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INSERT FOR A CYCLONE SEPARATOR 

FIELD OF THE INVENTION 

0001. This invention relates to an improved apparatus for 
Separating a component from a fluid Stream. In one embodi 
ment, the fluid may be a gas having Solid and/or liquid 
particles and or a Second gas Suspended, mixed, or entrained 
therein and the Separator is used to Separate the particles 
and/or the Second gas from the gas Stream. In an alternate 
embodiment, the fluid may be a liquid which has solid 
particles, and/or a Second liquid and/or a gas Suspended, 
mixed, or entrained therein and the Separator is used to 
remove the Solid particles and/or the Second liquid and/or 
the gas from the liquid Stream. The improved separator may 
be used in various applications including vacuum cleaners, 
liquid/liquid Separation, Smoke Stack Scrubbers, pollution 
control devices, mist Separators, an air inlet for a turbo 
machinery and as pre-treatment equipment in advance of a 
pump for a fluid (either a liquid, a gas or a mixture thereof) 
and other applications where it may be desirable to remove 
particulate or other material Separable from a fluid in a 
cyclone Separator. 

BACKGROUND OF THE INVENTION 

0002 Cyclone separators are devices that utilize centrifu 
gal forces and low pressure caused by Spinning motion to 
Separate materials of differing density, Size and shape. FIG. 
1 illustrates the operating principles in a typical cyclone 
separator (designated by reference numeral 10 in FIG. 1) 
which is in current use. The following is a description of the 
operating principles of cyclone Separator 10 in terms of its 
application to removing entrained particles from a gas 
Stream, Such as may be used in a vacuum cleaner. 
0.003 Cyclone separator 10 has an inlet pipe 12 and a 
main body comprising upper cylindrical portion 14 and 
lower frusto-conical portion 16. The particle laden gas 
Stream is injected through inlet pipe 12 which is positioned 
tangentially to upper cylindrical portion 14. The shape of 
upper cylindrical portion 14 and frusto-conical portion 16 
induces the gas Stream to Spin creating a vortex. Larger or 
more dense particles are forced outwards to the walls of 
cyclone Separator 10 where the drag of the Spinning air as 
well as the force of gravity causes them to fall down the 
walls into an outlet or collector 18. The lighter or less dense 
particles, as well as the gas medium itself, reverses course at 
approximately collector G and pass outwardly through the 
low pressure centre of separator 10 and exit separator 10 via 
gas outlet 20 which is positioned in the upper portion of 
upper cylindrical portion 14. 
0004. The separation process in cyclones generally 
requires a steady flow free of fluctuations or Short term 
variations in the flow rate. The inlet and outlets of cyclone 
Separators are typically operated open to the atmosphere So 
that there is no pressure difference between the two. If one 
of the outlets must be operated at a back pressure, both 
outlets would typically be kept at the same preSSure. 
0005. When a cyclone separator is designed, the principal 
factors which are typically considered are the efficiency of 
the cyclone separator in removing particles of different 
diameters and the pressure drop associated with the cyclone 
operation. The principle geometric factors which are used in 
designing a cyclone separator are the inlet height (A); the 
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inlet width (B); the gas outlet diameter (C); the outlet duct 
length (D); the cone height (Lc); the dirt outlet diameter (G); 
and, the cylinder height (L) 
0006 The value do represents the smallest diameter 
particle of which 50 percent is removed by the cyclone. 
Current cyclones have a limitation that the geometry con 
trols the particle removal efficiency for a given particle 
diameter. The dimensions which may be varied to alter the 
d50 value are features (A)-(D), (G), (L) and (Lc) which are 
listed above. 

0007 Typically, there are four ways to increase the small 
particle removal efficiency of a cyclone. These are (1) 
reducing the cyclone diameter; (2) reducing the outlet diam 
eter; (3) reducing the cone angle; and (4) increasing the body 
length. If it is acceptable to increase the pressure drop, then 
an increase in the pressure drop will (1) increase the particle 
capture efficiency; (2) increase the capacity and (3) decrease 
the underflow to throughput ratio. 
0008. In terms of importance, it appears that the most 
important parameter is the cyclone diameter. A Smaller 
cyclone diameter implies a Smaller do value by Virtue of the 
higher cyclone Speeds and the higher centrifugal forces 
which may be achieved. For two cyclones of the same 
diameter, the next most important design parameter appears 
to be L/d, namely the length of the cylindrical section 14 
divided by the diameter of the cyclone and Lc/d, the length 
of the conical section 16 divided by the width of the cone. 
Varying L/d and Lc/d will affect the do performance of the 
Separation proceSS in the cyclone. 
0009 Typically, the particles which are suspended or 
entrained in a gas Stream are not homogeneous in their 
particle size distribution. The fact that particle sizes take on 
a spectrum of values often necessitates that a plurality of 
cyclonic Separators be used in Series. For example, the first 
cyclonic Separator in a Series may have a large diso Specifi 
cation followed by one with a Smaller do specification. The 
prior art does not disclose any method by which a single 
cyclone may be tuned over the range of possible do values. 
0010. An example of the current limitation in cyclonic 
Separator design is that which has been recently applied to 
vacuum cleaner designs. In U.S. Pat. Nos. 4,373,228; 4,571, 
772; 4,573,236; 4,593.429; 4,643,748; 4,826,515; 4.853, 
008; 4.853,011; 5,062,870; 5,078,761; 5,090,976; 5,145, 
499; 5,160,356; 5.255.411; 5,358,290; 5,558,697; and RE 
32,257, a novel approach to vacuum cleaner design is taught 
in which Sequential cyclones are utilized as the filtration 
medium for a vacuum cleaner. Pursuant to the teaching of 
these patents, the first Sequential cyclone is designed to be 
of a lower efficiency to remove only the larger particles 
which are entrained in an air Stream. The Smaller particles 
remain entrained in the gas Stream and are transported to the 
Second Sequential cyclone which is frusto-conical in Shape. 
The Second Sequential cyclone is designed to remove the 
Smaller particles which are entrained in the air Stream. If 
larger particles are carried over into the Second cyclone 
separator, then they will typically not be removed by the 
Second cyclone separator but exit the frusto-conical cyclone 
with the gas Stream. 
0011. Accordingly, the use of a plurality of cyclone 
Separators in a Series is documented in the art. It is also 
known how to design a Series of Separators to remove 
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entrained or Suspended material from a fluid Stream. Such an 
approach has two problems. First, it requires a plurality of 
Separators. This requires additional Space to house all of the 
Separators and, Secondly additional material costs in pro 
ducing each of the Separators. The Second problem is that if 
any of the larger material is not removed prior to the fluid 
Stream entering the next cyclone separator, the Subsequent 
cyclone separator typically will allow Such material to pass 
therethrough as it is only designed to remove Smaller 
particles from the fluid Stream. 

SUMMARY OF THE PRESENT INVENTION 

0012. In accordance with one embodiment of the instant 
invention, there is provided an insert for a cyclone separator 
for Separating a material from a fluid, the Separator having 
a longitudinally extending body and a wall, the wall having 
an inner Surface and defining an internal cavity having an 
outer portion in which the fluid rotates when the Separator is 
in use and an inner portion, the insert comprising a distinct 
member positioned within the longitudinally extending body 
to impinge upon at least a portion of the fluid as it rotates 
within the cavity and change the Velocity of that portion of 
the fluid and cause Some of the material to be separated from 
the fluid while permitting the fluid to maintain sufficient 
momentum to continue its rotational motion within the body. 
0013 In accordance with another embodiment of the 
instant invention, there is provided an insert for a cyclone 
Separator for Separating a material from a fluid, the Separator 
having a longitudinally extending body and a wall, the wall 
having an inner Surface and defining an internal cavity in 
which the fluid rotates when the Separator is in use, the insert 
comprising a member having an outer wall Spaced from the 
inner Surface and configured to impart changes in the rate of 
acceleration to at least a portion of the fluid as it rotates 
within the cavity causing Some of the material to be sepa 
rated from the fluid. 

