configuration and/or one of the config-
urations disclosed herein, may be positioned so as to
define an annular gap between the peripheral wall of the
plate 32c and the inner surface of wall 45 of the cyclone
casing that is not uniform in thickness. For example, the
plate 32 may be closer to the wall 45, or may touch the
wall 45, at one or more locations or along in an arc of the
wall 45. Alternately, or in addition, the plate 32 may be
angled, as shown in Figure 6d, such that one end is at
an elevated distance above the bottom 31 of the cyclone
casing compared to an opposed end. Accordingly, if the
plate 32 is circular and centrally positioned, the annular
gap at the raised end and the lower end will be larger
than at the central portion that is not vertically displaced.
Alternately, the plate 32 may be angled upwardly from
adjacent one arc of wall 45. Alternately, or in addition, it
will be appreciated that the plate need not be circular in
cross section. Instead, the plate may have an irregular
outer surface so as to provide variation in the gap be-
tween the peripheral wall 32¢ of the plate and the inner
surface of wall 45 of the cyclone casing.

[0140] It will be appreciated that in one embodiment,
the plate 32 may be secured to the bottom 31 of a cyclone
casing. Alternately, the plate 32 may be attached to inner
surface 56 of the wall 45 of the cyclone casing (see for
example Figures 6g and 6h).

[0141] In an alternate embodiment, instead of a plate
32, the central portion e.g., 27e of Figure 7d and 55 of
Figure 7, of the bottom 31 of the cyclone casing may be
raised inwardly so as to define a plateau. The raisedfloor
55 may have a continuous wall, e.g., 27b of Figure 7d,
which extends downwardly adjacent the periphery of the
raised floor 27e so as to define a side wall, which may
be generally vertical, and which extends upwardly from
the floor 52a of the cyclone bin to the raised floor 27e.
Alternately, the side wall 27b may be recessed under-
neath the raised floor. The side wall may have any of the
configurations referred to above for the peripheral edge
32c of a plate 32. In addition, the raised floor a may be
circular in cross section. However, the cross section of
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the floor may be varied so as to define a variable annular
gap between the side wall and the inner surface 56 of

the wall 45 of the cyclone casing.

Positioning of a divider plate for cyclone separators

[0142] In accordance with another aspect, which may
be used individually or with any other aspect, a passage,
all or a portion of which extends outwardly, is preferably
provided for connecting the cyclone chamber 53 in com-
munication with the dirt collection chamber 52. Prefera-
bly, as shown in Figures 2 and 6e, the cyclone chamber
includes a fluid outlet 27, which has a lower end that may
comprise an entrance 27a to the fluid outlet 27, which is
positioned above plate 32. The entrance to fluid inlet 27
may be covered by a screen, such as screen 28. The
gap between plate 32, and the lower extent of fluid outlet
27, or screen 28 if provided, may be greater than 0.5",
preferably greater than 1" and, more preferably greater
than 2". In any such embodiment, the lower extent of fluid
outlet 27 is preferably positioned below the bottom of
cyclone inlet 21. The passage defines a vertical annular
gap that has a height that may be less than 2" and, pref-
erably less than 1". In any embodiment, the height may
be lessthan 1/3, preferably lessthan 1/6, more preferably
less than 1/10 and, most preferably less than 1/20 the
diameter of the cyclone immediately below the bottom of
the cyclone inlet 21.

[0143] It will be appreciated that the passage may be
produced in several ways. For example, the outer cir-
cumference of the cyclone casing may be increased
proximate to the height of the raised floor so as to create
an outer annular region which functions as a dirt collec-
tion chamber. An example of such a construction is
shown in Figure 7 wherein apassage 61 having a vertical
annular gap g and a length RO is positioned between the
raised bottom wall 55 and the |aterally extending wall 59b
of the cyclone separator 20. In this embodiment the plate
(raised floor 55) is formed by a step in the floor 59a of
the cyclone separator 20.

[0144] An alternative construction is shown in Figure
7a wherein the passage 61 having the vertical annular
gap g is formed between the plate 54 and the wall 59b
of the cyclone separator 20. The plate may be a molded
or formed part and the gap (g) is formed between the
plate 54 and the wall 59b of the cyclone separator 20
wherein plate 54 may be affixed to the wall 57a by support
arms 58 extending inwardly from wall 57a or affixed to
an optional screen member (not shown) which would be
affixed or removably affixed to or mounted to, e.g., wall
57a, wall 45, the top of the cyclone, or a combination
thereof. The plate 54 may optionally be held in place by
magnets or other means described elsewhere herein.
[0145] Another alternative construction is shown in
Figure 7b wherein the passage 61 having a vertical an-
nular gap g is formed between the raised bottom 55 and
the wall 59b of the cyclone separator 20. A particle col-
lection region 62 is formed in the annular space between
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the wall 59 and the wall 60. One advantage of this design
is that the cyclone may be oriented with its longitudinal
axis extending horizontally so that particulate matter may
accumulate in collection region 62.

