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ANGLED AIRFOIL EXTENSION FOR FAN BLADE

BACKGROUND

A variety of fan systems have been made and used over the years in a variety of

contexts. For instance, various ceiling fans are disclosed in U.S. Patent No.
7.284.960; U.S. Patent No. 6,244,821; U.S. Patent No. 6,939,108; and U.S. Patent

No. 8.079,823. Alternatively, any other suitable fans may be used in conjunction

with versions described herein.

The outer tip of the fan blade or airfoil may be finished by the addition of an

aerodynamic tip or winglet. Merely exemplary winglets are described i U.S.

Patent No. 7,252,478 and U.S. Patent No. 7,934,907. In other variations, and
angled extension may be added to the fan blade or airfoil, such as the angled fan

blade extensions described in U.S. Patent No.8,162,613. Other suitable structures

that may be associated with an outer tip of an airfoil or fan blade will be apparent
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to those of ordinary skill in the art. Alternatively, the outer tip of an airfoil or

family may be simply closed, or may lack any similar structure at all.

[0004] The interface of a fan blade and a fan hub may also be provided in a variety of
ways. For instance, an interface component is described in U.S. Patent No.
8,147,204, Alternatively, the interface of the fan blade in the fan hub may include

any other component or components, or may lack any similar structure at all.

[0005] Fans may also include a variety of mounting structures. For instance, fan
mounting structure is disclosed in U.S. Patent No. 8,152,453, In addition, offend
me include sensors are other features that are used to control, at least in part,
operation of the fan system. For instance, such fan systems are disclosed in U.S.

Patent No. 8,147,182 and U.S. Patent No. 8,123,479. Alternatively, any other

suitable mounting structures and/or fan systems may be used in conjunction with

versions described herein.
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It may also be destrable in somc sctiings for the output airflow from a fan to
spread outward across a relatively broad area rather than heing concentrated

it a vertical column below the fan.

While a vaniety of components and features have been incorporated into fans
and fan systems. it is believed that no one prior to the inventor has made or

uscd the invention described in the appended claims.
BRILF DESCRIPTION OF THE DRAWINGS

The accompanyimg drawings mmcorporated m and forming a part of the
specitication lustrate several aspects of the present invention, and together
with the descriptton serve to explain the principles of the invention; it being
understood. however, that this invention is not limited to the precise
arrangements shown.  1n the drawings, like reference numerals vefer to like

elements in the several views. In the drawings:
Figure | is a perspective view of an exemplary angled fan bladc cxtension.

Iigure 2 is an alternate perspective view of the angled fan blade cxtension of

Fig. 1.
Figure 315 a cross-sectional view of the angled fan blade extension of Fig. 1.

Figure 4 is a perspective view of the angled fan blade extension of Fig. |

installcd on an exemplary fan blade.

Figure 5 is a cross-sectional view of the ungled fan blade extension and fan

bladc of Fig. 4.
Figure 6 1s a plan view of a hub for mounting fan blades.

Figure 7 is cross-sectional view of the excmiplary fan blade of Fig. 4.
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Reference will now he made i detail to the present preferred version of the

invention, an example of which is illustrated in the accompanying drawings.
DETAILED DESCRIPTION

The following description of certain examples of the invention should not be
used to lunit the scope of the present invention. Other examples, {eatures,
aspects, versions, and advantages of the invention will become apparent to
those skilled in the art from the following description, which is by way of
ilustration, one of the bhest modcs contemplated for carrying out the
invention.  As will be realized, the invention is capable of other different and
obvious aspects. all without departing from the invention. Accordingly, the
drawvings and descniptions should be regarded as illustrative in nature and not

restnchive.

Retering now to the drawings it detail, wherem like numerals indicate the same
clements throughout the views, Figures | and 2 show exemplary angled f{an
blade extension (F0). which may be uscd with a fan (not shown) having one or
miowe Lan blades (12) in the form of wirfails. Relermnng to Figures 6 and 7, those
of ordinary skill in the art will appreciatc that a fan may gencrally compnse a
hub portion (36), duding a plurality of hub mounting members (38), to which
one or more fan blades (12) may be mounted. Suitablc examples of fans, hub
portions (36), and fan blades (12) with which extensions (10) may be used are
disclosed in the vanous patents, patent publications, and patent applications cited

previously hercin, though others may also be used.

