
A. H. DAVIS ETAL 

CENTRIFUGAL DUST SEPARATOR 

Filed Jan. 27, 1948 

2, 842, 635 

/ 

f 

/ 

I / 

zg 
I 

/0 

INVENTORS. 
AECiYI8'A/D H DAVIS 
g CAAElES /I/. AA Y 

A7 TOURNEYS 

Dyson Ex1010 
Page 1



Patented Feb. 20, 1981 2, 542, 635 

UNITED STATES PATENT OFFICE 
2, 542, 635 

CENTRIFUGAL DUST SEPARATOR 

Archibald H. Davis and Charles N. Hay, Sandusky, 
Ohio, assignors to The Apex Electrical Mfg. Co. , 
Cleveland, Ohio, a corpoiation of Ohio 

Application January 27, 1948, Serial No. 4, 664 

5 Claims. (Cl. 183 — 83) 

This invention relates to the separation of en- 
trained matter from gas by the application of 
centrifugal and other forces to the gas and en- 
trained matter. 

One field of application of the invention is. in 
vacuum cleaners, in whi: h the separator may b- 
used to replace bags and filters, as described in 
our copending app!ication for "Dust Separator, " 
Serial No. 788, 850, filed November 29, 1947. That 
application discloses a dust separator having cer- 
tain principles and features in common with the 
separator wl'ich is the subject matter of this 
application, and the two separators may be re- 
garded as species of a generic invention claimed 
in the said copending ap plicaticn. 

An object of the invention is to improve the 
centrifugal separation of solids from gases by 
subjecting the dust laden air to forces which 
rarefy and accelerate the air in a zone in which 
separation takes place, so that centrifugal force 
is increased, the mass of tl. e air is decreased, 
the viscosity of the air is reduced by the reduc- 
tion in temperature due to expansion thereby per- 
mitting dust particles to move more freely through 
the air, and the relative humidity of the air is 
increased so that the dust particles pick up mor' e 
moisture and are increased in mass. In this way 
the separating efficiency is increased in an ex- 
ponential ratio to the pressure drop through the 
separator, and by the use of a pressure drop of 
twenty to thirty inches of water ccmplete separa- 
tion for all practical purposes is obtained. - 

Purther objects of the invention are to improve 
and increase the efliciency oi' centrifugal separa- 
tors of the cyclone type for separating dust and 
dirt from air to such an extent as to permit 
the use of such separators in vacuum cleaners; 
to produce in such a separator a plurality of 
interacting cyclones producing different amounts 
of centrifugal force; to collect all of the material 
separated from the air stream in a single con- 
tainer without interfering with the operation of 
the cyclones and without permitting any of the 
separated material to become again entrained iii 
the air stream; to maintain the separating eK- 
ciency of tlie centrifugal separator substantially 
constant through a wide variation in the quan- 
tity of air passing through the separator in a 
given interval of time, so that the operation of 
the separator is not affected by variations in th 
extent to which the nozzle of the vacuum clean=r 
is sealed against the rug or other surface being 
cleaned; and to prevent large objects, strings, 
lint and the like from being caught in the inlet 
or the outlet of the separator or in the entrance 
into the dirt collecting receptacle. 

Other objects of the invention are to simplify 
and improve the construction of a separator and 
to adapt the same to small flows of gas. 

A still further object is to direct and guide the 

fiow of gas in a helical path along the casing 
of a separator. 

These and. other objects, which will appear 
from the following description of preferred em- 

5 bodiments of the invention, are achieved by a new 
combination and arrangement of elements, and 
a new method of treating the dust laden air 
stream, involving the application of centrifugal 
and other forces to the air and the entrained 

10 dust, dirt and other foreign matter. Generally 
speaking, the dirt lad. n air stream entering the 
shell of the separator is subjected to axial and 
tangential forces of such magnitude as to cau-e 
the stream to move in a helical path along the 

15 she 1 and to force entrained solid niatter radially 
toward the shell, the main body of the air stream 
is then subjected to an axial force in the opposite 
direction and centripetal forces causing it to move 
in a smaller heiical path in the opposite axial 

20 direction from the first helical path so as to 
develop an increased centrifugal f'orce on the en- 
trained particles, while the foreign matter which 
has been forced against the wall of the shell 
continues to move in tne first mentioned he. i- 

25 cal path into a dirt receptacle in which the air is 
whirling in the same direction as the air in the 
first heiical path, but is sunicientiy free of axial 
currents to prevent separated dust and dirt froin 
being picked up and again suspended in the air. 

