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A vacuum cleaner with a tirst cyclonic dirt separation and a
secondary cyclonic dirt separation and a bottom dirr-collect-
ing bin beneath the first cyclone separator and a filter beneath
the dirt cup and between the dirt cup and a suction source
uric(. Thc secondary cyclones oriented generally pcrpcndicu-
lar to tlm lirst cyclone s&7(am(or. A scpara(or plate separates
the cyclone separator from the dirt cup Iiins project from a
sideivall of the dirt tank, and hngers projecting from a bottoni
wall of the dirt tank. A hollow standpipe in the dirr cup
transports worl ing air from the cyclone separator outlet to the
filter.
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1

VACUUM CLEANER)YITH MULTIPLE
CYCI,ONI(')IRT SKPARAI'ORS,AN I)

l)OTTOM l)IS('IIAR('E l)IRT CUP

CROSS REFERENCE TO REI ATED
APPLICATIONS

llns applmauou clanus thc bcnctit ol U.S. Provisioiml
Patent Application Ser No. 60/521,466, fled Apr 30. 2004,
which application is incorporated herein by reference m its in
entirety

FIELD OF THE INVENTION

'lite invention relates to suction cleaners, and in particular is
to suction cleaners having cyclonic dirt sepamtion. In one of
its aspects. the invention relates to a separator withe cyclonic
mrflow path to sepuratc dirt and debris from air drav n mto thc
clcancr. In another of its aspixts, fhc mvcnIion rclalcs lo a
separator that deposits Ihc din mid debris in u collection io
receptacle In another of its aspects, the invention relates to a
bottomdischargedirtcupwithaninteyatedfilterchamber In
another of its aspects. the invention relates to multiple
cyclone sepamstors including a single primary cyckme in
scncs with a plurality of secondary cyclones atrangcxf in
parallel.

DESCRIPTION OF THE RELATED ART

Cyclone separators are well known. Some follow the text- io
book exmuples using frusto-conical shape sepamtors and oth-
ers u ac high-spec d rotational motion o f Ihc mr/dirt to separate
the dirt by ccntn fugal force Typically, workuig air caters and
exits at an upper portion ol thc cyclone ssparator as thc
bottom portion of the cyclone separator i ~ used to collect is
debris 1iurthermore. in an effort to reduce weight. the motor/
fan assembly that creates the working air flow is typically
placed at the bottom of the handle, below the cyclone sepa-
rator. Tlus arrangcmcnl Ihcrclorc. requires a kirtuous mr path
from the Iop of Ihc cyclone assembly, down Ihc handle Io thc so
inlet of Ihc motor/I'mi assembly. Tlus crwitcs a long mr path
with nuiltiple parts which may allow for air leaks and gener-
ally negatively impacting airflow and. necessarily. cleaning
perfonnance.

Cour;ul ct al, in U.S. Pat. No. 6,129,775 discloses a
cyclone scparutor with at Icnninal uiscrt wluch can talc a
number of forms In lil(i 14(rfi. the terminal insert may
comprise a plurality of lonytudiimlly extendina members
(such as rods). which extend upwardly into the cyclone sepa-
rator cavity from the bottom surface ofthe cyclone separator. o

Thc rods are said to interact with circu lu ting fluid 48 ui Cia nip t
its rotational motion. Thc rods may bc positioned synunctn-
cally non-symmetn cally around longituduml uxis of Ihc sepa-
rator. I'he rods may be a variety of shapes such as, in trans-
verse section, squares, ellipses or other closed convex or 3

a guide shapes. Further. the transverse section of roCk may vary
longitudinally.

BISSELL Homccarc, Inc presently mamifacturcs mirl sells
in the United States an upnght vacuum cleaner that lias a
cyclone separator and a dirt cup A horizontal plate sepanstes ao

the cyclone sepamstor fmm the dirt cup. The air flowin
through the cyclone separator passes through an anmifar
cylindncal cage with bullies and tlu ough a cyluidrical liltcr
before exiting Ibc cyclone scpamtor at Ihc upper mid Ihcrcof.
Thc dirt cup has duce linger-like protccuons cxtcnduig as

upivardly from the bottom thereof to aggloinerate the dirt in
the dirt cup. I'he dirt cup further lms a pair of radial fins

cxtcnding utwardly from thc side walls of the dirt cup. Thc
dirt cup and the cyclone separator is further disclosed in the
co-pending U.S. patent application Ser No 10/058.514, filed
.Ian 28, 2002, which application is incorporated herein by
reference.

U.S. Pat. No. 6.070,291 to Bair et al. and its progeny
attempts Io solve Ihc cflicicncy problem by shortmmig Ihc air
puth from thc cyclone cxhmist Io Ihc motor uilct. These pat-
ents disclose a pleated main filter element in a cyclonic chan&-

ber whereby exhaust air is drawn thmugh the niain filter
through the bottom of the cyclonic clmmber and directly into
the motor/fan inlet. The motor/fan assembly is in a vertical
position below the cyclone wlfich is undesimble due to the
amount of space nccxtcd at the bonom of Ihc handle.

