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PARTICLE SEPARATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This non-provisional patent application claims priority 
under 35 U.S.C. S 119(a) from Patent Application No. 
2011 10188389.3 filed in The People's Republic of China on 
Jul. 6, 2011. 

FIELD OF THE INVENTION 

This invention relates to a particle separation device and in 
particular, to a particle separator for water systems such as a 
domestic water Supply system or central heating system. 

BACKGROUND OF THE INVENTION 

Big cyclonic separation devices are widely used in indus 
try, such as used in oil refineries to separate oils and gases and 
used in Swimming pools to separate particles from water, 
through Vortex separation. 

There are few small particle separation devices in the mar 
ket. However, dirt, debris such as FeO and FeO and sludge 
already present in central heating systems as well as deposits 
from heat exchange will cause failure to a boiler system, 
especially the pump. 
The objective of the present invention is to provide a new 

Small particle separator for water systems such as a domestic 
water Supply system or central heating system. 

SUMMARY OF THE INVENTION 

Accordingly, in one aspect thereof, the present invention 
provides a particle separator comprising: aparticle separation 
member configured for separating particles from a liquid; a 
particle collection member in communication with the par 
ticle separation member configured for collecting particles 
from the particle separation member, and a liquid guiding 
member in communication with the particle separation mem 
ber for guiding liquid from the particle separation member to 
an outlet of the device; wherein the particle separation mem 
ber comprises an inlet for receiving liquid, a first separation 
section configured to preliminarily separate particles from the 
liquid flowing from the inlet, and a second separation section 
configured to separate further particles from the liquid flow 
ing from the first separation section, the first separation sec 
tion comprising a precipitator connected to the inlet, the 
second separation section comprising a plurality of cyclones 
each having a wide open end in communication with the first 
separation section and a narrow open end in communication 
with the particle collection member, and the precipitator is 
connected to the particle collection member. 

Preferably, the first separation section further comprises a 
conical cavity with a wide open end connected to the precipi 
tator and a narrow open end remote from the precipitator. 

Preferably, a flow distribution member is connected 
between the first separation section and the second separation 
section, and the flow distribution section comprises a first 
cylindrical cavity connected to the narrow open end of the 
conical cavity, a plurality of second cylindrical cavities each 
connected to the wide open end of a corresponding cyclone, 
and a plurality of connecting channels each connecting a 
corresponding second cylindrical cavity with the first cylin 
drical cavity. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Preferably, a vortex finder is disposed coaxially in each 

second cylindrical cavity and communicates the respective 
second cylindrical cavity with the liquid guiding member. 

Preferably, the vortex finder comprises a skirt section, the 
outer diameter of which increases in a direction away from 
the liquid guiding member. 

Preferably, the connecting channels are arranged such that 
liquid is directed tangentially to the second cylindrical cavity. 

Preferably, the inlet directs liquid tangentially to the pre 
cipitator. 

Preferably, the liquid guiding member includes a chamber 
in communication with the second cylindrical cavities via the 
Vortex finders, an outlet, and a guiding hub with a curved 
guiding Surface disposed in the center of the chamber, the 
guiding Surface facing the outlet and configured to guide 
liquid from the particle separation member toward the outlet. 

Preferably, the particle collection member defines a 
through opening connected to the precipitator, and a drain 
opening, the axis of the drain opening being parallel to the 
axis of the precipitator, two valves being respectively dis 
posed at the through opening and the drain opening. 

Preferably, the two valves are integrally formed as a single 
unit. 

Preferably, pressure sensors are disposed in the particle 
separation member and the liquid guiding member. 

Preferably, a pH sensor is disposed in the liquid guiding 
member. 

Preferably, the particle separation member is integrally 
formed as a single piece monolithic structure with a plurality 
of voids formed therein, the voids forming the conical cavity 
and the cyclones respectively. 