[0146] Another alternative construction for a plate 32
is shown in Figure 7c wherein the passage 61 having a
vertical annular gap g is formed between the plate 63
andthe airflow redirector ring 64 of the cyclone separator
20. In this embodiment the plate comprises a disc at-
tached, e.g., to the cyclone separator floor 59 of the cy-
clone separator 20. A particle collection region is marked
66. The airflow redirector ring creates and angle (A) with
the wall 65 of, preferably, between 15° to 75° and, more
preferably, 30° to 60° and most preferably 40° to 50°. It
is understood that the airflow redirector ring 64 can take
different geometries including those illustrated as 67, 68,
69, 70, 71 or 72.

[0147] Another alternative construction for a cyclone
and dirt collection region is shown in Figure 7d wherein
the air exits from the end of the cyclone opposed to the
end of the cyclone separator 20 having inlet 21. If the
cyclone separator is vertically aligned, then the air enters
the cyclone through an inlet air inlet 21 that is located on
the top of the cyclone separator 20. The cyclonic circu-
lation 23 causes at least a portion of the particles 24
within the particle laden fluid stream 22 to become re-
moved and trapped within the collection region 66a of
the cyclone separator 20. The fluid stream 26 which exits
the cyclone through the outlet or entrance 27a to down
flow tube 27c located in the bottom of the cyclone sepa-
rator 20 atthe end opposite to the inlet 21. Thus, a portion
ofthe particles 24 originally entrained in the particle laden
fluid 21 are removed. In this embodiment, the air travels
down flow director 64a and then travel downwardly to-
wards laterally extending wall 27e. The air then travels
outwardly in the passage 61 between flow director 64a
and lateral wall 27e that has a vertical annular gap g2.
[0148] The passage may have aheightthatislessthan
1/3 the diameter, preferably, less than 1/6 the diameter,
more preferably less than 1/10 the diameter and most
preferably less than 1/20 the diameter. Accordingly, the
height may be 2 inches or less and preferably 1 inch or
less. In a particularly preferred embodiment, preferably,
the height of the gap (g) is 0.015" to 0.250" for cyclones
larger than 1 inch in diameter D, especially for use in
vacuum cleaners. A radial overlap (RO) that defines the
length of the passage 61 is defined by the overlap of the
raised bottom floor or plate and the outwardly extending
portion 59b of wall 59 of the cyclone separator and/or the
flow director. Preferably, this radial overlap is 0.015" to
0.250" for cyclones largerthan 1inch in diameter D. Pref-
erably, the height of the gap (g) is 0.002" to 0.040" for
cyclones smaller than 1 inch in diameter D, and raised
bottom floor 55 extends outwardly to extend slightly un-
derneaththe lower portion 59b of wall59. More preferably
the radial overlap between the lower portion 59b of wall
59 and the outer radial edge of the raised floor 55 is
0.005" to 0.125" for cyclones equal to or smaller than
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smallerthan 1 inch in diameter D. In an alternate embod-
iment exemplified in Figure 7d, it has been found that the
gap g2 is preferably 0.025" to 0.075" for cyclones greater
than one inch in diameter D for collecting particles be-
tween 4 and 100 microns in size. It has been found that
the gap g2 is preferably 0.025" to 0.075" for cyclones
greaterthan oneinchin diameter D for collecting particles
between 4 and 100 microns in size. It has been found
thatthe gap g2 is preferably 0.005" to 0.040" for cyclones
smaller greater than one inch in diameter D for collecting
particles between 0.1 and 10 microns in size, and more
preferably 0.015" to 0.025".

[0149] Itis also understood that the dimensions of the
gap (g) and the radial overlap may be varied around the
perimeter ofthe raised bottom wall 55 to create conditions
which are optimal for the collection of a band of particle
sizes or particle densities.

[0150] The distance between the floor of the dirt col-
lection region and the bottom of flow director 64a is pref-
erably not less than the height of the inlet H2 and the
height of section 27¢ is preferably greater than 2H, more
preferably 4H and most preferably greater than 8H and
the gap g3 between the bottom of the inlet 21 and the
top of the down flow tube section 27¢ is preferably 0.5H2
to 1.5H2, and more preferably approximately 0.9H2. The
internal area of the down flow tube 27¢ is preferably at
least equal to the area of the spiral inlet 21 and more
preferably is 1.5 to 2.5 times larger than the area of the
spiral inlet 21. This cyclone design may optionally incor-
porate an airflow redirector 64a, which may be shaped
as 67, 68, 69, 70, 71 or 72 or any similar shape, which
creates a barrier to the re-entrainment of particles 24
captured in the region 66a.

[0151] Theheightofthe gap (g2)is preferably 0.002" to
0.040" for cyclones smaller than 1 inch in diameter D,
andthe radial overlap RO2 between the airflow redirector
ring 64a and the edge of the down flow tube 27b is pref-
erably 0.005" to 0.125" for cyclones equal to or smaller
than smaller than 1 inch in diameter D. It is also under-
stood that the dimensions of the gap (g2) and the radial
overlap (RO2) may be varied around the perimeter of the
down flow tube 27bto create conditions which are optimal
for the collection of a band of particle sizes or particle
densities.

[0152] In alternate embodiments, a cyclone separator
20 having a passage 61 may be used as a particle filter
in the outlet conduit from a combustion chamber, prefer-
ably downstream from the outlet of a wood stove, a fur-
nace, a car engine and a producer gas unit (partial oxi-
dation reactor).