U.S Pat. No. 6341.404 to Salo ct al. discloses a bouom
discharge cyclone chamber ivith the motor/fan assenibly
mounted horizontally below the cyclone chaniber. I lowever,
motor exhaust air is redirected back up towards the bottoin of
the cyclone chamber where it exits the unit in a radial fashion.
This path introduces a number of turns winch tends to create
bucl prcssure aml thercforc reduce cflicicucy.

U.S Pat. No. 6,607.672 to Dyson dwcloscs a cyclomc
separating apparatus with upstream and downstreani cyclonic
units, wherein the downstream units comprise a pluoslity of
cyclmies inverted relative to the upstream cyclone and
inverted with respect to the upstream cyclone. This arrange-
ment of cyclones necessarily creates a tall unit because the
ilowllstrcBlll cvcloiics Brc localixl above thc upstream
c)'cloiii:

I'he IJ.S. Pat. No 3,425,1'32 to Davis discloses a vacuuni

cleanerdirt separator that has apnmary cycloneseparatorand
a plunslity of pamllel secondary cyclones

SUMISIARY OF THE INVENTION

According to the invention. a vacuum cleaner comprises a
housm defining a first cyclonic airflow chamber for separat-
illg colltaiiilllailts frolll B di) 0 co lltaili big ml'tream Bs It trav-
els around a cyclonic axis in the first cyclonic airflow cham-
ber, a cycloiuc chamber inlet and an Bir stream outlet in tluid
conumuucation with thc cyclonic airflow chamber. Thc
vacuuni cleaner includes a nozzle housing having a suction
opening fluidly connected v ith the cyclonic chamber inlet,
and an airstream suction source fluidly connected to the main
suction opening and to the cyclonic airflow chamber for trans-
porting dirt-containing air from the suction opening to the
cyclonic airflow chamber. Thc suction source is txlaptcd Io
establish and mmntmn a dirt-containuig airstream lrom Ihc
suction opening to the cyclonic chamber inlet A dirr-collect-
ing bin is nmunted to the housing beneath the first cyclonic
airflov chamber and includes a bottom wall, a cylindrical
sidewall, and an open top. At least one secondary cyclone has
an inlet opening in fluid communication with the hrst
cyclonic airflow chamber outlet. According to thc invcnnon.
thc ut least onc sixondary cyclone has a cyclonic axis that is
oriented substantially perpendicular to the cyclonic axis of
the first cyclonic airfloiv chamber.

Thc number of secondary cyclone separators can vary over
a wide range, dclacndutg on Ihc rclativc size and Ihc dcgrix: of
scpamfion dcsircd. Typically. tlm number of the secondary
cyclmies v'ill be in excess of one and not more that 16
Multiple secondary cyclones are arranged in parallel down-
stream from the first cyclonic airflow chamber and can be
arranged in an equi-angular fashion perpendicular to a
cyclonic axis of the primary cyclonic airflow chamber.

I'he at least one and each of the secondary cyclones have a
debris outlet that is in communication with a secondary debris
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collector that is prefcrnbly mounted w&lhin Ihc d&rl-col loci u&g

bin. 'I he secondary debris collector of the preferred embodi-
ment has a frustoconi eel slmpe and an open top A removable
lid covers the open top of the secondary debris collector and
is preferably mounted to the housing. prefembly tluough an
annular wall that extends through the hrst cyclonic chamber.

Ina prof& &rcxf mnboduncnl of the u&vm&lion. Shollov, slm&d-

pipc cxlcnds cm&(rally lhrough Ihc d&rt-coflcvtu&g bu&, R&rm-

ing lhe airstream outlet fi&r the housing 'I'he at least one and
each of the secondary cyclones have airstream outlets that lc
communicate with the standpipe which also extends through
the hrst cyclonic chamber. The annular wall surrounds the
standpipe and defines, with the standpipe. a debris passage
bc(ween Ihc outlets of Ihc onc or morc scx:ondary cyclones
and thc secondary debus collector. 11

'H&e dirt-collecting bin is separable froin the tirst cyclonic
chamber fi&r emptying the contents of the dirt-collecting bin
and lhe secondary debris collector at the san&e time

Preferably. the vacuum cleaner luther comprises a cylin-
drical baffle between the first cyclonic chamber and the inlet &o

openings of lhc secondary cy cloaca. Furl her, a sc7&aran&r plate
is mounted to lhc housing of the vacuum cleaner bclwccn thc
fir t cyclonic chamber and the dirt-collecting bin with an
annular space between a side wall of the first cyclonic chan&-

ber and an outer edge of the separator plate for passage of'ebrisseparated fmm the airstream in the hrst cyclonic cham-
ber to pass into the dirt-collecting bin.

