
(12)UK Patent ,,,2527333
(45) Date of B Publication 24.07.2019

(54) Title of the Invention: Apparatus for generating a vortex for a vacuum cleaner

(51) INT CL: A47L 9/16 (2006.01) B04C 5/185 (2006.01)

(21) Application No: 1410884.9

(22) Date of Filing: 19.06.2014

(43) Date of A Publication 23.12.2015

(56) Documents Cited:
WO 2012/111949 A2
JP 2007029150 A
US 2365676 A
US 20040191063 A1
KR 20070000634

JP 2009056034 A
US 5350432 A
US 20120317748 A1
US 20040068826 A1

(72) Inventor(s):
Kyung Hoon Lee

(73) Proprietor(s):
Samsung Electronics Co., Ltd. 
(Incorporated in the Republic of Korea) 
129, Samsung-ro, Yeongtong-gu, Suwon-si, 
Gyeonggi-do 443-742, Republic of Korea

(74) Agent and/or Address for Service:
Venner Shipley LLP
200 Aldersgate, LONDON, EC1A4HD, 
United Kingdom

(58) Field of Search:
As for published application 2527333 A viz:
INT CLA47L, B04C
Other: WPI, EPODOC
updated as appropriate

G
B 

2527333



16
06

 15
1 /8

2



2/8

FIG. IB

16
06

 15

2



3/8

FIG. 2

-16

16
06

 15

12

14



4/8

FIG. 3

16
06

 15

28



5/8

FIG. 4

26

16
06

 15

23B



6/8

FIG. 5

16
06

 15

33



16
06

 15
7/8

FIG. 6A

33B



8/8

16
06

 15

FIG. 6B

33B



- 1 -

12
04

 19

Apparatus for Generating a Vortex for a Vacuum Cleaner

The present invention relates to an apparatus for generating a vortex, for use in a 
vacuum cleaner.

5
Many types of vacuum cleaner are currently commercially available, including upright 
vacuum cleaners and canister (also known as cylinder) vacuum cleaners. These vacuum 
cleaners can be broadly divided into two categories - those with a dust collection bag 
and those without a dust collection bag, often referred to as bagless vacuum cleaners.

io
There has been considerable interest in bagless vacuum cleaners in recent years due to 
their potential advantages. For example, the suction in bagless vacuum cleaners is not 
reduced by build up of dust in a bag, and a user can see how much dust has 
accumulated inside the transparent collection vessel of a bagless vacuum cleaner.

15 Bagless vacuum cleaners generally work on a cyclonic separation principle, removing 
particulates from air using one or more vortices.

In conventional cyclonic vacuum cleaners, an aerodynamic vortex is generated inside 
the vacuum cleaner by forcing air to flow into a collection vessel at high speed and at an 

20 angle that is tangential to the wall of the vessel. This, together with the shape of the 
collection vessel, causes the air to rotate and form a vortex. The suction required to 
draw air into the vacuum cleaner is produced by an impeller, typically located at an 
inlet side of the collection vessel, which is driven by a motor. As a result of the power 
required to generate the high speed airflow into the collection vessel, cyclonic vacuum 

25 cleaners can be noisy. Furthermore, a user has no control over the movement of the 
particulates inside the collection vessel.

According to an aspect of the invention, there is provided an apparatus comprising a 
collection vessel having therein a motor having a driving gear, a support member, and a 

30 blade assembly rotatably mounted in the collection vessel and including a driven gear, 
and a plurality of blades mounted to the support member, wherein the plurality of 
blades extend downwards from the support member to be spaced apart from one 
another in a circumferential direction of the blade assembly, the plurality of blades are 
rotated by the driven gear of the blade assembly engaged with the driving gear of the 

35 motor to thereby generate a vortex within the collection vessel, the collection vessel has 
an inlet and an outlet, the inlet is configured to direct suctioned air and particles from a
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surface external to the apparatus into the collection vessel through the vortex generated 
by the blade assembly, and the outlet is configured to direct the suctioned air out of the 
collection vessel through the blade assembly using the vortex generated by the blade 
assembly.