30 The iorces are apphed so that tne air moving . n 
the inner helical path is considerably reduced in 
pressure, density, temperature and viscosity and 
entrained particles are subjected to an increased 
centrifugal iorce and are thereby given sufficient 

35 velocity and momentum in a radial direction to 
move througn the entering air and into tne stream 
of foreign matter adjacent the shell wriich ente. s 
the dirt receptacle. 

Beierrmg zo tne drawings: 
40 Pig. 1 is an end view oi a separator in accord- 

ance with the invention; 
Fig. 2 -is a iongit~ainal section of the same 

taken on the plane. incticated by the line 2 — 2 in. 
Pig. 1; 

Fig. 3 is a partial longitudinal section of the 
same taken on the piane indicated by the line 
3 — 3 in. Fig. 1; and 

Fig. 4 is a partial longitudinal section of the 
casing taken on the plane indicated by the line 

50 4 — 4 in Pig. 1. 
The separator comprises a substantially cylin- 

drical shell which may be formed in two por- 
tions, an upper portion I0 and a lower portion 
I I, the portion I 0 being seated in a recess in the 

. ;. -, portion I I and in sealing engagement therewith, 
the assembly being made in any desired manner. 
A flanged annular cap I2 is seated against the 
upper end of the shell I 0. A separating chamber 
IS, within which the entrained material (which 

00 will be referred to as dust for conciseness) is 
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separated from the air or other gas, is defined 
by the shell portions I0 and I I and the cap l2. 
The dust-laden air enters the separating cham- 
ber through an inlet conduit I 6 which is pref- 
erably substantially square in cross section and 
which may be roughly tangent to the shell I0. 
The inlet conduit IS merges into a generally 
spiral air inlet I7, the initial portion I8 of which 
may be straight, but which merges into a spiral 
portion I 9 of decreasing radius which preferably 
extends around two-thirds to three-fourths of 
the circumference of the casing I0. The inlet 
I 7 is open on the side toward the axis of the cas- 
ing, being defined by an outer wall 2l, a top 
wall 22, and a bottom wall 23. 

The top wall continues around the casing in 
the form of an inwardly directed fiange adjacent 
the top of the casing section I 0 lying in a plane 
perpendicular to the axis of the casing. The bot- 
tom wall 23 of the inlet portion I8 lies in a plane 
perpendicular to the axis of the casing, but as 
the converging spiral portion l9 of the inlet is 
reached, the bottom wall 23 is deflected down- 
ward into a helix. The wall 23 thus forms a heli- 
cal rib 26 within the casing, and in addition, ex- 
tends outside the casing by an amount which 
diminishes as the spiral converges, as will be ap- 
parent from a comparison of the left hand side 
of Pig. 2, Fig. 8, and Pig. 4, which are sectional 
views of the inlet taken progressively around the 
casing in the direction of air fiow. At the right 
hand side of Fig. 2, the spiral portion I9 of the 
inlet merges into the casing and there remains 
only tne inwardly directed rib 26. 

Due to the inclination of the wall 23 and rib 
23, the inlet progressively increases in depth par- 
allel to the axis of the container as will be ap- 
parent from Pigs. 2, 3, and 4. Thus, as the inlet 
decreases in radius, it increases in depth; and 
the eritering air stream under the influence of 
centrifugal force fans out into a thin sheet ad- 
jacent the wall oi tne casing. The lateral ex- 
pansion of the entering air stream imparts to 
it a dowmvard component of velocity so that 
the air tends to follow a helical path along the 
wall of the casing. The air follows the casing 
under the influence of centrifugal force, thus 
permitting the omission of the inner wall of the 
inlet. By omitting the inner wall of the inlet 
and. expanding the inflowing air into a wide, thin 
stream through the employment of centrifugal 
force, the effect of an elongated rectangular noz- 
zle is secured without its attendant disadvantage 
that lar e objects will clog a narrow nozzle. The 
inlet construction is disclosed and claimed in our 
abovementioned copending application, wherein 
its principles and. advantages are more fully dis- 
cussed. 