A lifter for fillcnu m&y particles nol scparatcd from thc
mrstretm& in the first cyclomc chamber or thc scrxmdary
cyclones is preferably placed downstrean& from the airstrean»c

outlet 'I'he tilter is further placed upstream of the airstrean&
suction source and can be cylindrical in shape

In a preferred embodiment, airflow inhibitors are present in
the di&t-coflecting bin to reduce the vertical component ofthe
mr(low, thereby tending lo agglomerate m&d scparalc lhc d&rl &1

particles from the airflow.
In accordance w ith another cmbodiment of lhc im m&tron, a

vacuum cleaner comprises a housing defininn a first cyclonic
airflow chamber for separating contan&inants fn&m a dirt-
containing air stream as It travels around a cyclonic axis in the do

first cycloluc airflow chamber, a cyclonic chamber inlet and
an air stream outlet u& fluid communication wilh lhc cycloruc
dii fit&w'han&bc&. Tlii: vdcu urn cli di&ci 1&lchnlcs 0 iu&zzlc hous-
ing lmvu&g a suet&on opening fluidly coiu&cclcd v,&lh thc
cyclonic chmnber inlet, and an airstreain suction source flu-
idly connected to the main suction opm&ing and to the
cyclonic airflow chamber for transporting dirt-contninin air
from the suction opening to the cyclonic airtlow chamber. The
suction source &s adapted Io establish m&d mau&tain a d&rt-

contaiiung airstream Irom the suclionopcmng 10 Ihccycloiuc 0

chamber mlct. A dirt-collccung bin is mounuxl lo thc housing
beneath the first cyclonic airflo&v chamber and includes 0
bottom &vali. a cylindrical sidewall, and an open top At least
one secondary cyclone has an inlet opening in fluid conunu-
nication with the first cyclonic airflow chamber omlet mtd a . &

debris outlet u& conununicduon with a secondary debris col-
lector. According to Ihc u&vcntion, the scx:ondary debris col-

lectorr

is in thc dirt-collect&ng bu& m&d has an open top;u&d thc
dirt-collectmg bin is sepambfe from the first cyclonic chan&-

ber for dumping of the d&rt-collecting, bin and the secondary sc

debris collector at same time.
In a preferred embodiment. the open top is tx&vered by a

removable lid. The rmnovs bio lid & s prcfbrab1y mounted to thc
housu&g. prcli:rably though an annular wall thai cxtcnds
tl&rough the lira& cyclon&c chiunbcr. Ss

In one embodiment, the flow inhibitors comprise at least
one fin er extending upwardly from the bottom wall of the

dirt-colliwtu&g b&n and posiuoned radially bctw con a ccnlcr of
thedirt-collectingbinandthesidewallthereof Preferably. the
a&rtlow inhibitors comprise a plurality of sa&d fingers each
positioned radially between a center of the dirt-collecting bin
and the side&vali thereof. The fingers extend a portion of the
distance between the bottom wall and the separator plate.
Further, thc lingers arc rectangular iu cross section 0 i lb a long
axis mdialfy disposed in Ihc d&rt-collcvtu& b&n.

In another embodiment, the airtlow inhibitors further con&-

prise at least one fin that extends radially inwardly froin the
sideivall of the dirt-collectin bin. Preferably, there are two
and only tv o fins. The hns are generally positioned vertically
hei ov the inlet. The fin or fins extend a po&tion ofthe distance
bclwivn thc bottom wall m&d Ihc separator plate. The fin or
1 ins ex(cud bc( w ix n 40% and 60% of Ihc distance between Ibc
bottom wall and the separator plate. (ienerally. the fins have a
mdial dimension between 2% and 10'%f the radius of the
dirt-collecting bin. preferably between 3% and 6% of the
radius of the dirt-coflecting bin. In a specitic embodiment. the
fins have a radial dimension equal to about 4% of the radius of
thc dirt-collculing bin.

BRIEF DESCRIPTION OF THE DRAWINGS

FICi I &s a pcrspccti& c view of an upnght vacu&un cleaner
with cyclone kc7&arator accordu&g to lhc u&vcntiou.

FICi 2 is a cul-av,dy pcrspcctivc v&cw of thc cyclomc
separator of lil(r. I

lil(i 3 is a cut-away exploded perspective view: of the
cyclonic separator of FICi. 1.

FICi 4 is a cross-sectional view taken thmugh line 4-4 of
FIG. 2

FICi 5 is 11 ciuss sectional vii:w Idkcil through litle 5-5 01

FIG. 4
lil(i 6 is a cross-sectional view taken through line 6-6 of

l&IC& 4
FICi 7 is a cross-sectional view taken thmugh line 7-7 of

FICT. 4

DESCRIPTION OF TIRE PREFERRED
EMBODIMENT

An upright vacuum cleaner (0 with cyclonic d&rt separator
and dirt cup assembly 12 according to the Invention is shown
in FICI. 1. comprising an upright lmndle 14 pivotally mounted
to a nozzle base 16. The upright handle 14 mounts the
cyclonic dirt separator and dirt cup assembly 12 accordu&g Io
lhC 111VC&llion.