Preferably, the particle separation member, liquid guiding 
member, and particle collection member are made from trans 
parent or translucent materials. 

Preferably, the particle separation member, liquid guiding 
member, and particle collection member are made from a 
thermally stable plastic material. 

Preferably, surfaces of the materials for guiding liquid are 
modified with polymers selected from group of fluorodecyl 
polyhedral oligomeric silsesquioxanes. 

Preferably, the materials are reinforced with mica particles, 
glass fibers or carbon micro- and nano-fibers. 

According to a second aspect thereof, the present invention 
also provides a particle separator comprising: a particle sepa 
ration member configured for separating particles from a 
liquid; a particle collection member in communication with 
the particle separation member, configured for collecting par 
ticles from the particle separation member, and a liquid guid 
ing member in communication with the particle separation 
member for guiding liquid from the particle separation mem 
ber to an outlet of the device; wherein the particle separation 
member comprises an inlet to allow liquid to flow into the 
device, and a plurality of cyclones each having a wide open 
end in communication with the liquid guiding member via a 
Vortex finder and a narrow open end in communication with 
the particle collection member, the inlet being located outside 
of the particle collection member without passing through the 
particle collection member. 

Preferably, the particle separation member is integrally 
formed as a single monolithic structure with a plurality of 
voids formed therein, the voids forming the cyclones. 

Preferably, the particle separation member comprises a 
first separation section configured for preliminary separation 
of particles from the liquid, and a second separation section 
configured to separate further particles from the liquid flow 
ing from the first separation section, the first separation sec 
tion comprising a precipitator connected to the inlet, the 
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second separation section comprising the cyclones, the pre 
cipitator being connected to the particle collection member 
via a valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the invention will now be 
described, by way of example only, with reference to figures 
of the accompanying drawings. In the figures, identical struc 
tures, elements or parts that appearin more than one figure are 
generally labeled with a same reference numeral in all the 
figures in which they appear. Dimensions of components and 
features shown in the figures are generally chosen for conve 
nience and clarity of presentation and are not necessarily 
shown to scale. The figures are listed below. 

FIG. 1 is a cross sectional view of a particle separator in 
accordance with a preferred embodiment of the present 
invention; 

FIG. 2 illustrates the particle separator of FIG. 1; 
FIG. 3 is a cross sectional view of a liquid distribution 

member of the particle separator of FIG. 1; and 
FIG. 4 is a cross sectional view of the particle separator of 

FIG. 1, after it has been in use for a while. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 to 4 illustrate a particle separator according to a 
preferred embodiment of the present invention. The particle 
separator comprises a particle separation member 10 config 
ured for separating particles from unclean liquid, a particle 
collection member 40 in communication with the particle 
separation member and configured for collecting particles 
separated from the liquid by the particle separation member 
10, and a liquid guiding member 50 in communication with 
the particle separation member 10 configured for guiding 
cleaned liquid from the particle separation member 10 to an 
outlet 54 of the device. The liquid flows in a direction as 
indicated by arrows in FIG. 4. 
The particle separation member 10 has a cylindrical shape 

and comprises a liquid inlet 12 for receiving unclean liquid, a 
first separation section 20 configured for preliminarily sepa 
rating particles from the unclean liquid, a second separation 
section 30 configured for separating further particles from the 
liquid from the first separation section 20. The inlet 12 is 
located at a bottom portion of the particle separation member 
10 adjacent to the particle collection member 40. The first 
separation section 20 comprises a precipitator 22 connected 
to the inlet 12, and a conical cavity with a wide open end 24 
connected with the precipitator 22, and a narrow open end 26. 
The inlet 12 is joined to the precipitator 22 in a tangential 
direction of the precipitator 22. When the liquid coming from 
the inlet 12 flows into the precipitator 22 it forms a whirlpool 
or vortex. The precipitator 22 has a vortex hub 28, which helps 
to maintain the vortex. As the liquid flows through the pre 
cipitator 22 and the conical cavity it flows a helical path and 
relatively heavier/bigger particles fall to the bottom of the 
precipitator 22 and finally fall into the particle collection 
member 40 via a through opening 44 formed between the 
precipitator 22 and the particle collection member 40. The 
particles collect here as shown in FIG. 4. Thus the liquid is 
preliminarily filtered before entering the second separation 
section 30. The minimum size of the particles separated by the 
first separation section 20 may be 1,000 um (microns). 
The second separation section 30 comprises a plurality of 