0.014. In accordance with another embodiment of the 
instant invention, there is provided an insert for a cyclone 
Separator for Separating a material from a fluid, the Separator 
having a longitudinally extending body defining a longitu 
dinal axis and a wall, the wall having an inner Surface which 
defines an internal cavity having an Outer portion in which 
the fluid rotates when the Separator is in use and an inner 
portion, the insert comprising a member positioned in the 
inner portion and having an outer wall which is positioned 
to interact with at least a portion of the fluid as it rotates in 
the outer portion of the cavity to impart to the portion of the 
fluid different fluid flow characteristics compared to those of 
the fluid rotating in the outer portion of the cavity which 
promote the Separation of the material from the fluid. 
0.015. In one embodiment, the insert may be centrally 
positioned within the cavity and extend outwardly to 
impinge upon the portion of the fluid. 

0016. In another embodiment, the outer wall is config 
ured to continuously impart changes in the rate of accelera 
tion to the portion of the fluid as it rotates within the cavity. 

0.017. In another embodiment, the outer wall of the insert 
interacts with the portion of the fluid to impart to the portion 
of the fluid a different speed, a different direction of travel 
or a different velocity compared to that of the fluid rotating 
in the outer portion of the cavity. 
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0018. In another embodiment, the outer wall of the insert 
is configured to create an area in the cavity wherein the fluid 
is travelling at a Velocity insufficient to re-entrain all of the 
Separated material. The area may extend longitudinally. 
Further, the area may have a receiving portion for receiving 
the material which is separated from the fluid. Alternately, 
the area may extend longitudinally for a finite length and the 
insert may be configured to create a plurality of areas at 
Spaced intervals along at least a portion of the length of the 
insert. If the Separator is vertically disposed, the receiving 
portion is may be positioned towards the lower end of the 
Separator and comprises a collecting chamber in which the 
Separated material is collected. If the Separator is vertically 
disposed, the receiving portion may be positioned towards 
the lower end of the Separator and be in flow communication 
with a chamber downstream thereof. 

0019. In another embodiment, the rotation of the fluid in 
the outer portion defines an outer cyclone and the Outer wall 
of the insert is configured to interact with the portion of the 
fluid to cause the portion to rotate to define a Second cyclone 
between the outer wall of the insert and the outer cyclone. 
The outer wall of the insert may have at least one receSS 
provided therein. 

0020. In another embodiment, the outer wall of the insert 
is positioned and configured to direct the portion of the fluid 
into the inner portion of the cavity. 

0021. In another embodiment, the outer wall of the insert 
is configured to interact with the portion of the fluid to create 
a dead air space between the Outer wall of the insert and the 
outer portion of the cavity. 

0022. In transverse section, the shape of the insert may be 
circular, a polygon, a continuous n-differentiable curve 
wherein ne2 and the Second differential is not Zero every 
where Swept 360 degrees around the longitudinal axis, a 
closed non-circular conveX closed path or a helix. 
0023. In accordance with another embodiment of the 
instant invention, there is provided a cyclone separator for 
Separating a material from a fluid comprising: 

0024 (a) a longitudinally extending body having a 
wall and defining a longitudinal axis, the wall having 
an inner Surface which defines an internal cavity 
having an Outer portion in which the fluid rotates 
when the Separator is in use and an inner portion; 
and, 

0025 (b) an insert comprising a member having an 
outer wall Spaced from the inner Surface and posi 
tioned to interact with at least a portion of the fluid 
as it rotates in the outer portion of the cavity to 
impart to that portion of the fluid with which it 
interacts different fluid flow characteristics com 
pared to those of the fluid rotating in the outer 
portion of the cavity which promote the Separation of 
the material from the fluid. 

0026 Preferably, the outer wall of the insert is spaced at 
least 0.1 inches from the inner Surface and more preferably, 
at least 0.125 inches. 

0027. In one embodiment, at least a portion of the inner 
Surface and at least a portion of the outer wall of the insert 
each have a portion which is similarly configured. 



US 2002/0008072 A1 

0028. In another embodiment, at least a portion of the 
inner Surface and at least a portion of the outer wall of the 
insert are each in the shape of a continuous n-differentiable 
curve wherein ne2 and the Second differential is not Zero 
everywhere Swept 360 degrees around the longitudinal axis. 

0029. In another embodiment, the internal cavity has, in 
transverse Section, an inner portion in which the fluid rotates 
when the Separator is in use and at least one outer portion 
positioned external to the inner portion and contiguous 
there with, the Outer portion of the cavity extending out 
Wardly from the inner portion of the cavity and defining a 
Zone in which at least a portion of the fluid expands 
outwardly as it rotates in the plane defined by the transverse 
section, the portion of the fluid in the outer portion of the 
cavity having different fluid flow characteristics compared to 
those of the fluid rotating in the inner portion of the cavity 
which promote the separation of the material from the fluid. 

0.030. In another embodiment, in transverse section, the 
wall extends in a continuous closed path and has a non 
baffled inner surface which defines an internal cavity, the 
internal cavity having an inner portion in which the fluid 
rotates when the Separator is in use, and at least one outer 
portion positioned external to the inner portion and contigu 
ous there with defining a Zone in which the wall is configured 
to impart to at least a portion of the fluid as it rotates in the 
plane defined by the transverse section different fluid flow 
characteristics compared to those of the fluid rotating in the 
inner portion of the cavity which promote the separation of 
the material from the fluid. 

0031. In another embodiment, the inner Surface of the 
wall is defined by, in transverse Section, a continuous 
non-circular conveX closed path, the cavity having an inner 
portion positioned within the non-circular conveX closed 
path and at least one outer portion between the inner portion 
and the non-circular conveX closed path. 

0.032 The separator may be a dirt filter for a vacuum 
cleaner, an air inlet for turbo machinery, treatment apparatus 
positioned upstream of a fluid pump, treatment apparatus 
positioned upstream of a pump for a gas, treatment apparatus 
positioned upstream of a pump for a liquid or the like. 

0033. By designing a cyclone separator according to the 
instant invention, the parameters L/d and Lc/d may vary 
continuously and differentiably along the length of the 
cyclone axis. Thus, a cyclone may be designed which will 
have a good Separation efficiency over a wider range of 
particle sizes than has heretofore been known. Accordingly, 
one advantage of the present invention is that a Smaller 
number of cyclones may be employed in a particular appli 
cation than have been used in the past. It will be appreciated 
by those skilled in the art that where, heretofore, two or more 
cyclones might have been required for a particular applica 
tion, that only one cyclone may be required. Further, 
whereas in the past three to four cyclones may have been 
required, by using the Separator of the instant intention, only 
two cyclones may be required. Thus, in one embodiment of 
the instant invention, the cyclone separator may be designed 
for a vacuum cleaner and may in fact comprise only a single 
cyclone as opposed to a multi-stage cyclone as is known in 
the art. 
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DESCRIPTION OF THE DRAWING FIGURES 

0034. These and other advantages of the instant invention 
will be more fully and completely understood in accordance 
with the following description of the preferred embodiments 
of the invention in which: 

