WD 96/ 21389 PCT/ GB96/ 00022 DUST
*SEPARATI ON APPARATUS The invention relates to dust separating apparatus,
particularly but not exclusively to dust separating apparatus for use in
vacuum cl eaners. Vacuum cl eaners whi ch incorporate dust separating
appar at us Gopsskgend of two cyclones and a shroud are knopgricBssReszyc! ones
are arranged one 1 nside the other wwth the shroud | ocated between them so
that, in use, air first enters the |low efficiency cyclone and then passes
t hrough the shroud before entering the i nher , hi gh efficiency cyclone. In
order to ensure that the airflow in each cyclone follows an appropriate
hel i cal path, each cyclone has a tangential air inlet consisting of a
conduit whi ch approaches the rel evant cyclone tangentially and term nates
at the cylindrical or conical outer wall of the cyclone. Air flow ng al ong
the conduit then passes tangm#mls¥ﬂmmonmpgygm:se and follows the
appropriate helical path. The nee or a tangential air inlet to each
cyclone, conmbined with the belief that any irregul ar protrusions

The invention relates to dust separating apparatus,
particularly but not exclusively to dust separating
apparatus for use in vacuum cleaners.

Vacuum cleaners which incorporate dust separating
apparatus consisting of two cyclones and a shroud are
known. The cyclones are arranged one inside the other
with the shroud located between them so that, in use,
air first enters the low efficiency cyclone and then
passes through the shroud before entering the inner,
high efficiency cyclone. In order to ensure that the
"airflow in each cyclone follows an appropriate helical
path, each cyclone has a tangential air inlet consisting
of a conduit which approaches the relevant cyclone
tangentially and terminates at the cylindrical or
conical outer wall of the cyclone. Air flowing along
the conduit then passes tangentially into the cyclone
and follows the appropriate helical path.

The need for a tangential air inlet to each cyclone,
combined with the belief that any irregular protrusions .
within the outer wall of the cyclone will disturb the
airflow, has meant that, until now, all cyclonic dust

separation means used in vacuum cleaners have had
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within the outer wall of the cyclone will disturb the airflow, has neant

s that, until now, all cyclonic dust separation _nmeans used in vacuum cl eaners
have had REPLACED SHEETS SG WO 96/ 21389
PCT/ GB96/ 00022 2 horizontal air inlets, is air inlets arranged

perpendicular“h%mh | ongi tudi nal axis of the cyclones. The g¢g)obsveEnt of
a conpact cylinder-type vacuum cl eaner which utilises cyclonic dust
separation apparatus has now created a need for such apparatus having an
ai'r inlet which is vertical or parallel to the axes of the cyclones. The
provi sion of such afgaratus I n a_vacuum cl eaner woul d thqgﬂfIIOM/a wand or

hose to be attach@ER#entak 34 dMipth, Skt LOIG5Fi ATERPMR able within a
general |y hor i 20phdbe Rhai: 101G hl®RofihiiGiiHa1 a5ke LI | dyotoRag. 1 reedom
The development of a compact cylinder-type vacuum
cleaner which utilises cyclonic dust separation
apparatus has now created a need for such apparatus
having an air inlet which is vertical or parallel to the
axes of the cyclones. The provision of such'apparatus
in a vacuum cleaner would then allow a wand or hose to
be attached to the inlet via a swivel coupling pivotable
within a generally horizontal plane which then gives
greater flexibility and freedom of movement of the wand
or hose.

The invention provides dust separating apparatus as
claimed in claim ! and a vacuum cleaner as claimed in
‘claim 11. Preferable and advantageous features are set
out in the subsidiary claims.

As mentioned above, the invention allows a hose or
wand to be coupled to the inlet via a swivel coupling.
Also, because the conduit projects into the cyclone, the
conduit is rendered easily visible and accessible thus
facilitating the removal of blockages of the inlet. The
projection of the conduit into the cyclone also means
that the cyclone can be increased in length with the
result that the cyclone has added capacity to collect
separated dirt and dust.