cyclones 32, each comprising a wide open end 34 and a 
narrow open end 36. The narrow open end 36 is connected to 
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4 
the particle collection member 40. The particle separator 
further comprises a liquid distribution member 60 which 
comprises a first cylindrical cavity 62 connected with the 
narrow open end 26 of the first particle separation section 20, 
a plurality of second cylindrical cavities 64 each connected 
with the wide open end 34 of a corresponding cyclone 32 of 
the second separation section, 30, and a plurality of connect 
ing channels 66 each connecting a corresponding second 
cavity 64 with the first cavity 62. The connecting channels 
direct the flow of liquid tangentially into the second cavities 
to form a vortex flow in each second cavity. The second 
cavities stabilize the flow of liquid into the cyclones 32. 
A vortex finder 70 is disposed in each cavity and forms a 

passageway between the respective second cavity 64 and the 
chamber 52 of the liquid guiding member 50. Each vortex 
finder 70 comprises a cylindrical mounting section 72 con 
necting the vortex finder to the liquid distribution member 60 
and a skirt section 74. The outer diameter of the skirt section 
74 increases gradually in a direction away from the mounting 
section 72, thereby reducing the volume of the cavity 64. 

In operation, preliminarily filtered liquid from the first 
particle separation member 20 is distributed to the cyclones 
32 of the second separation section 30 via the liquid distribu 
tion member 60. The liquid enters the second cavities 64 
tangentially and forms a vortex within the cavity. The vortex 
is supported by the vortex finder 70 and the skirt section 74 
accelerates the flow rate of the liquid. The vortex is main 
tained as the liquid enters the cyclones 32 via the wide open 
end 34. The liquid flows along a helical path toward the 
narrow open end 36 and thenback to the wide open end 34 and 
finally enters the liquid guiding member 50 via the passage 
way through the vortex finders 70. As the liquid flows from 
the wide open end 34 to the narrow open end 36, particles 80 
entrained in the liquid are thrown to the surfaces of the 
cyclones 32 under the influence of centrifugal force and fall to 
the narrow open end 36 under the influence of gravity and 
then into the particle collection member 40, where they are 
collected, as shown in FIG. 4. The minimum size of the 
particles 80 separated from the liquid in the cyclones 32 may 
be 5um. 
The liquid guiding member 50 comprises a chamber 52 

with an outlet 54. A guiding structure with a curved guiding 
surface 56 is formed at the centre of the chamber 52. The 
curved guiding surface 56 faces the outlet 54 for guiding 
cleaned liquid to the outlet 54. 
The particle collection member 40 has a drain opening 42 

for draining particles, and a through opening 44 communi 
cating the precipitator 22 of the particle separation member 
10 with the particle collection member 40. Valves 82, 84 are 
respectively arranged at the openings 42, 44 for selectively 
closing or opening the openings 42, 44. In this embodiment, 
the vortex hub 28 is formed at the valve 84. Preferably, the 
valves 82.84 are formed as a single unit and operated to open 
or close the openings 42, 44 simultaneously. Preferably, the 
drain opening 42 is located at the bottom of the particle 
collection member 40 and the axis of the drain opening 42 is 
parallel to the axis of the first cavity 20. When the valves 82. 
84 are open, liquid may flow from the inlet 12 into the particle 
collection member 40 to clean the particle collection member 
40. Alternatively, the valves 82, 84 may be two separate 
valves. 