Additional helical ribs 27 and 28 within the 
portion. I0 of the casing continue to direct the 
air in a helical path in which it continues under 
its own momentum after entering the casing sec- 
tion I f. In a separator about four to five incl. es 
in diameter, a pitch of about three inches for 
the helices 26, 27; 28 has been found to be a sat- 
isfactory value. 

The air enters the casing at high velocity, either 
by being forced into the separator or by being 
drawn out by suction. The air leaves the sepa- 
rator through an axial cylindrical outlet 3 I which 
is fixed to the cap l2 circumjacent the central 
opening 32 in the cap. From Che outlet 3l, the 
air is. forced. or drawn through an outlet fitting 
33 which may be of the form illustrated in Figs. 

I and 2 with a lateral outlet 34 to which any out- 
let pipe such as 35 may be fitted. 

The manner in which the various parts of the 
casing and outlet are secured together forms 
no part of the present invention. Any accepted 
fabrication technique may be employed. 

The upper end of the inlet chamber l5 in Fig. 
2 is closed, except for the outlet opening, by the 
cap 12, and the opposite end of the separatinp 
chamber is defined by a baSe 37 which may be 
slightly conical in form as illustrated in Pig. 2 or 
may be fiat as in our abovementioned applica- 
tion. The baSe 37 is preferably mounted slightly 
within the easing portion I I and may be main- 
tained in position by a rod 38 to which it is se- 
cured by a thumb screw 39. The rod 38 is fixed 
in any convenient manner in a boss 4I in the 
outlet fitting 33 and extends through the center 
of the outlet 3I. The baSe 37 is spaced from 
the inner wall of the casing portion II to leave 

5 

10 

15 

20 

into the casing below the bottom of the air inlet 
I8. As mill be clearer from the appended de- 
scription of the operation set out below, this ar- 
rangemenC assists in preventing direct flow of 
air from the inlet. to the outlet, which direct 
flow, if it occurred, would carry dust particles 
into the outlet. 

Having explained the form and'construction of 
a preferred embodiment of the inver. tion, we may 
proceed to a description of the operation of the 
separator. 

The dust-laden air stream enters the separat- 
ing chamber I5 through the inlet I 6, I8 at a high 
speed, and expands axially of the casing as it 
proceeds around the d. epening spiral portion l9 
of the inlet. The: expansion of the air stream re- 
duces it to a thin sheet-and imparts to it a com- 
ponent of velocity 1'ongitudinally of the casing. 
The ribs 27 arid 28 guide the air in a continua- 
tion of a helical pafh initiated by the descend- 
ing lower wall of the inlet, -resulting in a helical 
movement of air immediately adjacent the shell 
IO, which continues adjacent the shell portion 
I I. In a small separator with an inlet about 

50 

55 

60 

65 

seven-eighths inch square, the. air stream is flat- 
tened out by centrifugal force to a thickness of 
about one-quarter of an inch. 

The centrifugal force: developed by the circum- 
ferential component of. - the. movement of the. air 

70 

75 stream urges the dust and dirt entrained in the 

an annular passage 42 through which dust passes 
from the separating chamber into a collecting 
chamber 45 defined by a cylindrical cup 46, which 
may be of any desired material and of any con- 

85 venienC depth, preferably' of- a depth equal to 
or greater than its diameter to provide for the 
reception of a considerable quantity of dust. The 
cup 46 may be retained on the casing section I I 

by conventional toggle clamps 47 fixed to the 
casing section I I and engaging lugs 48 fixed to 
the cup. A gasket 49 may be provided between 
the parts I I and 46 to prevent air leakage. By 
this construction, the cup 46 may be easily re- 
moved to dispose of accumu!ated dirt. 