Moveable divider plates for a cyclone separator

[0153] Inaccordance with another aspect, which may
be used individually or with any other aspect, it is under-
stood that plate 32 may be permanently, removably,
translatably or pivotally affixed in cyclone separator 20,
such as by being permanently, removably, translatably
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or pivotally affixed to screen 28 or side wall 45.

[0154] The plate 32 may be held in position by means
of magnets and or magnets may be used to assist in
particle capture. For example, the plate 32 may have one
or more magnets provided thereon and positioning mag-
nets may be provided over and/or below the plate 32
wherein the faces of the positioning magnets that face
the plate 32 have the same polarity as the faces of the
magnet or magnets on plate 32 which are spaced from
butfacing the positioningmagnets. Accordingly, the plate
32 may be held in place by magnetic repulsion. Alter-
nately, it will be appreciated that the plate may be held
in position by magnetic attraction.

[0155] Figure 6e exemplifies a construction wherein a
plate magnet 46 is affixed to orembedded within the plate
47 and is magnetically suspended between the position-
ing magnets 48 and 49 by means of magnetic repulsion.
The magnet 49 may be affixed to or embedded within
the floor 50 of the cyclone separator 20. One advantage
of this construction is that the magnets 46, 47, 48 and 49
create a magnetic field within the cyclone chamber to
enhance the collection of magnetic and paramagnetic
particles.

[0156] If the floor 50 is removable or moveable (e.g.
pivotally mounted such as by pivot hinge 50a as shown
in Figure 2a), then when dirt collection chamber 52 is
opened (e.qg. floor is pivoted open), the plate 47 could be
removed (e.g., if it is not attached by any means to the
cyclone separator it would fall out) or if it is mechanically
retained (notshown) it could be translated some distance
either vertically, laterally, or both to facilitate the removal
of particles collected both in the cyclone chamber 51
above plate 47 and in the dirt collection region 52 below
plate 47.

[0157] Similarly, if upper positioning magnet 48 is as-
sociated with a screen (not shown), such as by being
affixed thereto or embedded therein, and the screen is
removed through or with the outlet 27, plate 47 could be
removed or if it is mechanically retained (not shown) it
could be translated some distance either vertically, lat-
erally, or both to facilitate the remove of particles collect-
ed both in the main collection region 51 and in the dirt
collection region 52. Alternately, plate 32 may be move-
able when a door, e.g., a bottom opening door 50, is
pivoted open about, e.g. pivot hinges 50a. Accordingly,
plate 32 may be secured to inner surface 56 of wall 45
of the dirt collection chamber 52 by any means known in
the art, such as by a pivot hinge 158 (see for example
Figures 6g and 6h). Plate 32 may be supported in a gen-
erally horizontal, or other desired, position by a column
160 extending upwardly from door 50. When door 50 is
opened, such as by pushing button to move lever 164
outwardly and release the engagement of flange 166,
and which may be by any means known in the art, plate
132 may pivot down, e.g., to a position generally parallel
to or, as exemplified, inclined with respect to the axis of
the cyclone separator.

[0158] It is understood that the plate 47 may be any
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type of plate including but not limited to those described
in Figure 6, 6a, 6b, 6¢ and 6d. It is also understood that
this configuration may be employed with any top inlet or
a side wall inlet cyclone geometry. It is understood that
magnetic attraction to another magnet or to a magneti-
cally permeable material such as steel may also be used
to movably or removably fix the plate 47 in position. It is
also understood that a single positioning magnet may be
used to produce a repulsive or attractive force to force
the plate 47 against a fixed, movable or removable stop
thereby permanently, movably or removably fixing the
plate into position. An advantage of magnetic mounting
is that the translation of the plate 47 to facilitate the re-
moval of trapped particles makes cleaning such a unit
much easier.

Magnetic separation

[0159] In accordance with another aspect, which may
be usedindividually orwith any otheraspect, one ormore
magnets may be provided in an air flow passage so as
to assist in attracting and retaining metallic and paramag-
netic particles. For example, one or more magnets may
be provided adjacent the inlet or outlet, or inside the inlet
or outlet, of a cyclone. Alternately, or in addition, it will
be appreciated that one or more magnets may be pro-
vided at any desired location inside a cyclone chamber,
or exterior to a cyclone chamber or air flow passage,
provided that the magnetic field extends inside the cy-
clone chamber or air flow passage.

[0160] In accordance with another embodiment of the
instant invention, one or more magnets may be remov-
ably attached to the plate 47, the cyclone separator 20
and/oran airflow passage. Whenthe magnet is removed,
magnetic particles that have accumulated may fall off
any surface to which they are adhered by magnetic force
and/or may be removed by mechanical means. Accord-
ingly, removal of the magnet assists in cleaning the cy-
clone separator.

[0161] For example, as exemplified in Figure 6f, a cy-
clone separator 20 has a magnet 49a affixed to the floor
50, and optionally to the wall, (not shown) to assist in the
collection of metallic and magnetic particles wherein the
magnet 49a can be translated away from or removed
from the floor 50 thereby eliminating the magnetic influ-
ence and allowing the particles captured in the cyclone
separator 20 to be easily removed by either removing
the floor 50 or by removing the inlet/outlet elements and
pouring the contents of the cyclone.

