FAN BLADES AND MODIFICATIONS PRIORITY [0001jThis application
claims priority from the disclosure of U.S. Provisional Patent Application
Serial No. 60/589,945, entitled "Fan Blades and Modifications," filed July
21, 2004. BACKGROUND OF THE INVENTION [0002]The present
invention relates generally to fan blades and fan blade modifications, and
is particularly directed to an airfoil suitable for use with a fan blade and a
winglet suitable for use with a fan blade. [0003]People who work in large
structures such as warehouses and m nufacturlng plants may be exposed
co working condition, t% \nge from being C(():forale to hazardous.
The same may also appty-ifragtcthtrar-sett
that is full of livestock. On a hot day, the inside alr temperature may reach
a point where a person or other animal is unable to maintain a healthy or
otherwise desirable body temperature. In areas where temperatures are
uncomfortably or unsafely high, it Tdesirable to have a device

EW erable to create or enhance airflow within the area. Such airflow may, in
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a hot day, the inside air temperature may reach a point where a person

or other animal is unable to maintain a healthy or otherwise desirable
body temperature. In areas where temperatures are uncomfortably or
unsafely high, it may be desirable to have a device operablé to create
or enhance airflow within the area. Such airflow may, in part,

facilitate a reduction in temperature in the area.

[0004] Moreover, some activities that occur in these environments, such as
welding or operating internal combustion engines, may create airborne
contaminants that can be deleterious to those exposed. The effects of
airborne contaminants may be magnified if the air flow in the area is
less than ideal. In these and similar situations, it may be desirable to
have a device operable to create or enhance airflow within the area.

Such airflow may, in part, facilitate the reduction of deleterious effects



[0006]I1t may also be desirable to have a fan capable of reducing energy
consumption. Such a reduction of energy consumption may be effected by
having a fan that runs efficiently (e.g., less power is required to drive the
fan as compared to other fans) A reduction of energy consumption may
also be effected by having a fan that improves air distribution, thereby
reducing heating or cooling costs associated with other devices. BRIEF
DESCRIPTION OF THE DRAWINGS%OOO?]The accompanying drawings
incorporated in and forming a part of the specification illustrate several

aspects of the present invention, and together with the description serve
to explain theodpriﬁBWgé”@f‘fﬁe it ti%;%’ﬂ&?fﬁ’g GHHEPD 0 BHIRGwESFRPYaL of

that this invenitamisimoeitdimited to the precise arrangements shown. In the
drawings, like reference numerals refer to like elements in the several
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fart blades. [000Q9]Fig. 2 is a cross-sectional view of an exemplary fan
blade airfoil. 28BS UREPEU e CHURRISIEG Sruriiherhbivaay be
exemplary farpbladesairiolc@0he | kiga 4ede pietsleof EPIhsREWAGIWOrelatively
ellipses. [001215 , Sﬂf icts.a portion of the graph of Fig. 4. ,Ol?é]{Fi .6
is side view of ?i%é'xe ﬁ%r?ﬁﬁ%ﬁaﬁ%ﬂéﬂ Sﬁlffegtl%m‘gg’ﬂﬁ idg‘;ﬁ%“ze
a cross-sectiodisddviaagésthbatvimgletafsEigom 01154 Higis Sois atliep iridyaldiced
the winglet of Fig. 6. o - o .
airfiémperature distribution. In these and similar situations, it may be
desirable to have a device operable to create or enhance airflow within
the area. Such airflow may, in part, facilitate de-stratification and the

inducement of a more ideal air/temperature distribution.

[0006] It may also be desirable to have a fan capable of reducing energy
consumption. Such a reduction of enmergy consumption may be
effected by having a fan that runs efﬁc‘ienﬂy (e.g., less power is
required to drive the fan as compared to other fans). A reduction of
energy consumption may also be effected by having a fan that
improves air distribution, thereby reducing heating or cooling costs

associated with other devices.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention, and
together with the description serve to explain the principles of the
invention; it being understood, however, that this invention is not
limited to the precise arrangements shown. In the drawings, like
reference numerals refer to like elements in the several views, In the

drawings:
[0008] Fig. 1 is a plan view of a hub for mounting fan blades.

[0009] Fig. 2 is a cross-sectional view of an exemplary fan blade airfoil.




[0016]Fig. 9 is an end view of the fan blade of Fig. 2 modified with the

winglet of Fig. 6. [0017]Fig. 10 is an exploded perspective view of the

winglet-blade assembly of Fig. 9. [0018]Reference will now be made in

detail to the present preferred embodiment of the invention, an example of

which is illustrated in the accompanying drawings. DETAILED

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0019]Referring now to the drawings in detail, wherein like numerals

indicate the same elements throughoug the views, Fig. 1 shows exemplary

fan hub 10, which may be used to provide a fan having fan blades 30 or

5@olropiie prespiy exRraRiRsiaRdidRal iokliden aRlMAIR ek BBy fan blade

mounting members 12 to which fan blades 30 or 50 may be mounted. In

one embodim@ﬁgolaan hub 10 is coupled to a driving mechanism for

rotating fan hub 10 at selectable or predetermined speeds. A suitable hub

a@é’ér’rﬁ)ly mayFi8ué LeHesTREMbEO™ERE BvaRlimgshechanism coupled to

hub 10. Of course, a hub assembly may include a variety of other

el@Pdhts, inclfiégng deniste ropertian oAt zramiuty Fentay be driven by any

- 4 - suitable means. In addition, fan hub 10 may have any suitable

n@8r of huFractiirisidernizmioé e £2eBARRY WS sleofun tiafégaodi fleaviogh

3, each hub mounting member 12 has top surface 14 and bottom surface

100Aich ternfitm(e intatesdingienge b8 aftht sitingl@dgeigOes In addition,

each hub mounting member 12 includes opening 22 foilned through top

sl6ase 14 and'godg Hisugbvwoetiar wudate Bignsthe present example,

opening 22 is sized to receive fastener 26. Each hub mounting member

1@ spnfigurgddogaseinectaniade SR R0 b HIRSErak @ dinapastdll Wit the

the art will appreciate that hub mounting members 12 may be provided in

a variety of alt3PR8IR&'CEi%i§urations. [0021]In one embodiment, fan

blades 30 or 50 are mounted to the hub assembly disclosed in U.S. Patent

NBOE7b4-4,82 Fipd Odsaeetalodnd desner by Suienagiibanongiss chlulangsembly

other hub andgriiglpassembly. A suitable hub assembly may be operable

to rotate hub 10 at any suitable angular speed. By way of example only,

St gnaular SpgediBRyRR AWWNRICAJ0CIAMEST APRIRMIAIEY (2R red

108 revolutions per minute. .
embodiment of the invention, an example of which is illustrated in the

accompanying drawings.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0019] Referring now to the drawings in detail, wherein like numerals indicate
the same elements throughout the views, Fig. 1 shows exemplary fan hub
10, which may be used to provide a fan having fan blades 30 or 50. In
the present example, fan hub 10 includes a plurality of hub mounting
members 12 to which fan blades 30 or 50 may be mounted. In one
embodiment, fan hub 10 is coupled to a driving mechanism for rotating
fan hub 10 at selectable or predetermined speeds. A suitable hub
assembly may thus comprise hub 10 and a driving mechanism coupled to
hub 10. Of course, a hub assembly may include a variety of other

elements, including a different hub, and fan hub 10 may be driven by any



[0022)Fig, 2 shows a cross section of exemplary fan blade 30 having

curled trailing edge 38, mounted to hub 10. The cross section is talcen

along a transverse plane located at the center of fan blade 30, looking
toward hub 10. Fan blade 30 has top surface 32 and bottom surface 34,

each of which terminate into leading edge 36 and trailing edge 38. As

shown, trailing edge 38 has a slope of approximately 45' relative to portion

of top surface 32 that is proximate to trailing edge 38 and portion of

bottom surface 34 that is proximate to 4railing edge 38. Of course, trailing
edge 38 may have any other suitable slope, such as 00 by way of

example only, #8it¢dcaneant timeddtiomprisostal Singly hflet suyfadebBthenber of

suitable trailing,g¢lgR 38 soRfigiirations will be apparent to those of
ordinary skill in the art. - 5 - [00231In the present example, fan blade 30 is