It will be understood that the baSe 37 may be 
supported from Che cup 46, but the construction 
shown is preferred inasmuch as it facilitates the 
disposition of the accumulat:d dirt. 

The annular space 42 should be of sufficient 
40 width to permit the passage of the largest bodies 

that are lik-ly to be encountered; for example, 
in vacuum cleaner service, the gap 42 should be 
wide enough to pass cigarette stubs and other ob- 
jects of similar size. 

It will be noted Chat the air outlet 3I extends 
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air. r'adially outward toward the. shell. j0, I I as 
the air stream moves downwardly in the helical 
path. By reason of the fact that the dust laden 
air stream is free to spread axially with a con- 
sequent reduction of its radial depth under the 
influence of the centrifugal force, the distance 
through ivhich each dust or dirt particle in the 
incoming air stream must move in order to reach 
the shell is reduced to a mir. imum. The rate 
at which any particular particle of dust or dirt 
moves radially outward through the air under 
the influence of the centrifugal force depends 
upon its specific gravity and upon the relation 
between the mass and shape of the particle, which 
in turn determines the resistance to the move- 
ment of that particular particle through air of 
a given density and viscosity. Tbe heavier parti- 
cles, and those whose shape is such as to mini- 
mize air resistance, are quickly projected through 
the air stream toward the shell IO. Lighter parti- 
cles, and those having a greater air resistance, 
move radially outward at a slower rate. 

When the downwardly moving helical stream 
of air admitted from the inlet reaches the baffle 

37 substantially all of the air is drawn inwardly 
by the reduced pressure in the center of the sepa- 
rator in a generally spiral path above the baffle 
3'I, and then is drawn upwardly in a helical path 
substantially smaller in radius than the first- 
mentioned helical path toward the outlet pipe 3 I. 
This reversal of the axial direction of movement 
of the air is effected by a combination of factors. 
In the first place, the force which produces the 
movement of the air through the separator re- 
sults from the fact that the pressure in the out- 
let tube 31 is less than the pressure in the inlet 
conduit I6, so that fiow of a'r is established from 
the inlet I6 to the outlet pipe 3I. Since the low 
pressure area produced in the separator below 
the outlet pipe is confined by the imperforate 
baffle 37, there is substantially no pressure diff'er- 

ence acting to urge the air to pass through the 
annular opening 42 into the dust chamber 45, 
and at the same time a substantial pressure dif- 
ference exists above the baffle urging the air radi- 
ally inward along the upper surface of the baffle. 

Particles of dirt and dust which are close to 
the wall of the she'1 during the downward 
helical movement of the incoming air stream are 
projected in a continuation of their helical path 
downwardly through the annular gap 42 and 
along the wall of the dust chamber 45. The air 
in the dust chamber rotates in the same direction 
as the incoming air in the outer helix so that the 
dust particles are transferred smoothiy and 
without turbulence from the helically or spirally 
moving air above the bailie to the rotating body 
of air below the baiffe. The momentum imparted 
to the partic!es of dust and dirt moving in the 
helical path along the wall of the shell causes 
those particles to move through the gap 42 and 
to be projected to the bottom of the dust con- 
tainer 66. The dust particles are not carried 
back to the shell IO, I I because there is insuffi- 
cient axial movement of the air in the container 
46 to entrain the dust. 

The main body of the air stream, and any 
particles of dust and dirt which did not come 
close to the wall of the shell I0, I I during the 
downward helical movement of the air stream, 
move inwardly above the bafiie 37 and then up- 
wardly in a helical path toward the outlet pipe 
3I. In this niovement, the air stream has a cir- 
cumferential coinponent of movement in the 
same direction as the air at the outer portion of 

5 

10 

15 

the shell, and an axial component of movement 
in tbe opposite direction. The linear rotational 
velocity of the air moving downwardly in the 
outer helix, or cyclone, is not reduced by drawing 
the air into the upwardly moving helix or cy- 
clone, and since the radius is reduced the angular 
velocity of the air is increased and centrifugal 
force developed in the inner helix is increased. 
This increase in the centrifugal force applies an 
increased force to entrained dirt and dust par- 
ticles, tending to force them radially outward 
into the downwardly moving outer helix. 

