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(57) Abréegée/Abstract:

A fan for generating an air current includes a body having an air inlet, and a nozzle connected to the body. The nozzle includes an
Interior passage for receiving an air flow from the body and an air outlet from which the air flow I1s emitted from the fan. The interior
passage extends about an opening or bore through which air from outside the nozzle is drawn by air emitted from the air outlet.
The body Includes a duct having an air inlet and an air outlet, an impeller located within the duct for drawing the air flow through the
duct, and a motor for driving the impeller. A noise suppression cavity Is located beneath the air inlet of the duct. The cavity has an
Inlet which Is located beneath, and is preferably concentric with, the air inlet of the duct.
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(57) Abstract: A fan for generating an air current includes a body having an
air mlet, and a nozzle connected to the body. The nozzle includes an interior
passage for receiving an air flow from the body and an air outlet from which
the air tlow 1s emitted from the fan. The interior passage extends about an
opening or bore through which air from outside the nozzle 1s drawn by air
emitted from the air outlet. The body includes a duct having an air inlet and an
air outlet, an impeller located within the duct for drawing the air flow through
the duct, and a motor for driving the impeller. A noise suppression cavity 1s
located beneath the air inlet of the duct. The cavity has an inlet which is loc-
ated beneath, and 1s preferably concentric with, the air inlet of the duct.
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AIR DUCT CONFIGURATION FOR A BLADELESS FAN

FIELD OF THE INVENTION
The present invention relates to a fan. Particularly, but not exclusively, the present

invention relates to a floor or table-top fan, such as a desk, tower or pedestal fan.

BACKGROUND OF THE INVENTION
A conventional domestic fan typically includes a set of blades or vanes mounted for
rotation about an axis, and drive apparatus for rotating the set of blades to generate an
air flow. The movement and circulation of the air flow creates a 'wind chill' or breeze
and, as a result, the user experiences a cooling effect as heat is dissipated through
convection and evaporation. The blades are gencrated located within a cage which

allows an air flow to pass through the housing while preventing users from coming into

contact with the rotating blades during use of the fan.

WO 2009/030879 describes a fan assembly which does not use caged blades to project
air from the fan assembly. Instead, the fan assembly comprises a cylindrical base which
houses a motor-driven impeller for"drawing a primary air flow into the base, and an
annular nozzle connected to the base and comprising an annular air outlet through
which the primary air flow is emitted from the fan. The nozzle defines a central

opening through which air in the local environment of the fan assembly 1s drawn by the

primary air flow emitted from the mouth, amplifying the primary air flow.

WO 2010/100452 also describes such a fan assembly. Within the base, the impeller 1s
located within an impeller housing, and the motor for driving the impeller is located

within a motor bucket which is mounted on the impeller housing. The impeller housing

is supported within the base by a plurality of angularly spaced supports. Each support

is. in turn, mounted on a respective support surface extending radially inwardly from the
inner surface of the base. In order to provide an air tight seal between the impeller

housing and the base, a lip seal is located on an external side surface of the impeller

housing for engaging the internal side surface of the base.

CA 2873299 2018-11-30
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Silencing foam 1s provided for reducing noise emissions from the base. A first disc-
shaped foam member 1s located beneath the impeller housing, and a second, ring-shaped

foam member 1s located within the motor bucket.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a fan for generating an air current,
comprising;

a body comprising an air inlet; and

a nozzle connected to the body;

the nozzle comprising an interior passage for receiving an air flow from the
body and at least one air outlet from which the air flow 1s emitted from the fan, the
interior passage extending about an opening through which air from outside the nozzle
1s drawn by air emitted from said at least one air outlet;

the body comprising a duct having an air inlet and an air outlet, an 1mpeller
located within the duct for drawing the air flow through the duct, and a motor for
driving the impeller, the body defining an air flow path extending from the air inlet of
the body to the air outlet of the duct;

wherein the body further comprises a noise suppression cavity located beneath
the air inlet of the duct, the cavity having an inlet which 1s located beneath, and

preferably concentric with, the air inlet of the duct.

The provision of a noise suppression cavity, or noise suppression chamber, located
beneath the air inlet of the duct can further reduce noise emissions from this type of fan.
The size of the noise suppression cavity 1s preferably tuned to the wavelength of the
rotational tone of the impeller so that the noise suppression cavity can act as a resonator
to target a specific wavelength of the noise generated during the use of the fan, as well

as generally reduce noise levels.

The body preferably comprises at least one wall, more preferably a plurality of walls, at

least partially delimiting the noise suppression cavity, with the inlet of the cavity being
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located 1n said at least one wall of the body. The noise suppression cavity 1s preferably
delimited by an upper wall and a lower wall, with the inlet of the noise suppression
cavity being located in the upper wall. The body preferably comprises a lower section
and an upper section which 1s mounted on the lower section for movement relative
thereto. This can allow the upper section of the body and the nozzle to be tilted relative
to the lower section to adjust the direction of the air current generated by the fan. The
air inlet of the body and the duct are preferably located 1n the upper section of the body.
The upper section of the body preferably has a bottom wall which partially delimits the
noise suppression cavity by providing the lower wall of the noise suppression cavity.
By utilising the bottom wall of the upper section of the body partially to delimit the
noise suppression cavity, the overall size of the body can be minimized. The bottom
wall of the upper section of the body 1s preterably concave 1n shape. The upper wall 1s
preferably substantially planar in shape. The air inlet and the upper wall of the noise
suppression cavity are preferably defined by an annular plate which 1s located over the

bottom wall of the upper section of the body.

To reduce the level of broadband noise emitted from the fan, the body preferably
comprises an annular sound absorbing member located between the duct and the noise
suppression cavity. The annular sound absorbing member 1s preferably concentric with
the inlet of the noise suppression cavity, and preferably has an outer periphery which 1s
in contact with a tubular or cylindrical casing of the body in which the air inlet 1s
formed. A sheet or disc of sound absorbing material may be disposed over the annular
sound absorbing member to inhibit the ingress of dust 1nto the noise suppression cavity.
The thickness of this sheet of sound absorbing material 1s preferably smaller that the
thickness of the annular sound absorbing member upon which 1t 1s located. For
example, the annular sound absorbing member may have a thickness of around 5 mm,

whereas the sheet of sound absorbing material may have a thickness of around 1 mm.