Cyclone separator arrays

[0162] In accordance with another aspect, which may
be used individually or with any other aspect, an array of
cyclones is provided. Referring to Figure 8a plurality of
parallel cyclones 73 is provided, which may be of any
construction know in the art or described elsewhere in
this specification, and preferably are designed and con-
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figured to create a high separation efficiency and a high
airflow rate with a minimum back-pressure. Preferably,
the array comprises a large number of cyclones 73 in
parallel. In particular, the array may comprises more than
1 cyclone per square inch, preferably more than 4 cy-
clones per square inch, more preferably 9 or more cy-
clones per square inch such that high airflow rates and
high separation efficiencies for very small particles can
be achieved. If the array is designed to separate particles
smaller than 1 micron, the use of cyclone densities of 9
to 64 cyclones per square inch is preferred. Such arrays
may be useful as a pre and/or postmotorfilterinavacuum
cleaner or in a breathing mask. For example, such an
array may be positioned in the pre-motor area 16 (see
Figure 2).

[0163] Alternately, or in addition, an array of cyclones
may be of various constructions to increase the compact-
ness of the cyclone array or to increase the efficiency of
the cyclone array. As exemplified in the embodiment of
Figure 8a, the construction of acyclone array may employ
a common wall between some and preferably all of the
cyclones as shown in Figure 8a where three cyclones
74,75 and 76 within the array 73 are shown with a portion
of their walls overlapping in areas 77 and 78 to allow a
very compact geometry. Alternately, or in addition, the
construction of a cyclone array 73 can employ a touching
wall between some, and preferably all, of the cyclones.
An example is shown in Figure 8b where three cyclones
79, 80 and 81 are positioned with their walls touching at
positions 82 and 83, which creates a stronger construc-
tion with fewer cyclones. Alternately, or in addition, the
construction of a cyclone array 73 may employ spaced
apart cyclone walls as shown in Figure 8c where the cy-
clones 84, 85, 86, 87, and 88 are spaced apart which
makes them easier to mold. An advantage of spacing the
cyclones apart is that the space between the cyclones
84, 85, 86, 87, and 88 may form a region 89 where further
particle collection can occur as the air travels (e.g.,
"spins") to enter the cyclonic inlets of each individual cy-
clone (e.g., if a manifold is provided which covers all of
the cyclone inlets) as opposed to each inlet being con-
nected directly to a fluid flow conduit. If the common floor
90 between the cyclones 84, 85 and the others from Fig-
ure 8 is moved to the bottom of the cyclones 91, the
capacity of the annular space 89 for the collection of fine
particles willbe increased. Preferably, the cyclone arrays
described in Figure 8, 8a, 8b, 8¢ and 8d are constructed
using one or more of the configurations described in Fig-
ures 7, 7a, 7b, 7¢, and 7d.

[0164] If an array of cyclones is provided, then the cy-
clones are preferably cleaned by passing water there-
through. Accordingly, at least one water port may be pro-
vided to permit water to enter or exit the cyclone array.
For example, as shown in Figure 16, water inlet port 114
may be provided with a closable cap, or other closure
member, 116. Water inlet port 114 is preferably provided
on top surface 108 and is in communication with the fluid
flow passage leading to the cyclones (e.g., the dirty air
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flow passage in a vacuum cleaner extending to the cy-
clone inlets). The inlets preferably are downstream from
a header 130 and the water inlet port 114 is provided in
the header. Whencap 116is open, ausermay pourwater
into port 114. The water will flow through a passage to
the cyclones. The usermay then use handle 118tomove
away, e.g., in a swirling motion. Thereafter, the water
may be drained, e.g., by pushing button 122 that moves
lever outwardly so that bottom door 120 pivots open to
permit water and suspended dirt to be removed by pass-
ing downwardly out of bottom of stage cyclones 9 (see
for example Figure 20).

[0165] Inaccordance with this aspect, a plurality of cy-
clones in parallel may be provided wherein the cyclones
have at least two dirt collection chambers, wherein the
at least two dirt collection chambers are emptied at the
same time. For example, the dirt collection chambers
may have a common bottom 120 that is openable. Pref-
erably, as exemplified in Figure 20, each cyclone has a
dirtcollectionchamberandall of the dirt collections cham-
bers have a single common door so that, by opening a
single door, all of the chambers are emptied at the same
time. For example, in the embodiment of any of Figures
9,9a,10, 11,114, 12, 13, 15, the bottom 120 (not shown)
may be pivotally mounted to peripheral wall 92 such that
all cyclones are emptied concurrently.

[0166] The surface cleaning apparatus may have two
cleaning stages wherein one of the stages, preferably
the second, comprises a plurality of cyclones in parallel.
The other cleaning stage, preferably the first cleaning
stage may be any filtration or dirt collection member
known in the art. It will be appreciated that, in another
aspect, the surface cleaning apparatus may have only
one cyclonic cleaning stage comprising a plurality of cy-
clones in parallel wherein the plurality of cyclones are
removable as a unit, preferably with the associated dirt
collection chamber or chambers.

