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This invention relates to the separation by means of
centrifugal or vortex type separators which are usually described
as cyclone separators, of undesired particles such as dust from
fluid suspensions which are usually suspensions of particles in

5 gases (which term as used herein includes vapours), but may be in
liquids that are not too viscous such as pulp stock. In the known
separators of this type, the gas suspension is introduced near the
top of a cylindrical body which is closed at the bottom and is
provided with a baffled central clean fluid outlet at the top.

10 The spinning fluid follows a helical path throwing suspended

particles outwardly and eventually reversing the vertical direction

of flow while maintaining the same direction of rotation so as to

pass upwardly centrally of the body toward the central outlet,
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while the suspended particleé are collected in the lower regions
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15 of the cylindrical body.

Many proposals have been made directed to improving the
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efficiepcy of the cyclone type of separator, and important advances
have been made. Thus it is recognized that the cylindrical body
of the separator must be of sufficient length to allow centrifugal
20 force to bring suspended particles to the wall of the separator

body, and the diameter must be relatively small in relation to the
length of the body because the centrifugal force on the suspended
particles is greater when the radius is made small. Further it
is recognized that it is not sufficient to provide a cylindrical

T 25 body of such length that the vortical action takes place only in
the upper region with the intention that suspended particles

reaching the cylindrical wall of the body will fall by gravity to

‘a lower region where they will not be picked up by the vortex, but
that an arrangement must be made whereby downward movement of the

30 particles in a helical path is not discontinued, when most of the
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fluid reverses the direction of flow and moves upward centrally
of the body to the outlet duct, but is caused to continue in the
original direction to a point where it is clear of the main
vortex and may be collected. Thus it has been proposed to
provide at the bottom of the cylindrical body a conical section
leading to a dust hopper gnd tapering to an opening of such
diameter that the portion of the fluid in which the particles are
concentrated is caused to continue in its helical path and to pass
through the opening thle the remainder of the gas moves upwardly
to the outlet duct.

By these. and other means and by precise proportioning
of the parts, great advances have been made, but the known
separators are subject to the serious disadvantage that they fail
adequately to separate a high conceﬁtration of suspended particles,
particularly if a fluid of high particle concentration is presented
to the separator suddenly as a result, for example, of the sudden
release of an accumulation of particles. For this reason it has
not heretofore been possible to use vortex type separators in any
application such as in vacuum cleaners, for example, where thers
may be a high concentration of suspended particles, particularly
vwhen the particle concentration is irregular and the high concen-
tration of particles is presented suddenly as when a vacuum cleaner
is used to pick up spilled flour, for example. The separation of
dust and other particles is presently effected in vacuum cleaners
by passing the laden air through a porous bag in which the entrained
particles are collected. Such porous baés prevent the passage of
a high proportion of entrained particles, both large and small, but
as the bag fills up, the passage of the air through the bag becomes
more and more difficult and the effectiveness of the vacuum cleaner

drops éccordingly. It is, therefore, important that the bag be
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emptied frequently and this is a serious disadvantage because it

has been found that in practice the porous bags are not emptied
frequently.
According to the invention there is provided a vortex
5 type separator capable of separating particles from a fluid, par—
ticularly a gas, with high efficiency even when the particle con-
centration is irregular and gas of high particle concentration is
presented to the separator suddenly, a large proportion of the
suspended particles being eliminated in what is in effect a pre-
10 liminary separation in association with the inlet scroll chamber,
without, however, appreciably increasing the pressure drop over
that of a single stage separator conforming substantially to stage
two of the separator according to the invention. Thus the

separator according to the invention comprises a substantially

15 cylindrical separator body, a flhid inlet adjacent one end there~
of including a scroll chamber for the tangential introduction to
the body of a suspension of particles to be separated, a section
at the other end of the cylindrical body terminating in an opening
‘of smaller diameter than that of the separator body, a second stage

20 " hopper surrounding and enclosing the said opening, a first stage

hopper adapted to coopérate with the scroll chamber, a clean fluid
outlet duct positioned substantially centrally of the separator
body and extending from a point within the substantially cylindrical
separator body through the scroll chamber, and means defining a
25 narrow at least part annular passage between the scroll chamber
‘ y.énd the first stage hopper adjacent at least part of the lateral
vﬁﬁil of the scroll chamber,said passdge being spaced farther from

the longitudinal axis of'“the separator than is the wall of the

~>aép3rator body. In normal operation the separator according to

30 - the invention will be upright or approximately so, but will operate

EB

I
fi




-5~ B7089us

at a substantial angle to the vertical, and even horizontal.