The body preferably comprises annular guide means extending about the duct for
ouiding air from the air inlet of the body to the air inlet of the duct. The guide means 1s

preferably located between the duct and the outer casing of the body, in which the air
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inlet 1s formed, so as to define 1n part a tortuous air flow path between the air inlet of the
body and the air inlet of the duct. The guide means thus serves to block any direct path

for noise passing from the air inlet of the duct towards the air inlet of the body.

The guide means preferably defines with the duct an annular noise suppression cavity,
or annular noise suppression chamber, extending about the duct, and so 1n a second
aspect the present invention provides a fan for generating an air current, comprising:

a body comprising an air inlet; and

a nozzle connected to the body;

the nozzle comprising an interior passage for receiving an air flow from the
body and at least one air outlet from which the air flow 1s emitted from the fan, the
interior passage extending about an opening through which air from outside the nozzle
1s drawn by air emitted from said at least one air outlet;

the body comprising a duct having an air inlet and an air outlet, an impeller
located within the duct for drawing the air flow through the duct, and a motor for
rotating the impeller about a rotational axis, the body defining an air flow path
extending from the air inlet of the body to the air outlet of the duct;

wherein the body further comprises annular guide means extending about the
duct for guiding air from the air inlet of the body to the air inlet of the duct, and wherein

the guide means defines with the duct an annular noise suppression cavity.

Preferably, a surface of the guide means which 1s exposed to the air flow through the
body 1s at least partially lined with sound-absorbing material to reduce the level of
broadband noise emitted from the fan. The annular noise suppression cavity preferably
has an 1nlet at least partially defined by the guide means. This 1nlet 1s preferably located
between the air inlet of the duct and the guide means. The 1nlet 1s preferably annular in
shape. The 1nlet of the annular noise suppression cavity 1s preferably located at the
lowermost extremity of the annular noise suppression cavity, and thus at a position at
which the tortuous section of the air flow path turns through an angle which 1s greater
than 90° from a direction extending away from the air inlet of the body to a direction

extending towards the air inlet of the duct. The size of the annular noise suppression
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cavity 1s also preferably tuned to the wavelength of the rotational tone of the impeller so
that the noise suppression cavity can act as a resonator to target a specific wavelength of

the noise generated during the use of the fan, as well as generally reduce noise levels.

The guide means 1s preferably inclined relative to the rotational axis of the impeller so
that the guide means tapers towards a lower surface of the body. The guide means 1s
preferably 1n the form of, or comprises, a substantially conical gmide member. The
ouide member preferably depends from an annular nb extending between the body and

the duct.

The air inlet of the body preferably comprises an array of apertures formed 1n the outer
casing of the body. The array of apertures preferably extends about the guide means
and/or the duct. Preferably, the internal surface of the casing of the body 1s at least
partially lined with sound-absorbing material. For example, an annular sheet of sound-
absorbing material may be located downstream of the air inlet to reduce the level of

broadband noise emitted through the air inlet of the body.

The air inlet of the duct 1s preferably outwardly flared to guide the air flow into the duct,
and thereby minimise turbulence within the duct upstream of the impeller. The duct
preferably comprises an inner wall and an outer wall extending about the inner wall.
The 1inner wall of the duct preferably forms at least part of a motor housing for housing
the motor. Preferably, a portion of the inner wall of the duct 1s perforated and lined
internally with sound-absorbing material. The perforated portion of the inner wall 1s
preferably frusto-conical in shape, and tapers towards the outlet of the duct. A section

of the duct adjacent to this perforated portion of the inner wall preferably houses a

diffuser.

The diffuser 1s 1n the form of a plurality of curved stationary blades arranged about the
rotational axis of the impeller. Each blade preferably have a leading edge located
adjacent the impeller, a trailling edge located adjacent the air outlet of the duct, an inner

side edge connected to and extending partially about the outer surface of the inner wall,
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and an outer side edge located opposite to the inner side edge and connected to the outer
wall. The inner side edges of the blades of the diffuser are preferably integral with the

inner wall, whereas the outer side edges of the blades of the diffuser are preferably

connected to the outer wall, for example using an adhesive.

To generate a smooth air flow through the diffuser, and thus mimimize noise generated
through the passage of the air flow through the diffuser, the variation in the cross-
sectional area of the air flow path passing through the diffuser, as formed from the
intersection with the duct of a plane which extends orthogonally through the rotational
axis of the impeller, 1s preterably no greater than 50%, more preferably no greater than
20%, and even more preferably no greater than 10%, of the cross-sectional area of the
air flow path at the inlet of the diffuser. Thus, 1n a third aspect the present invention
provides a fan for generating an air current, comprising:

a body comprising an air 1nlet; and

a nozzle connected to the body;

the nozzle comprising an interior passage for receiving an air flow from the
body and at least one air outlet from which the air flow 1s emitted from the fan, the
interior passage extending about an opening through which air from outside the nozzle
1s drawn by air emitted from said at least one air outlet;

the body comprising a duct having an air inlet and an air outlet, an impeller
located within the duct for drawing the air flow through the duct, a motor for rotating
the impeller about a rotational axis, and a diffuser located within the duct downstream
of the impeller, the body defining an air flow path extending from the air inlet of the
body to the air outlet of the duct; and

wherein a diffuser section of the air flow path extends from an inlet of the
diffuser to an outlet of the diffuser, the diffuser section of the air flow path being
annular 1n shape and converging towards the outlet end of the diffuser, the diffuser
section of the air flow path having a cross-sectional area formed from the intersection
with the duct of a plane which extends orthogonally through the rotational axis of the

impeller, and wherein the variation in the cross-sectional area of the air flow path along
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the diffuser section 1s no greater than 20% of the cross-sectional area of the air flow

path at the inlet of the diffuser.

The duct 1s preferably mounted on an annular seat located within the body. The body
preferably comprises an annular seal in sealing engagement with the duct and the seat.
The compression of the annular seal between the duct and the seat forms an air tight seal
which prevents air from leaking back towards the air inlet of the duct along a path
extending between the casing and the duct, and so forces the pressurized air flow
generated by the impeller to pass to the interior passage of the nozzle. The annular seal
1s preferably formed from material which exhibits no more than 0.01 MPa of stress at

10% compression. The annular seal 1s preferably a foam annular seal. Forming the

reduce the transmission of vibrations to the casing through the annular seal. In a
pretferred embodiment, the annular seal 1s formed trom a closed cell foam material. The
foam material 1s preferably formed from a synthetic rubber, such as EPDM (ethylene

propylene diene monomer) rubber.