5
The use of a blade assembly to generate the vortex may remove the need for an impeller 
external to the collection vessel, as the blade assembly may be capable of creating 
enough suction to draw air into the apparatus. This may allow the apparatus to operate 
with lower noise. However, the invention is not limited to this arrangement and 

io embodiments may include both an external impeller and the blade assembly.

The blades may be symmetrically disposed around the periphery of the support 
member.

15 The angle of each of the blades relative to their direction of motion maybe adjustable, 
to allow a user to control the movement of air inside the collection vessel.

The apparatus may further comprise a gear assembly for adjusting the angle of the 
blades.

20
The gear assembly may comprise a plurality of first gears mounted to the support 
member, each of the first gears being connected to a respective blade by an axle.

The gear assembly may further comprise a second gear arranged to mesh with each of 
25 the first gears for adjusting the angle of each of the blades by the same amount.

The gear assembly may further comprise a third gear for meshing with the second gear 
to allow a user to control the angle of each of the blades by turning a single gear.

30 The blade assembly may comprise three blades. The blades may have a symmetric 
aerofoil shape. The blades may have a cambered aerofoil shape.

The apparatus may comprise a plurality of vanes around the periphery of the blade 
assembly.

35
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The blade assembly may comprise a driven gear having a plurality of teeth around the 
periphery of the support member for engaging with a driving gear of a motor.

The apparatus may be comprised in a vacuum cleaner.

5
The inlet maybe in a side of the collection vessel.

The inlet may be below the blade assembly.

io The inlet may be arranged such that the suctioned air is drawn into the collection vessel 
at an angle that is tangential to the wall of the vessel. This may assist with the 
generation and maintenance of a vortex in the body of the collection vessel.

The collection vessel may comprise a collection chamber at the bottom of the vessel for 
15 collecting dust, which may be removable for disposal of the dust.

The support member may have a central aperture, and the vacuum cleaner may further 
comprise a filter above the central aperture arranged to remove dust particles from air 
exiting the collection vessel. This allows light particles which are not removed by the 

20 vortex to be separated from the airflow.

Embodiments of the invention will now be described by way of example with reference 
to the accompanying drawings, in which:
Figure 1A illustrates an upright vacuum cleaner including a blade assembly according 

25 to an embodiment of the invention;
Figure 1B illustrates a canister vacuum cleaner comprising a blade assembly according 
to another embodiment;
Figure 2 is a schematic cross-sectional view of the vortex generating apparatus usable 
in the vacuum cleaners of Figures 1A and 1B;

30 Figure 3 is a perspective view of a collection vessel and blade assembly of a vacuum 
cleaner that does not fall within the scope of the claims;
Figure 4 illustrates the blade assembly shown in Figure 3 in more detail;
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Figure 5 illustrates a blade assembly according to another embodiment of the present 
invention;
Figure 6A illustrates a bottom-up view of the blade assembly shown in Figure 5 with the 
blades of the blade assembly at a first angle;

5 Figure 6B illustrates a bottom-up view of the apparatus with the blades of the blade 
assembly at a second angle.

Figures 1A and 1B illustrate two common types of vacuum cleaner, being an upright 
cleaner and a canister (or cylinder) cleaner. The invention is not however limited to use 

10 in these types of vacuum cleaner, but can be implemented in any type of vacuum 
cleaner that uses the principle of cyclonic separation.

Referring to Figure 1A, an upright vacuum cleaner 1 has a cleaning head 2, a tube or 
hose 3 connecting the cleaning head to a housing 4, and a handle 5. Air enters the

15 vacuum cleaner 1 through the cleaning head 2 and travels up the tube 3 into a collection 
vessel 10 mounted within the housing 4. The suction required to draw air into the 
vacuum cleaner 1 is created inside the housing 4 by a vortex generating assembly, 
which will be described in more detail below.

20 In another embodiment shown in Figure 1B, a canister vacuum cleaner 6 comprises a 
cleaning head 2, a hose 3 and a housing 4. As in the vacuum cleaner 1 shown in Figure 
1A, air enters the vacuum cleaner 6 through the cleaning head 2 and travels along the 
hose 3 into a collection vessel 10 mounted within the housing 4. The suction required to 
draw air into the vacuum cleaner 1 is created inside the housing 4.