S tially hallowy p|llII ' ribs or.bosses 40 are located inside fan
blade 30. As shown. w Enﬁ%%ﬁ%ﬁh‘ﬁ%& ’rr?%cmt?leérlp TSN RSE RGO  Fafi2s top

blade 30, ribs &tBsssksangd betiopositifined Guehichattiheyiedntadtdding edge 18
surface 14, bofmsii %%g, igading Zggg@o%?, ??&9 Huablllpr%)teué{&% 21%)e0fber 12

hub mounting member I2. Bosses 40 thus provide a snug eentan

blade 30 and HEBYSRSLPRARD E&hiBERad thamesh dtpewdikgli atidnsog farough

blade 30, inclughrgrwBeklimgit | ipnshi .
between fan bl$ade (3%? and hut)ﬁf:rtwltlo@ulsrlf%g.r‘?gﬁt r%%%wﬁt%g? ("192%‘[ %%lég %a%g%tr%ﬁcewe
to those of ordiASFYEKN-irf sk Bk mowusingmaenthen Keienonfigernedocteeive fan
"chord,” "chordlangsh or"S0axIHbEE b HHRKASS S MAHD TGRS BB Ehub
of attack," and the like, shall be ascribed the same meaning ascribed to
those terms ad11¥BH% REETS T Hir BIaR PRiREPBId8thét airieHielsstinalipmative
one embodimenhffarafitade (30) has a chord length of approximately 6.44
inches. Fan blade (30) has a maximum thickness of approximately 16.2%

oftbet phord; amchacBRKEBMBNE MRS 3DREIMRENYhed % AL 8 assembly
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The radius of FATRFERY B ai%rﬁ’%‘ﬁg%%tbrr@m@m,(@n)hbdes 30 or 50
approximately fia§%ethpeietdo khRomierns membdimeshinn Nadet30huy

has a chord of ?%[gf(imat ly 7 inches. In another embodiment, fan blade
(30) has a choftr O AP prEkiti RS B HE 781 HER 1Ot suitabis agwar speed.
suitable dimenSiomasaofloapigeoipnthas e aseeei0NZp BBYWANAE in the
example only, ’I§a§ng b(l)?.%le gggzmm cﬂz%@y gft to drag ratios ranging from
approximately 3978 CUAdEr cotdito QPISKRIYEYR BRSRIRber is
iﬁ,%%iimately 20,000, to approximately 93.3, where the Reynolds

umber is ap S IV Ao FeesPR R sEemMam iftmobindsy Y tesing aurled

be obtained withifiig bigd3Mbunt€d-tNHHBLRY. ISTAPRFSE NRIRY 1§ 3000 aithe 2
approximatelytpdl}Z? where Lhe I%gén&glds Number is approximately
r i

:
112,500. Of courssé'?%ﬁ\%ﬁ R & REOIHAS B2 Bldarndalonkineqward hub
blade (30). [007]Ionelmeanples ussleneapdionsmisets-therBeyBaldsch of

Number is ap imately 200,000, fan blade (30) moves air such that
there is a veIoR():Ciit{g/% g%%%’%ﬁd?%&%%ﬁ% ﬁ?%e étgb%lggﬁ?@ﬂﬁﬁgge@ﬁ) 4t shown,
trailing edge (¥8)liokfadeb|adid(80)xiMthef usortiyneatiosimayiine okiaibe®dn of
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non-stall aerodynamics for
surface 34 that is proximate to trailing edge 38. Of course, trailing edge

38 may have any other suitable slope, such as 0° by way of example
only, to the extent that it comprises a single, flat surface. Other suitable

trailing edge 38 configurations will be apparent to those of ordinary skill
in the art. |



angles of attack between approximately -1 to 7, under conditions where
the Reynolds Number is approximately 112,000; and angles of attack
between approximately -2 to 10, where the Reynolds number is
approximately 250,000. Of course, these values are merely exemplary.
[0029]Fig. 3 shows a cross section of another exemplary fan blade (50)
having generally elliptical top surface (52) and bottom surface (54), each
of which terminate in leading edge (56) and trailing edge (58), mounted to
hub (10). The cross section is taken aléng a transverse plane located at

the center of fan blade (50), looking toward hub (10). In the present
b3 Hle, fan Bradie psoyns dreimmie, Aap biagey Gisbwbstastie) heldecatediurality

inside fan bladg Q)48 SN MIERLHURRO YUR RGNS HAR) IS when hub

inserted into fan blade (50), bosses (60) are positioned such that they

contact top suPPREBHPEANIREeN? d6rseed B)lodutiededefasyrdagses 40 are

trailing edge (203iabhudbsmaLninaHHE et 13 BRsRes (80bihys Ravide 16,
a snug fit between fan blade (2}% and hub mountln%member (12).
Alternative corfRGUERSISE b M piEwENEs 65 2 R dih F L IHmtiRg sRember 12.

those affectingatecteltionshigrdetiveenian maderrdh and HRIBGUNERY hub

member (12), will be apparent to those of ordinary skill in the -7 -

[0030]As showP YR B) Has AMEEIVE RIS HRERToat fert i Rdate 30,
leading edge (B6)udisgiompartithiedtbigies widimgticurvatiRigVestvien fan

trailing edge ( The. curyatures of fan blade (5 ?ma e obtained, a

least in part, tf?’?(%%egg}mém éi:e%n@rg?%hn%?%/\%e@lﬁ s@ hé’i’ﬁbb‘?ﬁé%mr% ose of
formulae. Thoselofagy diikhiy thkilirin the art will appreciate that a first

ellipse, with its origin at the intersection of Cartesian x and y axes, may be

gedgted by thesseqhatnnLetiR33ichas akeB(kiand (G028 M2 aximum
ength of seco AR At A EMOUSRI S an Tt FAikor e ke, shal
about the origibc(esgibhd thdlmn&) rrﬁ@ﬁ}ﬁﬁhﬁmﬁmgiyhasﬁmﬁi%gmmb& art
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first ellipse (200P)shidtusichoet! lsnghle of approxdpieteld h43ignehesh&m dladd (30)
;”edsg = 2. (00 GIRLL AL RN ARE S MR SRR RS RIS LS N %nd
maximum camber of approximately 12.7% of the chord. The radius of
leading edge (36) is approximately 3.9% of the chord. The radius of
trailing edge (38) quadrant of bottom surface (34) is approximately
6.8% the chord. In an alternate embodiment, fan blade (30) has a
chord of approximately 7 inches. In another embodiment, fan blade
(30) has a chord of approximately 6.6875 inches. Of course, any other

suitable dimensions and/or proportions may be used.

[0025] By way of example only, fan blade (30) may display lift to drag ratios
' ranging from approximately 39.8, under conditions where the
Reynolds Number is approximately 120,000, to approximately 93.3,
where the Reynolds Number is approximately 250,000. Of course,

other lift to drag ratios may be obtained with fan blade (30).