An embodiment of the invention will now be described

with reference to the accompanying drawings wherein:



The, i nvention provi des dust separating apparatus as clained in claiml and
'a vacuum cleaner as clainmed in claimJ11. Preferable and advant ageous
freatures are set out in the subsidiary clains. As nentioned above, the

i nvention allows a hose or wand to be coupled to the inlet via a sw vel
coupling. Qcégmsg@cause the conduit projects into the cychnessshb#vzz condui t
I's rendered easily visible and accessible thus facilitating the renoval of
bl ockages of the inlet. The projection of.the conduit into the cyclone al so
means that the cyclone can be increased in length with the result that the

cycl one has addedfq qglay1;6><qu4$§ﬁh3§e§§&éi@§}é“éfidﬁg@ gEﬁiraé¥h

enbodi nent of the entlon w | escri d wwth reference to the

acconpanyi ng s mswlaeaerau.ng to\@nebin¥eRtion; and
PCT/ GB96/ 00022 3 Figure 1 is a sectional side view of dust separating
Figure 2 is a perspective side view of the inlet and

shroud forming part of the apparatus shown in Figure 1.

The apparatus 10 shown in the drawings is suitable
for use in a vacuum cleaner. The apparatus 10
incorporates a dirty air inlet 12, an outer low
efficiency cyclone 14, a shroud 16, an inner ‘high
efficiency cyclone 18, a fine dust collector 20 and an
exit port 22. The outer cyclone 14, the shroud 16, the
inner cyclone 18, the collector 20 and the exit port 22
are all of known design and do not form essential parts
of the present invention. Therefore, they will be
described only briefly here.

The outer cyclone 14 has an outer wall 14a having an
inner surface 14b. A dirt and dust collecting area l4c
is located adjacent the lower end of the outer wall
14a.

The inner cyclone 18 consists of a frusto-conical
wall 18a having an inner surface 18b and a longitudinal .
axis 18c. The conical wall 18a terminates in a cone
opening 183 which opens into the fine dust collector
20. The fine dust collector 20 is substantially larger
in diameter at its outer walls 20a than the cone opening
18d. The outer walls 20a are connected to the
frusto-conical wall 18a of the inner cyclone 18 by means

of inclined walls 20b. These inclined walls 20b also
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abparatus according to the invention; and Figure 2 is a perspective side

1. The apparatus 10 shown in the drawings is suitable for use in a vacuum
cl eaner. The apparatus 10 incorporates a dirty air inlet 12, an outer |ow

efficiency cyglddpudgd: @ shroud 16, an inner high efficiencypcisiogbizs 2
fine dust collector 20 and an exit port 22. The outer cyclone 14, the

shroud 16, the inner cyclone 18, the collector 20 and the exit port 22 are
all of known design and do not formessentid parts of the present

I nvention. Therefore, they will be described only briefly here. The outer
cycl one 14 has arfosmt sheyhpyen Roundary ofinthe, fustsael ecting, azgayilft ang
dust collecting area 1l4c |s Iocq;ed gjacent the |l ower end of the outer
wal | 14a. The infdr t85cPB r]ﬁ?%ﬂﬂﬁgigts of a frusto-conical wall |8a having

an inner surface 18bpgpdtfonéd HetwdeRathe dhiterl @na 1hRes WYDnewal | 18a
termnates in a cone opening 18d which opens into the fine dust collector
14,18 is the shroud 16. The shroud 16 is manufactured
separately from the frusto-conical wall 18a of the inner
cyclone 18 and connected thereto during manufacture.
The shroud 156 has a c¢ylindrical portion 16a which
contains a multiplicity of perforations (not shown).
Depending from the cylindrical portion 16a is an annular
lip 16b comprising a parallel-sided portion having an
inclined end surface. The inclined end surface is
preferably inclined at an angle of 45° to the
longitudinal axis 18¢ of the inner cyclone 18. Means
for allowing passage of air from the interior of the
"shroud 16 to the interior of the inner cyclone 18 are
provided but, for reasons of clarity, are not shown.
The air transfer means ensure that air passing from the
interior of the shroud 16 to the interior of the inner
cyclone 18 enter the upper end of the inner cyclone 18
in a tangential manner.