The compressive force acting on the annular seal 1s preferably aligned with the direction
of the greatest stiffness of the surface from which the vibrations are to be 1solated, that
15, the outer casing of the fan. In a preferred embodiment, this direction 1s parallel to the
rotational axis of the impeller. The annular seal 1s preferably spaced from the inner
surface of the casing so that vibrations are not transferred radially outwardly from the

annular seal to the casing.

Any excessive compression of the annular seal between the duct and the seat could
result in an undesirable increase in the transmission of the vibrations from the motor
housing to the casing through the annular seal, and so at least one resilient support may
be provided between the duct and the seat to reduce the compressive load applied to the

annular seal, and so reduce the extent of the deformation of the annular seal.
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The impeller 1s preferably a mixed flow impeller. The impeller preferably comprises a
substantially conical hub connected to the motor, and a plurality of blades connected to
the hub, with each blade comprising a leading edge located adjacent the air inlet of the
impeller housing, a trailing edge, an inner side edge connected to and extending
partially about the outer surface of the hub, an outer side edge located opposite to the
inner side edge, and a blade tip located at the intersection of the leading edge and the
outer side edge. The leading edge preferably comprises an i1nner portion located
adjacent the hub, and an outer portion located adjacent the blade tip, with the inner
portion being swept rearwardly from the hub to the outer portion, and the outer portion
being swept forwardly from the inner portion to the blade tip. The localised forward
sweep of the leading edge of each blade towards the blade tip can reduce the peak hub-
to-tip loading of the blades, which peak 1s located generally at or towards the leading
edges of the blades. Blade-to-blade loading at the leading edge of the blade can be
reduced by increasing the length of the inner side edge of the blade so that the length of
the inner side edge approaches that of the outer side edge, resulting 1in the inner portion
of the leading edge being swept rearwardly from the hub to the outer portion. The inner
portion of the leading edge 1s preferably convex, whereas the outer portion of the

leading edge 1s preferably concave.

To avoid conductance losses 1n the air flow as the air flow passes from the air outlet of
the duct to the nozzle, the air outlet of the duct 1s preferably located within the interior
passage of the nozzle. Therefore, 1n a fourth aspect, the present invention provides a fan
for generating an air current, comprising:

a body comprising an air inlet; and

a nozzle connected to the body;

the nozzle comprising an interior passage and at least one air outlet from which
the air flow 1s emitted from the fan, the interior passage extending about an opening
through which air from outside the nozzle 1s drawn by air emitted from said at least one
air outlet;

the body comprising a duct having a first end defining an air inlet of the duct and

a second end located opposite to the first end and defining an air outlet of the duct, an
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impeller located within the duct for drawing the air flow through the duct, and a motor
for driving the impeller, wherein the second end of the duct protrudes from the body

into the interior passage of the nozzle.

The nozzle 1s preferably configured such that the interior passage has a first section and
a second section each for receiving a respective portion of the air flow entering the
intertor passage from the body, and for conveying the portions of the air flow 1n
opposite angular directions about the opening. At least a portion of the second end of
the duct 1s outwardly flared to guide the respective portions of the air flow into the
sections of the interior passage. Therefore in a fifth aspect, the present invention
provides a fan for generating an air current, comprising:

a body comprising an air 1nlet; and

a nozzle connected to the body;

the nozzle comprising an interior passage and at least one air outlet from which
the air flow 1s emitted from the fan, the interior passage extending about an opening
through which air from outside the nozzle 1s drawn by air emitted from said at least one
air outlet, the interior passage having a first section and a second section each for
recerving a respective portion of an air flow entering the interior passage from the body,
and for conveying the portions of the air flow 1n opposite angular directions about the
opening;

the body comprising a duct having a first end defining an air inlet of the duct and
a second end located opposite to the first end and defining an air outlet of the duct, an
impeller located within the duct for drawing the air flow through the duct, and a motor
for dniving the impeller, wherein at least a portion of the second end of the duct i1s
outwardly flared to guide each portion of the air flow 1nto a respective section of the

nozzle.

The second end of the duct preferably has first and second flared portions each
configured to guide a portion of the air flow into a respective section of the interior

passage. The nozzle preferably comprises an annular casing which detines the interior
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passage and the air outlet(s) of the nozzle, and the end of each flared portion preferably
has a curvature which 1s approximately the same as that of a contiguous portion of the
casing. The separation between the end of each flared portion and 1ts contiguous
portion of the casing is preferably no greater than 10 mm, more preferably no greater
than 5 mm so that there 1s minimal disruption to the profile of the air flow as it enters

the interior passage of the nozzle.

The nozzle preferably comprises an annular inner wall, and an outer wall extending
about the inner wall, with the interior passage being located between the inner wall and
the outer wall. The inner wall at least partially defines the opening through which air

from outside the nozzle 1s drawn by air emitted from said at least one air outlet.

The 1nner wall 1s preferably eccentric with respect to the outer wall so that each section
of the interior passage has a cross-sectional area formed from the intersection with the
interior passage by a plane which extends through and contains the longitudinal axis of
the outer wall, and which decreases 1n size about the opening. The cross-sectional arca
of each section of the interior passage may decrease gradually, or taper, about the
opening. The nozzle 1s preferably substantially symmetrical about a plane passing
through the air inlet and the centre of the nozzle, and so each section of the interior
passage preferably has the same variation in cross-sectional area. For example, the
nozzle may have a generally circular, elliptical or “race-track™ shape, in which each
section of the interior passage comprises a relatively straight section located on a

respective side of the opening.

The variation in the cross-sectional area of each section of the interior passage is
preferably such that the cross-sectional area decreases in size about the opening. The
cross-sectional area of each section preferably has a maximum value at the portion of
that section which receives a portion of the air flow from the duct, and a minimum value
located diametrically opposite the duct. The variation 1n the cross-sectional area can not
only minimise any variation in static pressure within the interior passage, but can also

enable the interior passage to accommodate the flared end of the duct.
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The at least one air outlet 1s preferably located between the inner wall and the outer
wall. For example, the at least one air outlet may be located between overlapping
portions of the inner wall and the outer wall. These overlapping portions of the walls
may comprise part of an internal surface of the inner wall, and part of an external
surface of the outer wall. Alternatively, these overlapping portions of the walls may
comprise part of an internal surface of the outer wall, and part of an external surface of

the 1nner wall.