[0167] In accordance with this aspect, it is preferred
that two cyclonic stages are provided wherein at least
one comprises a plurality of cyclones in parallel and the
stages are emptied separately. For example, as shown
in Figure 17, second cyclonic cleaning stage 8, which
comprises a plurality of cyclones in parallel, may be re-
moved from vacuum cleaner 1 while the first stage cy-
clone 7 is retained in position in vacuum cleaner 1. The
second cyclonic cleaning stage may be slidably mounted
on flanges 126 that are received in L-shaped members
128 that are provided on the bottom panel of the stage
8, which is preferably a pivoting door 120. Accordingly,
when second cyclonic cleaning stage 8 is removed, e.g.,
slide in the direction of arrow A, it may be carried to a
garbage can, button 122 pressed and door 120 opened
so that the second stage cyclones 9 may be emptied.
Any locking member known in the art may be used to
secure second cyclonic cleaning stage 8 in position on
the vacuum cleaner and to connect the cyclone array 156
in air flow communication with the respective passages
in the surface cleaning apparatus. For example, the cy-
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clone array may be sealed in position by means of angled
seals, a lifter mechanism or other sealing means known
in the art. It will be appreciated that this design may be
used if the vacuum cleaner only has one cyclonic clean-
ing stage.

[0168] Alternately, as shownin Figures 18 and 19, first
and second cyclonic stages 7, 8 may be removed at the
same time from the vacuum cleaner 1. Cyclonic stage 7
may then be emptied, e.g., by opening a bottom pivoting
door 50. The cyclonic stages 7, 8 may first, or subse-
quently, be separated, such as by rotating cyclonic stage
8 relative to cyclonic stage 7 in the direction of arrow B
as shown in Figure 19. The second stage 8 may then be
emptied. It will be appreciated that stages 7 and 9 may
be emptied in any particular manner known in the art,
such as by a bottom pivoting door or the dirt collection
chamber being removed from the cyclone chamber.
[0169] In accordance with this aspect of the invention,
it is preferred that the cyclone array is removed as a
sealed unit, other than the other than fluid flow passages
leading to and from the cyclones. For example, as shown
in Figure 2, air that exits the first stage cyclone 7 travels
upwardly from outlet 27, through opening 150 in bottom
120 to one or more openings 148 in the bottom of second
cyclonic cleaning stage 8 (See Figure 20) that are up-
stream of header 130 and are connected thereto by a
conduit. The air travels through the cyclones 9 and exits
second cyclones 9 via outlets 13 to header 136 and then
to down flow tube 138, which is upstream of conduit 14
and exits second cyclonic stage 8 via opening 152 in
bottom 120. Thus, when second stage 8 is removed from
the vacuum cleaner and/or the first stage, second stage
8 is sealed, other then the one or more openings in the
bottom of second cyclonic cleaning stage 8 and the bot-
tom 140 of down flow tube 138. The array may have a
filter that is removable therewith.

[0170] Another removal method is exemplified in ac-
cordance with the embodiment of Figures 20 and 21,
wherein housing 154 of second cyclonic stage 8 is piv-
otally mountedto bottom 120 and, when opened, cyclone
array 156 may be pulled downwardly out of housing 154
for emptying. Alternately, it will be appreciated that the
top of housing 154 may pivot upwardly or otherwise open
to permit cyclone array 156 to be pulled upwardly out of
housing 154. It will be appreciated that, if the cyclone
array 156 is preferably a sealed unit, then a bottom open-
ing panel, with holes aligned with conduits 138 and 146,
may be provided. In an alternate embodiment, the hous-
ing 154 may pivot upwardly leaving cyclone array 156 in
position on top of the first stage cyclone 7 (or other filtra-
tion member or housing member). A consumer may then
pick up cyclone array 156, such as by a handle, and re-
move itforemptying. [t will be appreciated that this design
may be used if the vacuum cleaner only has one cyclonic
cleaning stage.
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Transparent plastic sections

[0171] Inaccordance with another aspect, which may
be used individually or with any other aspect, a surface
cleaning apparatus has a plurality of cyclones in parallel
9 having at least one dirt collection chamber 52 wherein
at least a portion of the dirt collection chamber below the
maximum fill position (which may be a maximum fill line
marked on the housing) is transparent.

[0172] For example, in the embodiment of Figure 2a,
second stage cyclones each have a dirt collection cham-
ber 52 having an outer wall 100 that is transparent. Fur-
ther, cyclone chamber 102 has an outer wall 104 that is
transparent. Second stage cyclones 9 are provided within
a casing or housing having a side wall 106 and a top wall
108 which are transparent. Provided that a portion of side
wall 106 that is outward of the maximum fill line of dirt
collection chamber 52 is transparent, then a user may
view the maximumfill line or position and determine when
to empty the second stage dirt collection chambers 52.
It will be appreciated that, as exemplified, each of the
second stage cyclones and the second stage cyclone
housings may be made from transparent plastic (which
may be shaded or tinted but still permit a user to see
therethrough) and that part may be masked by a label or
coating so as to render part thereof opaque. Provided
the user can view when the dirt collection chamber(s) 52
are full, the user will have a visual signalto clean or empty
the second stage cyclones. This design is particularly
preferred when the plurality of cyclones 9 has an asso-
ciated plurality of dirt collection chambers 52, and pref-
erably each cyclone 9 has an associated ditt collection
chamber 52, and, particularly, when the cyclones 9 are
emptied separately from another cleaning stage.