[0026] In one embodiment, fan blade (30) displays drag coefficients ranging

from approximately 0.027, under conditions where the Reynolds




equations: [00391[3]x2 = x(COS(0)) - y(SIN(0)), and [0040].[.4]y2 =
y(COS(0)) - x(SIN(0)), [0041]where [0042]x2 = the second "e coqrdlnate

after a counterclockwise rotation of the first ellipse through 0 radians

about the origin, and -8- 100431 y2 = the second "y" coordinate after a
counterclockwise rotation of the first ellipse through & radians about the
origin. 100441Thus, the dimensions of the second ellipse are depend(_ant

on the dimensions of the first ellipse. Exemplary second elllps_e (300) IS
illustrated in the graph depicted in Fig: 4-where e = 0.525 radlan_s. It will

be appreciated that, where a first and second ellipse are plotted in
accordance with"EtGatSABTAmatssh 13109 taverpitipiaateha.iftdr setre the

at four, points felase im@ﬁh&%ﬁ&?%ﬁ%? %yg %gurs?g 88}er drag

intersections (400)_between First ellipse (200) and second ellipse
[00451The cur§BfITSERIHHEPReRGESS Aith fetdlade (3ice (54) may be

b&sed at least in part, on the curvature of the first and second ellipses
b

0gdbn two c%%&uml%s@#ﬂérg@&iéﬁéﬁ Ahesathpl®afsidh Number is
segment of ﬁrsip@%ﬁﬁﬁa@%@]@b@??&ﬂ@l%@%%ﬂ%@e@ ﬁp%\ﬁ’&l%&@%gfe is a

which depicts the portion of ellipses (200 and 300) between consecutive
ellipse intersec 'i‘?‘f%t)(ﬁﬁﬁﬁ AR HBNC R d PRt s e siderst(34) mvaypibieg edge

used to genergde)sef fasebnaerdioptesder aLIRaSt ARRHRY BL IORSHERSn fan
(52) and bottogﬁal%;g[ﬁﬁe (54) of fan blade (50). 1004611t will be
C

appreciated th 'ord length-to-thickness ratio of fan blade (50) may

% ith the amount of rotation, e, relative the two ellipses. ’
ﬁ)r(}lzg\i one embodiment, fan blade (30) provides non-stall aerodynamics for

angles of attack between approximately -1° to 7°, under conditions where
the Reynolds Number is approximately 112,000; and angles of attack
between approximately -2° to 10°, where the Reynolds number is

approximately 250,000. Of course, these values are merely exemplary.

[0029] Fig. 3 shows a cross section of another exemplary fan blade (50) having
generally elliptical toﬁ surface (52) and bottom surface (54), each of
which terminate in leading edge (56) and trailing edge (58), mounted to
hub (10). The cross section is taken along a transverse plane located at
the center of fan blade (50), looking toward hub (10). In the present
example, fan blade (50) is hollow. A plurality of bosses (60) are located
inside fan blade (50). As shown, when hub mounting member (12) is
inserted into fan blade (50), bosses (60) are positioned such that they
contact top surface (14), bottom surface (16), leading edge (18), and
trailing edge (20) of hub mounting member (12). Bosses (60) thus
provide a snug fit between fan blade (50) and hub mounting member
(12). Alternative configurations for fan blade (50), including but not
limited to those affecting the relationship between fan blade (50) and hub

mounting member (12), will be apparent to those of ordinary skill in the
art.



1004710f course, portions of fan blade (50) may deviate from the

curvature of the first and second ellipses. By way of example only, and as
shown in Fig, 3, leading edge (56) may be modified to have a generally
circular curvature. Other deviations will be apparent to those of ordinary

skill in the art. [00481In one embodiment, fan blade (50) is created using
equations [1] through [4] with a = 3 units, b = 2 units, and e = 0.525

radians. In this embodiment, fan blade (50) is fit with circular leading edge
(56) -9 - having a diameter of 3.5% df chord length. This leading (56)

edge curvature is fit tangentially to that of top surface (52) and bottom _
é@‘?q%?ée (54). Stchog 245;}) hifiibRed M A G IS A Py atgr its

course, other|giigRS(5HY B siapaePRAD hiBiepeAmbedikieatufatoward
blade (50) has a chord length of approximately 7.67 inches, In another

embodiment, FarB{4H8 15985 CRdrd g HHBREEH oRimiate )38 87 th ey, be
Of course, fanthlagiel (20)snaynhpae, @iy gihelisdiabigichatidengttipses using
[0050]In the present example, the radiys of leading edge (56) is .

anproximatelF3 SO AR e TRt THRRLSCSh b Bt il
(50) is approxippateiyd 41a%0aofithe clipsel. Wik mexonigim sathbanetfention of

blade (50) is spproximately 18,02 ot fhe chord, Qcoise. anyiether
suitable dimen&ions andior Kropo’rﬂ%ﬁ/s m%y Ba'ised. Tt?ﬁ%ﬂlfn one

X le,af aving a 24-foat diameter and comprising ten fan blades
Wountegﬂ;\?an énzgﬂ,fCo(Pgﬁc 10 produces a thrust force of
%ﬁroximately 5.2 Ib. when rotating at approximately 7 revolutions per

e (rpm),[aﬁsplaXih’d’%t@)}imately 87,302 cubic feet per minute (cfm).
When rotating at approximately 14 rpm, the fan produces a thrust force of
dBp#dkimatelyhers? Ib., displacing approximately 124,174 cfm, When
rotating at approximately 42 rpm, the fan produces a thrust force of
dppddkimatelye 7lomtb ofdisplacingdagproximately 322,613 cfm. Other
thrust forces and/or displacement volumes may be obtained with a fan
Ha0®%y fan blddede(tgl. {05248y wragiaf, erdmple only, fan blade (50)
having an angle of attack of approximately 10 may display lift to drag
rgg3% rangingtframpdppf eximiatedy 3% dindshonorigitiensnybersithedians).
Reynolds Number is approximately 120,000, to approximately 60, where
tigoiRgynolds Neywdaeidsyappraxingighs 226y000. LHeithlt W dameatiegooing
may be obtained with fan_blade (50), . .

equations. Similarly, a’set of coordinates for the first ellipse may be
obtained using equations [1] and [2]. Exemplary first ellipse (200) is

illustrated in the graph depicted in Fig. 4, where a=3 and b =2.

[0038] Coordinates for a second ellipse may be obtained using these
equations:

[0039] [31  x2=x(COS(O)) — y(SIN(O)), and

[0040] [4]  y2=y(COS(©)} - x(SIN(©®)),

[0041] where

[0042) X, = the second “x” coordinate after a counterclockwise rotation of the

first ellipse through © radians about the origin, and




- 10 - [00531In one embodiment, fan blade (50) provides non-stall
aerodynamics for angles of attack between approximately 1 to 11, wider
conditions where the Reynolds Number is approximately 112,000; for
angles of attack between approximately 0 and 13, where the Reynolds
number is approximately 200,000; and for angles of attack between
approximately 10 to 13, where the Reynolds number is approximately
250,000. Of course, these values are merely exemplary. [00541In one
example, a fan having a 14-foot diamefer and comprising ten fan blades
(50) is rotated at approximately 25 rpm. The fan runs at approximately 54
wAld3lith a totdhefsapprdxXiiatdydtaug G iiec - pourids idnkivisy atetian of the
flow rate of apgggg@mggg%fbé&é}p@ 92%%&&%&%%&%“&%% an efficiency of
[0055] mp

approximately 632.76 cfm/Watt. [0055]In another ex le, a fan having a
14469 diamel;% omprising ten blades (50).is rotated at
agfgrcﬁimately 3%%%1 .%?ﬁ%%nrsur?f a%l %55?8%%5@1’?68 Watte® Wlﬁrf tgon th?
torque of appréiithatsiys16f7 188 finsh-pdpaels [Fxtbsp)aan ce dhalv allitsof(300) is
approximately G2 421 et L aE?’P &%&&Q@%ﬁgfﬂc@ﬂ% ® = 0.525 radians. It

approximately 761.23 cfm/Watt. J00561In yet ariother example, afan
having a 14-foBilliRmerseanedchaiprdias & fiminlateentbelipseotetptbtied in

approximately RRdjihcE e RN AL A g%@gﬁ'y[gf%ﬂzaﬁ%wémg es may

torque of approximately 376.59 inch-pounds (in.Ibs.) and a flow rate

approximately ‘95898 Hnlothasuisiellings anferreiions)of Himproxpewelyour
368.12 cfm/WailidQaibieetallowing)manhe 2 npie difRBY 0 P1A%e second

including by way.of example only, fan blade (30) or fan blade (50):

100581In one Gdi @nt, each fan blade (30 or 50) comprises a

homogenous continuum of materialé?%gw:% of example only, fan blades
G

(3P4RL 50) maAphEEsAsER Gl tpBS 2ldninbetomosvetse, By be
appreciated thpidas) DlagRs i3PAN UL DumaNREFARSENGIEHN A ellipses

other suitable material or materials, including but not limited to any meta

and/or plastic. FAXEERHIB? RORSRAME W phiRSa fairtrReations blAdemawisriisuch a

50) may be madgnunasysitebinenetydef saamdantye (plydiggilin Fig,
not limited to s ar%ré% ending, welding, and/or molding. Other suitable
e

materials and RIS RSP0 198 SHipsen{t9qnerd 3P0) between

ordinary skill ircheeative ellipse intersections (400). Accordingly, equations [1]
through [4] may be used to generate surface coordinates for at least a

portion of top surface (52) and bottom surface (54) of fan blade (50).