Features described above 1n connection with the first aspect of the invention are equally

applicable to each of the second to fifth aspects of the invention, and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred features of the invention will now be described, by way of example only, with
reference to the accompanying drawings, 1n which:
Figure | 1s a front perspective view of a fan;
Figure 2 1s a front view of the fan;
Figure 3 1s a front sectional view through the fan;
Figure 4(a) 1s a side section view of the fan, as viewed along line A-A 1n Figure 2,
Figure 4(b) 1s a sectional view of part of the nozzle of the fan, as viewed along line B-B
in Figure 2, Figure 4(c) 1s a sectional view of part of the nozzle of the fan, as viewed
along line C-C 1n Figure 2, and Figure 4(d) 1s a sectional view of part of the nozzle of
the fan, as viewed along line C-C 1n Figure 2;

Figure 5 1s a front perspective view of the duct of the body of the fan;

Figure 6 1s a front view of the duct;
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Figure 7 1s a front sectional view of the duct;

Figure 8 1s a front perspective view of an impeller of the fan, with a shroud removed to

reveal the blades of the impeller;

Figure 9 1s a top view of the impeller, with the shroud removed,;

Figure 10 1s a front perspective view of the upper section of the motor bucket of the

base of the fan, with the perforations omitted; and

Figure 11 1s an exploded view of the impeller housing of the duct, an annular seal and

resilient elements for supporting the duct in the body of the fan.

DETAILED DESCRIPTION OF THE INVENTION
Figures 1 and 2 are external views of a fan 10. The fan comprises a body 12 having an
air 1inlet 14 1n the form of a plurality of apertures formed in the outer casing 16 of the
body 12, and through which a primary air flow 1s drawn into the body 12 from the
external environment. An annular nozzle 18 having an air outlet 20 for emitting the
primary air flow from the fan 10 1s connected to the body 12. The body 12 further
comprises a user interface for allowing a user to control the operation of the fan 10. The

user interface comprises a plurality of user-operable buttons 22, 24 and a user-operable

dial 26.

The nozzle 18 has an annular shape. The nozzle 18 comprises an outer wall 28
extending about an annular inner wall 30. In this example, each of the walls 28, 30 is
formed from a separate component. Each of the walls 28, 30 has a front end and a rear
end. With reference also to Figure 4(a), the rear end of the outer wall 28 curves
inwardly towards the rear end of the inner wall 30 to define a rear end of the nozzle 18.
The tront end of the inner wall 30 1s folded outwardly towards the front end of the outer

wall 28 to define a front end of the nozzle 18. The front end of the outer wall 28 1s
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inserted into a slot located at the front end of the 1nner wall 30, and 1s connected to the

inner wall 30 using an adhesive introduced to the slot.

The 1nner wall 30 extends about an axis, or longitudinal axis, X to define a bore, or
opening, 32 of the nozzle 18. The bore 32 has a generally circular cross-section which
varies in diameter along the axis X from the rear end of the nozzle 18 to the front end of

the nozzle 18.

The inner wall 30 1s shaped so that the external surtace of the inner wall 30, that 1s, the
surface that defines the bore 32, has a number of sections. The external surface of the
inner wall 30 has a convex rear section 34, an outwardly flared frusto-conical front
section 36 and a cylindrical section 38 located between the rear section 34 and the front

section 36.

The outer wall 28 comprises a base 40 which 1s connected to an open upper end of the
body 12, and which has an open lower end which provides an air inlet for receiving the
primary air flow from the body 12. The majority of the outer wall 28 1s generally
cylindrical shape. The outer wall 28 extends about a central axis, or longitudinal axis, Y
which 1s parallel to, but spaced from, the axis X. In other words, the outer wall 28 and
the inner wall 30 are eccentric. In this example, the axis X 1s located above the axis Y,
with each of the axes X, Y being located in a plane which extends vertically through the

centre of the fan 10.

The rear end of the outer wall 28 1s shaped to overlap the rear end of the inner wall 30 to
define the air outlet 20 of the nozzle 18 between the inner surface of the outer wall 28
and the outer surface of the inner wall 30. The air outlet 20 1s 1n the form of a generally
circular slot centred on, and extending about, the axis X. The width of the slot 1s
preferably substantially constant about the axis X, and 1s in the range from 0.5 to 5 mm.
The overlapping portions of the outer wall 28 and the inner wall 30 are substantially

parallel, and are arranged to direct air over the convex rear section 34 of the inner wall

30, which provides a Coanda surface of the nozzle 18. A series of angularly spaced
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spacers may be provided on one of the facing surfaces of the overlapping portions of the
outer wall 28 and the inner wall 30 to engage the other facing surface to maintain a

regular spacing between these facing surfaces.

The outer wall 28 and the inner wall 30 define an interior passage 42 for conveying air
to the air outlet 20. The interior passage 42 extends about the bore 32 of the nozzle 18.
In view of the eccentricity of the walls 28, 30 of the nozzle 18, the cross-sectional area
of the interior passage 42 varies about the bore 32. The interior passage 42 may be
considered to comprise first and second curved sections, indicated generally at 44 and
46 1n Figure 3, which each extend in opposite angular directions about the bore 32.
With reference also to Figures 4(b) to 4(d), each section 44, 46 of the interior passage
42 has a cross-sectional area which decreases 1n size about the bore 32. The cross-
sectional area of each section 44, 46 decreases from a first value A; located adjacent the
base 40 of the nozzle 18 to a second value A; located diametrically opposite the base
40, and where ends of the two sections 44, 46 are joined. The relative positions of the
axes X, Y are such that each section 44, 46 of the interior passage 42 has the same
varitation in cross-sectional area about the bore 32, with the cross-sectional area of each
section 44, 46 decreasing gradually from the first value A; to the second value A;. The
variation in the cross-sectional area of the interior passage 42 1s preferably such that A,
> 1.5A,, and more preferably such that A; > 1.8A,. As shown in Figures 4(b) to 4(d),
the variation in the cross-sectional area of each section 44, 46 1s effected by a variation
in the radial thickness of each section 44, 46 about the bore 32; the depth of the nozzle
18, as measured 1n a direction extending along the axes X, Y 1s relatively constant about

the bore 32. In one example, A; = 2200 mm” and A, = 1200 mm".