25
Figure 2 is a schematic cross-sectional view of the vortex generating apparatus that can 
be used in the vacuum cleaners of Figures 1A and 1B and other cyclonic vacuum 
cleaners. The skilled person would appreciate that while the exact configuration and 
dimensions of the vortex generating apparatus would differ between different types and 

30 models of vacuum cleaner, the basic principles are the same.

Referring to Figure 2, a collection vessel 10, which is a container in which the vortex is 
generated, includes an inlet 11 in a side-wall of the vessel through which air enters the 
collection vessel, an outlet 12 at the top of the vessel through which air leaves the

35 collection vessel, and a blade assembly 13 rotatably mounted in the top portion of the 
collection vessel. The blade assembly 13 comprises a first blade 13A, a second blade 13B
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and a third blade 13C, each mounted to a common support member 13D. The support 
member 13D holds the blades 13A, 13B, 13C in position relative to one another and may 
be a substantially circular, or annular, ring to which the blades are mounted, so 
providing a central aperture through which air can flow. Various configurations for the 

5 blades and the support member will be described in detail below.

The blade assembly 13 maybe driven by a motor or other driving device (not shown). 
As the blade assembly 13 rotates relative to the collection vessel, the blades 13A, 13B, 
13C cause the air inside the collection vessel 10 to flow in a vortex-like motion, thus 

10 generating a vortex. The vortex may force light particulates, e.g. hair, into the centre of 
the collection vessel 10, and heavy particulates to the collection vessel walls. The light 
particulates then travel along with the airflow up through the centre of the blade 
assembly 13 to the outlet 12, whilst the heavy particulates fall to the bottom of the 
collection vessel where they accumulate. This has the effect of separating heavy

15 particulates from the airflow. The bottom of the collection vessel 14 may comprise a 
separate collection chamber for collecting the particulates, and the collection chamber 
may be detachable from the rest of the collection vessel 10 to allow for disposal of the 
accumulated particulates.

20 The rotation of the blade assembly 13 causes a pressure differential between the central 
region of the collection vessel 10, where there is relatively low pressure, and the side 
regions of the collection vessel 10, where there is relatively high pressure. This pressure 
differential has the effect of producing enough suction to draw air through the entire 
system. The apparatus may therefore be capable of both generating a vortex and

25 producing enough suction to draw air into the apparatus. As such, there may be no 
need to provide an impeller external to the apparatus so that the apparatus may operate 
at a lower noise level. Additionally, since the means by which suction is generated is 
provided inside the collection vessel with the vortex, it maybe possible to provide the 
same suction power with a smaller sized cyclonic vacuum cleaner.

30
Referring again to Figure 2, a filter 15 may be provided above the central aperture of the 
blade assembly 13, through which air 16 exiting from the outlet 12 passes, and where 
light particulates may be further removed from the airflow.

35 The blades 13A, 13B, 13C may have an aerofoil shape, for example a symmetric aerofoil 
or a cambered aerofoil. Cambered aerofoils may include reflex aerofoils, wedge shaped
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aerofoils and flattened aerofoils, among many others. The shape of the blades is not 
limited to any specific shape, as long as they have the effect of producing a vortex when 
rotated.

5 Furthermore, while the above embodiment refers to three blades, the invention is not 
limited thereto, and any number of blades maybe provided as long as they are capable 
of generating a vortex. However, simulations show that three aerofoil blades 
symmetrically disposed around the periphery of a support member may provide 
improved results over other configurations.

io
Figure 3 is a perspective view of a collection vessel io disposed in the housing 4 of an 
upright vacuum cleaner, by way of illustration only. Figure 4 is a more detailed 
perspective view of the blade assembly 23.

15 Referring to Figures 3 and 4, the collection vessel 10 may have a substantially 
cylindrical shape to facilitate the formation of a vortex. An inlet 11 through which air 
enters the collection vessel is provided in the side of the collection vessel below the 
blade assembly, and an outlet 12 through which air exits is provided at the top of the 
collection vessel. Heavy particulates from the airflow which fall to the bottom of the 

20 collection vessel 10 may accumulate in a collection chamber 28, which can then be 
removed for disposal of the accumulated particulate matter.