[0046] It will be appreciated that the chord length-to-thickness ratio of fan
blade (50) may vary with the amount of rotation, ©, relative the two
ellipses.

[0047] Of course, portions of fan blade (50) may deviate from the curvature of

the first and second ellipses. By way of example only, and as shown in
_Fig. 3, leading edge (56) may be modified to have a generally circular
curvature. Other deviations will be apparent to those of ordinary skill

in the art.

[0048] In one embodiment, fan blade (50) is created using equations {1]
through [4] with a =3 units, b = 2 units, and © = 0.525 radians. In this
embodiment, fan blade (50) is fit with circular leading edge (56)



100591When fan blade (30 or 50) is mounted to hub (10), hub mounting
members (12) may extend into fan blade (30 or 50) approximately 6
inches, by way of example only. Alternatively, hub mounting members
(12) may extend into fan blade (30 or 50) to any suitable length. It will also
be appreciated that hub (10) may have mounting members (12) that fit on
the outside of fan blades (30 or 50), rather than inside. Alternatively,
mounting members (12) may fit both partially inside and partially outside
fan blades (30 or 50). [0060]Fan bladé (30 or 50) may also include one or
more openings configured to align with openings (22) in hub mounting

member (12) h#ViREs & hsdeitnoht3wieafopenthipsathfarTbiadeaddm 55D pdge
are aligned wiihr-eRGRINGSHL Bhit et MRS N &SP LERLAR) (59516RE Tbottom

(26) may be inserted through the openings to secure fan blade (30 or 50)

to hub mountitHJA%&er T8k adibmasdrrisatisiart bystemparing)Fign bend 5.
Other suitablecaiteined] \wescfaritasiaoes (eh{42)1adl be apparent to those of
ordinary skill in the art, including but not limited to adhesives. Accordingly,
ifoailbpe understaadethes RRRRAINGS F2lA PRI A ﬁ%@iﬁ?x%%mexy
or 50) may be approximately 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 feet

long. Alternatizléljﬁl?ﬁ?FE)IaHba{WSF SOP ARG Simbladerias qupkask length of
length. In oneagmb@ﬂhmawf@svhl@ﬂh@s@@pﬁo‘iﬁl@%mgd@gﬁozfﬁaﬁ@ﬂe any
such that a fan comprising fan hlades (30 or 50) and hub (10) has a
diameter of aSpIESGHEIER DA ISR} -another embodiment, fan blade (30

or Sﬁand hub (10) are sized such that a fan comprising fan blades (30 or
s3%hd hub (1d) s Breisihe BBl pibiniaddly 19ffelsading? edeehds6) is

suitable dimenginogiwilldde ABPAGNIHO these ofrgedinannii! iRith8aof fan
[0062]1t will b%?%gfciated that all cross sections along the length of fan

blade (30 or AR df LEPRIBHERE NN Wirer oS #horbnfififaisniprm
fan blade (30 am3)y nfefdmblde (Fofomaendthesntisesnethef &brd. of

blade (30 or 50). By way of example qnly, a portion of the "hub mounting

end" of fan b|‘§§%ri§d“?)f/ %%f’(ﬁ&‘.“iﬁlf §H888F‘%{ﬁ PERPOFSY {RAY RAIFRRS:

:&3 nted to hub (10)) may be remaved. In one example, an oblique cut is
gé}to leadiffy W& B r AL Esh  fofaek dinmmieratach penkaising ten

blade (50) on faulb (AR} (SOEIMHRMatiNE ¥ dRopIRHRKIT PO BRYLL hrust
formed or con%;tructgf such that a&)(z#t'%) of t?%e hub mounting end or
it ) t i

another portiofl? & ofHitfERTFEIEeS e FoeLing. 2t gRRrprimately 7
appreciated thatsheiabhspacepiis (ip)p dilpadigoasgiesmateMnetsnitcubic
was removed gr never there to begjn with) may alleviate problems
associated with DRILL %Z? )%&F&fﬁﬁ@“{}\%ﬁt@gﬁ?’&lﬁﬁe HupPpdfe fan
Such interfereproduray betbrussefbing aofatiptycaftacttys, lincidibg Mitpading
limited to chor, lades £30 gr.50). Of course, factors oth

than interferer%é?gn%@%%gﬁfg%gg?ﬁfecégmc?ig?%rr%ﬁ%ﬂgef’gf f:oé{%?%{%%%?oﬁ)m’

of fan blade (3eokBErotirsnbsbmispfrtisnofepprxmupisy & pottibn displacing
leading edge i, of draili Q1 58). or bath
Q%Qr%é@ce%%‘%ﬁ,@ﬁ éfﬁa;ge %@gﬁﬁg%:ﬁ’oré 5 a}ia%r (%Igm%cement

[0064]Alternatively, to address fan interference a

(10), the diamed&HassHoy baghsinadreibadehgyisadmdasadith(Gep.
increasing the number of hub mounting members (12)). Alternatively, the
d8e¥dlof fan bRidesy3T exB0)may!hefse duadd(Blihather altenghtivéatanll of

variaions of /0 a0401 a0 AIRFE, 1R, 5 LS PR HhiSe om

those of ordi ' e art.
approximately 39, under conditions where the Reynolds Number is

approximately 120,000, to approximately 60, where the Reynolds
Number is approximately 250,000. Other lift to drag ratios may be
obtained with fan blade (50).




- 13 - when mounted to hub mounting member (12), fan blade (30 or 50)
may have an angle of attack in the range of approximately -1 to 7,
inclusive; between -2 and 10, inclusive; or approximately 7, 8, 10, or 13 by
way of example only. Of course, fan blade (30 or 50) may have any other
suitable angle of attack, Fan blade (30 or 50) may be substantially straight
along its length, and the angle of attack may be provided by having hub
mounting member (12) with the desirTg angle of attack.
[0066]Alternatively, the angle of attack of hub mounting member (12) may

0, and an angle of attack for fan blade (30 or 50) may_be provided
E?eﬂﬁvist in 14h %1%8@?%%?%05[?%{’@&%@ HRVifie BRRcRal ey pITics or
be substantiadlyskisaighitalangdhetangipriaimhiely tbtmauntingderesshd@tions
(12) extends in fan hlade (30 or 50), and a twist may be ided to
provide an an‘“g%%f a?tgg 8}%50%’?%%&@"859 ilt%y ¥aﬁ{§1\é ; (8p peles of
50). Such a twistkrizyvoeaappuetianyiguitanke 18T gthat fan RigdeldSautber is
50) (e.g. the entire ¢ in an hlade (30 or 50) length has a twist; o
tho twics o bt S oA T RO L EC AR SRR lon
50) is substarifiaity ISttaiyhereetis) RSjiticbih evsiica bie apprdiguratiorizS 6,060. Of
methods for rayidinge v@ﬂﬁkea%f ﬁt%%keg?é’n%l part of fan blade (30) will