Referring to FIG. 2-4, the cyclonic dirt separator and dirt
cup assembly 12 comprises a cylindrical cyclone separator 18
with an upper wall 20 and a sidewall 22, thc sidewall 22
tcnniuaung in a lower offset lip 24. The sidewall 22 further
u&cludcs a tangential air inlet 28 aligned proximate lhc upper
wall 20 for generating a tangent&al airflow in the separator 18
parallel to the upper wall 20

Thc cyclonic &hit separator 18 further compn sea an exhaust
assembly 30. Thc cxhmist assembly 30 compnscs a hollow
cylindrical louver cage 32 u&ounlcd ou a separator plate 34.
'I'he louver cage 32 further comprises a plumlity of louvers 36
cylindrically arranged benveen a top portion of the louver
ca e 32 and the separator pLate 34. An anmflar wall 136 in
concentrically positioned within louver cage 32 and extends
from separator plate 34 m&d is capped al an upper cnd by dn
uppcrannularwall137.Aworkmgairpathisdclincdbclwccn
thc louver cage 32 and annular wall 136 m&d tluough a cen-
trally located aperture on the separator plate 34 I'he louver
cage 32 and separator plate 34 are removably mounted on an
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annular collar 26 via a foe(ion Iit. However, other mccluuucal
fastening means can be used to reinovably mount the exhaust
assembly 30. I or example, one quarter him bayoilet fasteil-
ers. ramped threads. detents, or any other cmnmonly known
fastening method can be used accordin to the invention.

A secondary cyclone assembly 100 is positioned above and
in lluid conunumcauon with thc exhaust assembly 30 of thc
cyclone separator 18. Tlic secondary cyclone assembly 100
further comprises a pluhslity of secondary cyclones 102
spaced about a central vertical axis 104 of the exhaust asseni-
bly 30 I iach secondary cyclone 102 is fmsto-conical m shape
with a larger end 106 located toward sidewall 22 and a smaller
end 108 located toward a secondary cyclone inner wall 112.
Thc uuier wall 112 is capped by a top surface 110 wherein thc
w all 112 and top surface 110 dclinc an inner plenum 98. Thc
annular collar 26 that niounts the louver cage 32 extiuids
dowmvardly from inner plenuin 98. A longitudinal axis 114
of each secondary cyclone 102 is oriented generally perpen-
dicular to the central vertical axis 104. In an alternate embodi-
ment, the secondary cyclone 102 is concave. or bowed out,
Icliltlvc to tile loll ltuillllal axis.

Each stxondary cyclone 102 composes a mmc 116, a work-
ing air inlet opening 118, a debris exhaust 120, and a working
air outlet 122 'I'he large ends 106 of the cones 116 are closed
by an mid cap 107 'I he workuig air outlet 122 is located along
the longitudinal axis 114 at or near the larger end 106 and
extends tluough the end cap 107 while the debris exhmist 120
is located at the smullcr cnd 108. radially uiward of thc inlet
opening 118 and ui linc with the longituduial uxis 114. Thc
working air inlet opening 118 is an aperture formed in a side
wall of the cone 116 near the larger end 106

A first cyclonic chamber 48 is dehned between the cylin-
drical arrangement of louvers 36 and the sidewoll 22. and
between secondary cyclone assembly 100 and the seporator
plate 34. rcspcctivcly. In thc prcl'crrcd mnbodimcnt. thc mr
inlet 28 is i crticully alignixl bchvccn dic second uy cyclone
assembly 100 and thc separator plate 34 such diat the tan cn-
tial airflov generated from the tangential air inlet 28 is
directed into the first cyclonic chamber 48.

The tangential airfiow. containin particulate matter,
passes tluough the tangential air inlet 28 and into the Iirst
cyclonic chtunbcr 48 to travel around dic cxliaust assmnbly
30. As thc air(low travels about thc lira( cyclomc chmnbcr 48,
hcai icr dirt peru clos arc forced toward thc sidcwull 22. These
particles fall under the force of gravity through a gap 50
detined between an edge 52 of the separator plate 34 and the
sidewall 22. Refemng particularly to FIG. 4, dirt particles
falling tluough the ap 50 drop tlthtu+ an open end of the
scqtarator 18 and are collected ui a dirt cup mid Iiltcr chmnbcr
assembly 54 Thc upper mid of thc dirt cup/Iiltcr chamber 54
is rcccivcxl in a nesting relationship ui thc lower offset lip 24
of the sidewall 22 to seal the cyclone separator 18 to the dirt
cup itilter chamber 54 I'he dirt cup/filter chamber 54 thereby
perfonna the function ofcollecting the dirt sepamted frotn the
airfiov within the cyclone separator 18.