0035 FIG. 1 is a cyclone separator as is known in the art; 
0036 FIG. 2 is a perspective view of a cyclone separator 
according to the instant invention; 
0037 FIG. 3 is a cross-section of the cyclone separator 
of FIG. 2 taken along the line 3-3; 
0038 FIGS. 4-11 are each alternate embodiments of the 
cyclone separator of FIG. 2; 

0.039 FIGS. 12(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has a Single insert of varying 
shape; 

0040 FIGS. 13(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two Similarly shaped inserts 
of varying shape, one being positioned above the other and 
rotated 90: 

0041 FIGS. 14(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two Similarly shaped inserts 
of varying shape, one being positioned above the other and 
rotated at other than 90; 

0042 FIGS. 15(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two dissimilarly shaped 
inserts of varying shape, one being positioned above the 
other; 

0043 FIGS. 16(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two dissimilarly shaped 
inserts of varying shape, one being positioned above the 
other and offset; 

0044 FIGS. 17(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has a Single insert of varying 
shape and wherein the insert has recesses in the outer Surface 
thereof; 

0.045 FIGS. 18(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two Similarly shaped inserts 
of varying shape, one being positioned above the other and 
rotated 90 and wherein the inserts have recesses in the outer 
Surface thereof; 

0046 FIGS. 19(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
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wherein the cyclone cavity has a Single insert of varying 
shape and wherein the insert has concave recesses in the 
outer Surface thereof; 

0047 FIGS. 20(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has two Similarly shaped inserts 
of varying shape, one being positioned above the other and 
rotated 90 and wherein the inserts have concave recesses in 
the outer Surface thereof; 

0.048 FIGS. 21(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has one or more helical inserts, 
0049 FIGS. 22(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has a Single insert of varying shape, 

0050 FIGS. 23(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two Similarly shaped inserts of varying shape, one 
being positioned above the other and rotated 90; 
0051 FIGS. 24(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two Similarly shaped inserts of varying shape, one 
being positioned above the other and rotated at other than 
90°, 
0.052 FIGS. 25(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two dissimilarly shaped inserts of varying shape, 
one being positioned above the other; 
0053 FIGS. 26(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two dissimilarly shaped inserts of varying shape, 
one being positioned above the other and offset; 
0054 FIGS. 27(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has a single insert of varying shape and wherein the 
insert has recesses in the Outer Surface thereof; 

0055 FIGS. 28(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has a single insert of varying shape and wherein the 
insert has recesses in the outer Surface thereof which are 
positioned off centre; 

0056 FIGS. 29(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
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the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two Similarly shaped inserts of varying shape, one 
being positioned above the other and rotated 90 and 
wherein the inserts have recesses in the Outer Surface 
thereof; 

0057 FIGS. 30(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has a Single insert of varying shape and wherein the 
insert has concave recesses in the Outer Surface thereof; 
0.058 FIGS. 31(a)-(h) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone has a trumpet shape and the cyclone 
cavity has two Similarly shaped inserts of varying shape, one 
being positioned above the other and rotated 90 and 
wherein the inserts have concave recesses in the outer 
Surface thereof, and, 
0059 FIGS. 32(a)-(f) are the perspective view and the 
respective top plan view of further alternate embodiments of 
the cyclone Separator according to the instant invention 
wherein the cyclone cavity has a trumpet shape and the 
cyclone cavity has one or more helical inserts. 

DESCRIPTION OF PREFERRED EMBODIMENT 

0060. As shown in FIGS. 2-10, cyclone separator 30 may 
comprises a longitudinally extending body having a top end 
32, a bottom end 34, fluid inlet port 36, a fluid outlet port 38 
and a separated material outlet 40. 
0061 Cyclone separator 30 has a wall 44 having an inner 
surface 46 and defining a cavity 42 therein within which the 
fluid rotates. Cyclone separator 30 has a longitudinally 
extending axis A-A which extends centrally through Sepa 
rator 30. Axis A-A may extend in a Straight line as shown in 
FIG. 2 or it may be curved or serpentine as shown in FIG. 
11. 

0062). As shown in FIGS. 2, 4, 5, 7, 8, 9 and 10, cyclone 
separator 30 is vertically disposed with the fluid and material 
to be separated entering cyclone Separator 30 at a position 
adjacent top end 32. As shown in FIG. 6, cyclone separator 
30 is again vertically disposed but inverted compared to the 
position show in FIGS. 2, 4, 5, 7, 8, 9 and 10. In this 
embodiment, fluid 48 enters cyclone separator 30 at a 
position adjacent bottom end 34 of the separator. It will be 
appreciated by those skilled in the art that provided the inlet 
velocity of fluid 48 is sufficient, axis A-A may be in any 
particular plane or orientation, Such as being horizontally 
disposed or inclined at an angle. 
0063 Fluid 48 may comprise any fluid that has material 
contained therein that is capable of being removed in a 
cyclone separator. Fluid 48 may be a gas or a liquid. If fluid 
48 is a gas, then fluid 48 may have solid particles and/or 
liquid particles and/or a Second gas contained therein Such as 
by being Suspended, mixed or entrained therein. Alternately, 
if fluid 48 is a liquid, it may have solid particles and/or a 
Second liquid and/or a gas contained therein Such as by being 
Suspended, mixed or entrained therein. It will thus be 
appreciated that the cyclone Separator of the instant inven 
tion has numerous applications. For example, if fluid 48 is 
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a gas and has Solid particles Suspended therein, then the 
cyclone separator may be used as the filter media in a 
Vacuum cleaner. It may also be used as a Scrubber for a 
Smoke Stack So as to remove Suspended particulate matter 
Such as fly ash therefrom. It may also be used as pollution 
control equipment, Such as for a car, or to remove particles 
from an inlet gas Stream which is fed to turbo machinery 
Such as a turbine engine. 
0064. If fluid 48 is a gas and contains a liquid, then 
cyclone Separator 30 may be used as a mist Separator. 
0065. If fluid 48 is a mixture of two or more liquids, then 
cyclone Separator 30 may be used for liquid/liquid Separa 
tion. If fluid 48 is a liquid and has a gas contained therein, 
then cyclone separator 30 may be used for gas/liquid Sepa 
ration. If fluid 48 is a liquid which has solid particles 
contained therein, then cyclone separator 30 may be used for 
drinking water or waste water purification. 
0066. In the preferred embodiment shown in FIG. 2, wall 
44, in transverse Section, is in the shape of an ellipse. In the 
preferred embodiment shown in FIG. 4, wall 44 has a 
trumpet shape. Such shapes may be prepared by Sweeping a 
continuous n-differentiable curve 360 around axis A-A 
wherein n is 22 and the Second derivative is not Zero 
everywhere. Preferably, n is 22 and s 1,000, more prefer 
ably ns 100 and most preferably ns 10. If the second 
derivative is Zero at a finite number of points, then it may be 
Zero from about 2 to 100 points, preferably from about 2 to 
about 30 points and, more preferably, at 2 to 10 points. 
0067. Fluid 48 enters cyclone separator through inlet port 
36 and tangentially enters cavity 42. Due to the tangential 
entry of fluid 48 into cavity 42, fluid 48 is directed to flow 
in a cyclonic pattern in cavity 42 in the direction of arrows 
50. Fluid 48 travels in the axial direction in cavity 42 from 
fluid entry port 36 to a position adjacent bottom end 34. At 
one point, the fluid reverses direction and flows upwardly in 
the direction of arrows 52 while material 54 becomes 
separated from fluid 48 and falls downwardly in the direc 
tion of arrows 56. Treated fluid 58, which has material 54 
Separated therefrom, exits cyclone Separator 30 via outlet 
port 38 at the top end 32 of cavity 42. 
0068. In the alternate embodiment shown in FIGS. 7 and 
8, cyclone separator 30 may be a unidirectional flow cyclone 
Separator. The cyclone separator operates in the same man 
ner as described above with respect to the cyclone separator 
30 shown in FIG.2 except that fluid 48 travels continuously 
longitudinally through cavity 42. Material 54 becomes sepa 
rated from fluid 48 and travels downwardly in the direction 
of arrows 56. Treated fluid 64, which has material 54 
Separated therefrom, continues to travel downwardly and 
exits cyclone separator 30 via outlet port 38 at a position 
below bottom end 34 of cavity 42. 
0069. As exemplified in the FIGS. 2-10, cyclone separa 
tor may have a variety of shapes. In particular, cyclone 
Separator may have an outer rotational wall 44 which is of 
any shape known in the industry. For example, outer wall 44 
may be either cylindrical (see for example FIGS. 12(a)-(h)) 
or frusto-conical in shape. 
0070. In one preferred embodiment, cavity 42 has an 
inner portion in which fluid rotates as it travel longitudinally 
in cyclone separator 30 and an outer portion exterior thereto 
but contiguous therewith. The outer portion of cavity 42 may 
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extend outwardly from the inner portion of the cavity to 
define a Zone in which at least a portion of fluid 48 expands 
outwardly as it rotates in a plane defined by the transverse 
section whereby the portion of the fluid in the outer portion 
of cavity 42 has different fluid flow characteristics compared 
to those of fluid 48 rotating in the inner portion of cavity 42 
which promote the separation of the material from the fluid. 
Such a configuration for wall 44 of cavity 42 is disclosed in 
co-pending application Ser. No. entitled CYCLONE 
SEPARATOR HAVING A VARIABLE TRANSVERSE 
PROFILE filed concurrently herewith, all of which is incor 
porated herein by reference. 
0071 Alternately, outer wall 44 of cavity 42 may be in 
the shape of a continuous n-differentiable curve wherein n is 
22 and the Second differential is not Zero everywhere, Swept 
360° around the longitudinal axis of cavity 42 (see for 
example FIGS. 22(a)-(h)). Such a configuration of outer 
wall 44 of cavity 42 is disclosed in co-pending application 
Ser. No. entitled CYCLONE SEPARATOR HAV 
ING AWARIABLE LONGITUDINAL PROFILE filed con 
currently herewith, all of which is incorporated herein by 
reference. 