The body 12 comprises a substantially cylindrical main body section 50 mounted on a
substantially cylindrical lower body section 52. The main body section 50 and the
lower body section 52 are preferably formed from plastics material. The main body
section 50 and the lower body section 52 preferably have substantially the same external
diameter so that the external surface of the main body section 50 1s substantially flush

with the external surface of the lower body section 52.
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The main body section 50 comprises the air inlet 14 through which the primary air flow
enters the fan assembly 10. In this embodiment the air inlet 14 comprises an array of
apertures formed in the section of the outer casing 16 of the body 12 which 1s defined
by the main body section 50. Alternatively, the air inlet 14 may comprise one or more
grilles or meshes mounted within windows formed 1n the outer casing 16. The main
body section 50 1s open at the upper end (as 1llustrated) for connection to the base 40 of
the nozzle 18, and to allow the primary air tflow to be conveyed from the body 12 to the

nozzle 18.

The main body section 50 may be tilted relative to the lower body section 52 to adjust
the direction 1n which the primary air flow 1s emitted from the fan assembly 10. For
example, the upper surtace of the lower body section 52 and the lower surtace of the
main body section 50 may be provided with interconnecting features which allow the
main body section 50 to move relative to the lower body section 52 while preventing the
main body section 50 from being lifted from the lower body section 52. For example,
the lower body section 52 and the main body section 50 may comprise interlocking L-

shaped members.

The lower body section 52 1s mounted on a base 56 for engaging a surface on which the
fan assembly 10 1s located. The lower body section 52 comprises the aforementioned
user interface and a control circuit, indicated generally at 38, for controlling various
functions of the fan 10 1n response to operation of the user interface. The lower body
section 52 also houses a mechanism for oscillating the lower body section 52 relative to
the base 56. The operation of the oscillation mechanism 1s controlled by the control
circuit 38 1n response to the user’s depression of the button 24 of the user interface. The
range of each oscillation cycle of the lower body section 52 relative to the base 56 1s
preferably between 60° and 120°, and the oscillation mechanism 1s arranged to perform
around 3 to 5 oscillation cycles per minute. A mains power cable (not shown) for

supplying electrical power to the fan 10 extends through an aperture formed i1n the base

56.
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The main body section 50 comprises a duct 60 having a first end defining an air inlet 62
of the duct 60 and a second end located opposite to the first end and defining an air
outlet 64 of the duct 60. The duct 60 1s aligned within the main body section 50 so that
the longitudinal axis of the duct 60 1s collinear with the longitudinal axis of the body 12,

and so that the air inlet 62 1s located beneath the air outlet 64.

The duct 60 1s illustrated in more detail in Figures 5 to 7. The air inlet 62 1s defined by
an outwardly flared inlet section 66 of an outer wall 67 of the duct 60. The inlet section
66 of the outer wall 67 1s connected to an impeller housing 68 of the outer wall 67. The
impeller housing 68 extends about an impeller 70 tfor drawing the primary air flow into
the body 12 of the fan 10. The impeller 70 1s a mixed flow impeller. The impeller 70
comprises a generally conical hub 72, a plurality of impeller blades 74 connected to the
hub 72, and a generally frusto-conical shroud 76 connected to the blades 74 so as to
surround the hub 72 and the blades 74. The blades 74 are preferably integral with the

hub 72, which 1s preferably formed from plastics matenal.

The hub 72 and the blades 74 of the impeller 70 are illustrated in more detail in Figures
8 and 9. In this example the impeller 70 comprises nine blades 74. Each blade 74
extends partially about the hub 72 by an angle in the range from 60 to 120°, and in this
example each blade 74 extends about the hub 72 by an angle of around 105°. Each
blade 74 has an inner side edge 78 which 1s connected to the hub 72, and an outer side
edge 80 located opposite to the inner side edge 78. Each blade 74 also has a leading
edge 82 located adjacent the air inlet 62 of the duct 60, a trailing edge 84 located at the
opposite end of the blade 74 to the leading edge 82, and a blade tip 86 located at the

intersection of the leading edge 82 and the outer side edge 80.

The length of each side edge 78, 80 1s greater than the lengths of the leading edge 82
and the trailing edge 84. The length of the outer side edge 80 1s preferably in the range
from 70 to 90 mm, and 1n this example 1s around 80 mm. The length of the leading

edge 82 1s preferably in the range from 15 to 30 mm, and in this example 1s around
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20 mm. The length of the trailing edge 84 1s preferably in the range from 5 to 15 mm,
and 1n this example 1s around 10 mm. The width of the blade 74 decreases gradually

from the leading edge 82 to the trailing edge 84.

The trailing edge 84 of each blade 74 is preferably straight. The leading edge 82 of
each blade 74 comprises an inner portion 88 located adjacent the hub 72, and an outer
portion 90 located adjacent the blade tip 86. The inner portion 88 of the leading edge 82
extends within a range from 30 to 80% of the length of the leading edge 82. In this
example the inner portion 88 1s longer than the outer portion 90, extending within a

range from 50 to 70% of the length of the leading edge 82.

The shape of the blades 74 1s designed to minimise noise generated during the rotation
of the impeller 70 by reducing pressure gradients across parts of the blades 74. The
reduction of these pressure gradients can reduce the tendency for the primary air tlow to

separate from the blades 74, and thus reduce turbulence within the air flow.

The outer portion 90 of the leading edge 82 1s swept forwardly from the inner portion 83
to the blade tip 86. This localised forward sweep of the leading edge 82 of each blade
74 towards the blade tip 86 can reduce the peak hub-to-tip loading of the blades 74. The
outer portion 90 1s concave in shape, curving forwardly from the inner portion 88 to the
blade tip 86. To reduce blade-to-blade loading of the blades 74, the inner portion 88 1s
swept rearwardly from the hub 72 to the outer portion 90 so that the length of the inner
side edge 78 approaches that of the outer side edge 80. In this example the inner portion
88 of the leading edge 82 1s convex 1n shape, curving rearwardly from the hub 72 to the

outer portion 90 of the leading edge 82 to maximise the length of the inner side edge 78.