3 ﬁ In'the a a?ér

be apparent to those of ordinary s addition, it will be

iated that all or any pogtion of fan e (30 or 50) may have.one or
LIS Gt A R S B R e
appreciate thhtaddar{Bade (etgsd30tormddrimagtdy Mbdifiad irThentimbans at
of ways. Such, ?&f;ﬁﬁg Sy It gﬂ haracteristics of fa Lo
performance. gggl)l ustratgc; in exet?ﬁ&;éry?octr?n In F%s? g‘i Xrlcl)lbag%lylgg bgr?emCh

such modificafowmds & it il aled\ifghe (09! uphiiexivhatiitsS ¢/0PwilipeThe fan
discussed in thesaprtextAidRRY BrEH 3R AR s Nl howRpreciated

that winglets (70) may be used with any other suitable fan blades. - 14 -

urface(7 jtabl fj t for jnner. surface (74) an
s oo TR S L B A S TR i en
the present efamipidesHé Pesimnsteadoft\apnioalmasehibad? 67 Bns dBfinfd byns at
lower edge (78), IRREEEG9S (BA20HTERES 84&%%@8%%%?2 {68:580ch-

and 82) meets generally at respective corner (84). S, In resent

example, vertReanascingbs.| 2a3 adiomnate cormmexdnyidly Ghéhincfanchhe fan
corner (54) isyfpuesh AGRAEHREIY o CHRN LEPRES AT dorm is Used

herein, shall not be read to require a sharp angle. In other words, a corner

ot be limi egl ich [t of straight ines . .

B nteren W PRIt S S o B hprising
described as Fravittladse Coinerotasdintrprippraeiated dratyeficaln runs at
member (72) ipak RaYRARY SRR DHNRSLALEAalS ik RESIENh ..

variations of vertical member (72) will be apparent to those o ary ski

in the art. 100PRFiGgiErs(r 8y b fevpraisetitapreonprateltferdiheieies The fan
winglet mounting H&%%b@fﬁ@%%‘ﬂ%%&%%%%t@%ww.

perpendicularly from inner surface (74) of vertical member (72). As shown,

' t mount is.cCQOfiesr jmi b. i
e (12, Win e e i Sl ST L e WA Sy ey of
bottom surfacepplewRlzhfanblider?inatdantoladadd®y edge (96) and
trailing edge (98). In addition, each winglet mounting member (92)
iH188les openimgerd OOmtodinechthreagh thp sbiddee (IR) and Optiamprises a
surface (94). e nipg, (100) is si
receive fasten%ﬁ?%%%@?n%%gﬁgnﬁgglnt?f gﬁﬁagﬁw%?er%goﬁgs?cgi%é%%ﬁg %lg fan
inserted into &eder G1daaneladd (Bmpr BO)cansovsted opdirrtyudkill inluhdnum.
art will appreqigig dhat Wiggieb ARG AAMPRLS (AALMAY 9&%93@%949 be

a variety of alternative configurations. - 15 - center of fan blade (30),

looking towar8oRHHYRIES 72) T caeay ikl h s terdy) ommiatasidseimcluding but
example, and as shown in Figs. 9 and 10, winglet mounting member (90)

is configured to fit in the end of fan blade (30 or 50). Like hub mounting
member (12), winglet mounting member (90) fits snugly against bosses

(40 or 60) in fan blade (30 or 50). In the present example, upper edge (80)
of winglet (70) extends above top surface (32 or 52) of fan blade (30 or

ENY in addition t0 eviendina bevvond leadina edoe (RA or BRAY <imilarlvy




100721Fan blade (30 or 50) may have one or more openings, formed

near the tip of fan blade (30 or 50) through top surface (32 or 52) and/or
bottom surface (34 or 54), which is/are positioned to align with opening(s)
(100) in winglet mounting member (90) when winglet mounting member

(90) is inserted into fan blade (30 or 50), and which is/are sized to receive
fastener (26). Winglets (70) may thus be secured to fan blades (30 or 50)
with one or more fasteners (26). In one embodiment, fastener (26) is a

bolt. In another embodiment, fastener {26) comprises a complimentary

pair of thin head interlocking binding screws, such as screw posts
occasionally ureld kanffiet o large metamendfpapiisitogetherddittpn "Makeill be
screw with thr : nfigured, to ate with "female” screw
having threadgg&r?gle%gsﬁ?ggg .ﬁg(\d;vgg\ggr)t,] aélr%/ocgt St %%ﬂ%%é’n%ﬁ%mtablc
may be used, Feliriing bunwmwtiiishited incdtiegivies. Aocottingly, ib withbing,
appreciated tt@mim&éﬂ@)&@&pﬂp&gg éooz)'%tl:trwilligﬁg beat rials and
appreciated that winglet mounrting member 3 ) nee not be Tnserte m&o 1
an end of fan &84S0 NSy farusenwiiver deparsatsimitemstooivdmanngkiy in
members (12)inwigglet mounting member (90) may be made to fit on the
outside of fan blades (30 or 50), rather than - 16 - inside. Alternatively,

i t mounti y i, bqt jally inside and paytially .
T fan bt S0 op 805, G do e 00 B eetpine
those of ordin&¥FaRefsiK thkeraay, fatend] imtanfaitdtaded ¥hyodinemtowimgtely 6
(70) lacks mouktinRg mg,m% (29) [nst has rmed in .

> 5/ %@ ei‘ﬁ?(l;;fés 8H . A%gggﬁl%%%’ I;iﬂ”ll%e)tl E')ng!l_lnnng

inner surface (74) of vertical member (72). In this emb

fan blade (30 BIEBIRERS L riBeyistdshinize (ro)bledat3ermsn) of wingseitable

(70) to fan blagad@0 ar 39) Ny elemhegi , '
50) is integrall&}fgt%med with win 70). Aa\ccordinglmfn t lcfggx%%{r%ﬁgrxﬁmmg'

let
skill in the art WFRSHdRdbiditirar the qutside oy bledenffuritizs father
providing fan kiadeifsdor SA)withivenglehttalndAAaae Y8Itcal 6t both

member (72) is shqwn as.being substantially perpendicular to mounting
member (90), Qmﬁigé%b%r%&éﬁl?i&t%tég}% fbtadrstePCRY) be at any

3@?{%@6 angle relative tg each other. Thus, and by way of example only,
RCAl membeF(PEFRE0 At ANERY GISeURRAAS APl WiPK§leP¢RDBssconfigured

attached to farm bitige @ﬁ%@ﬂ)ﬂé&n”@lﬂ)ﬂﬂ‘{%bVﬁ@iﬁ%@%@%%?i NaY, this

comprise more than one an%Ie. In other words, vertical member (72) may

be configured SIS RS PR5HBE o Emibiadadather aMbaseabseashivith

portion of vertigehingim2) eachubiltipwaidvinembdngle), salach oo be
blade (30 or 510 bgetglethrvqﬁréﬁti ns of Winglet (70), including but not limite
to angular variations, Wit a%f‘)&%%‘% tHOSEBF DAt RREEKIRGnothé o hub

[0076]While wingleixg Opembpecifiyallyndeseréadsbdiarain aserodifcaianyol,

to fan blades r it will be.appreciated that winglet (70) may be

used to modif)glgst glﬁ?/sc%%z}ebrl a\:a\{r%ebr?%\é%é%&%s}ﬁlﬁegéle@%ﬁ% hﬁé?ﬁf‘(ﬁﬁ}’iéqé{‘ose of

(70) is formedoidimaroskdgemotis cartiinmahding but not limited to adhesives.
Accordingly, it will be understood that openings (22) are optional.