Since the entire body of air in the shell above 
the baffle 37 is moving circumferentially in the 
same direction, the static pressure of the air has a 
maximum value adjacent the wall of tbe shell 
and decreases considerably to a minimum. value 
at the center of the shell. Thus tbe density and 
viscosity of the air in the inner helix or cyclone 
is substantially less than 'the density and vis- 
cosity of the air adjacent the shell 10, I I, so that 
the air resistance to the movement of any par- 
ticle of dust or dirt is less in the inner cyclone 
than in the outer cyclone. Thus particles whose 
shape is such that they move through the air 
stream slowly in the outer cyclone under a given 
centrifugal force would move more rapidly 

. through the air in the inner cyclone even if there 
were no increase in centrifugal force in the inner 

outlet pipe 3I is less than the pressure and den- 
sity of the incoming air, and because air in a 
confined passageway expands in the direction of 
its movement, the linear velocity of tbe air in 
the inner cyclone is greater than the linear veloc- 
ity of the entering air, since the mass of air 
leaving the separator is equal to tbe mass of 
air entering the separator. This increase in 
linear velocity further increases the centrifugal 
force. 

Dust and dirt particles which remain entrained 
in the air entering the inner cyclone above the 
baffle 37 are projected radia!ly outward at a, sub- 
stantially increased velocity and with sufficient 
momentum to pass through the stream of incc. m— 

45 

50 

55 

ing air forming the outer cyclone to a poi. . t near 60 
the shell IO, I i, where they. agglomerate vfllh 
other dust and dirt particles and move down- 
wardly in the outer helical path through the 
annular opening 42 into the dust chamber 45. 
In this way, particles having a specific gravity 
or air resistance such that they cannot be sepa- 
rated successfully from tbe air stream in the 
outer cyclone, are not only separated from the 
air in the inner cyclone, but are thrown out- 

65 

wardly with sufficient force to pass through tbe 'TO 

outer cyclone into the. stream of dust and dirt 
. moving along. the wall of the shell and are de- 
posited in the dust chamber. 

Thus in operation the entire body of air in 
75. . the shell I0; I I is rotating rapidly in. one direc- 

cyclone. This reduction in density and viscosity 30 
in the air in the inner cyclone, combined with 
the increased centrifugal force existing in the 
inner cyclone, increases by many times the speed 
at which particles of dust and dirt are separated 

35 from the air and projected radially outward. In 
addition, the considerable length of the inner 
cyclone, caused by the fact tliat it starts at the 
baffle, gives the dirt time to pass outwardly into 
the outer helical air stream before the inner cy- 

40 clone air enters the outlet pipe 3 I. 
Other factors also increase the effectiveness 

of the dust and dirt separation in the inner cy- 
clone as compared to the outer cyclone. Since 
the pressure and density of the air entering the 
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Cion, the outer portion of the air having a down- 
ward movement in a nelical path and tbe irine'r 
portion having ari upw'aid helical movement. 
The air pressure in Cbe shell is gieatest around 
the wall oi the shell and flecreases to a minim 
at the center, the variation in pressure hiving 
an exponential relation to the radius because 
of the increased centrifugal force of the upwai dly 
moving inner portion of the body of air. The 
imperfor'ate baKe 37 sea!s oif the lower end of 
the inner cyclone and thi low pressure area. 
Tbe incomin air is given suflicient moinentiim 
both circumferentially and downwardly by the 
widening tangential inlet and the helical vanes 
26, 27, 28 to drive the air sti'earn in a helical 
path to the baNie 37, and to prevent any appreci- 
able portiob of thi incoming aii. from short- 
circuiting to the lom pressure ar'ea in tbe inner 
cyclone until it substantially ~caches the baKe. 
Thus tl. e baffie may be loca, ted at any distance 
below the lower end of the outlet pipe 3i ivithin 
which these conditions may be maintained with 
a given flow of air. Preferably tbe baSe is lo- 
cated as far from the lower end of the outlet 
pipe 3I as is possible without impairing the air 
velocity by an excessive amount of frictioh 
against the walls of the separatoi, so as to ob- 
tain the maximum possibie length of the inner 
cyclone. However, the distance of the baKe froin 
the lower end of the outlet pipi is limited by the 
available pressure for operating the Separator, 
since increasing this distance increases the pres- 
sure drop thiough the separator iequired to 
maintairi the air velocity. 