Fan blade (12) of the present example 1s formed of extruded aluminum, though
any other material(s) or methods of forming a fan blade (12) may be used. Fan
blade (12) of the present example has an upper surface (52) with a generally
elliptical curvature and a lower surface (54) with a generally elliptical curvature.
Suitable methods of forming and elliptical configurations for a fan blade (12) are

disclosed in US. Patent No. 7.284.900. cntitled “FAN BLADES,”

Altematively, upper
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surface (52) and lower surface (54) may have any other suitable curvaturc or
configuration. Fan blade (12) of the present example 1s also substantially
holtow, and has a plurality of bosses (56) extending inwardly in the nterior of
fan blade (12). Bosses (56) are configured to engage mounting members (38) of
hub portion (30) as shown in Figure 7. Of course, a tan blade (12) may
alternatively be substantially solid and/or may have any other suitable internal
structures in addition to or in lieu of bosses (56). A fan blade (12) may also

engage a hub portion (36) 1n any other desired fashion.

In the present example, angled fan blade extension (10) includes attachment
portion (14) and angled portion (16). Attachment portion (14) has a proximal
end (20) and a distal end (22). Angled portion (16) has a proximal end (20) and
a distal end (28). The proximal end (26) of angled portion (16) 1s secured to the
distal end (22) ot attachment portion (14). In some versions, attachment portion
(14) and angled portion (16) are formed separately, then joined together using
fasteners (c.g.. bolts, etc.), interlocking components or features, press fitting,
adhesives. welding, or any other suttable devices, structures, or techniques.  In
some other versions, attachment portion (14) and angled portion (16) are tormed
as a unitary construction (e.g., molded as a homogenous continuum of materal,

etc.). Other ways in which attachment portion (14) and angled portion (16) may
be formed will be apparent to those of ordinary skill in the art in view of the
teachings herein. The proximal end (20) of attachment portion (14) is secured to

the distal end (30) of fan blade (12) as described in greater detail below.

In some versions, the association of angled fan blade extension (10) to fan blade
(12) provides a continuation of the cross sectional profile of fan blade (12).
However. rather than continuing along the axis of fan blade (12), the association
of angled tan blade extension (10) to fan blade (12) creates an upwardly curved
angle configured to create a pattern of outward spread in the output airflow
column. It will be appreciated by those of ordinary skill in the art that other

angular orientations may be used. Along angled portion (16), the acrodynamic

propertics and angled orientation of angled portion (16) may tend to detlect the
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air downward and outward in a direction perpendicular to the axis of angled
portton (16) of angled fan blade extension {10). Such a deflection mav create an
effect of an outwardly spreading, column of air below the fan. Those of ordinary
skill in the art will appreciate that other effects may be created in addition to or
as an alternative to an outwardly spreading column of atr below the fan. By way
of example only, the angle of angled fan blade extension (10) may be such to
similarly divect an outward tlow of air at about the height of the tan. Also by
way of example only, the angled fan blade extension (10) may be oriented such
that the association of angled fan blade extension {10) to fun blade (12) creates a
downwardly curved angled configured to create a pattern of inwand spread in the

output airflow column.

In some versions, the angle between fan blade (12) and angled portion (16) of
angled tan blade extension (10) may have a tendency to disrupt vortices winch
form at distal end (28) of angled portion (16) of angled fan blade extension (10).
This disruption of vortices may, to some extent, achicve the efficiency pains
realized by the winglets described in U.S. Patent 7.252.478

. Angled fan blade extension (10) may also be formed with,

fitted with, or otherwise include a winglet such as one described in U.S. Patent
7.252.478.

Now referring to Figures 4 and 5. in some versions, the angle between the axis
of fan blade (12) and the axis of angled portion (16) of angled fan blade
extension (10) may be between approximately 30 degrees, inclusive, and
approximatcly 60 degrees. inclusive. For tnstance, the angle between the axis
of fan blade (12) and thc axis of angled portion (16) of angled fan blade
extension {10) may be approximatcly 45 degrees. Altematively. the angle
between the axis of fan blade (12) and the axis of angled portion {16) of
angled fan blade extension (10) may be between approximately 40 dcgrees,
inclusive, and approximately 30 degrees, inclusive; belween approximately

30 degrees, inclusive, and appreximately 60 degrees, inclusive; between

approximately 25 degrees, inclusive, and approximately 65 degrees, inclusive;
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between approximately 20 degrees, inclusive, and approximaitely 70 degrees,
inclustve; or between approximately 10 degrees, inclusive, and approximately

80 degrees, inclusive. Of course, any other suttable angular refationships may

be used.

In some versions, the length of angled portion (16) may be between
approximately i/4 and approximateiy 1/12 of the length of associaled lan
blade {12), inclusive. Alternatively, anv other suitable length relationships

may be used.