0072. As shown in FIGS. 5, 8 and 10, fluid 48 may enter 
cavity 42 axially. In Such a case, fluid entry port 36 is 
provided, for example, at top end 32 of cyclone separator 30. 
A plurality of vanes 60 are provided to cause fluid 48 to flow 
or commence rotation within cavity 42. It would be appre 
ciated by those skilled in the art that fluid 48 may enter 
cavity 48 from any particular angle provided that fluid entry 
port 36 directs fluid 48 to commence rotating within cavity 
42 So as to assist in initiating or to fully initiate, the 
cyclonic/swirling motion of fluid 48 within cavity 42. 
0073) Referring to FIG. 6, cyclone separator 30 is ver 
tically disposed with fluid entry port 36 positioned adjacent 
bottom end 34. As fluid 48 enters cavity 42, it rises upwardly 
and is Subjected to a continuously varying acceleration along 
inner Surface 46 of cavity 42. Gravity will tend to maintain 
the contained material (if it is heavier) in the acceleration 
region longer thereby enhancing the collection efficiency. At 
one point, the air reverses direction and flows downwardly 
in the direction of arrow 64 through exit port 38. Particles 54 
become separated and fall downwardly to bottom end 34 of 
cyclone separator 30. If bottom end 34 is a contiguous 
Surface, then the particles will accumulate in the bottom of 
cyclone Separator 30. Alternately, opening 40 may be pro 
vided in the bottom surface of cyclone separator 30 so as to 
permit particles 54 to exit cyclone separator 30. 
0074. It will also be appreciated that cyclone separator 30 
may have a portion thereof which is designed to accumulate 
Separated material (for example, if the bottom Surface of the 
cyclone separator FIG. 6 were sealed) or, if the bottom of 
cyclone separator 30 of FIG. 5 had a collection chamber 62 
(which is shown in dotted outline) extend downwardly from 
outlet 40. Alternately, outlet 40 may be in fluid communi 
cation with a collection chamber 62. For example, as shown 
in FIG. 4, collection chamber 62 is positioned at the bottom 
of and Surrounds outlet 40 So as to be in fluid communication 
with cyclone separator 30. Collection chamber 62 may be of 
any particular configuration to store separated material (see 
FIGS. 7 and 8) and/or to provide a passage by which 
Separated material 54 is transported from cyclone separator 
downstream (see FIG. 4) provided it does not interfere with 
the rotational flow of fluid 48 in cavity 42. 



US 2002/0008072 A1 

0075 According to the instant invention, an insert 70 is 
positioned within cavity 42. Insert 70 has an upstream end 
72, a downstream end 74 and a wall 76 extending between 
upstream end 72 and downstream end 74. Wall 76 has an 
outer surface 78. In one embodiment, insert 70 may be 
hollow and have an inner cavity 80. This particular configu 
ration is advantageous if cyclone Separator 30 is a reverse 
flow separator as shown in FIG. 2 whereby fluid 48, after 
material 54 has been separated therefrom, travels upwardly 
through cavity 80 of insert 70 to fluid outlet port 38. It will 
be appreciated that if cyclone Separator 30 is a unidirectional 
flow separator as shown in FIGS. 7 and 8, that insert 70 may 
be a closed or a Solid member. 

0076) Insert 70 is a distinct member positioned within 
cavity 42 to imping upon at least a portion fluid 48 as it 
rotates within cavity 42 thereby changing the Speed, the 
direction of travel or the velocity of the fluid and causing 
Some of the material contained in fluid 48 to be separated 
from fluid 48. It will be appreciated that insert 70 does not 
imping upon fluid 48 to a degree whereby the cyclonic 
motion of fluid 48 in cavity 42 is prevented. Instead, insert 
70 impinges to a Sufficient degree to cause at least Some of 
the contained material to be separated from fluid 48 while 
still permitting fluid 48 to maintain sufficient momentum to 
continue its rotational motion within cavity 42. 

0077. When fluid 48 rotates in a cyclonic pattern within 
cavity 42, it will rotate only in the outer portion of cavity 42. 
The inner portion of cavity 42 will comprise a low preSSure 
area where fluid 48 is stagnant or, in the case of a reverse 
flow cyclone, fluid 48 is travelling upwardly through the 
dead air space 75 in the centre of cavity 42. Insert 70 may 
be mounted (e.g. from above or from below cyclone sepa 
rator 30) within this inner portion and extend radially 
outwardly from the inner portion So as to interact with at 
least a portion of fluid 48 as it rotates in the outer portion of 
cavity 42 to impart to the portion of the fluid with which it 
interacts different fluid flow characteristics compared to 
those of fluid 48 rotating in the outer portion of cavity 42 
which promote the separation of the material from the fluid. 
For example, insert 70 may interact with fluid 48 to impart 
to at least a portion of fluid 48 a different speed, a different 
direction of travel or a different velocity compared to that of 
fluid 48 rotating in the outer portion of cavity 42. 