The size of the baSe 37 and the iadial width of 
the gap 42 are deterinined first, by the require- 
ment that the baSe shall extend across and seal 
off tbe extreme low pressur'e area created by the 
inner cyclone, arid second by the requirement 
that the extent of axial flow of the air in the dust 
chamber 46 shall be so small as not to again en- 
train in the air stream dust partiiles deposited in 
the dust chamber. 

The annular gap 42 permits only a relatively 
small percentage of the total quantity of air mov- 
ing downwardly in the o'uter helix to enter the 
dust chamber 46 with the stream of dust and dirt 
conrientrated along thi wall of the shell, so that 
substantially all of thi air in t&. e oiite'r. 

' 

heliX- is 
separated from the dust and dirt and inoves in-. 
wardly in a substantially spiral path above tbe 
baSe 3'i. This separation of the air f'rom the dirt 
at the annular gap 42 is effected primarily by tbe 
pressure gradient in the air stream that dia~'i~s 
the air to the iriner c'yclone, as distinguishe'd fr'om 
a mechanical skimming actiori. The body of air 
confined in the dust chamber helotry the baSe 37 
is entrained by, and caused tci rotate ivith;. Cl'e 
air in the outer cyclone in the shell I I. Thus', for 
a short distance down from tbe baffl' and for a 
radial distance from the separator wall ecjual to 
the annular gap between the baSe' and the sepa- 
rator mall, the pressure decreases with-'the radius 
in the dust chamber 45 at substantially tbe same 
rate as the pressure varies with the radius in the 
outer cyclone in the shell I I, so that tbe pres- 
sure is substantially tbe same abrive and bel'ow 
tbe annular opening 42 at afiy point in the radi'ai 
depth of the annular operiing. Thus. so long as 
tbe outer edge of the baKe is located radially out- 
ward beyorid the point at which the pressffie in. 
the shell I I is substantially affected by' tbe inner 
cyclone, Chere is no sfibstantial difference in the 
pres'sure above and below the gap'-42. With no 
pres'sur'e diffe'rence acros's tbe annular opening 

, 8 
. thei'e is no appreciable 'air flo'e acr'osS this gap to 
'cai ij~ enti aine'd dirt fr'om thi dirt cbntainer back 
into the 'sep'arator an8 the operation at the gap '42 

is Cb'erefore primarily a smcoth interchange of 
Cb'e drist' an'd dirt particles from 'a stream of 'air 
in Ch'e shell I I moving helically and spir'ally Co a, 
body of hir in the dust chamber 45 rotating at 
the same spied as the air in the shell without 
eddies or turbiil'ence or substantial axial move- 

i 0 inent of air through the gap 42. 
There is; therefore, no close critical lim'it to 

the radial exterit of the gap 42; arid it may be 
Bade suiFicientiy divide to y'erma the free pias- 
sage of cigacrette butts and similar 'debris; that 

16 may be picked up by a vacuum cleaner, intb the 
dust cbd, mber 45. 