The inner cyclone 18 is also provided with an exit
port 22 which is located substantially centrally of the
end of the inner cyclone 18 having the larger diameter.
The exit port 22 is conveniently connected to an
appropriate clean air exhaust port.

The apparatus shown in Figure 1 is normally used in

the following manner. Dirt-laden air enters the outer



20. .The fine dust collector 20 is substantially larger in diameter at its
out e—walls-20a than the cone_opening.18d. The outer walls 20a are
connected to the frusto-conical wall 18a of the inner cyclone 18 by neans
of inclined walls 20b. These inclined walls 20b al so WD 96/ 21389

PCT/ GB96/ 00@AX9sfhrdser m t he | ower boundary of the dust col | esdrdseaooer 14c of
the outer cyclone 14. Positioned between the outer and inner cyclones 14, 18
is the shroud 16. The shroud 16 is nanufacgured separately fromthe
frusto-corical wall 18a of the inner cyclone 18 and connected thereto

dur i ng. MRNUT A0t ond154 SPARHEhe1G1135 oBaCid 14X Ii58letPOT kQMadEA Y

contains a nultiplicrty ns (no . Depen romthe
cylindrical pordgi¢alsbacih €e aNerdbukislcd 6K QM hei 60tdx Paddl [19la- ai ded

portion having an inclined end surface. The inclined end surface is
and, whilst the airflow then continues along the airflow
path by passing upwardly towards the shroud 16, larger
particles of fluff and dirt are collected in the dirt
and dust collecting area i14c of the outer cyclone 14.
As the airflow passes towards the shroud 16, the lip 16b
discourages any blocking of the perforations of the
shroud 16. The airflow passes through the perforations
in the cylindrical portion 16a of the shroud 16 and then
passes from the interior of the shroud 16 to the upper
end of the inner cyclone 18. Because of the tangential
entry into the inner cyclone 18, the airflow spirals
down the inner surface 18b of the frusto-conical wall

" 18a of the inner cyclone 18, Most of the air
subsequently moves towards the axis 18c of the inner
cyclone 18 and then exits via the exit port 22.
However, dirt and dust particles previously entrained
within the airflow spiral downwards towards the cone
opening 184 and emerge into the collector 20 at very
high speeds. The dirt and dust particles are flung
towards the side walls 20a of the collector 20 and
‘collect at the bottom of the collector 20. The
remaining air passes back through the cone opening 184
into the inner cyclone 19 and subsequently exits the
apparatus via the exit port 22.
In all prior art apparatus, the air inlet 12 has



preferably inclined at an angle of 45 err] to the |ongitudinal axis 18c of
> the inner cyclone 18. Means for allow ng passage of air fromthe interior
of the shroud 16 to the interior of the inner cyclone 18 are provided but,
for reasons of clarity, are not shown. The air transfer nmeans ensure that

air passing fixseehiei Nterior of the shroud 16 to the interipgonbsdode | nner
cyclone 18 enter the upper end of the inner cyclone 18 in a tangenti al

manner. The inner cyclone 18 is also provided with an exit port 22 which is
| ocat ed substantially centrally of the end of the inner cyclone 18 having
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i8c of the inner cyclone 18, and which terminates at the
outer wall 14a of the outer cyclone 14. Thise has
previously effected a tangential entry into the outer
cyclone 14 without causing any unnecessary disturbance
to'the airflow within the outer cyclone 14. According
to the present invention however, the inlet 12 consists
of a conduit 12a arranged substantially vertically or
parallel to the axis 18c of the inner cyclone 18, The
conduit l2a passes into the interior of the outer
cyclone 14 between the outer wall 14a and the
cylindrical portion 16a of the shroud 16. The conduit
12a also comprises a right angle bend 12b which causes
" the incoming airflow to exit the conduit 12a in a manner
which is tangential to the outer wall 14a. It has been
found that this arrangement does not unduly disturd the
airflow within the outer cyclone 14. The distance
between the outer wall 14a of the outer cyclone 14 and
the cylindrical portion 16a of the shroud 16 is
preferably between 15mm and 30mm énd the efficiency of
the apparatus is particularly high if this distance is
substantially 20mm.
It is highly advantageous to be able to dintroduce
the airflow into the outer cyclone from above the outer
cyclone 14. In particular, this allows a hose 12c to be