0078 Preferably, outer wall 76 of inset 70 is spaced from 
inner Surface 46 and is configured to impart changes, and 
more preferably to impart continuous changes, in the rate of 
acceleration to at least a portion of fluid 48 as it rotates 
within cavity 42 causing Some of the material to be separated 
from fluid 48. 

0079. In order to allow cyclone separator 30 to achieve a 
good Separation efficiency over a wider range of Small 
particle sizes, wall 76 is configured to impart changes in one 
or more of the Speed, direction of travel, Velocity and the rate 
of acceleration of fluid 48 as it rotates within cavity 42. By 
allowing fluid 48 to be subjected to such varying fluid flow 
characteristics, different size particles may be separated 
from fluid 48 at different portions along the path of travel of 
fluid 48 in cavity 42. 

0080. In one embodiment, insert 70 may be configured to 
impart changes to the rate of acceleration of fluid 48 as it 
travels longitudinally through cavity 42. Alternately, or in 
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addition, insert 70 may be configured to impart changes in 
the rate of acceleration of fluid 48 as it travels transversely 
around wall 44. 

0081 For example, if the rate of acceleration continually 
increases along the length of cyclone Separator 30, as would 
be the case of FIG. 4, continuously finer particles would be 
separated as the fluid proceeds from the top end 32 to bottom 
end 34. Aboundary or prendtl layer which exists along inner 
Surface 46 of wall 44 and outer Surface 78 of wall 76 
provides low flow or low velocity Zones within which the 
Separated material may settle and not become re-entrained 
by the faster moving air rotating within cavity 42. AS fluid 
48 travels downwardly through the cyclone separator shown 
in FIG. 4, the contained material, which for example may 
have a higher density then that of the fluid, would be 
Subjected to continuously increasing acceleration and would 
be separated from the fluid and travel downwardly along 
inner Surface 46 of wall 44 and outer Surface 78 of wall 76 
in the boundary or prendtl layer. As the fluid travels further 
downwardly through cyclone separator 30, the fluid would 
be accelerated Still more. Thus, at an intermediate level of 
cyclone separator 30 of FIG. 4, fluid 48 would be travelling 
at an even greater rate of Speed compared to the top end 32 
resulting in even finer contained material becoming Sepa 
rated. This effect would continue as fluid 48 rotates around 
inner Surface 46 to bottom end 34. 

0082 In another embodiment, the acceleration may con 
tinually decrease throughout the length of cyclone separator 
30. In another embodiment, the acceleration may vary 
between continuously increasing and continuously decreas 
ing along the length of cyclone Separator 30. 

0083) In the preferred embodiment shown in FIG.2, fluid 
48 is Subjected to changes in its rate of acceleration as it 
travels transversely around wall 44. As shown in FIG. 2, 
cavity 42 and insert 42 are elliptical in transverse Section and 
have a major axis a-a and a minor axis b-b. The portion of 
maximum curvature of inner Surface 46 and outer Surface 78 
in the transverse plane is denoted by C. and the portion of 
minimum curvature of inner Surface 46 and outer Surface 78 
in the transverse plane is denoted by C. By allowing fluid 
48 to be Subjected to varying acceleration as it rotates in the 
transverse plane, different Size particles may be separated 
from fluid 48 at different portions along the circumference of 
cyclone Separator 30. For example, the acceleration of fluid 
48 would increase along Sector C of cyclone separator 30 
and particles having a different density would be separated 
at this portion of the circumference. Similarly, for example, 
the acceleration of fluid 48 would decrease along Sector C. 
of cyclone separator 30 and particles having a different 
density would be separated at this portion of the circumfer 
ence. A boundary or prandtl layer which exists along inner 
Surface 46 of wall 44 and outer Surface 78 of wall 76 
provides a low flow or a low velocity Zone within which the 
Separated material may settle and not become re-entrained 
by the faster moving air rotating within cavity 42. 

0084. Increasing the diameter of insert 70 decelerates the 
fluid. The contained material, which has a different density 
to the fluid would therefore change velocity at a different 
rate then the fluid. For example, if the contained material 
comprised particles which had a higher density, they would 
decelerate at a slower rate then fluid 48 and would therefore 
become separated from fluid 48. As the space between inner 
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Surface 46 and outer Surface 78 widens, fluid 48 would 
accelerate. Once again, the denser particles would be slower 
to change Speed and would be travelling at a slower rate of 
speed than fluid 48 as fluid 48 enters the wider portion of 
cavity 42 thus again Separating the Solid particles from fluid 
48. It would be appreciated that if the particles where less 
dense then fluid 48, they would also be separated by this 
configuration of insert 70. 

0085. If fluid 48 comprises a mixture of two fluids which 
are to be separated, it is particularly advantageous to include 
in insert 70 at least one portion which is configured to 
decrease the rate of acceleration of fluid 48 as it passes 
through that portion of the Separator. In this configuration, 
the less dense fluid would decrease its velocity to follow the 
contours of outer surface 78 more rapidly then the denser 
fluid (which would have a higher density), thus assisting in 
Separating the leSS dense fluid from the more dense fluid. 
0.086. In one preferred embodiment, at least a portion of 
inner Surface 46 and a portion of outer surface 78 are the 
Same and, more preferably, inner Surface 46 and outer 
Surface 78 are of a similar shape, but Spaced apart, for the 
entire length of insert 70 (see FIGS. 2-6). Preferably, any 
point on outer Surface 78 is at least 0.1 inches from inner 
Surface 46 and, most preferably, inner Surface 46 and outer 
surface 78 are spaced at least 0.125 inches apart. 
0087. Insert 70 may be of several different configura 
tions. As shown in the drawings. Insert 70 may be in the 
form, in transverse Section, of a continuous closed convex 
path Such as elliptical (see FIG. 2) or circular (see FIGS. 
12(e) and (f)), a flat rectangular member (see FIGS. 12(a) 
and (b)), a polygon Such as a triangle (see FIGS. 12(c) and 
(d)) a Square (see FIGS. 12(g) and (h)) or a polygon having 
a larger number of sides, or a helix (see FIGS. 21(a)-(e)). If 
insert 70 is a helix, then, as shown in FIG. 9, insert 70 may 
have a central core 82 which defines a longitudinally extend 
ing channel (or cavity 80) within cavity 42. Helical vane 84 
is provided on the exterior surface of central core 82. If 
cyclone separator 30 is a unidirectional flow Separator, it will 
be appreciated that central core 82 need not be hollow. 
Further, upstream end 72 of helical vane 84 may be affixed 
at a position above cavity 42. Similarly, downstream end 74 
of helical vane 84 may be Secured in position at a point 
below cavity 42 thereby not requiring a central core 82. 
0088 Alternately, insert 70 may be in the shape of a 
continuous n-differentiable curve Swept 360 around axis 
A-A wherein n is 22 and the Second derivative is not Zero 
everywhere. Preferably, n is e2 and s 1000, more prefer 
ably n is s100 and most preferably, n is s10. If the second 
derivative is Zero at a finite number of points, then it may be 
Zero from about 2 to 100 points, preferably from about 2 to 
about 30 points and, more preferably, at 2 to 10 points. For 
example, as shown in FIG. 4, the shape of insert 70 is 
characterized as a trumpet shape. 
0089. The exact position and shape of insert 70 will vary 
depending upon Several factors including the transverse 
thickness of the cyclonic flow of fluid 48 which is created in 
cavity 42 and the shape of wall 44. 
0090. It will be appreciated that in one embodiment, 
insert 70 comprises an outer surface 78 all of which is 
configured to continuously impart momentum or directional 
changes on the fluid as it rotates within cavity 42. Alter 
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nately, only a portion of outer surface 78 of insert 70 may be 
so configured. The interaction with fluid 48 may impart 
changes in the Speed, direction of travel or rate of accelera 
tion of fluid 48 as it rotates in cavity 42 in addition to those 
imparted by wall 44 thus promoting the Separation of 
contained material. The interaction may also spawn one or 
more Second cyclones 77 which Separate the contained 
material in the same manner as the main cyclone and/or one 
or more dead airspaces 75 (low velocity Zones) in which the 
Separated material may travel to a collecting chamber 62 
without undue re-entrainment. 