[0173] It will be appreciated that one or more filters
(e.g., foam) may be removable with the cyclone array
156 and that these may be provided in a housing, a por-
tion or all of which is transparent.

Uses

[0174] It is also understood that any or all of the em-
bodiments may be used individually or in combination or
sub-combinations. In addition to their use in surface
cleaning appliances and other domestic appliances and
breathing masks, they may also be used, singly or in
combination, in other applications.

[0175] For example, the cyclonic embodiments de-
scribed herein may be used in conjunction with a fan or
other air moving means to create a sweeper, a sweeper
with suction, avacuum cleaner, a canister vacuum clean-
er, an uprightvacuum cleaner, awet/dry vacuumcleaner,
a stick vacuum cleaner, a carpet shampooer, a carpet
extractor, a hand vacuum, aback pack vacuum, a vehicle
mounted vacuum, or any other type of vacuum cleaner
or dust extractor or to pick up unwanted particles and to
subsequently remove unwanted particles from air.
[0176] The advantage of the multi stage cyclonic sep-
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aration means described herein is that a vacuum cleaner,
filter mask or other apparatus mentioned herein may be
produced which can optionally reach HEPA or ULPA sep-
aration levels without the use of a filter.

[0177] The cyclonic separation means employed in
this manner may be cleaned or disposed of, or a combi-
nation thereof.

Optional fluid flow motors

[0178] The fan means used in any aspect may be a
two to ten stage fan system operating from one or more
motors in series or in parallel and the fan may be a pro-
peller, an impeller, a Prandtl layer turbine also known as
a Tesla turbine, or a combination thereof.

[0179] Optionally, the vacuum cleaner may be pow-
ered by means of a Stirling engine, a steam engine, or
an internal combustion engine wherein said Stirling en-
gine, steam engine, or internal combustion engine may
optionally be operated from hydrogen gas produced by
electricity from the wall or from a battery or produced by
achemical reaction or which may optionally be withdrawn
from a storage vessel. The option to manually or auto-
matically switch the hydrogen source powering the vac-
uum from one source to another may be provided. It is
to be appreciated that a hydrogen powered appliance,
including surface cleaning apparatus and other applianc-
es for indoor use, may operate using any design known
in the respective arts.

[0180] Hydrogen produced by electricity when an ap-
pliance, e.g. a surface cleaning apparatus, preferably a
vacuum cleaner, is plugged into an electric outlet may
be used to power the surface cleaning apparatus. All or
a portion of the hydrogen may be stored for cordless op-
eration. It will be appreciated that some hydrogen may
be used as it is generated to operate the device. Such a
hydrogen powered surface cleaning apparatus may be
used alone orin combination with any other embodiment
disclosed herein. The hydrogen produced by electricity
when the vacuum is plugged in but not being used is a
preferred method of operating. The storage means con-
templated is any means known in the art including but
not limited to pressurized storage, storage in a metal hy-
dride or other adsorptive storage means. The hydrogen
stored may be produced by fuel reforming, chemical re-
actions or by electrolysis. Alternately, or in addition, a
central hydrogen generator which charges a small port-
able "vessel" which is plugged into the air cleaning device
may be provided.

[0181] The improvements may be used in a single ap-
plication, or individually or in sub-combinations. In par-
ticular, the improvements in the design of cyclones and
arrays of cyclones may be used in a single application,
or individually or in sub-combinations. For example, one
or more of the improvements may be used in a single
vacuum cleaner. The improvements which are selected
may be determined based on the degree of particulate
removal which is required, whether a pre and/or post mo-
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tor filter is utilized, the amount of back pressure which
may be produced by the air flow path through the vacuum
cleaner, the power of the suction motor and the like.
[0182] It will be appreciated that various modifications
and alterations of the embodiments known herein may
be made and each is within the scope of the following
claims.

Claims
1. A vacuum cleaner (1) comprising:

(a) a dirty air inlet;

(b) a handle (4);

(c) atleast first (7) and second (8) cleaning stag-
es wherein the first cleaning stage has a dirt col-
lection member (52) and the second cleaning
stage comprises a plurality of cyclones (9) and
a plurality of dirt collection chambers, wherein
the first and second cleaning stages are empti-
able separately; and the second cleaning stage
is sealedwhen removed fromthe vacuum clean-
er other than fluid flow passages leading to and
from the cyclones; and

(d) an air flow motor 15.

2. The vacuum cleaner of claim 1 wherein the second
cleaning stage (8) is removed from the first cleaning
stage (7) prior to emptying the second cleaning
stage.

3. The vacuum cleaner of any of claims 1 - 2 wherein
the second cleaning stage (8) is removed by itself
from the vacuum cleaner.

4. The vacuum cleaner of any of claims 1 - 3 wherein
thefirst (7) and second (8) cleaning stages are each
separately removable from the vacuum cleaner (1).