attached to the conduit 12a by means of a swivel



cyclone 14 tangentially via an air inlet. The airflow spirals down the
“inner_surface 14b of the outer_wall. 14a.and _whilst the airflow then .
continues along the airflow path by passing upwardly towards the shroud 16,
| arger particles of fluff and dirt are collected in the dirt and dust
col | ecti ng woosnibge of the outer cyclone 14, As the airf| PoT/GR608622t owar ds
the shroud 16, the lip 16b di scourages any bl ocking of the perforations of
the shroud 16. The airfl ow passes through the perforations in the
cylindrical portion 16a of the shroud 16 ahd then passes fromthe interior
of the shroud e d | nper, cycl.on 8, .Because of the
t angenti al entg?ukg%%aihéaﬁﬁ%égﬂkﬁ%&gkggﬁg,ﬂfﬁg %&%gfgﬁ%sb?rgls down the

i nner surface k¥hinlerbheypd UsdcininRleahe¥pl thisBaldbwshenbNAske CYEd,0ne 18.
Most of the air subsequently noves towards the axis |8c of the inner

cycl one 18 and toh&hecand sof/ iwhiidie scrilpapbnyg il Hewetsachdds t tarke dust

particles previoysly,eptraine ithin the airflow spiral downwards towards
t he cone openi ﬁd’tifgﬁla'ﬂdtm‘!jﬂ% o 8PRUt Bt Al 128 of ¥ReycondHitspeeds.

The dirt and d%%%,pQEIi&afﬁif”faJUHﬁQQntially norizontal plane. This

in turn allows greater flexibility and maneouverability

of the machine than would be achievable without the
swivel coupling.

It will be appreciated that it is not necessary to
attach the hose 12c to the conduit 12a in a plane which
is perpendicular to the axis 12a8 of the conduit. An
inclined connection could be provided thch would allow
the hose 12c to swivel in a plane which is inclined to
the axis 12d. This is particularly useful when the

* apparatus 10 is incorporated into a vacuunm cleaner in an
inclined manner, ie. the axis 18¢c is inclined to the
vertical. This, in turn, means that the axis 124 will
be inclined to the vertical but the swivel coupling
between the hose 12c¢ and the conduit 12a can be such
that the hose 12c can swivel in a substantially
horizontal plane or, indeed, any other convenient plane.

It will be apparent to any reader skilled in the art
that the invention is not limited to the specific
embodiment described above. Various modifications and

alterations will fall within the scope of the invention.



towards the side walls 20a of the collector 20 and collect at the bottom of
., the collector 20. The remaining air passes back through the cone opening
/18d iAto The innercyclone 18 and subsequently exits the apparatus via the
exit port 22. In all prior art apparatus, the air inlet 12 has WO
96/ 21389 PCT/ GB96/ 00PCRIGBIsNONS| st ed
of a conduit ‘gPr’g'ﬁBg"d substantially horizontally, is. perpendicular to the
| ongi tudi nal axi-s—318c-of the inner cyclone 18, and which term nates at the
outer wall 14a of the outer cyclone 14. This has previously effected a

tangential entry 'ﬂ"mnﬂmw,ﬂm clone lggxgméout causing any unnecessary
di sturbance to th¥ef A i""khe Out®er cycl one 14. According to the
ptesent invention however, "h& ihlet 12 consists of a conduit 12a arranged
substantially vertically or parallel to the axis 18c of the inner cyclone
18. The 1. Dust separating apparatus comprising a cyclone

having an outer wall and an air inlet, a shroud and an

airflow path, the airflow path being arranged so as to

direct an airflow flowing, in use, in the dust

separating apparatus into the cyclone via the air inlet

and out of the cyclone through the shroud, wherein the

air inlet of the cyclone is formed by a conduit

projecting into the interior of the cyclone between the

outer wall thereof and the shroud in a direction

substantially parallel to the longitudinal axis of the

cyclone.