0.091 As shown in FIG. 12(a), wall 44 is cylindrical 
defining a cylindrically extending cavity 42. A thin longi 
tudinally extending rectangular member is centrally posi 
tioned therein an is co-terminus with top and bottom ends 32 
and 34 of cavity 42. As shown in top plan view in FIG. 
12(b), fluid 48 circulates in the direction shown by arrow 50 
in cavity 42 thus creating a cyclone that travels around inner 
surface 46 of wall 44. As referred to herein, the portion of 
cavity 42 in which fluid 48 so circulates is referred to as the 
“outer portion” of cavity 42. Internal of the outer portion of 
cavity 42 is the inner portion of cavity 42. Insert 70 is 
positioned within the inner portion of cavity 42 and extends 
radially outwardly into the outer portion of cavity 42 So as 
to interact with at least a portion of fluid 48 as it rotates 
within cavity 42. As the radial inner portion of fluid 48 
interacts with outer surface 78 of insert 70, a portion of fluid 
48 is induced to form a second cyclone 77 within cavity 42. 
As shown in FIG. 12(b), two second cyclones 77 would be 
created, each on an opposed Surface 78 of insert 70. 
0092. In cavity 42, the main cyclone is generally gener 
ated by tangentially feeding fluid 48. Second cyclones 77 are 
preferably generated by configuring insert 70 to create a 
local pressure differential within the main cyclone. Such 
local pressure differentials may be created by Shearing fluid 
48 over outer Surface 78 of insert 70 or by boundary layer 
delimination when the Reynolds numbere3,000. 
0093. If second cyclone 77 is a rapidly rotating cyclone 
Similar to the cyclone in the Outer portion of cavity 42, then 
Second cyclone 77 is designed to promote the Separation of 
material contained in fluid 48. Alternately, Second cyclone 
77 may be a relatively slow moving cyclone which is 
designed to create a fluid Stream which entrains the material 
which is separated from fluid 48 by the cyclone in the outer 
portion of cavity 42 and to transport the Separated material 
54 downstream to a position external to cavity 42 Such as a 
collecting chamber 62. Further, insert 70 may be configured 
to spawn one or more second cyclones 77 which rotate in the 
opposite direction to the cyclone in the outer portion of 
cavity 42. In another embodiment, insert 70 may be config 
ured to spawn one or more second cyclones 77 which have 
an axis of rotation different to axis A-A. 

0094) Outer surface 78 of wall 76 may be configured to 
define an area in cavity 42 wherein fluid 48 is travelling at 
a velocity insufficient to re-entrain all of the material which 
is separated from fluid stream 48. According to this embodi 
ment, when fluid 48 enterS Such a low pressure Zone or a 
dead air Space 75 internal of the cyclone rotating around 
inner Surface 46, the rate of travel of fluid 48 would diminish 
sufficiently so that the material contained in fluid 48, which 
has a different density, would become separated from fluid 
48 and may settle downwardly through the dead air space 75 
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or the low pressure Zone without re-entrainment, or at least 
without Substantial reentrainment, of material 54 into fluid 
48. 

0.095 As shown in FIGS. 12(c)-12(h), the number of 
second cyclone 77 which will be created will vary depend 
ing upon the transverse Section of insert 70. Second cyclones 
77 increase the separation efficiency of cyclone 30. How 
ever, as Second cyclone 77 results in a pressure drop in 
cyclone Separator 30, the number and size of Second cyclone 
77 is preferably selected to produce the desired separation 
with an acceptable pressure drop. For example, if incoming 
fluid 48 contains a large particle load and/or fine particles to 
be separated, then it is preferred to configure insert 70 to 
Spawn one or more Second cyclones 77. AS the particle load 
increase, or the particle Size decreases, then it is preferred to 
configure insert 70 to produce an increased number of 
second cyclones 77. Further, as the size of the particles to be 
Separated decreases, then it is preferred to configure insert 
70 to spawn one or more cyclones having a Smaller diameter. 
0096] As shown in FIGS. 13(a)-13(h), a plurality of 
inserts may be provided, one positioned above the other. If 
two or more inserts are used, each of which has a different 
configuration, then different second cyclones 77 may be 
created, each of which is designed to remove particles 
having a different size distribution. Thus second cyclones 77 
which have a different do value may be produced. It will be 
appreciated that if insert 70 has a non-Symmetrical trans 
verse Section, then Second cyclones 77 having different dso 
values may be created by the same insert. Alternately each 
insert 70 may create one or more second cyclones 77 having 
the same do value and different inserts 70 are used to spawn 
Second cyclones 77 having a different do value. 
0097. Preferably, as shown in FIGS. 13(a)-13(h), an 
upper insert 90 is positioned immediately above lower insert 
92 So as to, in effect, define a continuous insert. Further, a 
shown in FIGS. 13(a)-13(h), upper insert 90 may be rotated 
at 90 with respect to lower insert 92 and, as shown in FIGS. 
14(a)-14(h), upper insert 90 may be rotated at an angle other 
than 90 with respect to lower insert 92. According to this 
embodiment, each second cyclone 77 would exist for only 
part of the longitudinal length F of cavity 42. For example, 
referring to FIGS. 13(a), (b), insert 90 would create second 
cyclones 77a having one particular do value which would 
extend along length h1 of cyclone separator 30. Lower insert 
92 would create second cyclones 77(b) having another do 
value which would extend along length h2 of cyclone 
separator 30. 

0098. As shown in FIGS. 15(a)-15(h), upper and lower 
inserts 90 and 92 may be of different shapes which are 
centred one above the other. Alternately, as shown in FIG. 
16(a)-16(h), upper and lower inserts 90 and 92 may be of 
different shapes and may be radially offset from each other. 
0099. In the preferred embodiment shown in FIGS. 
17(a)-17(f), insert 70 is provided with recesses 94 in outer 
surface 78 of insert 70. At least one recess 94 is provided on 
insert 70 and, preferably, at least one recess 94 is provided 
on each outer Surface 78 of insert 70. Recess 94 defines a 
dead air space (a region of low velocity or low flow) 
between second cyclones 77 within which the separated 
material may travel to bottom end 32 without substantial 
re-entrainment and, preferably, without any significant re 
entrainment. The creation of dead air spaces 75 are benefi 
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cial if fluid 48 has a large load of contained material which 
is to be removed by one or more cyclone separators 30. 
0100 AS discussed above, cyclone separator 30 may be 
provided with a plurality of inserts 70 each of which has 
recesses 94 provided in surfaces 78 thereof. These inserts 
may be rotated at a 90° angle with respect to each other as 
shown in FIGS. 18(a)-18(f). Alternately, upper and lower 
inserts 90 and 92 may be rotated at an angle other than 90 
with respect to each other or they may be offset from each 
other or they may be of differing shapes. 