[06061] Fan blade (30 or 50) may be approximately 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
or 14 feet long. Alternatively, fan blade (30 or 50) may be of any other
suitable length. In one émbodiment, fan blade (30 or 50) and hub (10)
are sized such that a fan comprising fan blades (30 or 50) and hub (10)
has a diameter of approximately 24 feet. In another embodiment, fan
blade (30 or 50) and hub (10) are sized such that a fan comprising fan
blades (30 or 50) and hub (10) has a diameter of approximately 14 feet,




of molded plastic. However, it will be appreciated that winglet (70) may be
made from a variety of materials, including but not limited to any - 17 -
suitable metal and/or plastic, and may comprise a plurality of pieces. In
addition, it will be appreciated that winglet may be made by any suitable
method of manufacture. [00781It will also be appreciated that trailing
vortices that form at or near the tips of fan blades (30 or 50) may increase
lift near the tips of fan blades (30 or 50). Winglets (70) may inhibit the
radial airflow over top surface (32 ors ) and/or bottom surface (34 or 54)
near the tips of fan blades (30 or 50). Such inhibition may force air to flow
more normall{PHSHEHERlR GEgEqas Bl ) RPasiinGg dise pigrsinsgy, skill in
thereby enhamging: efficiency of a fan having fan blades (30 or 50) with
winglets (70), at least at certain rotational speeds. 100791In one example,

wooetsts (70) argtiachsritradaRLig Rledes dR0. B R OR AR B BN B de

a 6 foot diameter. With the addition of winglets (70), the air flow rate of the

fan is increas& 18y 208955k 7ot De iftrntiotisda Rihsrn Biprde chaspmbewatgrons fan
(70) are attachbrdd@ienisof fess RldRsuH & HBR0RLRRANAYINY & At blade

foot diameter. With the addition of winglets (70), the air flow rate of the fan

is increased by % %988t 78YBAY 2HGEATRIF Wio iR ERD ks Tlsinguntng

efficiencies thaidhay fag sihdaiGecbbypdrnnying et gy Bhie @bedt baying il
14 foot dlameB%rm%%gt% ]Ig%PlLe(}O)E%ay I%hr%%o\é\gg.glﬁxt%xg%)xs 5139 a(r{%%})xque
cut is made to leading edge (56) of fan blade (50) to accommodate

another blade (50) on hub (10).

[0063] Alternatively, fan blade (30 or 50) may be formed or constructed such
that a portion of the hub mounting end or another portion is omitted,
relieved, or otherwise “missing.” It will be appreciated that the absence
of such a portion (regardless of whether it was removed or never there to
begin with) may alleviate problems associated with blades (30 or 50)
interfering with each other at hub (10). Such interference may be caused
by a variety of factors, including but not limited to chord length of fan
blades (30 or 50). Of course, factors other than interference may
influence the removal or other absence of a portion of fan blade (30 or
50). The absent portion may comprise a portion of leading edge (36 or
56), a portion of trailing edge (38 or 58), or both.

[0064] Alternatively, to address fan blade (30 or 50) interference at hub (10), the
diameter of hub may be increased (e.g., such as without increasing the
number of hub mounting members (12)). Altematively, the chord of fan
blades (30 or 50) may be reduced. Still other alternatives and variations
of hub (10) and/or fan blades (30 or 50) will be apparent to those of

- ordinary skill in the art.

[0065] Those of ordinary skill in the art will appreciate that fan blade (30 or 50)

may have a zero or non-zero angle of attack. By way of example only,




Max, Power (watt) Avg. Power (watt) Torque (inibs) 17.86 Flowrate (cfin)
0 Efficiency (cfm/watt) 0 12.5 54 50 25 66 54 78.80

[0066]

[0067]

[0068]

-13-

when mounted to hub mounting member (12), fan blade (30 or 50) may
have an angle of attack in the range of approximately -1° to 7°, inclusive;
between -2° and 10°, inclusive; or approximately 7°, 8°, 10°, or 13° by
way of example only. Of c\ourse, fan blade (30 or 50) may have any
other suitable angle of attack. Fan blade (30 or 50) may be substantially
straight along its length, and the angle of attack may be provided by

having hub mounting member (12) with the desired angle of attack.

Alternatively, the angle of attack of hub mounting member (12) may be
zero, and an angle of attack for fan blade (30 or 50) may be provided by a
twist in fan blade (30 or 50). In other words, fan blade (30 or 50) may be
substantially straight along the length to which hub mounting member
(12) extends in fan blade (30 or 50), and a twist may be provided to

~ provide an angle of attack for the remaining portion of fan blade (30 or

50). Such a twist may occur over any suitable length of fan blade (30 or
50) (e.g. the entire remainder of fan blade (30 or 50) length has a twist; or
the twist is brief, such that nearly all of the remainder of fan blade (30 or
50) is substantiaily straight; etc.). Still other suitable configurations and
methods for providing an angle of attack for all or part of fan blade (30)
will be apparent to those of ordinary skill in the art. In addition, it will be
appreciated that all or any portion of fan blade (30 or 50) may have one

or more twists for any purpose,

Those of ordinary skill in the art will appreciate that a fan blade (e.g.,
30 or 50) may be modified in a number of ways. Such fnodiﬁcations
may alter the characteristics of fan performance. As illustrated in
exemplary form in Figs. 6 through 10, one such modification may
include winglet (70). While winglets (70) will be discussed in the
context of fan blades (30 and 50), it will be appreciated that winglets
(70) may be used with any other suitable fan blades.

Winglet (70) of the present example includes vertical member (72).

Vertical member (72) comprises flat inner surface (74) and rounded




34,169 632.76 37.5 125 82 187.53 62,421 761.23 50 339 263 376.59
96,816 368.12 62.5 700

[0069]

{06070]

[0071]

-14-

outer surface (76). Other suitable conﬁguration;s. for inner surface (74)
and outer surface (76) will be apparent to those of ordinary skill in the
art. In the present example, the perimeter of vertical member (72) is
defined by lower edge (78), upper edge (80), and rear edge (82). Each
edge (78, 80, and 82) meets generally at respective corner (84). Thus,
in the present example, vertical member (72) has three corers (84).
As shown, each comer (84) is rounded. Accordingly, the term
“corner,” as that term is used herein, shall not be read to require a
sharp angle. In other words, a corner need not be limited to a point or
region at which a pair of straight lines meet or intersect. While in the
present example vertical member (72) is described as having three
corners, it will be appreciated that vertical member (72) may have any

suitable number of corners (84).

Other variations of vertical member (72) will be apparent to those of

ordinary skill in the art.

Winglet (70) of the present example further includes winglet mounting
member (90), which extends substantially perpendicularly from inner
surface (74) of vertical member (72). As shown, winglet mounting
member (90) is configured similar to hub mounﬁng member (12).
Winglet mounting member (90) has top surface (92) and bottom surface
(94), which each terminate into leading edge (96) and trailing edge (98).
In addition, each winglet mounting member (92) includes openings (100)
formed through top surface (92) and bottom surface (94). In the present
example, each opening (100) is sized to receive fastener (26). Winglet
mounting member (90) is configured to be inserted into an end of fan
blade (30 or 50). Those of ordinary skill in the art will appreciate that

winglet mounting members (90) may be provided in a variety of

alternative configurations.

Fig. 9 shows a cross section of fan blade (30) with winglet (70) mounted

thereto. The cross section is taken along a transverse plane located at the




660 564.01 110,784 167.85 75' 1170 1140 839.75 129,983 114.02 - 18 -
[00831Table 2: Fan With Winglets (70) Speed (rpm) Max. Power (watt)
Avg. Power (watt)

[0072]

[0073]

- 15 -

center of fan blade (30), looking toward winglet (70) (i.e. away from hub
(10)). In the present example, and as shown in Figs. 9 and 10, winglet
mounting member (90) is configured to fit in the end of fan blade (30 or
50). Like hub mounting member (12), winglet mounting member (90)
fits snugly against bosses (40 or 60) in fan blade (30 or 50). In the
present example, upper edge (80) of winglet (70) extends above top
surface (32 or 52) of fan blade (30 or 50), in addition to extending
beyond leading edge (36 or 56). Similarly, lower edge (78) of winglet
(70) extends below bottom surface (34 or 54) of fan blade (30 or 50).
Rear edge (82) of winglet (70) extends beyond trailing edge (38 or 58) of
fan blade (30 or 50). Of course, winglets (70) and fan blades (30 or 50)

may have any other relative sizing and/or configuration.