lhc dirt cup/liltcr chamber 54 is rcmovably coiuicctcd to
the housing 12 The dirt cup/liltcr chamber 54 is gmicrully
i crt really adjustable rcla tive to thc cyclone scp us(or 18, such
as by a cern mechanism on a vacuum cleaner, so that it can be
raised into an engaged and operative position underneath the
cyclone separator 18. The upper edge of sidewall 64 is
received v itlfin offset hp 24, which prevents the dirt cup/biter
chamber 54 from bcuig dislodged from thc cyclone separator
18.

lhc dirt cup/tilter ch unbcr 54 composes a purr el'vcrticu11y
oriented regions I'he upper region comprises a dirt-collect-
ing bin 58 for collecting dirt as previously described and the

lower chiunbcr region comprises a liltcr chamber 60. Thc
dirt-collecting bin 58 is formed with a generally planar dirt
cup bottom wall 62 and an upstanding cylindrical dirt cup
sideivall 64 to form an open-topped receptacle. A plurality of
upstanding prongs or fingers 66 project upv ardly from the
bottom wall 62. The tin ers 66 can function in varyin
arrangcmcnta, but m thc preferred mnboduncnt tlm lingers 66
arc arrangixl gcncrally synunctricully ubout a hollow stand-
pipe 68 concentric with sideivall 64 'I'he fingers 66 are found

in to hinction best when displaced at least some distance fmm an
outer wail of the standpipe 68 I tach of the fingers 66 are
shov n as being generally rectangular in plan view, having a
long axis of its plan cross-section aligned v ith a radius of the
circle Thc lingers 66 can bc of umfonn cross-auction I'rom

top to bottom, or can hai c a tapering cross-section as d epic ( ixl
in I I(i. 4, wherein the tin ers 66 are narrower at the top and
wider at the base where they join the buttons wall 62 'I he
fingers 66 are approxiinately three quarters the height of the
dirt-collecting bin 58. Increasing the height of the hngers 66

io is preferred. but can be limited by production and toolin
constrauits and. as will bc Ihrthcr dcscrtbcxt, also by the ncixl
to bc able to dchich thc dirt cup/liltcr chamber 54 I'rom thc
cyclmie separator 18 In an alternate embodiment. the fingers
66 can be attached to an outer surface of the standpipe 68 and
extend outward therefrom terminating at some distance front
the outer side ivall 64.

The filter chamber region 60 fiirther comprises a bottom
wall 76 ui spaced relation to the dirt cup bouom wall 62 and
with a side wall 80. The bouom wall 62 further composes a

io centrally located aperture that is in fluid comniunication ivith
a bottom portion of the standpipe 68 'I'he buttons wall 76
fiirther coiliprises an aperture 88 to relnovably receive a hlter
assembly 8Z. The filter assembly 82 further comprises a biter
ca e 84 which supports a cylindrical foam tilter 86. The filter

is assembly ma(ca with(bc bottom wall 76 via a '/s turn bayonet
fastmicr or any other suitable mcchm»cal listening means as
previously dcscribcd. As c;m bc appreciated, air (low enters
the filter chamber region 60 from aperture in bottom wall 62,
passes through the fiiain filter 86 ivhere particulate matter is

so captured, and continues on (I(rough an inlet 90 to a suction
source 92 where the air is exhausted to the atmosphere thong(
an open grid 96. In an a it cnuitc cmbodiment, the lilter is a fia I

foum Iiltcr. Optionally. (hc suction source cxlraust air may
puss through a final liltcr 94 before rc-mitcruig thc atmo-
sphere through grid 96.

Referring particularly to lii(i. 4. the standpipe 68 extends
upwardly from bottom wall 26 along the vertical axis 104
through the exhaust assembly 30 and is sealingly terminated
at top surface 110. Thc standpipe 68 is formed in two parts, an

o upper standpipe 126 and a lower stundpipc 128 wluch
togcthcr dclinc mi uincr cxlraust chamber 142 that cxtcmls
substantially the length ofthe cyclone separator 18 The upper
standpipe 126 is lixed to the upper wall 20 while the lower
standpipe 128 is fixed to the dirt cup bottom wall 6Z. Sealin

. a conununication between the upper and lower standpipes 126.
128 ia mauitaincd by a gasket 130 thcrcbctwccn. A gcncmlly
cylindrical secondary debris chamber 132 is oncntcd along
thc vcmcal axis 114 and is fonnixl bctw cmi the inner wall 112
and an outer surface of the standpipe 68 A generally cylin-

ao drical working air plenum 134 is also oriented along the
vertical axis 114 and is fomted behveen the anmdar wall 136.
v all 112 and the upper annular wall 137.