0101. In the preferred embodiment shown in FIGS. 
19(a)-190?), outer surfaces 78 of insert 70 are concave or 
“bow” shaped and have a plurality of sections 96 between 
adjacent “bow” shaped outer surfaces 78. Sections 96 inter 
act with a portion of fluid 48 rotating along wall 44 to direct 
a portion of fluid 48 into the inner portion of cavity 42 thus 
assisting in the creation of Second cyclones 77. Such upper 
and lower inserts 90 and 92 may be of any particular shape 
as discussed above and may be positioned with respect to 
each other in any manner as discussed above. For example, 
as shown in FIGS. 200a)-20(f), two inserts 70 having con 
cave outer surfaces 78 may be positioned one above the 
other and rotated at a regular angle with respect to each 
other. 

0102) As shown in FIGS. 21(a)-21(b), insert 70 may have 
a longitudinally extending central core 82 having a single 
helical vane 84 positioned there around causing fluid 48 to 
travel there along in the direction of arrow 98. A first or outer 
cyclone rotates in the outer portion of cavity 42 around wall 
44. 

0103) In an alternate embodiment shown in FIGS. 21(c) 
and (d), insert 70 may have two helical vanes 84 which are 
Symmetrically positioned around core 82. Alternately, as 
shown in FIGS. 21(e) and 21(f), each helical vane 84 may be 
discontinued along central portion 100 of core 82 thus 
effectively creating an upper Set of helical vaneS 84 and a 
lower set of helical vanes 84. Helical insert have a wide do 
range compared with other inserts. Therefore, a helical insert 
is preferred if the contained particles in fluid 48 have a wide 
particle size range. 

0104 FIGS. 22(a)-22(h) through 32(a)-32(f) show a 
similar series of configurations to those shown in FIGS. 
12(a)-12(h) through 21(a)-21(f). The main difference 
between the Series of drawings is that in the latter Series, 
cavity 42 is cylindrical in shape as defined by wall 44. In the 
former Series, Outer wall 44 is trumpet shaped Such that the 
diameter of cavity 42 narrows from upper end 32 to bottom 
end 34. Accordingly, it is preferred in Such an embodiment 
that insert 70 narrows from upstream end 72 to downstream 
end 74. A trumpet shaped outer wall 44 produces a main 
cyclone having a wide do range compared with the cyclone 
created by a cylindrical wall 44 and is preferred if the 
contained particles in fluid 48 have a wide particle size 
range. 

0105. In the longitudinal direction defined by axis A-A, 
inner Surface 46 is continuous. By this term, it is meant that, 
while inner Surface 46 may change direction longitudinally, 
it does So gradually So as not to interrupt the rotational 
movement of fluid 48 within cavity 42. It will be appreciated 
that, in the longitudinal and/or the transverse direction, that 
inner surface 46 of cavity 42 and/or outer surface 78 of wall 
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76 may be defined by a plurality of straight line portions, 
each of which extends for a finite length. Inner surface 46 
may be defined by 3 or more Such Segments, preferably 5 or 
more Such Segments and most preferably, 10 or more Such 
Segments. 

0106. It will also be appreciated that, depending upon the 
degree of material which is required and the composition of 
the material in the fluid to be treated that a plurality of 
cyclone Separators each of which, or only Some of which, 
may be connected in Series. The plurality of Separators may 
be positioned side by Side or nested (one inside the other) as 
is shown in FIG. 10. 

0107. It will also be appreciated that if cyclone separator 
30 is a reverse flow cyclone, that insert 70 may be hollow, 
(see for example FIG. 30(e)) so as to provide an internal 
passage through which fluid 48 may travel after material 54 
has been Separated therefrom. 
We claim: 

1. An insert for a cyclone Separator for Separating a 
material from a fluid, the Separator having a longitudinally 
extending body and a wall, the wall having an inner Surface 
and defining an internal cavity having an outer portion in 
which the fluid rotates when the Separator is in use and an 
inner portion, the insert comprising a distinct member posi 
tioned within the longitudinally extending body to impinge 
upon at least a portion of the fluid as it rotates within the 
cavity and change the Velocity of that portion of the fluid and 
cause Some of the material to be separated from the fluid 
while permitting the fluid to maintain Sufficient momentum 
to continue its rotational motion within the body. 

2. The insert as claimed in claim 1 wherein the insert is 
centrally positioned within the cavity and extends outwardly 
to impinge upon the portion of the fluid. 

3. The insert as claimed in claim 1 wherein the outer wall 
of the insert is configured to create an area in the cavity 
wherein the fluid is travelling at a velocity insufficient to 
re-entrain all of the Separated material. 

4. The insert as claimed in claim 3 wherein the area 
extends longitudinally. 

5. The insert as claimed in claim 3 wherein the area 
extends longitudinally and has a receiving portion for 
receiving the material which is separated from the fluid. 

6. The insert as claimed in claim 3 wherein the area 
extends longitudinally for a finite length and the insert is 
configured to create a plurality of areas at Spaced intervals 
along at least a portion of the length of the insert. 

7. The insert as claimed in claim 5 wherein the separator 
is vertically disposed and the receiving portion is positioned 
towards the lower end of the Separator and comprises a 
collecting chamber in which the Separated material is col 
lected. 

8. The insert as claimed in claim 5 wherein the separator 
is vertically disposed and the receiving portion is positioned 
towards the lower end of the separator and is in flow 
communication with a chamber downstream thereof. 

9. The insert as claimed in claim 1 wherein the rotation of 
the fluid in the outer portion defines an Outer cyclone and the 
outer wall of the insert is configured to interact with the 
portion of the fluid to cause the portion to rotate to define a 
second cyclone between the outer wall of the insert and the 
outer cyclone. 

10. The insert as claimed in claim 9 wherein the outer wall 
of the insert has at least one receSS provided therein. 
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11. An insert for a cyclone separator for Separating a 
material from a fluid, the Separator having a longitudinally 
extending body and a wall, the wall having an inner Surface 
and defining an internal cavity in which the fluid rotates 
when the Separator is in use, the insert comprising a member 
having an Outer wall Spaced from the inner Surface and 
configured to impart changes in the rate of acceleration to at 
least a portion of the fluid as it rotates within the cavity 
causing Some of the material to be separated from the fluid. 

12. The insert as claimed in claim 11 wherein the outer 
wall configured to continuously impart changes in the rate of 
acceleration to the portion of the fluid as it rotates within the 
cavity. 

13. The insert as claimed in claim 11 wherein the insert is 
centrally positioned within the cavity and extends outwardly 
to impinge upon the portion of the fluid. 

14. The insert as claimed in claim 11 wherein the outer 
wall of the insert is configured to create an area in the cavity 
wherein the fluid is travelling at a velocity insufficient to 
re-entrain all of the Separated material. 

15. The insert as claimed in claim 14 wherein the area 
extends longitudinally. 

16. The insert as claimed in claim 14 wherein the area 
extends longitudinally and has a receiving portion for 
receiving the material which is separated from the fluid. 

17. The insert as claimed in claim 14 wherein the area 
extends longitudinally for a finite length and the insert is 
configured to create a plurality of areas at Spaced intervals 
along at least a portion of the length of the insert. 

18. The insert as claimed in claim 16 wherein the sepa 
rator is vertically disposed and the receiving portion is 
positioned towards the lower end of the Separator and 
comprises a collecting chamber in which the Separated 
material is collected. 

19. The insert as claimed in claim 16 wherein the sepa 
rator is vertically disposed and the receiving portion is 
positioned towards the lower end of the Separator and is in 
flow communication with a chamber downstream thereof. 

20. The insert as claimed in claim 11 wherein the rotation 
of the fluid in the cavity defines an outer cyclone and the 
outer wall of the insert is configured to interact with the 
portion of the fluid to cause the portion to rotate to define a 
second cyclone between the outer wall of the insert and the 
outer cyclone. 