The scroll chamber may be arranged above the separator body

(considered in the normal upright position) in which event both
hoppers are arranged on the same side of the scroll chamber,

5 that is, below it in the normal upright position, or the device
may be arranged with the separator body above the scroll chamber
and the second stage hopper above it, while the first stage
hopper is below the scroll chamber but in any event the scroll
chamber should not be below the hopper of the first stage of

10 separation.
It is preferred that the separator body be relatively
long in relation to its diameter and that the section at the end
thereof be conical and likewise be relatively long in relation

to its maximum diameter. It is also preferred that the scroll

15 chamber terminate at a point spaced outwardly of said projection
of the wall of the body sufficiently to accommodate said narrow
passage, and that the narrow passage form a complete annulus.

The invention will now be described with reference to

T R RN

the accompanying drawings, in which

20 Figure 1 is a vertical section of an embodiment of a

separator according to the invention which is inverted by comparison

with the usual vortex type separators, the inlet scroll being at

the bottom of the cylindrical body.

" Figure 2 is a section on the line 2-2 of Figure 1.
- 25 ~ Figure 3 is a section on the line 3-3 of Figure 1.
j Figure 4 1s a vertical section of an embodiment of

: the invention designed normally to be operated with the conical

éhd 6f ihe separator bodx below the gyoll end, the arrangement

being such that both hoppers are emptied in one operation.

30 ) Figure 5 is a vertical section of a separator of the
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type illustrated in Figure 1 in the form of a vacuum cleaner.

Referring to the embodiment illustrated in Figure 1,
the separator body 10 is cylindrical and it is relatively long
in relation to its diameter. At its lower end the separator
bodyl0is provided with a gas inlet arrangement including a scroll
chamber 11.having a nozzle 12 and below the scroll chamber 11 is
a casing forming a hopper 13 to which are affixed legs 14 by means
of which the apparatus as a whole is raised from the ground and
suitably supported.

A clean gas outlet duct 15 is positioned centrally of
the body 10 at the lower end and it extends downwardly through the
centre of the scroll chamber 1l and the centre of the hopper 12 tq
open onto the space below the hopper. Particles collected in the
hopper 13 may be removed by means of an outlet 16 normally closed
by means such, for examplé, as a butterfly valve 17.

At the upper end of the cylindrical body 10, there is
provided a conical extension 18 which is relatively long in relation
to its maximmm diameter and terminates in an opening 19 which is of
small diameter in relation to that of the separator body and is
surrounded and enclosed by a casing forming a hopper 20, which like
the hopper 13, is provided with a particle outlet 21 and a valwve 22.
s Extending-outwardly from the gas outlet duct 15, at the
level of the bottom of the scroll chamber 11, is a plate 23 in the

form of a disc which forms part of the bottom wall of the scroll

‘ ghamber and which projects outwardly beyond the projection of the

cylindrical wall of the body 10, but is spaced from the side wall

of the ‘scroll chamber so as to define a passage 24 from the scroll

chamber to thehhopper 13 which is shown as annular but may be part

annular and is spaced outwardly from the gas outlet duct 15 such a

distance that it is outward of the projection of the cylindrical
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wall of the body 10. In the embodiment illustrated, the hopper
13 is cylindrical and substantially one half 25 of the scroll
chamber 11, as seen in Figure 3 is part cylindrical and, further,
the radius of the hopper is equal to that of the half 25 of the
scroll chamber which is part cylindrical and therefore is of
uniform curvature. It will be understood, however, that the
hopper 13 may be of any shape and may be of any extent in cross-
section so long as it lies below and is of greater diameter than
the passage 24 which, as noted, is outward of the projection of
the cylindriecal body 10, so that gas passing downward through
the. passage 24 is not obstructed by any part of the hopper 13,
and provided further that its shape and size is such that it
permits adequate spin of the gas within it to allow the hopper to
function as an effective dust trap.