Rcfi:rring to FIGS. 4 and 5, tlm standpipe 68, the secondary
debus chamber 132, thc w orking mr p Imium 134 and thc outer

as wall 108 of thc secondary cyclone assembly 100 arc alignixl
concentrically about the vertical axis 104 'the secondary
debris chamber 132 is an annular conduit that terminates
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below thc separator plate 34 A secondary dcbns collcwtor
144 is formed fmm in a frusto-conical shape andi ~ attached at
an inner end to the lower standpipe 128 and terminates in an
upivardly directed lip 146 at an outer end A removable lid
148 is positioned on the collector 144 and is sealed and
secured at an inner annuLar edge to the bottom end ofanmiLlr
w all 136 w i th an up st aud ulg anmi1ar collar 150. A w orking mr
inlet conduit 138 is ui fluid communication bctv,ccn thc
working air plenum 134 and the working air inlet opening
118 A working air outlet conduit 140 is in fluid comnninica- to
tion befiveen an iiiterior of the cone 116 near the larger eild
106 and an interior surface. or exhaust chmnber 142, of the
upper standpipe 126.

lhc size mid shape of the secondary cyclones 102 is unpor-
tiint lor Illaxlnlizin scparB(toil cfllcicllcv. Thc rclB(liillshlp is
that various cyclone geometries have on separation etTimen-
cies is disclosed in "Separation of Particles from Air and
Gasses Volume I I*'y Akria Ogmva, copyright date 1984 and
published by CRC Press, Inc. Boca Raton. Fla. (pp, 1-49),
which is incorporated herein by reihrence. In the preferred io
cmbodimcnt, the lurgcr cnd 106 of thc conc 116 luis an open-
ing tluit is 10 (uncs thc surface urea ol'hc smaller cnd 108.
I lowever. acceptable perforniance is obtained within a range
of ratios of the larger end to the smaller end ofabout 2 to I to
about 20 to I, prefembly benveen about 3.5 to I to about 8 5

to 1. Furthemtore, the number of secondary cyclones 102
utilized in the secondary cyclone assembly 100 impacts the
oicrall separation cflicicncy. In thc prcfcrrcd cmboduncut,
set cn secondary cyclones arc arranged gmicrally colui-angu-
larly about the vertical axis 104. bowel er, spacing benveen io
some of the secondary cyclones 102 can vary to provide space
fiir the ivork air conduits 138, 140. 'I'he number of secondary
cyclones 102 utilized can, however, vary between two and
sixteen and preferably betv een four and ten.

Rcfcrring to FIGS. 6 and '7, the ihrl-collcctm bui 58 ii
includes a pair of i ins 70. 72 a flixcd to and conuguo us w 1 th thc
sidkiwall 64. Thc fins 70. 72 arc generally rcctmigular in
cross-section, in plan view, projecting inwardly from the side-
wall 64 toward a center of the dirt-collecting bin 58. 'I he
distance the fins 70, 72 project from sidewall 64 can range so
from 2 to 10% of the radius, but is preferably 3 to 61%v of the
radius. mid optimally 4% of thc radius uf thc dirt-collecting
bin 58. The lins 70, 72 ex(mid generally upwardly from thc
bottom wall 62 ol'he dirt collcctuig bin 58. In thc prcfcrrcd
embodimenn the fins 70. 72 are perpendicular to the button)
wall 62 and extend approxunately one-half of the height of
the dirt-collecting bin 58, although the fins 70. 72 can vary in
height from 40 to 60% ofthe distance from the bottom wal I 62
to thc sc7tamtor plate 34 and sill bc cllcctivc. Also ui thc
prcfcrrcd embodunml(, thc fins'70, 72 arc cncrally all ncd in o

the dircwtion of inlet airflow wit cruig thc cyclone separator 18
through the air inlet 28 'I he fins 70, 72 are arranged v ith
respect to a radial plane 74 perpendicular to the tangential line
that is in alignment v ith the inlet 28, with fin 70 ongularly
displaced from radial 74 by angle ct and fin 72 displaced fmm . 1

radial 74 by angle j1 These angles can vary over a range of
about 30'o 60'. and preferably in the range ol'40'o 50't
has bceo lbuad (hut a sa us factory placement ol'hc fins results
when the angle or is about 45" and the angle ji is about 45"

As the inlet air traverses through first cyclonic chamber 48, so

casting dirt particles toward sidev all 22. the inlet air is drawn
inwardly between the louverc 36. As seen in FIC( 6. the
lout era 36 arc orimltcd away Irom thc direction of mr ikiw
(indicated by arrow sj about thc lira( cyclomc cluunbcr 48. Thc
iclocity of thc air flow w altered as the air flow changes oi
direction to pass around and betiveen the louvers 36 'I'lus

change in velocity of the air flow causes additional dirt par-

ticlcs to scparatc lrom thc air strcmn. Thcsc dirt particles arc
urged tmvard the gap 50 by the circulating air tiow: in the
cyclmie sepanltor 18