The blades 23A, 23B, 23C of the blade assembly 23 are mounted to and extend 
downwards from a support member 23D. In this assembly, the blades, which have a 

25 cambered aerofoil shape, are fixed to the support member 23D so that they cannot 
move relative to the support member. The blades may be made of a substantially rigid 
material, or they may be made of a relatively flexible material so that, even if fixed in 
position, the blades may flex as they are rotated. However, the configuration is not 
limited either to the blades being fixedly mounted or to the specific shape of the 

30 aerofoil, or to specific materials or rigidity.

The support member 23D may be an annular ring, with the blades being fixed at an 
outer portion of the ring. The support member 23D maybe integrally formed with the 
blades, for example by a moulding process. The support member 23D may have a 

35 central aperture 29 which allows air loaded with light particles to flow through the 
centre of the blade assembly 23 for filtration.



27
 0

9 1
8

-Ί-

As described above, the blades 23A, 23B, 23C are symmetrically disposed around the 
periphery of the support member 23D and the rotation of the support member about its 
central axis causes the blades 23A, 23B, 23C to move in a circle, thus generating a

5 vortex. The principle of operation of the vortex and its effects are described above and 
will not be repeated here. A motor 24 maybe provided adjacent to the blade assembly 
23 and mechanically coupled to the blade assembly to drive its rotation. This may be 
achieved by engaging a driving gear 25 of the motor with a driven gear 26 of the blade 
assembly, the driven gear 25 comprising an annular ring disposed on top of the support

10 member 23D, so that the gear teeth are exposed at the periphery of the support 
member. This configuration allows the central aperture 29 at the top of the blade 
assembly to be maintained clear to allow for the flow of air, but the configuration is not 
limited to this.

15 In some embodiments, the blade assembly 23 may further comprise a plurality of vanes 
27 around the periphery of the support member 23D.

Referring to Figure 5, in an alternative embodiment, a blade assembly 33 may comprise 
three blades 33A, 33B, 33C which are mounted to and extend downwards from a

20 support member 33D, which is a substantially circular disk. The support member 33D 
may form the lid of the collection vessel 10. A central aperture 36 in the annular disk 
allows air to flow through the centre of the blade assembly 33.

The blades 33A, 33B, 33C are symmetrically disposed around the periphery of the
25 support member and the rotation of the support member 33D about its central axis

causes the blades 33A, 33B, 33C to move in a circle, thus generating a vortex. The 
principle of operation of the vortex and its effects are described above and will not be 
repeated here. In this embodiment, the blades 33A, 33B, 33C have symmetric aerofoil 
shapes, and the collection vessel 10 may have a substantially cylindrical shape to

30 facilitate the formation of a vortex.

In this embodiment each of the blades 33A, 33B, 33C may be mounted to the support 
member 33D by a corresponding axle 35. Each of the axles 35 may pass through a 
corresponding hole in the support member 33D and extend into the leading edge side

35 of a corresponding blade, thus fixing to the blade. The blade is mounted to the support 
member by a gear arrangement which is described in more detail below. The precise
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mounting arrangement of the axle to the blade and the blade to the supporting member 
is not limited to the above arrangement, as long as the rotation of the blade assembly 
33 still generates a vortex.

5 The angle of the blades 33A, 33B, 33C relative to their direction of motion may be
adjusted by rotating the axles 35 to which they are attached. This may be achieved 
through the use of a gear assembly 34 comprising a control gear 34A, a coupling gear 
34B and axle gears 34C. The control gear 34A meshes with the coupling gear 34B which 
is in turn meshed with the axle gears 34C. Each axle gear 34C is attached to a

10 corresponding axle 35 which extends through the centre of the axle gear. Rotating the 
control gear 34A transfers torque to the coupling gear 34B which then simultaneously 
rotates the axle gears 34C. Since the axle gears 34C are attached to the axles 35, the 
axles also rotate. This alters the angle of each of the blades relative to their direction of 
motion by the same amount. As such, the angle of the blades relative to their direction

15 of motion may be adjusted by turning a single control gear 34A.

Although in this embodiment the blades are attached to the support member by axles, 
the invention is not limited to this. In general, any method of attaching the blades to 
the support member may be used. This includes methods in which the blades can be

20 moved relative to the support member.

Figures 6A and 6B are bottom-up views looking up at the blades 33A, 33B, 33C from 
the bottom of the collection vessel, showing the blades 33A, 33B, 33C in different 
orientations.