Ag is described below, the scroll of the scroll chamber
11 preferﬁbly terminates at a point spaced outwardly from the wall
of the body 10, In the embodiment illustrated it is so spaced
outwardly that the passage 24 may form a complete annulus. It
is, however, within the contemplation of the invention that the
passage be part annular. In any event, the passage 24 should be
narrow by which is meant narrow in relation to the diameter of the
separator body.‘ The si?e shéﬁld be adjusted so that it passes
particles of the size and concentration to be dealt with while
not exceeding about 0.20 times the diameter of body 1O, The
greater the size of the opening, the greater is the volume of
gas entering hopper 13 with a consequent increase in the problem
of maintainiﬂg an effective dust trap. On the other hand too

small a passage tends to overload the second stage of separation

"and & minimum of about 0.05 times the diameter of the body 10

: should be observed. In the embodiment of Figure 1 it is preferred
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that the width of the passage 24 be about 0,07 times the diameter
of the body 10. The first stage of separation according to the
invention begins with a concentration of particles in a relatively
thin layer of gas adjacent the wall of the scroll chamber 11.

5 Part of the thin layer of gas in which the particles are thus
concentrated passes down into the hopper 13 and tests which have
been carried out show better than 80% of the suspended particles
removed in this stage of separation. The gas which enters
hopper 13 is returned to the scroll by flowing upward adjacent

10 -to the edge of the plate 23 and, together with the remainder of
the gas is then contracted into the body 10 and the second stage
. of the separator is enabled to work on as little as 208 or less

of the’suspended material. Thus the preferred form of separator

as a whole achieves so high an efficiency that it is difficult to

15 measure it accurately when, for example, separating wood flour

ranging in particle size from 50 to 5 microns.

The precise basis on which so large a percentage of the

suspended material is separated:in‘the initial stage of the
separator is not certain. It is c1éar, however, that centrifugal

20 force concentrates the suspended particles in a thin layer of gas

next to the wall of thevscroll chamber 11 and outside the projection
of thé wall of the body 10. . It will be apparent that as the gas
. is pressed against the inside wall of the scroll chamber 11 it Qill

seek to go both up and down and in going down it passes through the
25 ﬁaasage 2h. In going up, it encqunters the dust trap formed by

thelshoulder 26 by which the seroll chamber 11 is faired into the

body 10 as described below, and when the air moves into the body

10, the.particles carried by it are largely trapped by shoulder

26 and eventually find their way down the wall 11 to the passage

30 ‘2&. It is believed that the gas passing through the passage 2L
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initially stays close to the wall of hopper 13 and then curves
inwardly toward the central area of lower pressure leaving the
greater part of the suspended particles concentrated at the wall
of the hopper 13. The relatively clean gas then passes upwardly
5 through the passage 24 and adjacent to the edge of plate 23.
The general arrangement of the secroll 11, hopper 13 and plate
23 acts as an effective dust trap.
While the particles are concentrated in a thin layer
of gas at the wall of the scroll chamber 11 and a part of this
10 thin layer passes down into the hopper 13, the bulk of the gas
is contracted into the body 10 and thus enters the second stage
of separation according to the invention. In known manner this
gas follows a helical path upwardly within the body 10 until the
greater part of it is turned back by the conical section 18 and
15 moves to the centre of the body IQ and downwardly through the
clean gas outlet duct 15 while the remainder of the gas, which is
a thin layer at the wall of the body 10 in which is concentrated
the greater part of such of the suspended material as has passed
vtovthe body 10, contiﬂueé its helical path upwardly adjacent to
20 : the wall of the conical section 18:tq;the opening 19 where the
particles are flung oﬁtﬂardly into the hopper 20.
' Ag mentioned aboée, the body 10 is relatively long in
relation to its diameter and is provided at the upper end with a
relatively long conical section ténhﬁnaﬁing in an opening of
25 small diameter in relation to that of the separator body. It is
preferred that in known manner the length of the body 10 be
approximately three times the dlameter of the body and that the
conical section be appro:dmaﬁely half as long as the body 10.
Further, it 1s advantageous that the opening 19 into the hopper 20
30 be approximately one-third of the diameter of the body 10, that the
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construction and proportions of the gas outlet duct, and the
proportions of the inlet scroll chamber be as indicated below,
and that the entrance from the scroll chamber 11 to the body
10 be faired by the rounding of the shoulder 26. The scroll
chamber 11 is larger in diameter than the cylindrical body 10,
as has been seen above, and moreover the scroll terminates
outside the projection of the cylindrical body 10 so that a
vortex is formed in the scroll. chamber before the spinning
stream of gas is contracted into the body 10. Thus there is
obtained a flow which is as nearly symmetrical about the axis
of the body 10 as possible, Thg result is to minimize
turbulence. To the same end the shoulder 26 is gradually
curved as mentioned above, With regard to the gas outlet duct
which is closely concentric with the body 10 the best results
are obtained if the duct consists of a cylindrical section 15A
and a conical section 15B, and the diameter of the section 15A
is from about 0.5 to about 0.6 times the diameter of the body 10