A known phenomenon in cyclone separators is the re-
entrainment of dirt into the cyclonic airfloii after it ic appar-
ently deposited in a dirt containment vessel positioned
bcncath thc cyclone ella mbcr. It has bccn discovered (lra t tins
rc-mitrauuncnt is duc to thc vertical component of mr circu-
lation within the dirt cup between the gap 50 at one side ofthe
dirt-collecting bin 58 and the bottom ivall 62 at an opposite
side of the dirt-collectin bin 58. (ienerally, the airflow pat-
tem has the strongest component at the bottom portion of the
dirt-collecting bin 58 below the inlet 28 to the cyclone cham-
ber 18. Tlus air circulation is shown ui plrsntom lures in FIG.
4.

I'hese vertical components of the air circulation are mani-
fested in the "vacillating," of the dirt deposited within the
dirt-collecting bin 58. I)isruption of, or a decrease in the
magnitude of, these vertical components or vectors serves to
minimize the re-entrainment of dirt in the cyclonic airflow
and ugglomcrat ion uf ihc dirt in thc ihrt cup. Disruption of thc
airflow tends tu agglomcratc thc ihrt particles ui thc dirt-
collecting bin 58. forming clumps or halls unlikely to be
re-entramed. It has been found that the fingers 66 and the tins
70, 72 hlnction in concert to inhibit the vacillation of the
debris deposited in the dirt-collecting bin 58, disrupting the
elliptical vectors that generate upward currents that would
tend to carry thc smaller dirt particles upwardly and back mto
thc cycloruc air flow. Thc lingers 66 further dcflcct dirt par-
ticles within the dirt-collecting bin 58 to further encourage
agglomeratimi of the dirt particles I'he fingers 70. 72 are
generally arranged symmetrically about the dirt-coflecting
bin 58. but have been found to cooperate ii ith the fins 70. 72
optimally when none of the tin ers 66 are directly aligned
with cithcr ol thc fins 70, 72. path of air flow tluuugh thc
cyclonic dirt separator and dirt cup assembly 12 is ill ustratixl

by arniws in FIG. 4 and wifl now bc dcscubcd. Inlet mr is
drawn through the tangential air inlet 28 and tmverses around
the hrst cyclonic chamber 48 casting dirt particles toward the
sidewall 22 thereby separatin larger primary debus from the
air stream and depositing the primary debris, by force of
gruvity, through thc gap 50 bctwccn thc separator plate cd c
52 and thc dirt cup side wall 64. Workulg mr passes tluough
thc luuvcrs 36 and into the working nir plenum 134. Suicc thc
plunllity of secondary cyclones 102 are arranged m parallel,

working air is evenly divided to each working air inlet conduit
138 Working air then tan entially enters the cone 116 near
the larger end 106 to create a swirling action within in the
conc 116. As thc swirling air approaches thc smaller cnd 110
of thc cone 116, the velocity of thc nir spccds up and throws
thc fine sccolldary ilcbns rclllmnlng ill thc Bir stri anl toward
the inner v'lll of the cone in a fashion similar to the printery
cyclmie sepanltor 18. 'I'he fine secondary debus exits the
interior of the cone 116 at the debris exhaust 120 and enters
the collective secon(LS(y debris chamber 132 where it falls.
under force of gravity. ulto thc secondary debris collection
container 144 locauxl in the dirt-collecting bin 58

Thc working air is then forced to change direction and
enters the working air outlet 122 at the larger end 106 of the
cone 116. Working air passes through the working air outlet
conduit 140 and enters the collective exhaust chamber 140
v ithin the upper standpipe 126 ~here it is drav n throng)
exhaust chamber 142 to thc Iiltcr clrsmbcr region 60. Thc
working airpasscd thoughliltcr86 whcrcparuculatcmaucris
captured and continues tluough thc suction source inlet 90.
Optionally, the working air may pass through a final

filter

9
before re-entering the atmosphere through gnd 96
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10
To rmnove thc dirt cup/lifer chamber 54 Irom lhc cyclone

separator 18, such as to discard accumulated dirt, the dirt
cupitilter chamber 54 is displaced downwardly from the
cyclone separatnr 18 Once disengaged frnni the offset lip 24,
the dirt cup/biter chamber 54 can be removed Ibom rhe sepa-
rator 18. Lid 148 is removed from the secondary debris col-
lection clmmbcr 144 so that the entire contmil of lhc dirt can
be cmplicd al Ihc smuc umc

Pghile the mventinn has been specifically described in con-
nectinn with certain specific embodiments thereof. it is to be
understood that this is by way of illustmtion and not of limi-
tation. Reasonable variation and modification are possible
within the for oing disclosure and drawin s without depart-
ing from lhc spint of Ihc invention winch is dclincd in thc
appcndcd clmms