5. The vacuum cleaner of any of claims 1 - 4 wherein
each of the first (7) and second (8) cleaning stages
has a storage volume and the storage volume of the
second stage is selected such that, when the vacu-
um cleaner (1) is used to collect particulate matter
for which the vacuum cleaner is designed, the sec-
ond cleaning stage (8) requires emptying not more
than once for every three times the first stage is emp-
tiable.

6. The vacuum cleaner of any of claims 1 - 5 wherein
the second cleaning stage (8) has a plurality of dirt
collection chambers that are emptied concurrently.

7. Thevacuumcleaner of claim 6 wherein each cyclone
of the second cleaning stage has an associated dirt
collection chamber and each dirt collection chamber
is associated with only one cyclone (9) and all of the
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dirtcollectionchambers of the secondcleaning stage
(8) are emptied concurrently.

The vacuum cleaner of any of claims 1 - 7 wherein
the plurality of cyclones (9) and dirt collection cham-
bers are removable as a closed unit from the vacuum
cleaner.

The vacuum cleaner of claim 8 wherein the dirt col-
lection chamber has an openable bottom (130).

The vacuum cleaner of claim 8 wherein the plurality
of dirt collection chambers are emptied concurrently.

The vacuum cleaner of any of claims 1 - 10 further
comprising a door (120) moveable to an open posi-
tion wherein the second cleaning stage (8) is remov-
able when the door (120) is in the open position.

The vacuum cleaner of any of claims 1 - 11 wherein
the second cleaning stage (8) is slidably removable
from the vacuum cleaner.

The vacuum cleaner of any of claims 1 - 12 wherein
the second cleaning stage (8) is removably mounted
to the first cleaning stage (7) and preferably move-
able upwardly from the first cleaning stage (7).

The vacuum cleaner of any of claims 1-13 wherein
the second cleaning stage (8) is removably mounted
above the first cleaning stage (7) and preferably
moveable upwardly form the first cleaning stage (7).

Patentanspriiche

1.

2.

Staubsauger (1), der umfasst:

(a)einen Einlass fir schmutzige Luft;

(b)einen Griff (4);

(c) wenigstens eine erste (7) und eine zweite (8)
Reinigungsstufe, wobei die erste Reinigungs-
stufe ein Schmutzsammelelement (52) aufweist
und die zweite Reinigungsstufe mehrere Flieh-
kraftabscheider (9) und mehrere Schmutzsam-
melkammern umfasst, wobei die erste und die
zweite Reinigungsstufe getrennt geleert werden
kénnen; und wobei die zweite Reinigungsstufe,
wenn sie von dem Staubsauger entfernt ist, ab-
gesehen von Fluidstrdmungsdurchlassen, die
zu und von den Fliehkraftabscheidern flihren,
abgedichtet ist; und

(d)einen Luftstrdmungsmotor 15.

Staubsauger geman Anspruch 1, bei dem die zweite
Reinigungsstufe (8) vor Leeren der zweiten Reini-
gungsstufe von der ersten Reinigungsstufe (7) ent-
fernt wird.
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Staubsauger gemaB einem der Anspriiche 1-2, bei
dem die zweite Reinigungsstufe (8) von dem Staub-
sauger von selbst entfernt wird.

Staubsauger geman einem der Anspriiche 1-3, bei
dem die erste (7) und die zweite (8) Reinigungsstufe
jeweils getrennt von dem Staubsauger (1) entnehm-
bar sind.

Staubsauger geméaB einem der Anspriiche 1-4, bei
dem sowohl die erste (7) als auch die zweite (8) Rei-
nigungsstufe ein Lagervolumen aufweist und das
Lagervolumen der zweiten Stufe in der Weise ge-
wabhlt ist, dass dann, wenn der Staubsauger (1) zum
Sammeln von Staub verwendet wird, flir den der
Staubsauger ausgelegt ist, die zweite Reinigungs-
stufe (8) fur je dreimal, die die erste Stufe geleert
werden kann, nicht mehr als einmal ein Leeren er-
fordert.

Staubsauger geman einem der Anspriiche 1-5, bei
dem die zweite Reinigungsstufe (8) mehrere
Schmutzsammelkammern aufweist, die gleichzeitig
geleert werden.

Staubsauger gemaB Anspruch 6, bei dem jeder
Fliehkraftabscheider der zweiten Reinigungsstufe
eine zugeordnete Schmutzsammelkammeraufweist
und jeder Schmutzsammelkammer nur ein Flieh-
kraftabscheider (9) zugeordnet ist und alle Schmutz-
sammelkammern der zweiten Reinigungsstufe (8)
gleichzeitig geleert werden.

Staubsauger gemaB einem der Anspriiche 1-7, bei
dem die mehreren Fliehkraftabscheider (9) und
Schmutzsammelkammern als eine geschlossene
Einheit von dem Staubsauger entnehmbar sind.

Staubsauger gemaB Anspruch 8, bei dem die
Schmutzsammelkammer einen zu 6ffnenden Boden
(130) aufweist.

Staubsauger geméB Anspruch 8, bei dem die meh-
reren Schmutzsammelkammern gleichzeitig geleert
werden.