The intei action of the iniiei and outei cyclones 
withiri tbe separator itself invol~es other novel 
effects contributirig Co the high separating effi- 

go cienc'y of Che present invention. The draWing of 
the air froiii tbe oiitei cyclorii. into the inner cy- 
clone against' the action of centrifugal force re- 
duces the press~re; increases the linear Velocity 
of the air in the inrier cyclone; and reduces the 

, ; radius of the whirling motion of the air. Th' e 
ceiftrifugal force is thereby increased, producing 
a laige i'eductiori in pi essure iiear the axis of the 
inner cyclone, and' a large preisui'e drop across 
the separator. Contrary to the usual pr'actice of 

;io attempting to keep the Pressure drop across the 
separator as low as possible iri order to conserVe 
power, . in the piesent invention a high pressrire 
diiop is used to take advantage of the accom- 
panying phenomena. 

Thus, in accordance' with this irivention;. the 
centrifugal force opposing the withdrawal of th'e 
air from the separ'ator is maintaine'd at such 
magriitude as to cause a pressure drop exceeding 
20 inches of water across the separator; The 

40 reduction in pressure near the axis of tbe inner 
cyclone greatly exceeds the drop across the sepa- 
rator; far example, with a pressure drop across 
Cbe separatoi' of 80 inches of water there is a 
negative pressu're. of about 60 inches of water 
iiear Che axis of the inner cyclone. Under these 
conditions; a number of cumulative effects com- 
bine to give complete separation for all practical 
purposes. Tbe reduced density of the air in the 
inner cyclone increases the difference between 

60 the specific' graVities of the air and the dust par- 
ticles; Thus a given centrifugal force imparts 
a greater outward acceleration to dust particles. 
Af, the same time the reduction in pressure is ac- 
companied by a reduction in temperature, which 

-„, reduces the viscosity, and an increase in relative 
humidity of the air iii the inner cyclone. Since 
the dust particles ar'e sIightly' hygrriscopic, the in- 
crease in relative humidity causes them to pick up 
additional Water from the air, thereby inci. eas- 

60 ing their w'eight. While Chise various effects are 
insigniflcanC in the pressure ranges ordinarily 
used in air cleaning apparatus and procesges, their 
combinaCion results i'ri an e'xponential curve that 
rises ve'r 'y rapidly to an effective value when pres- 
sure drops across the separator exceeding 20 
inches of water are employed in accoi'dance' with 
this invention. 

As an example of suitable dimensirins and 
proportions for a separator iri accordance with 
the' invention, ii7e may consider a separator de- 
signed for u'se in a vacuum cleaner with a fan 
wlfich produces a negative pressure of 42 iriches 
of watir with the cl'caner in normal operation, 
handlirig about 46 cubic fee't of air per' minute. 

76 A separator according Co the following dimen- 
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sions has been found very satisfactory: The in- 
let conduit l6 is i/s inch square and thus the air 
inlet velocity is about 9000 feet per minute. The 
shell I 0 is about 4i/4 inches in diameter, the out- 
let tube 3 I is about ls/s inches in diameter and 2 
inches in length, the distance from the mouth 
of the outlet 3I to the baffle 37 is about 3i/~ 
inches. The preferred width of the gap 42 is in 
the range of i/4 to i/~ inch. The collecting cham- 
ber 45 is preferably as long as possible to permit 
the retention of a considerable quantity of dust 
and thus eliminate the need for frequent empty- 
ing of the dust cup although it may be consid- 
erably shorter than the separating chamber. It 
will be understood that the invention is not lim- 
ited to these dimensions, or to any of them, but 
that these represent suitable dimeiisions and 
proportions for a separator to be used with a fan 
and cleaner having the foregoing characteristics. 

It is to be understood, of course, that the 
separator, although suitable for the extremely 
severe requirements of vacuum cleaner service, 
is not in any sense restricted to any particular 
environment, and the vacuum cleaner applica- 
tion has been cited merely by way of example. 

Although the foregoing description is neces- 
sarily of a detailed cliaracter, in order that the 
invention may be completely set forth, it is to be 
understood that the specific terminology is not 
intended to be restrictive or confining, and that 
various rearrangements of parts and modiflca, - 
tions of detail may be resorted to without de- 
parting from the scope or spirit of the invention 
as herein claimed. 