'vand projects into the .body-10. above.the scroll 11 a distance

approximately 0.6 times the diameter of the body 10, and the

conical section 15B has a length between about O.4 and 0.45

times the diameter of the separator body 10 with an opening at
1ts upper end uhich is close to one-third the diameter of the
body 10.

v The‘gaa which cafriea pértiples through the opening
19 until they are separated}by,cenﬁr;rugal'force curves back
and moves inwardly adjacent to the bgffle 27 and then downwardly
centrally of the opening 19. As illustrated in Figure 1, the
hopper 20 surrounds the opening 19 and in this embodiment the
section 18 advantageously projects well into the hopper 20 so
that the separated partic}és fa11 awﬁy from the area of high air

speed near the opening 19 Qnd there is adequate storage space for
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particles to collect without fouling the opening 19. Preferably,
as illustrated, the conical section 18 extends to a point very
close to a baffle member which may be the end wall 27 of the
hopper 20. The baffle turns back into the opening 19 the small
amount of air which has carried the suspended particles into the
hopper 20 so that it moves only slightly radially outwardly of
the opening 19 before turning back to the opening. It has been
found that with this construction the effect of this small amount
of air, which is still spinning at high speed, in causing the air
in the hopper 20 to spin is minimized and it has been found that
the space between the end of the conical section 18 and the baffle
should be approximately 0.06 times the diameter of the body 10
for the best results. The baffle, as noted, may be the end wall
27. ,Alternatively a separate baffle may be suspended from the
end wall of the hopper, which is then spaced farther from the

opening 19, and the baffle may to advantage be mounted for free

‘rotation on a central shaft. When the baffle is so made rotatable,

its frictional resistance to the air emerging in a helical path
from the opening 19 is reduced, and moreover the baffle is rotated
at a speed capable of assigting inthrowing outwardly such particles
as stf.rike it.

Reférring now to the embodiment illustrated in Figure 4,

,t‘h;e!'é. is shown an arrangement permitting both hoppers to be emptied
1n one operation, both.hoppers being:on the same side of the scroll
. chamber. Accordingly the scroll. chamber is arranged at the top of
‘v_thef separator body as viewed in the 'upright position in Figure 4.
In the 111ustrated a.rrangemé‘nf;,»‘ the separator body indicated by
: thereforence numeral 40 ia not comnected directly at its top
" edge to the scroll chamber 41 which is open at its lower side 42

‘to provide for passage of particie_s fi'om the secroll chamber 41
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into the first stage hopper 43. Accordingly the wall 44 of

the scroll chamber is extended outwardly and downwardly to
surround the upper end of the separator body 4O and the latter

is supported within the housing formed by this outwardly and
downwardly extended wall by rods 45 or other suitable means
providing minimum interference to the flow of air and dust.

The rods 45 are suitably arranged. in the manner of bicycle

spokes. As in the embodiment illustrated in Figures 1 to 3,

the clean air outlet duct 46 is positioned centrally of the

body 40 and it extends from a point within the body 40 through

the scroll chamber 41 to open on to the space outside the scroll
chamber or, as viewed in Figure 4, above it. It will be under-
stood that a housing carrying a2 motor and fan may be mounted on
the face 47 of the scroll chamber to draw air through the separator,
where, for example, it is desired to use the separator in the form
of a vacuum cleaner, the usual tube or hose then being connected
to the inlet 48. At the end of the separator body 40 opposite

the scroll chamber, it is provided with a second stage hopper 49
surrounding and enclosing the conical end 50 of the separator
body 4O, as illustrated. = The hopper 43 is bounded and the
hopper 49 ¢losed by casing 51 so that on removal of the casing

51, on detaching toggle clamps {not shown) engaging flanges 52

and 53 for example, both hoppers may be emptied in one operation.
A sealing ring 54 is arranged between the flanges 52 and 53 and

a gealing ring 55 is likewise provided between the flange 56 of
the hopper 49 and the bottom wall 57 of the hopper 43 to prevent
any significant secondary flow. As illustrated, the bottom wall
57 of the hopper 43 may conveniently be provided with an indentation
58 adapted to cooperate with the walls of the hopper 49 to aid in

centering the separator body 40 and hopper 49 in the mounting of
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the casing 51. If desired a wall may be provided projecting
from the wall of the hopper 49 upwardly to the main wall of
body 40 to avoid the lodging of dust on the top of hopper 49.
It will be understood that the entire casing 51 need not be
removable, it being sufficient for the emptying of the two
hoppers in one operation, that the bottom wall of casing 51 be
removable.