In some versions, angled fan blade extension (10) 15 made of a hightweight
polymer material {o minimize its weight, Alternatively, any other suitable
matcnal or imatenals may be used. mcluding but not limited 0 any suitable

plastic, metal, composite, alloy, or combinations thereof,

Now referring to Figures 3 and 5, angled fan blade cxtension {10) may
comprise a hollow form having a hollow space (34) defined by a relatively
thin wall (32), to further minunize the weight of angled fan blade extension
(10) while maintaining the full detail of the desired fan blade cross section
form. Alternatively, angled fan blade cxtension (1() may be solid or have a
substantially solid extcrior and parhally sohid mterior. h will also be
apprecialed that angled fan blade extension (10) may mitially comprise a
hollow form, with a material being used to fill the hollow fonn to any suitable

degree.

The manufacturing process uscd in the production of angled lan blade
extension {10) may include blow wmolding, rotational molding, injection
molding, permanent mold casting. dic-casting, stamping, welding, or any

other suitable manulacturing process(cs). including combinatians thereof.

By way of example only, angled fan blade extension (1)) may be used with a
tan blade (12) having any of the various cross section forms described in ULS.
Patent 7.284.960, entitled “Fan Blades,” filed January 28, 2005

or any of thos¢ described in any of the other



WO 2009/011933

10029

CA 02684029 2014-01-17

Ch 02684029 2009-08-28
PCT/US2008/055266

- 8.

patents, patent publications, and patent applications cited previously herein, It
will also be appreciated that angled fan blade extension (10) may have any
suitable cross section form. For instance, at least a portion of an angled fan
blade extension (10} may have a cross section form similar 1o the cross
section form of a tan blade (12) to which it 15 sceured. At least a portion of an
angled fan blade extension (10) may also have a cross section form that
differs {rom the cross scction of a fan blade {12) to which 1t is secured. In
addition, distal end (28) of angled portion (16} of angled fan blade extension
(10) may bc substantially ftat, rounded (e.p. convex, cte.), tapered, or have
any other sullable configuration. In the example shown i Figure 2, angled
portion {16) of angled fan blade extension (10) has an arcuate cross scction
form with a rounded distal end (28} of angled portion (16). For instance,
angled fan blade extension (10) may have generally clliptical upper and lower

surfaces, ssmilar to tan blade (1 2).

In some verstons, angled fan blade extension (10) (s secured to fan blade (12)
using any suitable techmque. By way of example only, the ¢nd of fin blade
{12) may be substantially hollow, and angled fan blade extension (10) may
comprise attachment portion (14) configured to be inserted into the end of fan
blade (12). Alicmativcly, the end of attachment portion (14) of angled fan
blade cxtension (10) may be substantially hollow, and the cnd of fan blade
(12) may be configured te be inserted into the end of attachment portion ( 14).
For instance, attachment portion (14) may be moditied to include a cuff,

similar to the winglcts described in U.S. Patent No. 7,934,907.

Stll yet, attachment portion (14) may be

configured to slide over a portion of the end of {an blade (12) to establish
connectivity,  Furthermore, angled fan blade extension (10} may lack an

attachment portion (14) altogether. For instance, angled portion (16) may be

secured directly to fan blade {12) by separately forning angled portion (16} and

fan blade (12). then joining them together using fasteners (c.g.. bolts, etc.),
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interlocking components or features, press fitting, adhesives, welding, or any
other suitable devices, structures, or techniques. In some other versions that lack
an attachment portion (14) altogether, angled portion (16) and fan blade (12)
may be tormed as a umitary construction (e.g.., molded as a homogenous

continuum of maternial, etc.). Other suitable engagement configurations and

relattonships will be apparent to those of ordinary skill in the art.

[0030] [t will also be appreciated that one or more tasteners may be used to secure
attachment portion (14) to fan blade (12), including but not limited to one or
more pins, screws, bolts, adhesives, nails, welds, etc. In the present example, a
screw post fastener (40) 1s used to secure attachment portion (14) to fan blade
(12). In yet another version, tan blade (12) and attachment portion (14) of
angled tfan blade extension (10) are integrally formed of a homogenous
continuum of matenial.  For instance, angled fan blade extension (10) may
simply comprise the distal end (30) of fan blade (12) bent upward. It will be
appreciated by those of ordinary skill in the art that such a bent configuration
may include bending the distal end (30) of fan blade (12) in a vanety of

directions to achieve the desired angular configuration.