In the preferred embodiment, the first and second particle 
separation sections 20, 30 are integrally formed as a single 
part, optionally as a single monolithic molding, with a plu 
rality of voids formed therein. The voids respectively form the 
cavity and cyclones 32. The integrally formed first and second 
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particle separation sections 20, 30 have good rigidity to mini 
mize vibration when liquid flows there through. 

Preferably, the particle separation member 10, particle col 
lection member 40, liquid guiding member 50 and the liquid 
distribution member 60 are made of transparent or translucent 
material such that inside of the particle separator is visible. It 
is particularly useful if the particle collection member is 
transparent or translucent so that the Volume of particles 
collected can be readily seen to determine if the particle 
collection member needs to be emptied. In this embodiment, 
the particle separation member 10, particle collection mem 
ber 40, liquid guiding member 50 and the liquid distribution 
member 60 are made of thermally stabilized plastic. Thus, the 
particle separator may be used to filter hot water as well as 
cool and cold water. Preferably, the materials are reinforced 
with mica particles, glass fibers or carbon micro and nano 
fibers. Preferably, surfaces of the materials for guiding liquid 
are modified with polymers selected from group of fluorode 
cyl polyhedral oligomeric silsesquioxanes for better effi 
ciency. 

Alternatively, the particle separation member 10, particle 
collection member 40, liquid guiding member 50 and the 
liquid distribution member 60 may be made of metal. 

Preferably, pH sensors or pressure sensors may be disposed 
inside the chamber 52 of the liquid guiding member 50. 
Pressure sensors may be disposed inside of the particle sepa 
ration member 10. The pH sensors may monitor the condition 
of the liquid in the system while the pressure sensors may give 
an indication that the particle separator needs cleaning or that 
there is a blockage in the system. 

In the description and claims of the present application, 
each of the verbs "comprise”, “include”, “contain” and 
"have’, and variations thereof, are used in an inclusive sense, 
to specify the presence of the stated item but not to exclude the 
presence of additional items. 

Although the invention is described with reference to one 
or more preferred embodiments, it should be appreciated by 
those skilled in the art that various modifications are possible. 
Therefore, the scope of the invention is to be determined by 
reference to the claims that follow. 
The invention claimed is: 
1. A particle separator comprising: 
a particle separation member configured for separating 

particles from a liquid; 
a particle collection member in communication with the 

particle separation member configured for collecting 
particles from the particle separation member; and 

a liquid guiding member in communication with the par 
ticle separation member for guiding liquid from the par 
ticle separation member to an outlet; 

wherein the particle separation member comprises an inlet 
for receiving liquid, a first separation section configured 
to preliminarily separate particles from the liquid flow 
ing from the inlet, and a second separation section con 
figured to separate further particles from the liquid flow 
ing from the first separation section, the first separation 
section comprising a precipitator connected directly to 
the inlet, the second separation section comprising a 
plurality of cyclones each having a wide open end in 
communication with the first separation section and a 
narrow open end in communication with the particle 
collection member, and the precipitator is connected to 
the particle collection member, 

wherein the first separation section further comprises a 
conical cavity located between the precipitator and the 
second separation section, the conical cavity having a 
wide open end connected to the precipitator and a nar 
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6 
row open end remote from the precipitator, the wide 
open end being closer to the inlet than the narrow open 
end, 

wherein when the liquid flows through the precipitator and 
the conical cavity the liquid flows in a helical path and 
relatively heavier/bigger particles fall to a bottom of the 
precipitator and then into the particle collection member 
to thereby preliminarily separate particles from the liq 
uid. 

2. The particle separator of claim 1, further comprising a 
flow distribution member connected between the first sepa 
ration section and the second separation section, wherein the 
flow distribution section comprises a first cylindrical cavity 
connected to the narrow open end of the conical cavity, a 
plurality of second cylindrical cavities each connected to the 
wide open end of a corresponding cyclone, and a plurality of 
connecting channels each connecting a corresponding second 
cylindrical cavity with the first cylindrical cavity. 