As the gas, (air in the case of a vacuum cleaner) enters
the scroll chamber, the separation of particles proceeds as
described above with reference to Figures 1 to 3, the first stage
separation resulting in a very high proportion of suspended
particles and usually all of the larger particles being collected
in the hopper 43 while the remainder of the particles are collected
in the hopper 49. As in the embodiment illustrated in Figures 1
to 3, the passages 59 through which the thin layer of gas carries
suspended particles to the hopper 43, is positloned outwardly of
the wall of the separator body. The size of the passage 59 should
be adjusted on the basis indicated above with respect of Figure 1,

the preferred size in the particular embodiment illustrated in

© ‘Figure k4, which is suitable for use'as a vacuum cleaner, being
" approximately 0.10 times the diameter of the separator body. As »
' “described above in.conmection with Figure 1, it is believed that

the gas passingAthrough the passage 59 of Figure 4 stays close to

“the wall of the hopper 43 and then curves inwardly. Because the

" wall L4 slopes outwardly as well as downwardly, the gas thus

- passes first outwardly and'downﬁhrdly before passing inwardly and
upﬁhrdiy to leave the hoppér 43 through the passage 59, and it is

found that this increases the effectiveness of the hopper as a
dust trap so that the increase in size of passage 59 presents no
problem. In this connection it will be noted that the outer
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surface of the upper end of the body 40 is smoothly curved for
the purpose of minimizing turbulence. As in Figure 1 the
entrance to the body 4O from the scroll chamber is rounded at
the shoulder 60. In the embodiment illustrated in Figure 4
the uprer end of the body 40 (which is shown as terminating in
the plane of the bottom of the scroll chamber, but may terminate
above or below that plane) is provided with a wall section 61
continuing the curve of the shoulder 60 and secured to the wall
proper of the hopper 40 at 62 so that the upper end of the wall
of the body 40 is reinforced and at the same time is provided

with smoothly curved outer surface 63. The gas which has thus

returned from the hopper 43, together with a proportion of gas

which has not entered the hopper 43, then passes around the
shoulder 60 and is contracted into the body 4O where it enters
the second stage of separation according to the invention. The
gas then follows its helical path downwardly until the greater
part of it is turned back by the conical section 50 and moves to
the centre of the body 40 and uﬁwardly through the clean gas out-
let duct 46. The remainder of the gas passes in a thin layer
down the wall of the section50 until it enters hopper 49 through
opening 64 and the particles which it carries are deposited by
centrifugal action in the hopper 49. Because the hopper 49 is
normally at the bottom of the device, the conical section 50 does
not project far intq it as does the conical section 18 into the
hopper 20 of Figure 1. Otherwise this second stage hopper cor-
responds to that of Figure 1. It is larger in diameter than
the‘opening 6l which means that the clean gas returning to the
opening 64 must pass a shoulder which may be horizontal as
jllustrated or may be sloped where at least the upper part of

the hopper is conical in shape. Furthermore, the hopper 49 is
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generally circular in shape so that the spin of the gas is not
disturbed. The diameter is preferably from about three-quarters
to one and one~half times the diameter of the body 4O. As in
Figure 1 the clean gas outlet duct 46 is provided with a
c¢ylindrical section L4AA and a conical section 46B both of which
are preferably of the proportions indicated above with reference
to Figure 1.

A separator of the type illustrated in Figure 4 in
which the inlet scroll is normally at the top, has the advantages
when used as a vacuum cleaner that the two hoppers may be emptied
in the one operation, and that the motor and fan are at the top of
the device. This is an important consideration where the vacuum
cleaner is used to suck up water as is occasionally the case, e.g.
in the washing of floors covered with linoleum and the like.