Returning to Figure 7, the impeller 70 1s connected to a rotary shaft 92 extending
outwardly from a motor 94 for driving the impeller 70 to rotate about a rotational axis
Z. The rotational axis Z 1s collinear with the longitudinal axis of the duct 60 and
orthogonal to the axes X, Y. In this embodiment, the motor 94 1s a DC brushless motor

having a speed which 1s variable by the control circuit 58 in response to user
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manipulation of the dial 26. The maximum speed of the motor 94 1s preferably in the
range from 5,000 to 10,000 rpm. The motor 94 1s housed within a motor housing. The
outer wall 67 of the duct 60 surrounds the motor housing, which provides an inner wall
95 of the duct 60. The walls 67, 95 of the duct 60 thus define an annular air flow path
which extends through the duct 60. The motor housing comprises a lower section 96
which supports the motor 94, and an upper section 98 connected to the lower section 96.
The shaft 92 protrudes through an aperture formed in the lower section 96 of the motor
housing to allow the impeller 70 to be connected to the shatt 92. The motor 94 is
inserted 1nto the lower section 66 of the motor housing before the upper section 68 1s

connected to the lower section 66.

The lower section 96 of the motor housing 1s generally frusto-conical 1n shape, and
tapers inwardly 1n a direction extending towards the air inlet 62 of the duct 60. The hub
72 of the impeller 70 has a conical inner surface which has a similar shape to that of a

contiguous part of the outer surtace of the lower section 96 of the motor housing.

The upper section 98 of the motor housing 1s generally frusto-conical in shape, and
tapers inwardly towards the air outlet 64 of the duct 60. An annular diffuser 100 1s
connected to the upper section 98 of the motor housing. The diffuser 100 comprises a
plurality of blades 102 for guiding the air flow towards the air outlet 64 of the duct 60.
The shape of the blades 102 1s such that the air flow 1s also straightened as it passes
through the diffuser 100. As illustrated in Figure 10 the diffuser 100 comprises 13
blades 102. Each blade 102 has an inner side edge 104 which i1s connected to, and
preferably integral with, the upper section 98 of the motor housing, and an outer side
edge 106 located opposite to the inner side edge 104. Each blade 102 also has a leading
edge 108 located adjacent the impeller 70, and a trailing edge 110 located at the
opposite end of the blade 102 to the leading edge 108. The leading edges 108 of the
blades 102 define an inlet end of the diffuser 100, and the trailing edges 110 of the
blades 100 define an outlet end of the diffuser 100. One of the blades 102 defines a

passageway 112 through which a cable passes to the motor 94.
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The outer wall 67 of the duct 60 comprises a diffuser housing 114 connected to the
upper end of the impeller housing 68, and which extends about the diffuser 100. The
diffuser housing 114 defines the air outlet 64 of the duct 60. The internal surface of the
diffuser housing 114 1s connected to the outer side edges 106 of the blades 102, for
example using an adhesive. The diffuser housing 114 and the upper section 98 of the
motor housing define a diffuser section of the air flow path through the duct 60. The
diffuser section of the air flow path 1s thus annular 1n shape and converges towards the
outlet end of the ditfuser 100. The diffuser section of the air flow path has a cross-
sectional area, as formed from the intersection with the duct 60 of a plane which extends
orthogonally through the rotational axis Z of the impeller 70. To generate a smooth air
flow through the diffuser 100, the diffuser 100 1s shaped so that the variation in the
cross-sectional area of the air flow path along the diffuser section 1s preferably no

greater than 20% of the cross-sectional area of the air flow path at the inlet end of the

ditfuser 100.

As shown 1n Figures 5 and 7 the upper section 98 of the motor housing 1s perforated
(the perforations are not illustrated in Figure 10). The inner surface of the upper section
98 of the motor housing 1s lined with noise absorbing material 115, preferably an
acoustic foam material, to suppress broadband noise generated during operation of the
fan 10. The noise absorbing material 115 1s not shown in Figure 7 so as to not obscure
the perforations 1in the upper section 98 of the motor housing, but 1s illustrated in

Figures 3 and 4.

The 1mpeller housing 68 1s mounted on an annular seat 116 located within the main
body section 50 of the body 12. The seat 116 extends radially inwardly from the inner
surface of the outer casing 16 so that an upper surface of the seat 116 1s substantially

orthogonal to the rotational axis Z of the impeller 70.

An annular seal 118 is located between the impeller housing 68 and the seat 116. The
annular seal 118 1s preferably a foam annular seal, and 1s preferably formed from a

closed cell foam material. In this example, the annular seal 118 1s formed from EPDM
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(ethylene propylene diene monomer) rubber, but the annular seal 118 may be formed
from other closed cell foam material which preferably exhibits no more than 0.01 MPa
of stress at 10% compression. The outer diameter of the annular seal 118 1s preferably
smaller than the inner diameter of the outer casing 16 so that the annular seal 118 1s

spaced from the inner surface of the outer casing 16.

The annular seal 118 has a lower surface which 1s 1n sealing engagement with the upper
surface of the seat 116, and an upper surface which 1s i1n sealing engagement with the
impeller housing 68. In this example, the impeller housing 68 comprises a recessed seal
engaging section 120 extending about an outer wall of the impeller housing 68. The
seal engaging section 120 of the impeller housing 68 comprises a flange 122 which
defines an annular channel for receiving the annular seal 118. The flange 122 extends
radially outwardly from the outer surface of the impeller housing 68 so that a lower
surface of the flange 122 1s substantially orthogonal to the rotational axis Z of the
impeller 70. The internal periphery of a circumferential lip 126 of the tlange 122 and
the external periphery of the annular seal 118 are preferably scalloped or otherwise
shaped to define a plurality of recesses to inhibit relative rotation between the impeller

housing 68 and the annular seal 118.

The seat 116 comprises an aperture to enable a cable (not shown) to pass from the
control circuit 38 to the motor 94. Each of the flange 122 of the impeller housing 68
and the annular seal 118 1s shaped to define a respective recess to accommodate part of
the cable. One or more grommets or other sealing members may be provided about the
cable to 1nhibit the leakage of air through the aperture, and between the recesses and the

internal surface of the outer casing 16.