(0031} [n some versions of angled fan blade extension (10), attachment portion (14)
has substantially tlat upper and lower surfaces (e.g., defining substantially
tlat, substantially parallel planes, etc.). For instance, attachment portion (14)
may be contfigured similar to mounting members (38) of hub portion (36).
Alternatively, as shown in Figures 1-3, attachment portion (14) may have a
center region and/or upper and lower surfaces having a curvature that is
substantially similar to or complements a curvature of one or both fan blade (12)
surfaces (52, 54). For instance, upper and lower surfaces of attachment portion
(14) may cach have a generally elliptical curvatures; and/or a center region of
attachment portion (14) may have a generally elliptical curvaturc. Furthermore,
upper and lower surfaces of attachment portion, regardless of whether they are

curved or substantially flat, may also include one or more recesses, relief

fcatures, or other features configured to engage with bosses (56) inside fan blade
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(12). In some versions, a pattern of thicker and thinner sections across
attachment portion (14) may provide additional stiffness and/or resistance to
crushing. Other suttable configurations and features for an attachment portion

(14) will be apparent to those of ordinary skill in the art in view of the teachings

herein.

Having shown and described various versions of the present invention, further
adaptations of the methods and systems described herein may be
accomplished by appropriate modifications by one of ordinary skill in the art
without departing from the scope of the present invention. Several of such
potential moditfications have becen mentioned, and others will be apparent to
those skilled i the art. For instance, the examples, versions, gcometrics,
materials, dimensions, ratios, steps, and the like discussed above are
lustrative and are not required. Accordingly, the scope of the present
mvention should be considered in terms of the following claims and is
understood not to be hmited to the details of structure and operation shown

and described 1n the specification and drawings.
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What 1s claimed 1s:

1. An extension for a fan blade, wherein the fan blade has a concave lower surface and a
convex upper surface, the extension comprising:

a. an attachment member, and

b. an angled member having a proximal end and a distal end, wherein the angied
member is integrally coupled to and extehds from the attachment member at the
proximal end of the angled member, such that the attachment member and the
angled member together form a homogeneous continuum of material, the angled
member comprising:

1. aconcave lower surface, and

il. aconvex upper surface,

wherein the attachment member is configured to substantially engage a fan blade

first end,

wherein a portion of the proximal end of the angled member abuts the fan blade
first end when the attachment member is substantially engaged with the fan blade

first end,

wherein the concave lower surface of the fan blade and the concave lower surface

of the angled member substantially align when the angled member abuts the fan

blade first end,
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wherein the fan blade is configured to be mounted to a fan hub at a second end of

the fan blade, the second end being oppostte the first end, and

wherein the angled member extends from the attachment member at a non-

perpendicular, non-parallel angle relative to the fan blade.

. The extension for a fan blade of claim 1, wherein the attachment member 15 tnsertable

into an open end of the fan blade first end.

. The extension for a fan blade of claim 1, wherein the attachment member 1s connected to

the fan blade first end by sliding over a portion of the fan blade first end.

. The extension for a fan blade of claim 1, wherein the attachment member 1s connected to
the fan blade first end by a fastening device selected from the group consisting of one or

more pins, screws, bolts, adhesives, nails, clips, welds, and combinations thereof.

. The extension for a fan blade of claim 1, wherein the attachment member i1s connected to

the fan blade first end in a substantially planar configuration.

. The extension for a fan blade of claim 1, wherein the angled member creates an angle

relative to the fan blade between 30 degrees and 60 degrees.
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7. The extension for a fan blade of claim 1, wherein the angled member has a length

between 1/4 and 1/12 of the length of the fan blade.

8. The extension for a fan blade of claim 1, wherein the cross section form of the angled

member is substantially the same as a cross section form of the fan blade.

9. The extension for a fan blade of claim 1, wherein the angled member includes a distal

end, wherein the distal end 1s rounded.

10. The extension for a fan blade of claim 1, wherein the angled member includes a

substantially hollow portion.

11. The extension for a fan blade of claim 1, constructed from a process selected from the
group consisting of blow molding, rotational molding, injection molding, permanent

mold casting, die-casting, stamping, welding, and combinations thereot.

12. The extension for a fan blade of claim 1, wherein the fan blade defines an airfoil shape,

and wherein the angled member defines an airfoil shape complementing the airfoil shape

of the fan blade.



00000000000000000000

7
/

)

//
/ {f
X
- , \\\\
A\ V& '
¢
/ £
&,
/7
J

PCT/US2008/055266

g

<



00000000000000000000

PCT/US2008/055266



00000000000000000000
WO 2009/011933 PCT/US2008/055266




CA 02684029 2009-08-28

WO 2009/011933 PCT/US2008/055266
4/7




CA 02684029 2009-08-28

WO 2009/011933 PCT/US2008/055266
S5/7







CA 02684029 2009-08-28

WO 2009/011933 PCT/US2008/055266
7/7

g\

w
2R ™
i\ b
O







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