An embodiment of the invention of the type illustrated
in Figure 1 intended for use as a vacuum cleaner will now be
described with reference to Figure 5. As in Figure 1, the
separator body 70 is directly connected to the top wall 72 of
thé scroll chamber 73 and is faired into it at the shoulder 74.
The second stage hopper 75 cooperating with the conical section
76 and the opening 77, conveniently surrounds the entire separator
body 70 and is readily removed by loosening clamps 78. A sealing
ring 79 is advantageously provided between the lower edge of the
hopper 75 and the upper face 72 of the scroll chamber 73. As in
Figure 1 the end 80 of the hopper 75 may be positioned close to
the opening 77, the spacing being preferably that indicated above
with reference to Figure 1 and the end 80 acting as a baffle in
the manner described. The clean gas outlet duct 81l corresponds
with its sections 8lA and 81B to the clean gas outlet duct 15 of

Figure 1. It is connected, however, at the lower side of the
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scroll chamber to the top wall of a fan and motor housing 82,

the top wall 83 of which corresponds to the plate 23 of Figure

1 and is of such diameter that the passage 84 through which the

air in the first stage of separation passes to the first hopper
5 (ecorresponding to the passage 2, of Figure 1) is spaced outwardly

of the projection of the wall of the body 70. The size of

passage 84 should be adjusted as indicated above and in view of

the use for which this embodiment is intended the passage 84 may

correspond in size to the passage 59 of Figure 4.

10 The cylindrical side wall of the housing 82 is suitably
connected to base member 85 by means of a cylindrical flange 86
having spaced therefrom a foot 87 so that clean air having passed
through the fan and motor housing 82 and downwardly.tfxrough the
cylindrical opening at the bottom may pass outwardly below the

15 base 85. 'The latter has an outer cylindrical flange 88 adapted
for mounting of a housing 89 having at the top a flat rim 90 on
which the scroll chamber 73 is mounted. The housing 89 and the
scroll chamber 73 are readily attached to and detached from the
base 85 by means of quick release clamps 90. A motor 91 driving

20 a fan 92 is suitably suspended within the housing 82 by means not

shown.

For convenience of emptying, the hopper of the first
stage is constituted by a removable annular pail 93 positioned
wiihin the housing 89 and surrounding the motor housing 82. The

25 centre wall of the annular pail is preferably formed of a resilient
material such as rubber of such a size as snugly to engage the .

outer wall of the motor housing 82 as illustrated. The bottom

wall of the pail rests on the base 85 and the outer wall of the
pail is curved outwardly from a lip 94 aligned with the outer edge

30 of the passage 8L. A seal 96 is preferably positioned between

EB
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the 1ip 94 and the lower face of the scroll chamber which it
engages and if desired the lip 94 may be forked as illustrated
to receive an O-ring seal 96. For the sake of symmetry, the
outer wall 97 of the scroll chamber is brought out throughout
its circumference to the diameter of the air inlet which, as
in Figure 4, is shown without the inlet nozzle which may,
however, be provided in the embodiments of Figures 4 and 5, as

in Figure 1.
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THE EMBODRIENTS OF THE INVENTION IN.-WHICH AN EXCIUSIVE

“PROPERTY OR PRIVILEGE IS CLATMED nRB DEFINED AS FOLLOWS:

1. A two stage vortex type separabtor comprising a substantially
cylindrical separator body, an inlet adjacent one end thereof including
a scrol"‘ ch.ambﬁr for the tangential introduction to the body of a
ouspenolon of particles to be separated, a section at the other end of
the cylmdrlcal body temlnat.lng 1n an Open:ms7 of sma].ler dlameter than

,fhat of the separator oody, a i‘lrst stave hopper adapted to cooPerate

'

.with the scroll ehamber, second stave hoopﬁr su::-rcmndn.nr7 and
‘fenclosn_ng the said openlng, a clean flu1d outlet duect posltloned sub~-
.stantia]_ly centrally of the separator body and extendlng from a po:Lnt
"wn.th:.n the substantlally cylmdrlcal separabor body. throuch the scroll

chamber, a,nd means dei’lm.ng a narrow at least parb annula.r passa.ge »

»betWeen the scroll chamber and. the flrst sta.ge h0pper ad;}acent' at least

""i'partffof the lateral wall of bhe scro]_l cnamber, sa:Ld passa.ge be:mg

- espa.ced far'bher from the> lonaltudln,, : ax:.sjof the sep rator than is the

wall 61’ the sepa,ra’oor body. where rb‘_o ’ 'bhe partlcle ‘carrying flu].d
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between the scroll chamber and the first stage hopper adjacent at least

part of the lateral wall of the scroll chamber, said passage being

spaced farther from the longitudinal axis of the separator than is the
+all of the separator body, whereby part oi the gas introduced by the

scroll chamber passes directly from the scroll chamber to the separator

body while another part pagses from the separator body through said

passage and returns through said passage to enter the separator body.