3. The particle separator of claim 2, wherein a vortex finder 
is disposed coaxially in each second cylindrical cavity and 
communicates the respective second cylindrical cavity with 
the liquid guiding member. 

4. The particle separator of claim 3, wherein the vortex 
finder comprises a skirt section, the outer diameter of which 
increases in a direction away from the liquid guiding member. 

5. The particle separator of claim 2, wherein the connecting 
channels are arranged Such that liquid is directed tangentially 
to the second cylindrical cavity. 

6. The particle separator of claim 1, wherein the inlet 
directs liquid tangentially to the precipitator. 

7. The particle separator of claim 3, wherein the liquid 
guiding member includes a chamber in communication with 
the second cylindrical cavities via the Vortex finders, an out 
let, and a guiding hub with a curved guiding Surface disposed 
in the center of the chamber, the guiding Surface facing the 
outlet and configured to guide liquid from the particle sepa 
ration member toward the outlet. 

8. The particle separator of claim 1, wherein the particle 
collection member defines a through opening connected to 
the precipitator, and a drain opening, the axis of the drain 
opening being parallel to the axis of the precipitator, two 
valves being respectively disposed at the through opening and 
the drain opening. 

9. The particle separator of claim 8, wherein the two valves 
are integrally formed as a single unit. 

10. The particle separator of claim 1, wherein the particle 
separation member is integrally formed as a single piece 
monolithic structure with a plurality of voids formed therein, 
the Voids forming the conical cavity and the cyclones respec 
tively. 

11. The particle separator of claim 1, wherein the particle 
separation member, liquid guiding member, and particle col 
lection member are made from transparent or translucent 
materials. 

12. The particle separator of claim 1, wherein the particle 
separation member, liquid guiding member, and particle col 
lection member are made from a thermally stable plastic 
material. 

13. The particle separator of claim 12, wherein surfaces of 
the thermally stable plastic are modified with polymers 
selected from group of fluorodecyl polyhedral oligomeric 
silsesquioxanes. 

14. The particle separator of claim 12, wherein the ther 
mally stable plastic material are reinforced with mica par 
ticles, glass fibers or carbon micro- and nano-fibers. 
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15. The particle separator of claim 1, wherein the outlet is 
located at a top end of the separator and a drain is located at a 
bottom end of the separator and connected to the particle 
collection member. 

16. A particle separator comprising: 
a particle separation member configured for separating 

particles from a liquid; 
a particle collection member in communication with the 

particle separation member, configured for collecting 
particles from the particle separation member; and 

a liquid guiding member in communication with the par 
ticle separation member for guiding liquid from the par 
ticle separation member to an outlet; 

wherein the particle separation member comprises an inlet 
for receiving liquid, a first separation section configured 
to preliminarily separate particles from the liquid flow 
ing from the inlet, and a second separation section con 
figured to separate further particles from the liquid flow 
ing from the first separation section, the first separation 
Section comprising a precipitator connected directly to 
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the inlet such that when the liquid coming from the inlet 
flows into the precipitator it forms a whirlpool or vortex, 
the precipitator being connected to the particle collec 
tion member via a valve such that particles are capable of 
falling to the particle collection member when the valve 
is open, 

wherein the second separation section comprises a plural 
ity of cyclones each having a wide open end in commu 
nication with the liquid guiding member via a vortex 
finder and a narrow open end in communication with the 
particle collection member, the inlet being located out 
side of the particle collection member without passing 
through the particle collection member. 

17. The particle separator of claim 16, wherein the particle 
separation member is integrally formed as a single monolithic 
structure with a plurality of voids formed therein, the voids 
forming the cyclones. 

18. The particle separator of claim 16, whereina vortex hub 
is formed at the valve. 