.2. Dust separating apparaius as claimed in claim 1,
wherein the gap between the outer wall of the cyclone

and the shroud is between 1Smm and 30mm.

3. Dust separating apparatus as claimed in claim 2,
wherein the gap between the outer wall of the cyclone

and the shroud is substantially 20mm.

4. Dust separating apparatus as élaimed in any one of
the preceding claims, wherein the conduit forming the
air inlet is arranged to enter the cyclone substantially
parallel to the longitudinal axis of the cyclone.

5. Dust separation apparatus as claimed in clainm 4,



cbnduit 12a passes into the interior of the outer cyclone 14 between the

“outer wall 143 and the cylindrical.portion 16a of the shroud 16  The —_
conduit 12a al so conpri i bend 12b whi ch causes the incom ng
airflowto exit the Conﬁmlﬁwml\““ﬂlu thiner which is tangential to the
outer wal hyddepisgot has beent fdund tfat”this arrangement mrrGBINOW22NdUl y
disturb the airflowwithin the outer cyclone 14. The di stance between the
outer wall 14a of the outer cyclone 14 a@p the cylindrical portion 16a of
the shroud 16 is preferably between 15mm“and 30mm and the efficiency of the
apparatus is L Ll ' | { nddipbAeah2BC 61 41t e2Bbhal gy 20Mm It
I's highly advgfr%‘?%gg%u%q %'c%ggggl Jcém%o | rﬁi%gucegt%e airtlow |h§t o0 the outer
cyclone from ghoye émed ther ac¥eiowecol£low) Raruseuliar a tangeatislys a hose

12c to be attached to the conduit 12a by means of a sw vel WO 96/ 21389
PCT/ GB96/ 0002manner in the cyclone.

6. Dust separation apparatus as claimed in claim 4 or
5, wherein a swivel coupling is provided between the
conduit and an airflow path immediately upstream of the

conduit.

7. Dust separation apparatus as claimed in any one of
the preceding claims, wherein the conduit is formed

integrally with the shroud.

8. Dust separation apparatus as claimed in any one of
" the preceding claims, wherein the shroud incorporates a
lip depending from the edge of the shroud remote from

the conduit.

9. Dust separation apparatus as claimed in any one of
the preceding claims, further comprising a second

cyclone arrﬁnged downstream of the shroud.

10. Dugt separation apparatus substantially as
hereinbefore described with reference to the

accomﬁanying drawings.

11. A vacuum cleaner incorporating dust separation

apparatus according to any one of the preceding claims.

This Sheet Has Been Replaced
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.7 coupling. Wien the apparatus 10 is utilised in a cylinder-type vacuum
cleaner, this allows the honme 12c. .tqg the end.of which a cleaning tool is
attached, to be swivelled through 360[err] about the axis 12d of the
conduit 12a, ie. within a substantially horizontal plane. This in turn

al l ows greaygbsddsgxi bility and maneouverability of the napér/epssioea woul d
be achi evable without the swivel coupling. It will be appreciated that it

i s.not necessary to attach the hose 12c to the conduit 12a in a plane which
i s perpendicular to the axis 12d of the conduit. An inclined connection
could be provided which would allow the hose 12c to swivel in a plane which
is-inclined to the axis 12d. This is pA2ticularly useful when the apparatus
10 is incorporated into a vacuum cl eaner in an inclined manner, ie. the
axis 18c is inclined to the vggadcal. This, in turn, neans that the axis
12d will be inclined to thew mcat « bei==tche swi vel coupling between the
hose 12c and t he condui 2a'‘*can be such that the honme 12c can swivel in a
. substantially