Fan blade (30 or 50) may have one or more openings, formed near the tip
of fan blade (30 or 50) through top surface (32 or 52) and/or bottom
surface (34 or 54), which is/are positioned to align with opening(s) (100)
in winglet mounting member (90) when winglet mounting member (90)
is inserted into fan blade (30 or 50), and which is/are sized to receive
fastener (26). Winglets (70) may thus be secured to fan blades (30 or 50)
with one or more fasteners (26). In one embodiment, fastener (26) is a
bolt. In another embodiment, fastener (26) comprises a complimentary
pair of thin head interlocking binding screws, such as screw posts
occasionally used to bind a large volume of papers together (e.g., “male”
screw with threaded outer surface configured to mate with “female”
screw having threaded inner surface). However, any other suitable
fastener(s) may be used, including but not limited to adhesives.

Accordingly, it will be appreciated that openings (100) are optional.

It will also be appreciated that winglet mounting member (90) need not
be inserted into an end of fan blade (30 or 50). In other words, and
similar to hub mounting members (12), winglet mounting member (90)

may be made to fit on the outside of fan blades (30 or 50), rather than



Torque (in.Ibs) Flowrate (cfm) Efficiency (cfnv'watt) 12.5 50 42 18.56
26,815 638.45 25 58 43 18.39 46,547

[0074]

[0075]

[0076]

[0077]

-16 -

inside. Alternatively, winglet mounting members (90) may fit both
partially inside and partially outside fan blades (30 or 50). Still other
configurations will be apparent to those of ordinary skill in the art.

In an alternate embodiment, winglet (70) lacks mounting member (90),
and instead has a recess formed in inner surface (74) of vertical
member (72). In this embodiment, the tip of fan blade (30 or 50) is
inserted into winglet (70) for attachment of winglet (70) to fan blade
(30 or 50). In yet another embodiment, fan blade (30 or 50) is
integrally formed with winglet (70). Accordingly, those of ordinary
skill in the art will appreciate that there exists a variety of

configurations for providing fan blade (30 or 50) with winglet (70).

While vertical member (72) is shown as being substantially

‘perpehdicular to mounting member (90), it will be appreciated that

these two members may be at any suitable angle relative to each other.
Thus, and by way of example only, vertical member (72) may tilt
inward or outward when winglet (70) is attached to fan blade (30 or
50). Alternatively, vertical member (72) may comprise more than one
angle. In other words, vertical member (72) may be configured such
that the top portion of vertical member and the bottom portion of
vertical member each tilt inward when winglet is attached to fan blade
(30 or 50). Other variations of winglet (70), including but not limited

to angular variations, will be apparent to those of ordinary skill in the

art.

While winglet (70) is specifically described herein as a modification to
fan blades (30 or 50), it will be appreciated that winglet (70) may be

used to modify any other fan blades.

In one embodiment, winglet (70) is formed from hémogenous continuum
of molded plastic. However, it will be appreciated that winglet (70) may

be made from a variety of materials, including but not limited to any




1,082.49 37.5 68 49 186.00 61,661 1,258.39 50 241 198 354.61 87,552
442.18 62.5 591 528

[0078]

[0079]

[0080]

[0081]

[0082)
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suitable metal and/or plastic, and may comprise a plurality of pieces. In
addition, 1t will be appreciated that winglet may be made by any suitable

method of manufacture.

It will also be appreciated that trailing vortices that form at or near the
tips of fan blades (30 or 50) may increase lift near the tips of fan blades
(30 or 50). Winglets (70) may inhibit the radial airflow over top surface
(32 or 52) and/or bottom surface (34 or 54) near the tips of fan blades (30
or 50). Such inhibition may force air to flow more normally from
leading edge (36 or 56) to trailing edge (38 or 58), thereby enhancing
efficiency of a fan having fan blades (30 or 50) with winglets (70), at

least at certain rotational speeds.

In one example, winglets (70) are attached to ends of fan blades (30 or
50) on a fan having a 6 foot diameter. With the addition of winglets (70),
the air flow rate of the fan is increased by 4.8% at 171 rpm.

In another example, winglets (70) are attached to ends of fan blades (30
or 50) on a fan having a 14 foot diameter. With the addition of winglets
(70), the air flow rate of the fan is increased by 4.4% at 75 rpm.

The following two tables illustrate efficiencies that may be obtained by
adding winglets (70) to a fan having a 14 foot diameter:

Table 1: Fan Without Winglets (70)

Speed | Max. Power | Avg. Power | Torque | Flowrate | Efficiency
(rpm) | (watt) (watt) (in.Ibs) | (cfm) (cfim/watt)
12.5 54 50 17.86 |0 0

25 66 54 78.80 | 34,169 | 632.76
37.5 125 82 187.53 | 62,421 | 761.23

50 339 263 376.59 | 96,816 | 368.12
62.5 700 660 564.01 | 110,784 | 167.85
75 11170 1140 839.75 | 129,983 | 114.02
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course, other values may be realized through use of winglets (70). In
addition, suitable variations of winglets, including but not limited to .
alternative winglet configurations, will be apparent to those of ordi_nary skill
in the art. [0085]In summary, numerous benefits have been descrlbed_
which result from employing the concepts of the invention. The foregoing
description of one or more embodiments of the inventior_l has l:_)een
presented for purposes of illustratiorr 48d description. It is not intended to
be exhaustive or to limit the invention to the precise form disclosed.
AWl modifiehlichd ar Withlitnges€78dssible in light of the above
teachings. The one or more embodiments were chosen and desc_ribed in
order to best3pastrateMae.Fruveiplpd of. theviey ¢ Minquandrikspsact |mﬁc_iency
application [drereby @méhle one|diatdinary skilhiibshe @fuip beptasiilisa)
the inventionl varidqu¥embodimerts and with varieus|medifcatiosss as
are suited tp2he partié8lar use con#émplated. Jtiig. psteridmsgstivat the Ezopse
of the inventi®hde defiied by the|claims appentgsidrereip cdICSIAISS 39

50 241 198 354.61 | 87,552 |442.18

62.5 591 528 582.78 | 120,859 | 228.90

75 980 950 847.41 | 136,560 | 143,75
[0084] Of course, other values may be realized through use of winglets (70).

In addition, suitable variations of winglets, including but not limited to

alternative winglet configurations, will be apparent to those of ordinary

skill in the art.

{0085] In summary, numerous benefits have been described which result from
employing the concepts of the invention. The foregoing description of
one or more embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed.
Obvious modifications or variations are possible in light of the above
teachings. The one or more embodiments were chosen and described
in order to best illustrate the principles of the invention and its practical
application to thereby enable one of ordinary skill in the art to best
utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. It is

intended that the scope of the invention be defined by the claims

appended hereto.
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- 19 - What is claimed is: A fan blade configured to mount to a rotating fan
hub, the fan blade comprising: 5(a)a top surface having a generally
elliptical curvature, wherein the curvature of the top surface is based gt gL | p
first ellipse; (b) a bottom surface having a generally elliptical curvature,
wherein the curvature of the bottom strface is based on a second ellipse;

. i e, wherein the top surface and bottom surface each
@%&ﬁ%ﬁéﬁgzﬁﬁgﬁe leading edge; and (d) a trailing edge, wherein the top
surface and bottom surface each terminate at the trailing edge. 2. The fan
blade of claim 1, further comprising: a first radius of curvature 15

proximatesthe, |6ati0g GAg6 Y ﬁlﬁﬁﬁpﬁad?'&%‘?iﬁiéb%“ﬁ‘@f%% a{ﬁ”éﬁr#%te

the trailing edge, wherein'the first radius ot curvature Is lower than the

second racggﬂﬁlqgiﬁgrvature. 3. The fan blade of claim 1, wherein the
curvature of the second ellipse is 20dependent on the curvature of the first

ellipse. 4¢ahe topplade:al AR WherRN) hijanPlads e RaaetAl

hollow. SLLP
curvature of the top surface is based on a first ellipse;

(b)  abottom surface having a generally elliptical curvature, wherein the
curvature of the bottom surface is based on a second ellipse;

(c) aleading edge, wherein the top surface and bottom surface each
terminate at the leading edge; and

(d) atrailing edge, wherein the top surface and bottom surface each

terminate at the trailing edge.