21. The insert as claimed in claim 20 wherein the outer 
wall of the insert has at least one receSS provided therein. 

22. An insert for a cyclone Separator for Separating a 
material from a fluid, the Separator having a longitudinally 
extending body defining a longitudinal axis and a wall, the 
wall having an inner Surface which defines an internal cavity 
having an outer portion in which the fluid rotates when the 
Separator is in use and an inner portion, the insert comprising 
a member positioned in the inner portion and having an outer 
wall which is positioned to interact with at least a portion of 
the fluid as it rotates in the outer portion of the cavity to 
impart to the portion of the fluid different fluid flow char 
acteristics compared to those of the fluid rotating in the outer 
portion of the cavity which promote the Separation of the 
material from the fluid. 

23. The insert as claimed in claim 22 wherein the outer 
wall of the insert is positioned and configured to direct the 
portion of the fluid into the inner portion of the cavity. 

24. The insert as claimed in claim 22 wherein the outer 
wall of the insert interacts with the portion of the fluid to 
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impart to the portion of the fluid a different speed, a different 
direction of travel or a different velocity compared to that of 
the fluid rotating in the outer portion of the cavity. 

25. The insert as claimed in claim 22 wherein the outer 
wall of the insert is configured to interact with the portion of 
the fluid to create a dead air Space between the outer wall of 
the insert and the Outer portion of the cavity. 

26. The insert as claimed in claim 25 wherein the dead air 
Space extends longitudinally. 

27. The insert as claimed in claim 25 wherein the dead air 
Space extends longitudinally and has a receiving portion for 
receiving the material which is separated from the fluid in 
the dead air space. 

28. The insert as claimed in claim 25 wherein the dead air 
Space extends longitudinally for a finite length and a plu 
rality of dead air spaces are provided at Spaced intervals 
along at least a portion of the length of the insert. 

29. The insert as claimed in claim 27 wherein the sepa 
rator is vertically disposed and the receiving portion is 
positioned towards the lower end of the Separator and 
comprises a collecting chamber in which the Separated 
material is collected. 

30. The insert as claimed in claim 27 wherein the sepa 
rator is vertically disposed and the receiving portion is 
positioned towards the lower end of the Separator and is in 
flow communication with a chamber downstream thereof. 

31. The insert as claimed in claim 22 wherein the rotation 
of the fluid in the outer portion defines an outer cyclone and 
the outer wall of the insert is configured to interact with the 
portion of the fluid to cause the portion to rotate to define a 
second cyclone between the outer wall of the insert and the 
outer cyclone. 

32. The insert as claimed in claim 31 wherein the outer 
wall of the insert has at least one receSS provided therein. 

33. The insert as claimed in claim 22 wherein, in trans 
verse Section, the shape of the insert is circular. 

34. The insert as claimed in claim 22 wherein, in trans 
verse Section, the shape of the insert is a polygon. 

35. The insert as claimed in claim 22 wherein the insert 
comprises a continuous n-differentiable curve wherein ne2 
and the second differential is not zero everywhere swept 360 
degrees around the longitudinal axis. 

36. The insert as claimed in claim 22 wherein, in trans 
verse Section, the shape of the insert is a closed non-circular 
conveX closed path. 

37. The insert as claimed in claim 22 wherein the insert 
comprises a helix. 

38. The insert as claimed in claim 22 wherein the insert is 
centrally positioned within the cavity and extends outwardly 
to impinge upon the portion of the fluid. 

39. A cyclone Separator for Separating a material from a 
fluid comprising: 

(a) a longitudinally extending body having a wall and 
defining a longitudinal axis, the wall having an inner 
Surface which defines an internal cavity having an outer 
portion in which the fluid rotates when the Separator is 
in use and an inner portion; and, 

(b) an insert comprising a member having an outer wall 
Spaced from the inner Surface and positioned to interact 
with at least a portion of the fluid as it rotates in the 
outer portion of the cavity to impart to that portion of 
the fluid with which it interacts different fluid flow 
characteristics compared to those of the fluid rotating in 
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the outer portion of the cavity which promote the 
separation of the material from the fluid. 

40. The separator as claimed in claim 39 wherein the outer 
wall of the insert spaced at least 0.1 inches from the inner 
Surface. 

41. The separator as claimed in claim 39 wherein at least 
a portion of the inner Surface and at least a portion of the 
outer wall of the insert each have a portion which is similarly 
configured. 

42. The separator as claimed in claim 39 wherein at least 
a portion of the inner Surface and at least a portion of the 
outer wall of the insert are each in the shape of a continuous 
n-differentiable curve wherein ne2 and the second differ 
ential is not Zero everywhere Swept 360 degrees around the 
longitudinal axis. 

43. The separator as claimed in claim 39 wherein at least 
a portion of the inner Surface of the wall is configured to 
continuously impart changes in the rate of acceleration to the 
fluid as it rotates within the cavity. 

44. The separator as claimed in claim 39 wherein at least 
a portion of the inner surface of the wall is defined by a 
continuous n-differentiable curve Swept 360 degrees around 
the axis wherein ne2 and the Second derivative is not Zero 
everywhere. 

45. The separator as claimed in claim 39 wherein at least 
a portion of the inner surface of the wall is defined by a 
plurality of Straight lines which approximate a continuous 
n-differentiable curve Swept 360 degrees around the axis 
wherein ne2 and the Second derivative is not Zero every 
where. 

46. The separator as claimed in claim 39 wherein the 
internal cavity has, in transverse Section, an inner portion in 
which the fluid rotates when the Separator is in use and at 
least one outer portion positioned external to the inner 
portion and contiguous there with, the Outer portion of the 
cavity extending outwardly from the inner portion of the 
cavity and defining a Zone in which at least a portion of the 
fluid expands outwardly as it rotates in the plane defined by 
the transverse Section, the portion of the fluid in the outer 
portion of the cavity having different fluid flow character 
istics compared to those of the fluid rotating in the inner 
portion of the cavity which promote the Separation of the 
material from the fluid. 

47. The separator as claimed in claim 39 wherein in 
transverse Section, the wall extends in a continuous closed 
path and has a non-baffled inner Surface which defines an 
internal cavity, the internal cavity having an inner portion in 
which the fluid rotates when the Separator is in use, and at 
least one outer portion positioned external to the inner 
portion and contiguous there with defining a Zone in which 
the wall is configured to impart to at least a portion of the 
fluid as it rotates in the plane defined by the transverse 
Section different fluid flow characteristics compared to those 
of the fluid rotating in the inner portion of the cavity which 
promote the Separation of the material from the fluid. 

48. The separator as claimed in claim 39 wherein the inner 
Surface of the wall is defined by, in transverse Section, a 
continuous non-circular conveX closed path, the cavity hav 
ing an inner portion positioned within the non-circular 
conveX closed path and at least one outer portion between 
the inner portion and the non-circular conveX closed path. 
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49. The separator as claimed in claim 39 wherein the 
Separator comprises a dirt filter for a vacuum cleaner. 

50. The separator as claimed in claim 39 wherein the 
Separator comprises an air inlet for turbo machinery. 

51. The separator as claimed in claim 39 wherein the 
Separator comprises treatment apparatus positioned 
upstream of a fluid pump. 
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52. The separator as claimed in claim 39 wherein the 
Separator comprises treatment apparatus positioned 
upstream of a pump for a gas. 

53. The separator as claimed in claim 39 wherein the 
Separator comprises treatment apparatus positioned 
upstream of a pump for a liquid. 
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