FIG.1




hori zontal plane or, indeed, any other convenient plane. It wll be
"apparent to any reader skilled in.the art that the ipvention is not limted__
to the specific enbodi ment described above. Various nodifications and
alterations will fall within the scope of the invention. WO 96/ 21389
PCT/ GB96/ OQftreznatasd . Dust separating apparatus conpri si ng RCT/GBSNS022 havi ng
an outer wall and an air inlet, a shroud and an airflow path, the airfl ow
path being arranged so as to direct an airflow flowing, in use, in the dust
separating apparatus into the cyclone via the air inlet and out of the

cycl one through the shroud, wherein éFf air inlet of the cyclone is forned
by a conduit projecting into the int or of the cycl one between the outer
wal | thereof and the shroud in a direction substantially parallel to the

| ongi tudi nal axis of the cycl one.

FIG.2 s
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<2. Dust separating apparatus as clained in claiml1, etmeen
v theouter wall of the cyclone and the shroud is bet Nﬂﬁ B“‘gﬂlﬂﬂ
., Dust separating apparatus as clained i claim2, wh e warp betmeen
"the outer wall of the cyclone and the shroud is substantlally 20mm 4. Dust

Che. condul YAPRPT e ot Hing SheBaell” of ol MRS, Rl 10, T €1
substantiall ytgaég‘ugltﬂp dieel d&p%g Ui Rl iqglugeof ie RuclyeRRia3. Dust

separation apparatus. as clal ne claim’a, 9 wherein the conduit

i ncor por at ggnRef | OAteREAtFciswgl so as to cause the airflow to flow, in user
in a tangential manner in the cyclone. 6. Dust separation apparatus as
claimed in claim4 or 5 wherein a swivel coupling is provided betmeen t he
conduit and an airflow path i medi ately upstream of the

6. Dust separation apparatus as claimed in claim 4 or

S, wherein a swivel coupling is provided between the

conduit and an airflow path immediately upstream of the

conduit.

7. Dust separation apparatus as claimed in any one of

< / the preceding claims, wherein the conduit is formed
integrally with the shroud.

8. Dust separation apparatus as claimed in any one of
* the preceding claims, wherein the shroud incorporates a

lip depending from the edge of the shroud remote from
the conduit. o

9. Dust separation apparatus as claimed in any one of
the preceding claims, further comprising a second

cyclone'arranged downstream of the shroud.

18. A vacuum cleaner incorporating dust separation

. apparatus according to any one of the preceding claims.
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eondwt 7. Dust separation apparatus as clained in any ene;‘ef”fWﬁ 50/7‘4
‘pbreceding clains, wheréin the conduit js fornmed integrally with the shr dud.
8. Dust separation apparatus as clained in any one of the preceding clains,
wherein the shroud incorporates a |lip depending fromthe edgamal the shroud
renote fromthe conduit. 9. Dust separation apparatus as cl ’: I n any one
of the preced@Fl ai ns, fworti m%anmmm cycl onSggs? anged
downstream of the shroud. 10. A va

i ncor porating dust
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{54) Title: DUST SEPARATION APPARATUS
{57) Abstract

The invention provides dust separating apparatus (10) compris-
ing a cyclone (14) having an outer wall (14a) and an air inlet (12), &
shroud (16) and an airflow path, the airflow path being amranged so
as to direct an airflow flowing, in use, in the dust separating appara-
tus into the cyclone (14) via the air inlet (12) and out of the cyclone
through the shroud (16). The air inlet (12) of the cyclone (14) is
formed by a conduit (12a) projecting into the cyclone (14) between
the outer wall (14a) and the shroud (16). This allows a swivel cou-
pling to be attached to the air inlet (12) providing greater flexibility
and maneuverability of the dust separating apparatus (10).