25
Referring to Figure 6A, the blades 33A, 33B, 33C of the blade assembly 33 are shown at 
a first angle to their direction of motion. The control gear 34A may be rotated so that 
the blades are adjusted clockwise to be at a different angle, as shown in Figure 6B.
Although not shown, the blades may also be rotated anti-clockwise. The range of angles

30 through which the blades may be adjusted is not limited to that shown in Figure 6A and 
Figure 6B. For example, the blades maybe rotated until their outermost edges are in 
contact with the inner wall of the collection vessel 10, so allowing for scraping of the 
collection vessel walls.

35 The blades may also be rotated to different positions in accordance with preset 
operating modes. Adjusting the angle of the blades 33A, 33B, 33C allows the 
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movement of air within the collection vessel io to be controlled, for example to dislodge 
any trapped particulates that need moving, or to control the size of particulates which 
are separated from the airflow.

5 Although a number of embodiments of the invention have been described above, it will
be understood that many variations and modifications are possible without departing 
from the scope of the invention as defined in the claims. Furthermore, different 
features of the embodiments may be combined with one another or substituted for one 
another. For example, the blades used in the arrangement illustrated in Figure 4 may

10 be made movable rather than fixed.
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Claims

1. An apparatus comprising:
a collection vessel having therein a motor having a driving gear,

5 a support member, and
a blade assembly rotatably mounted in the collection vessel and including:
a driven gear, and
a plurality of blades mounted to the support member,
wherein the plurality of blades extend downwards from the support member to be

10 spaced apart from one another in a circumferential direction of the blade assembly,
the plurality of blades are rotated by the driven gear of the blade assembly 

engaged with the driving gear of the motor to thereby generate a vortex within the 
collection vessel,

the collection vessel has an inlet and an outlet,
15 the inlet is configured to direct suctioned air and particles from a surface external

to the apparatus into the collection vessel through the vortex generated by the blade 
assembly, and

the outlet is configured to direct the suctioned air out of the collection vessel 
through the blade assembly using the vortex generated by the blade assembly.

20

2. The apparatus according to claim 1, wherein the blades are symmetrically 
disposed around the periphery of the support member.

3. The apparatus according to any one of preceding claims, wherein the angle of each 
25 of the blades relative to their direction of motion is adjustable.

4. The apparatus according to claim 3, further comprising a gear assembly for 
adjusting the angle of the blades.

30 5. The apparatus according to claim 4, wherein the gear assembly comprises a
plurality of first gears mounted to the support member, each of the first gears being 
connected to a respective blade by an axle.

6. The apparatus according to claim 5, further comprising a second gear arranged to 
35 mesh with each of the first gears for adjusting the angle of each of the blades by the same

amount.

7. The apparatus according to claim 6, further comprising a third gear for meshing
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with the second gear.

8. The apparatus according to any one of the preceding claims, wherein the blade 
assembly comprises three blades.

5

9. The apparatus according to any one of the preceding claims, wherein the blades 
have a symmetric aerofoil shape.

10. The apparatus according to any one of claims 1 to 8, wherein the blades have a
10 cambered aerofoil shape.

11. The apparatus according to any one of the preceding claims, comprising a 
plurality of vanes around the periphery of the support member.

15 12. A vacuum cleaner comprising:
an apparatus according to any one of the preceding claims, wherein the surface 

external to the apparatus is a surface external to the vacuum cleaner.

13. The vacuum cleaner according to claim 12, wherein the inlet is in a side of the
20 collection vessel.

14. The vacuum cleaner according to claim 13, wherein the inlet is below the blade 
assembly.

25 15. The vacuum cleaner according to claim 13 or 14, wherein the inlet is arranged
such that the suctioned air is drawn into the collection vessel at an angle that is tangential 
to the wall of the vessel.

16. The vacuum cleaner according to any one of claims 12 to 15, wherein the collection 
30 vessel comprises a collection chamber at the bottom for collecting dust.

17. The vacuum cleaner according to any one of claims 12 to 16, wherein the support 
member has a central aperture, and the vacuum cleaner further comprises a filter above 
the central aperture arranged to remove fine particles from air exiting the collection

35 vessel.