Staubsauger geméan einem der Anspriiche 1-10, der
ferner eine Klappe (120) umfasst, die in eine offene
Stellung beweglich ist, wobei die zweite Reinigungs-
stufe (8) entnehmbar ist, wenn die Klappe (120) in
der offenen Stellung ist.

Staubsauger gemaf einem der Anspriiche 1-11, bei
demdie zweite Reinigungsstufe (8) gleitend aus dem
Staubsauger enthehmbar ist.

Staubsauger gemaB einem der Anspriiche 1-12, bei
dem die zweite Reinigungsstufe (8) entnehmbar an
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der ersten Reinigungsstufe (7) angebracht ist und
vorzugsweise von der ersten Reinigungsstufe (7)
nach oben beweglich ist.

Staubsauger geman einem der Anspriiche 1-13, bei
dem die zweite Reinigungsstufe (8) entnehmbar
Uber der ersten Reinigungsstufe (7) angebracht ist
und vorzugsweise von der ersten Reinigungsstufe
(7) nach oben beweglich ist.

Revendications

1.

Aspirateur (1) comprenant :

(a) une entrée d’air sale;

(b) une poignée (4);

(c) au moins un premier (7) et un deuxieme (8)
étages de nettoyage, danslequel le premier éta-
ge de nettoyage a un élément de collecte de
saleté (52) et le deuxieme étage de nettoyage
comprend une pluralité de cyclones (9) et une
pluralité¢ de chambres de collecte de saleté,
dans lequel les premier et deuxiéme étages de
nettoyage peuvent étre vidés séparément ; etle
deuxiéme étage de nettoyage est hermétique-
ment fermé lorsqu’il est retiré de I'aspirateur dif-
féremment des passages d’écoulement de flui-
de conduisant a et provenant des cyclones ; et
(d) un moteur d’écoulement d’air 15.

Aspirateur selon la revendication 1, dans lequel le
deuxieéme étage de nettoyage (8) est retiré du pre-
mier étage de nettoyage (7) avant de vider le deuxié-
me étage de nettoyage.

Aspirateur selon I'une quelconque des revendica-
tions 1 & 2, dans lequel le deuxieme étage de net-
toyage (8) est retiré par lui-méme de l'aspirateur.

Aspirateur selon l'une quelconque des revendica-
tions 1 a 3, dans lequel les premier (7) et deuxieme
(8) étages de nettoyage peuvent chacun étre retirés
séparément de I'aspirateur (1).

Aspirateur selon l'une quelconque des revendica-
tions 1 a 4, dans lequel chacun des premier (7) et
deuxiéme (8) étages de nettoyage a un volume de
stockage et le volume de stockage du deuxieme éta-
ge est choisi de sorte que, lorsque l'aspirateur (1)
est utilisé pour collecter une matiére particulaire pour
laquelle I'aspirateur est congu, le deuxieme étage
de nettoyage (8) ne nécessite pas d’étre vidé plus
d’une fois, toutes les trois fois que le premier étage
est vidé.

Aspirateur selon I'une quelconque des revendica-
tions 1 a 5, dans lequel le deuxiéme étage de net-
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toyage (8) a une pluralité de chambres de collecte
de saleté qui sont vidées simultanément.

Aspirateur selon la revendication 6, dans lequel cha-
que cyclone du deuxieme étage de nettoyage a une
chambre de collecte de saleté associée et chaque
chambre de collecte de saleté est associée unique-
ment avec un cyclone (9) et toutes les chambres de
collecte de saleté du deuxieme étage de nettoyage
(8) sont vidées simultanément.

Aspirateur selon 'une quelconque des revendica-
tions 1 a 7, dans lequel la pluralité de cyclones (9)
et de chambres de collecte de saleté peuvent étre
retirés de l'aspirateur sous la forme d’une unité fer-
mée,.

Aspirateur selon la revendication 8, dans lequel la
chambre de collecte de saleté a un fond (130) pou-
vant s’ouvrir.

Aspirateur selon la revendication 8, dans lequel la
pluralité de chambres de collecte de saleté sont vi-
dées simultanément.

Aspirateur selon I'une quelconque des revendica-
tions 1 & 10, comprenant en outre une porte (120)
mobile vers une position ouverte dans laquelle le
deuxieme étage de nettoyage (8) peut étre retiré
lorsque la porte (120) est dans la position ouverte.

Aspirateur selon I'une quelconque des revendica-
tions 1 & 11, dans lequel le deuxiéme étage de net-
toyage (8) peut étre retiré de maniére coulissante de
I'aspirateur.

Aspirateur selon I'une quelconque des revendica-
tions 1 & 12, dans lequel le deuxieme étage de net-
toyage (8) est monté de maniére amovible sur le
premier étage de nettoyage (7) et de préférence mo-
bile vers le haut & partir du premier étage de net-

toyage (7).

Aspirateur selon I'une quelconque des revendica-
tions 1 & 13, dans lequel le deuxieme étage de net-
toyage (8) est monté de maniére amovible au-des-
sus du premier étage (7) et de préférence mobile
vers le haut a partir du premier étage de nettoyage

7).
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