A plurality of resilient supports 138 are also provided between the impeller housing 68
and the seat 116 for bearing part of the weight of the duct 60, the impeller 70, the motor
94, and the motor housing. The resilient supports 138 are equally spaced from, and
equally spaced about, the longitudinal axis of the main body section 50. Each resilient

support 138 has a first end which 1s connected to a respective mount 140 located on the
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flange 122 of the impeller housing 68, and a second end which 1s receitved within a
recess formed 1n the seat 116 to inhibit movement of the resilient support 138 along the
seat 116 and about the longitudinal axis of the main body section 50. In this example,
each resilient support 138 comprises a spring 144 which 1s located over a respective
mount 140, and a rubber foot 146 which 1s located with a respective recess of the seat
116. Alternatively, the spring 144 and the foot 146 may be replaced by a rod or shaft
formed from rubber or other elastic or elastomeric material. As a further alternative, the
plurality of resilient supports 138 may be replaced by a single annular resilient support
extending about the annular seal 118. In this example, the external periphery of the
annular seal 118 1s further scalloped or otherwise shaped to form a plurality of recesses
148 each for at least partially receiving a respective resilient support 138. This allows
the resilient supports 138 to be located closer to the longitudinal axis of the main body
section 50 without either decreasing the radial thickness of the annular seal 118 or

increasing the diameter of the main body section 50.

A guide member 150 1s provided about the inlet section 66 and the lower end of the
impeller housing 68 for guiding the air flow entering the body 12 towards the air inlet
62 of the duct 60. The guide member 150 1s generally frusto-conical in shape, and
tapers inwardly towards the base 56 of the body 12. The guide member 150 defines in
part a tortuous air flow path between the air inlet 14 of the body 12 and the air inlet 62
of the duct 60, and so serves to block any direct path for noise passing from the air inlet
62 of the duct 60 towards the air inlet 14 of the body 12. The guide member 150
depends from an annular rib 152 extending about the impeller housing 68. The outer
periphery of the rib 152 may be connected to the inner surface of the main body section
50, for example using an adhesive. Alternatively, the inner periphery of the rib 152 may
be connected to the outer surface of the impeller housing 68. The outer surface of the
guide member 150 which 1s exposed to the air flow passing through the body 12 1s lined

with sound-absorbing material 154.

The guide member 150 1s spaced from the external surface of the duct 60 to define an

annular noise suppression cavity 156. The size of the cavity 156 1s tuned to the



10

15

20

23

30

CA 02873299 2014-11-12

WO 2013/171450 PCT/GB2013/050989

22

wavelength of the rotational tone of the impeller 70 so that the cavity 156 can act as a
resonator to target a specific wavelength of the noise generated during the use of the fan
10, as well as generally reduce noise levels. The cavity 156 has an inlet 158 located
between the air inlet 62 of the duct 60 and the guide member 150. The inlet 158 1s
annular 1n shape, and located at the lowermost extremity of the cavity 156. With
reference to Figures 3 and 4, the inlet 158 1s positioned at a location where the tortuous
section of the air flow path turns through an angle which 1s greater than 90° from a
direction extending away from the air inlet 14 of the body 12, and towards the rotational

axis Z of the impeller 70, to a direction extending towards the air inlet 62 of the duct 60.

In addition to the cavity 156, or as an alternative to that cavity 156, the main body
section 50 comprises a noise suppression cavity 160 located beneath the air inlet 62 of
the duct 60. The cavity 160 1s also tuned to the wavelength ot the rotational tone of the
impeller 70. The cavity 160 has an inlet 162 which 1s located beneath the air inlet 62 of
the duct 60, and which 1s preferably concentric with the air inlet 62 of the duct 60. A
lower wall of the cavity 160 1s defined by a concave lower surface 164 of the main body
section 50. The inlet 162 and an upper wall of the cavity 160 are defined by an annular
plate 166 which 1s connected to the upper peripheral portion of the lower surface 164 of

the main body section 50.

To reduce the level of broadband noise emitted from the fan 10, an annular sound
absorbing member 168 1s preferably located between the duct 60 and the cavity 160.
The annular sound absorbing member 168 1s concentric with the inlet 162 of the cavity
160, and has an outer periphery which 1s in contact with the inner surface of the outer
casing 16. A sheet of sound absorbing material may be disposed over the annular sound
absorbing member 168 to inhibit the ingress of dust into the cavity 160. The inner
surface of the outer casing 16 1s partially lined with sound absorbing material. For
example, a sheet of sound-absorbing material 172 may be located immediately

downstream of the air inlet 14 to reduce the level of broadband noise emitted through

the air inlet 14 of the body 12.
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To operate the fan 10 the user presses button 22 of the user interface, in response to
which the control circuit 58 activates the motor 94 to rotate the impeller 70. The
rotation of the impeller 70 causes a primary air flow to be drawn into the body 12
through the air inlet 14. The user may control the speed of the motor 94, and therefore
the rate at which air 1s drawn into the body 12 through the air inlet 14, by manipulating
the dial 26.

The rotation of the impeller 70 by the motor 94 generates vibrations which are
transterred through the motor housing and the impeller housing 68 towards the seat 116.
The annular seal 118 located between the impeller housing 68 and the seat 116 1is
compressed under the weight of the duct 60, the impeller 70, the motor housing and the
motor 94 so that 1t 1s 1n sealing engagement with the upper surface of the seat 116 and
the lower surface of the tlange 122 of the impeller housing 68. The annular seal 118
thus not only prevents the primary air flow from returning to the air inlet 62 of the duct
60 along a path extending between the inner surtace of the outer casing 16 of the main
body section 50 and the outer wall 67 of the duct 60, but also reduces the transmission
of these vibrations to the seat 116, and thus to the body 12 of the fan 10. The presence
of the resilient supports 138 between the impeller housing 68 and the seat 116 inhibits
any over-compression of the annular seal 118 over time, which otherwise could increase
the transmission of vibrations through the annular seal 118 to the seat 116. The
flexibility of the resilient supports 138 allows the resilient supports 138 to flex both
axially and radially relative to the seat 116, which reduces the transmission of vibrations
to the seat 116 through the resilient supports 138. The annular seal 118 serves to damp

the flexing movement of the resilient supports 138 relative to the seat 116.