2. The fan blade of claim 1, further comprising: a first radius of curvature
proximate the leading edge, and a second radius of curvature proximate the
trailing edge, wherein the first radius of curvature is lower than the second

radius of curvature.

3. The fan blade of claim 1, wherein the curvature of the second ellipse is

dependent on the curvature of the first ellipse.

4. The fan blade of claim 1, wherein the fan blade is substantially hollow.
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- 20 - 5. The fan blade of claim 1, wherein the lan blade is configured to
receive a mounting member of a fan hub. 6. The fan blade of cla%g}g%
wherein the fan blade is secured to the fan hub by 5at least one e,
7. The fan blade of claim 1, wherein the fan blade has a chord and a
maximum thickness, wherein the maximfim thickness is approximately

14 2% of the ¢chord. 10 The fan blade of ¢laim | erein the fan blade has
a chord aﬁl%ea%%la{g?r%?ggg?n %f,w \a/kvlﬁléerlgin fh%%bl\é( L OB RS recerve a

approximamte%&S.G% ofbthe Ph?rdh9 The fan blade of claim 1, wherein

the fan blade 1s nounted to a hub a‘tﬂ%in 15angle of attack between
approximately -I and approximately 13", inclusive. 10. The fan blade of
claim 1, wherein the fan blade is formed of extruded aluminum. 2011.The

fanblade [Jgim int S @ length between
aprg'roxim;ﬂgueﬁcy 4 fe%’%1 élvrgdle E%%??Eiﬁn%%‘e%@?%?f&ﬁ%% ugs‘.c’i\S/%C.ufE(.je'l? et agan hub by
blade of claim k. whesein,the fan-blade has a uniform cross section along

the entire length of the fan blade.

7. The fan blade of claim 1, wherein the fan blade has a chord and a maximum
thickness, wherein the maximum thickness is approximately 14.2% of the

chord.

8. The fan blade of claim 1, wherein the fan blade has a chord and a maximum

camber, wherein the maximum camber is approximately 15.6% of the chord.

9. The fan blade of claim 1, wherein the fan blade is mounted to a hub at an

angle of attack between approximately -1° and approximately 13°, inclusive.

10. The fan blade of claim 1, wherein the fan blade is formed of extruded

aluminum.

11.  The fan blade of claim 1, wherein the fan blade has a length between

approximately 4 feet and approximately 14 feet, inclusive.

12. The fan blade of claim 1, wherein the fan blade has a uniform cross section

along the entire length of the fan blade.
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MCSLI.P -21 - 13.The fan blade of claim 1, wherein the fan blade has a

hub mounting end, wherein an oblique cut is formed in the leading ?ﬁ@@ﬂfp

the fan blade at the hub mounting end. 514.The fan blade of claim
wherein the fan blade is substantially straight along the entire length of the
fan blade. 15. The fan blade of claim I,Q\A/ﬁerein the first ellipse is

ST eI SR SISO s o,

provide a'(lvﬁé}{eﬂlloinoéﬁmﬁg%r%ﬂg93%1&@’1\{@(?&?@&?1'69 th 9 é)fclirr?%[%c%e at the

radius, wherein b-lengt a secondary radius, and”wherein t=angle
rotation of gy adius: an origin. 16. The fan blade of claim 15, wherein
the second ellipse is generated based at 20least in part on the following
equations:

14. The fan blade of claim 1, wherein the fan blade is substantially straight along

the entire length of the fan blade.

15.  The fan blade of claim 1, wherein the first ellipse is generated based at least

in part on the following equations:

x=a(COS(t)), and

y=b(SIN(1)),

wherein x and y provide an x-y plot of the first ellipse,
wherein a=length of a primary radius,
wherein b=length of a secondary radius, and

wherein t=angle of rotation of a radius about an origin.

16.  The fan blade of claim 15, wherein the second ellipse is generated based

least in part on the following equations:

(1]

[2]

at

x2=x(COS(0))-y(SIN(O)), and [3]

1=y(COS(6))-x(SIN(O)), [4]

wherein x; and Y, provide an x-y plot of the second ellipse,
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x2=-X(COS(0))-y(SIN(0)), and[3] )'2=3)(COS(0))-x(SIN(0)),[4] wherein x2
and Y2 provide an x-y plot of the second ellipse, -22 -  wherein x and y
arc the same x and y obtained using equations [1] and [21, and CSLLP
wherein 0=a degree to which the first ellipse is rotated about the origin. =~~~
17. The fan blade of claim 16, wherein @Es approximately 0.525 radians.

18. The fan blade of claim %i whgrtgin the first ellipse and,the second

ellipse intersect AL 1oLt tarsbATOHHSTHIS WAL LR ReLH3iRe sontptinas [1] and

second 1%%@5& are plotted on a common graph, wherein the generally
elliptical ¢ vature of the top surface and the generally elliptical curvature

of the bottom ?%ﬂ%%&na&=g%%egeg ?ott}v i%HrtY%tP 1St %mhget{gsrto i gs gb%ﬁg the
the second ellipse, respectlve%/, In'a region etwesn & pair o
intersecti%qi%?l[nts. 1519.A fan blade configured to mpunt to a rotating fan
hub, the fanblade comprising: (a) a top surface having a generally
elliptical curvature, wherein the curvature of the top surface is based on a

first ellipse; (b) a bottom surface having a generally elliptical curvature,

whegein the 2AGHEYAILS ofihe 1‘%‘3@&%{%}&1 r@%ea&p&aﬁ%f%@% .%%%orggians.

ellipse;

18.  The fan blade of claim 1, wherein the first ellipse and the second ellipse
intersect at four intersection points when the first ellipse and the second
ellipse are plotted on a common graph, wherein the generally elliptical
curvature of the top surface and the generally elliptical curvature of the
bottom surface are based on the curvature of the first ellipse and the second

ellipse, respectively, in a region between a pair of the intersection points.

19. A fan blade configured to mount to a rotating fan hub, the fan blade
comprising:
(a) atop surface having a generally elliptical curvature, wherein the
curvature of the top surface is based on a first ellipse;
(b) abottom surface having a generally elliptical curvature, wherein the
curvature of the bottom surface is based on a second ellipse;

wherein the first ellipse and the second ellipse intersect at four

intersection points when the first ellipse and the second ellipse are plotted on
a common graph, wherein the generally elliptical curvature of the top

surface and the generally elliptical curvature of the bottom surface are based



10

wherein the first ellipse and the second ellipse intersect at four

intersection points when the first ellipse and the second ellipse are R’@éﬁ%j
on a common graph, wherein the generally elliptical curvature of the
surface and the generally elliptical curvature of the bottom surface are
based MCSLLP - 23 - on the curvature2éf-the first ellipse and the second

ellipse, respectively, in a region. between an.adjacen of the
mtersectlorl? %on?%rz ’f&f’f g \ﬁlrl?ﬁ&& c?}{é %(iﬂﬁ?ﬁlasfotrﬁﬁ%c?é’ﬁly’ na
hub, the fan blage 500m I’IS gc éta atolptﬁurface havin enerally
elliptical cuf%/a’ilure W ereln eecu Hlute'of fﬂ%eli%et? %%1%% based on a

first ellipse; (b) a bottom surface having a generally elliptical curvature,
wherein the curvature of the bottom surface is based on a second ellipse;

fogereh 15 WM UGRRL0E RReN S RRSUBRZRET R, R IIRRIRY
comprising:
(a) atop surface having a generally elliptical curvature, wherein the
curvature of the top surface is based on a first ellipse;
(b) abottom surface having a generally elliptical curvature, wherein the
curvature of the bottom surface is based on a second ellipse;

wherein the formation of the second ellipse is based on the formation

of the first ellipse.