We claim: 
1. An air cleaner comprising an elongated 

generally cylindrical shell having closed ends; a 
barrier fixed in said shell transversely to the axis 
thereof and dividing the interior of the shell into 
a separating chamber and a dust coQecting 
chamber, the barrier being supported by a mem- 
ber extending downwardly coaxially of the shell 
and being spaced from the shell to provide an 
annular passage between the two chambers; a 
tangential air inlet into the end of the separating 
chamber remote from the barrier; an air outlet 
conduit extending beyond the inlet; and means 
adjacent the inlet end of the shell for utilizing 
the momentum of the air to impart a helical flow 
thereto comprising helical vanes extending in- 
wardly from the shell. 

2. A dust separator comprising a casing of 
circular cross-section, means for admitting air 
tangentially of the casing, vanes for imparting 
an axial component of velocity to the air where- 
by the air follows a helical path bounded by the 
casing, a baffie in the casing providing an an- 
nular opening adjacent the side walls of the cas- 
ing for passage of dust, a cylindrical dust receiv- 
ing chamber on the side of the baffie opposite the 
air inlet, the baffie acting to deflect the air fiow 
toward the axis of the casing, and an outlet pas- 
sage extending axially into the casing from the 
inlet end to a point beyond the inlet but a sub- 
stantial distance from the baffie, whereby air 
deflected inward by the baffie flows to the outlet 
in a helical path within and in contact with the 
air in the outer helical path. 

3. An air cleaner comprising an elongated 
generally cylindrical shell having top and bottom 
end walls; a barrier fixed in said shell trans- 

versely to the axis thereof and dividing the in- 
terior of the shell into a separating chamber and 
a dust collecting chamber, the barrier being sup- 
ported by a member fixed to the shell and ex- 
tending coaxially thereof and fixed to one end 
wall and said barrier being spaced from the shell 
throughout its entire periphery to provide an an- 
nular opening between the two chambers; a 
tangential air inlet into the said end of the sep- 

10 arating chamber remote from the barrier; an 
air outlet conduit extending into the said end 
of the separating chamber and opening beyond 
the inlet; and means adjacent the inlet end of 
the shell for utilizing the momentum of the air 

15 to impart a helical flow thereto comprising heli- 
cal vanes extending inwardly from the shell. 

4. A dust separator comprising a casing of cir- 
cular cross-section, means for admitting air tan- 
gentially of the casing, vanes for imparting an 

20 axial component of velocity to the air whereby 
the air pursues a helical path bounded by the 
casing, a baffl in the casing providing an an- 
nular opening throughout its periphery adjacent 
the casing for passage of dust, a dust receiving 

25 chamber substantially cylindrical throughout its 
axial extent on the side of the baffie opposite the 
air inlet, the baffie being imperforate throughout 
and acting to deflect the air flow inwardly to- 
wards the axis of the casing, and an outlet pas- 
sage extending axially into the casing from the 
inlet end thereof to a point beyond the inlet but 
spaced for the major portion of its extent from 
the baiffe whereby air deflected inwardly by the 
baffie flows to the outlet in a helical path with- 

35 in said first named outer helical path. 
5. An air cleaner comprising an elongated 

generally cylindrical shell; a barrier fixed in said 
shell transversely to the axis thereof and spaced 
from the bottom of the shell to divide the inte- 

40 rior thereof into a dust separating chamber and 
a collecting chamber, the barrier being supported 
by a small diameter rod extending coaxially from 
an end wall of the shell, said barrier being 
spaced from the shell throughout its periphery to 

45 provide an annular passage for dust between the 
two chambers; a tangential air inlet opening into 
the end of the separating chamber remote from 
the barrier; and an air outlet opening into said 
separating chamber axially of the chamber at 

50 the same end thereof, a conduit for said outlet 
extending into the chamber beyond the inlet co- 
axially of said supporting member and termi- 
nating beyond the inlet; and means adjacent the 
inlet end of the shell for utilizing the momentum 

55 of the air to impart a helical flow thereto com- 
prising helical vanes extending inwardly from 
the shell. 
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