3. “A two stage VOrtex type separator comprising a normally

uprlght substantially cylindrical separator body, said bOdJ being

relatively long in relation to its diameter, a gas 1nlet dt the lower

end thereof including a scroll chamber for the tangential introduction

of gas to the body, aﬂcohical section at the upper end of the cylindrical
Vbody terminating ih an opening of ‘small diameter in relation to that of
’the'eeparator body; said conical section being relatively lorgin

relation to its mexcirum diameter, a first stage hopper positioned below

the ecroll chamber a second staae hopper surroundln and encloslng the

~ - Ay

said openlng, a clean pas outlet duct p051tloned uubstentlally

centrally of the. separator body at the lower end thereof and extendlng

from a point w1th1n the substantlally cyllndrlcal separator body dovn=

wardly through the scroll chamber,_ nd,means deflninv»a narrow at

ast part annular passave between the, scroll chamber and the flrst

st part of the 1ateral wall’ of” the seroll

oncltudlnal axis

chamoer, said passagevbelngispaced farther from the

of the separator than i ‘the wall of‘the separator body, whereby part
e gas: introduced by the scroll chamber passes directly fyon the. . geroll’

chamber to the separator body while another. part passes from uhe separator

b'dy through sald passage and returns through said passage to enter the

/fseparator,body.,

’gtq,r ' A two stage vortex bype separator comprising a normally up~

right substantlally cyllndrlcal separator body, a gas inlet at the upper

S "

i
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end thereof including a scroll chamber for the tanmential introduction of
zas to the body, & section abt the other end of the ¢ylindrical body
terminating in an opening of small diameter in relation co cﬁat 5£ the
separator body, & Iirst stage hopper adapted to cooperate with the scroll
chamoer, a second stage hopper surrounding and enclosing the said opening,
a clean gas outlet duct positioned substantially centrally of the
separator body at the scroll end thereof and extending from a point within
the substantially cylindrical separator body through the scroll- chamber,

and means defining a narrow at least part annular passage between the

scroll chamber and the first stage hopper adjacent af least part of the

lateral wall of the scroll chamber, said passage being spaced farther

‘from the longitudinal axis of the separator body than is the wall of the

yseparator body, wherebJ part of bhe gas introduced by the scroll chambor
passes directly from the scroll chamber to the separator body while
another part passes from the separator body through sald passage and

returns through said passage to enter the separator bodye

5¢c‘, . A vortex type separator as claimed in Claims 2, 3 or 4 in

' Which,the first and second stégé,ﬁoppers are detachable from the

separator.

l:a.f”/;4 A vortex type separator as claimed in Claims 2, 3 or 4 in vwhich

' fthe outer wall of the flrst stage hopper is formed contiguous with a

portlon of the curved outer wall of the scroll chamber.

;7.V’ - A vortex type separator as claimed in Claims 2, 3 o? 4 in

which said passage forms a complete ammylus and the scroll of! the seroll

chamber tefﬁinatés at a point spaced farther from the longitudinal axis

L of the separator body théhfis'said‘paSSage;

;fSEo' © A vortex type separator as claimed in Claim 3 in which the
ibottom wall of the second stage hopper surroundlng and enclosing the
: openlng at the upper ‘ond of the oyllndrlcal body is spaced downwardly

ffrom said opening to accommodate the collecting of particles without

- Re
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fouling the opening.

G A vortex type separator as claimed in claim 3 in which the
width of said narrow passage is from sbout 0,20 to about 0,05 times

the diameter of the separator body.

10. A vortex type separator as claimed in claim 9 in which the
width of said narrow passage is about 0.07 times the diameter of the

séparator'body.

11. A vortex type separator according to claim 4 comprising means

associated with the first stage hopper adapted to guide gzas which has

passed through said passage outwardly within said hopper.

12, A& vortex type separator as claimed in claim 4 in which the
width of said narrow passage is from about 0.20 to about 0.05 times the

RSO A

;,;diaméterfQf”ﬁﬁe*&éﬁaﬁéﬁor,body.‘

13, A vortex type separator as claimed in claim 4 or 12 in which
" the width of said. narrow passage.ig abbut 0.10 times the diaméter of

the separator'ﬁédyz
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