Pghat is claimed is
I A vacuum cleaner comprising
a housing, dehning a first cyclonic airflow chamber for

separating contaminants from a dirt-containin air-
stream as it travels about a first cyclonic axis in the hrst
cyclonic airflow clrambcr, uanl housmg further mmipns-
ing a cyclonic chamber inlet aml an airslrc un outlet in
fluid communication with said cyclonic airflov chani-
ber;

a nozzle housing including a suction npening„said suction
opening being fluidly connected with said cyclonic
chamber inlet:

mi airstream suction source flunlly connected to said suc-
tion opmiing and lo thc lirst cyclonm airflow clmmbcr Ibr
tl lflspottiiig clii t-cotrtmiliilg;lii'roili thc siictinil opcil-
ing to the cyclonic airflow: chamber, said suction source
is adapted to establish and maintain a dirt-containing
airstream from said suction opening through said hrst
cyclonic airflow chamber inlet and to a first cyclonic
airflow chamber outlet,

a dirl-collecting bui mounted lo the housmg bcncnth said
lirst cyclonic airflow chamber, the dirl-collecting bin
comprising a bottom wall. a sidew all. and an open top;

a plurality of secondary cyclnnes arranged around the hrst
cyclonic axis. wherein each secnnchsiy cyclone com-
prises:
an inlet opeiun ui fluxl commurucalion with Ihc lirsl

cyclonic airflow chamber outlet,
a debus outlet posiuoucd racially uiw;ud of dic inlet

opening; and
a second cyclonic axis that is oriented substantially per-

pendicuLar to the first cyclonic axis: and
a secondary debris collector in communication with the

debris outlets of lhc scmindary cyclones.
2. A vacuum clcuncr accorduig lo elena 1. and further

comprising a ccutrafly located hollow standpipe tlml cxtcnds
through the dirt-collecting bm and that forms the airstreani
outlet. ivherein the secnnchry debris collector is nuiunted to
the standpipe.

3 A vacuum claimer according lo cluun 2 wherein each
secondary cyclone lms an outlet opening in communication
with the standpipe.

4 A vaculuu cleaner according to cLaim 3 wherein the
stundpipc also cxlcnds tluough lhc lirst cyclonic chmubcr.

5 A vacuum cleaner accnrdiiig to claim 4 wherein an
annular wafl surrounds the standpipe and extends throu/I
first cyclonic chamber to detine, with the standpipe, a debris
passe e betv ceo the debris outlets of the secondary cyclones
and thc sccouctary debris coflcclor.

6 A vacuum cleaner according to claini 2 wherein the
secondary debris collector has a fnistoconical shape.

7 A vacuum clcancr according to claim 2 and further
composing a cyluulncnl balfic between lhc lirst cyclomc
clmniber and the inlet openings of the secondary cyclones

8 A vacuum cleaner according to claim 2 and I'urther
composing a separator plate mount cxt lo Ihc housing bclw con
lirst cycloiuc chamber mid thc dirt-coflixuug bin with Bn

anmilar space bcuvccn a side w afl of lirsl cyclonic chamber
and an outer edge of separatnr plate for passage nf debris
separated frmu the airstream in the first cyclonic clmniber.

9 A vacuum clcancr according to claim 2 and further
composing a liltcr downstream from Ihc airslrcmn outlet.

I(l. A vacuum cleaner accnrding to claini 9 wherein the
-'ilter la upstream ofthe airstream suction source

11. A vacuum clcmier according lo claun 9 whcrcui llic
filter is cylindrical.

12. A vacuum cleaner according to cLaim 9 wherein the
dirt-collecting bin is removable fmm the first cyclonic cham-
bcr, and Ihc lil ter is rcmovablc with dirt collecting bin.

13. A vacuum cleaner accordmg to claim I wherein there
are betvveen four and sixteen secondary cyclones.

14. A vaciluiii clcaiicr Bccol'diiig lo clBiiti 1 wlicrciii llic
socondary dcbns collector is in thc dirt-coflccling bin.

15. A vacuum cleaner according to cLaim I wherein the
secondary debris collector has an open top

16. A vacuum clcmier according to claun 15 whcrcin Ihc
dirt-collecting bin is separable from the first cyclonic chan&-

ber for dumping of the dirt-collecting bin and the secondary
debris collector at the same time.

17. A vacuum clcmier according to claun 16 whcrcin Ihc
open top is covered by a remnvable lid

18. A vacuum cleaner according to cLaim 17 wherein the
Bs removable lid is mounted to the Imusing.

19. A vacuum cleaner according to claini 18 w:herein the
removable lid is mounted to an annularwall that i s mounted to
the lmusing and extends through the first cyclonic chamber

20. A vacuum clcmier according to claun 1 whcrcui tlic
sccoiidilu 9 cvcloiics Brc fru sin-cortical iii sliapc.

21. A vacuum cleaner according to cLaim I wherein the
secondary debris collector has a fnistoconical shape.
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