The sound absorbing material 115, 154, 172 and the annular sound absorbing member
168 serve to dampen broadband noise generated within the body 12 of the fan 10. The
guide member 150 serves to prevent noise from passing directly from the air inlet 62 of
the duct 60 to the external environment via the air inlet 14 of the body 12. Undesirable

tones generated by the rotational of the impeller 70 are reduced by the cavities 156, 160.
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The rotation of the impeller 70 causes a primary air flow to enter the body 12 through
the air inlet 14, and to pass along the tortuous section of the air flow path to the air inlet
62 of the duct 60. Within the duct 60, the primary air flow passes through the impeller
housing 68 and the diffuser housing 114 to be emitted from the air outlet 64 of the duct
60. Returning to Figures 5 to 7, the end of the duct 60 in which the air outlet 64 1s
formed comprises two outwardly flared portions 180. The duct 60 1s shaped so that
when the duct 60 1s mounted on the seat 116 this end of the duct 60 protrudes from the
open upper end of the main body section 50 of the body 12. As a result, the flared
portions 180 of the duct 60 are located within the interior passage 42 of the nozzle 18.

Within the interior passage 42, the primary air flow 1s divided into two air streams
which pass 1n opposite angular directions around the bore 32 of the nozzle 18, each
within a respective section 44, 46 of the interior passage 42. The flared portions 180 of
the duct 60 are each shaped to guide a respective air stream into a respective section 44,
46 of the interior passage 42. As shown in Figure 3, the ends of the flared portions 180
of the duct 60 have a curvature which 1s substantially the same as that of the contiguous
portions of the outer wall 28 of the nozzle 16. The separation between the end of each
flared portion 180 and 1ts contiguous portion of the outer wall 28 of the nozzle 16 i1s
preferably no greater than 10 mm, more preferably no greater than 5 mm so that there 1s
minimal disruption to the profile of the air flow as 1t enters the interior passage 42 of the

nozzle 16.

As the air streams pass through the interior passage 42, air 1s emitted through the air
outlet 20. The emission of the primary air flow from the air outlet 20 causes a
secondary air flow to be generated by the entrainment of air from the external
environment, specifically from the region around the nozzle 18. This secondary air
flow combines with the primary air flow to produce a combined, or total, air flow, or air

current, projected forward from the nozzle 18.



25

The embodiments of the invention in which an exclusive property or privilege is claimed

are defined as follows:

1. A fan for generating an air current, comprising:
a body comprising an air inlet; and
a nozzle connected to the body;

the nozzle comprising an interior passage for receiving an air flow from the body and at
least one air outlet from which the air flow is emitted from the fan, the interior passage extending

about an opening through which air from outside the nozzle is drawn by air emitted from said at

least one air outlet;

the body comprising a duct having an air inlet and an air outlet, an impeller located
within the duct for drawing the air flow through the duct, and a motor for driving the impeller, the
body defining an air flow path extending from the air inlet of the body to the air outlet of the duct;

wherein the body further comprises a noise suppression cavity located beneath the air
inlet of the duct and an annular sound absorbing member located between the duct and the noise
suppression cavity, the cavity having an inlet which is located beneath the air inlet of the duct and

the annular sound absorbing member is concentric with the inlet of the noise suppression cavity.

2. A fan as claimed in claim 1, wherein the body comprises at least one wall at least
partially delimiting the noise suppression cavity, and wherein the inlet of the cavity is located in

said at least one wall of the body.

3. A fan as claimed in claim 1 or claim 2, wherein the body comprises a lower section and
an upper section which is mounted on the lower section for movement relative thereto, and

wherein the upper section of the body has a bottom wall which partially delimits the noise

suppression cavity.

4. A fan as claimed in claim 3, wherein the bottom wall of the upper section of the body 1s

concave in shape.

5. A fan as claimed in any one of claims 1 to 4, wherein the body comprises a sheet of

sound absorbing material disposed over the annular sound absorbing member.

CA 2873299 2018-11-30
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6. A fan as claimed in any one of claims 1 to 5, wherein the body comprises annular guide

means extending about the duct for guiding air from the air inlet of the body to the air inlet of the

duct.

7. A fan as claimed in claim 6, wherein the guide means defines in part a tortuous air flow

path between the air inlet of the body and the air inlet of the duct.

8. A fan as claimed in claim 7, wherein the noise suppression cavity is located beneath said

tortuous air flow path.

9. A fan as claimed in any one of claims 6 to 8, wherein the guide means is inclined relative

to the rotational axis of the impeller.

10. A fan as claimed in any one of claims 6 to 9, wherein the guide means comprises a

substantially conical guide member.

11. A fan as claimed in any one of claims 6 to 10, wherein the guide means depends from an

annular rib extending between the body and the duct.

12. A fan as claimed in any one of claims 1 to 11, wherein the air inlet of the body comprises

an array of apertures which extends about the duct.

13. A fan as claimed in any one of claims 1 to 12, wherein the duct comprises an inner wall
and an outer wall extending about the inner wall, and wherein a portion of the inner wall of the

duct is perforated and lined internally with sound-absorbing material.

14. A fan as claimed in claim 13, wherein the perforated portion of the inner wall is frusto-

conical in shape, and tapers towards the outlet of the duct.

15. A fan as claimed in claim 13 or claim 14, wherein a section of the duct adjacent the

perforated portion of the inner wall houses a diffuser.
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16. A fan as claimed in any one of claims 13 to 15, wherein the inner wall of the duct forms

at least part of a motor housing for housing the motor.

17. A fan as claimed in any one of claims 1 to 16, wherein the duct is mounted on an annular

seat located within the body, the body comprising an annular seal in sealing engagement with the

duct and the seat.

18. A fan as claimed in claim 17, wherein the seal is a foam annular seal.

19. A fan as claimed in any one of claims 1 to 18, wherein the impeller 1s a mixed flow
impeller.

20. A fan as claimed in any one of claims 1 to 19, wherein the impeller comprises a

substantially conical hub connected to the motor, and a plurality of blades connected to the hub,
each blade comprising a leading edge located adjacent the air inlet of the impeller housing, a
trailing edge, an inner side edge connected to and extending partially about the outer surface of
the hub, an outer side edge located opposite to the inner side edge, and a blade tip located at the
intersection of the leading edge and the outer side edge, and wherein the leading edge comprises
an inner portion located adjacent the hub, and an outer portion located adjacent the blade tip, and

wherein the inner portion is swept rearwardly from the hub to the outer portion, and the outer

portion is swept forwardly from the inner portion to the blade tip.

21. A fan as claimed in any one of claims 1 to 20, wherein the air outlet of the duct protrudes

from the body into the interior passage of the nozzle.

22. A fan as claimed in any one of claims 1 to 21, wherein the inlet of the cavity is concentric

with the air inlet of the duct.
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