FAN BLADES AND MODI FI CATI ONS Ri chard M chael Aynsley PRIORI TY [0001] This
application clains priority fromthe disclosure of U S. Provisional Patent
Appl i cat iwo 206@vd22812No. 60/ 589, 945, entitled "Fan Bl ades pamashidiodizeat i ons, "
filed July 21, 2004. BACKGROUND OF THE | NVENTI ON [ 0002] The present
invention relates generally to fan bl ades and fan bl ade nodifications, and
is particularly directed to an airfoil suitable for use with a fan bl ade
and a winglet suitable for use with a fanl bl ade. [0003] People who work in
| arge structures such as warehouses and manufacturing plants may be exposed

to working conditions that gFaRa ADERASDMODIEPCAGONE € t o hazardous. The
sane may also apply in agricurtural settings, such as in a structure that

is full of Iivestock. On a hot daychdrfd®sibnel ASn@by tenperature may reach a
poi nt where a person or other animal 1s unablé& to maintain a healthy or

ot herwi se desirable body tenperature. In areas where tenperatures are
unconfortably or unsafely high, it nafREGREEY|rable to have a device
operable to create or enhance airflow within the area. Such airflow may, in

part, facilif{@gog)a redyntsd HPliédtiohRIANAE pEHRE fidin HrediSre 600G PrdviiRY T |
sone activities that occur In these environnents, such as wel ding or

operating internal conatnt dpplecatipmSerial Moy 601583045 zntiHed eancBladesAndant s
t hat can be del eteri Oui/Ié ﬁéa?jl%ﬁ?”?lﬁegoﬁﬁpllf?§84 effects of airborne
I It i

contam nants nmay be magnifie e al’r W'in the area is | ess than

ideal. In these and simlar situations, it may be desirable to
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 warchouses and
manufacturing plants may be exposed to working conditions that range

~ from being uncomfortable to hazardous. The same may also apply in

agricultural settings, such as in a structure that is full of livestock. On

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



have a device operable to create or enhance airflow within the area. Such
airflowmy, in part, facilitate the reduction of deleterious effectsof

cont am nanboea2e1zas t hrough dilution and/ or renoval ofcaastesionsms s.
[0005] In certain structures and environnents, a problemmay arise with
heat gathering and remaining near the ceiling of the structure. This may be
of concern where the area near the floor of the structure is relatively
cool er. Those of ordinary skill in the ant- will inmediately recognize

di sadvant ages that nmay arise fromhaving this or other inbal anced

air/tenperature distri QPtéo?lenihﬂ-g%,h‘iﬁ& and tﬁjoqg'g{;ag%ﬁ%&ya&dms irexinszﬂméfbe

desirable to have a device oper e to create nce airflowwthin the
area. Such airflow maycortamimants, facilitate de-stratification and the
i nducenent of a nore ideal air/tenperature distribution. [0006] It may al so

be desirabl ewtogsrave apf %a?&%kﬁe@%%d %hﬂgagngb 168 seQfhth RUeh a

reduction of “energy consunption may cted by havi ng fan that runs
efficiently (e.g., |esgatheingys ardsemaiping ssir tie ailingeoftthe sthanturas Thosmpay e t o

ot her fans). A reductiop of ene on tign ffect
having a fan that inpr 8€%%“°San Wégl)éttﬁ‘? Bﬁﬁglr%ﬁ} 8?@%6? tﬁ%a@@?ﬁrﬁ lﬁgﬁlgﬁ‘ﬁegyor
cooling costs associ at geh i t PRk idrRhdidey! k@b in BRI & Wil SeMRBht N rédogliZE

DRAW NGS [ 0007] The acconpanying draw ngs incorporated in and formng a
part of the specifi cat disadvantages that enayegaseafroms pexdng this qrhethpr églalanced

i nvention, and toget her.){vlthert hre &S 1r1i' ti NESEr W stil%ilgﬁ(ﬁku-inn,ie av be
Bhp TP EFRG Al e st od, Rar "t Airs

principles of the inveffi owever,

ijnv ention : fsknot | mi t gekifaBletth Bats £ abviee apdratilg eTEmRAS 03 RokMhce hitfloWewithin
raw ngs, |ike
J 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 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

[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.



reference nunerals refer to like elenments in the several views. In the
drawi ngs: [0008] Fig. 1 is a plan view of a hub for nmounting fan bl ades.

[ 0009] Fiwo 2806/@2812Cr 0ss-sectional view of an exenpl ary ptansbéoader703

airfoil .[0010] Fig. 3 is a cross-sectional view of an alternative exenplary
fan blade airfoil [0011] Fig. 4 depicts a graph showi ng two ellipses.

[0012] Fig. 5 depicts a portion of the graph of Fig. 4. [0013] Fig. 6 is
side view of an exenplary w nglet fan bl.gde nodification [0014] Fig. 7 is a
cross-sectional view of the winglet of Fig. 6. [0015] Fig. 8 is a top view
of the winglet of Fig._6._[0016] Fig. 9.is an.end view of the fan de of
Fig. 2 mod 0288 tﬁlg-aﬂﬁgw@%ssb*aﬁn@l. VigW olotm glferpatyye %Hﬁpia%ﬁ%@aﬁsded
perspective view of thg:mingl et-bl ade assenbly of Fig. 9. [0018] Reference
will now be made in detail to the present preferred enbodi ment of the

invention, a npl e of ich is illustrated in the acconpanyi ng draw ngs.
DETAI LED DESRT Hri on Cﬁ‘gA&ngW ing 20 SWRSE On [0019] Referring now
to the drawings in detail, wherein |like nunmerals indicate the same el enents
t hr oughout tHW812) ews, Fggs dépishawsrtmnarfthagmpph ahFiguh. 10, whi ch may be used

to provide a fan having fan blades 30 or 50. In the present exanple, fan

hub 10 incl ugggsp pl urpsl 6Ys Gde VbW M@&éﬂﬂa@ﬂ%{f‘g faklolhde MBHiGRatdn DI ades

30 or 50 may be nounted.” I n one enbodi nent, 10 i's coupled to a
driving nechﬁ@gifgfor ﬁotgtlngofan hub 10 a%wﬁelec &QﬁqqgQipredeternlned

speeds. A su hubtg: 7 1s a cross-sectional view of the wing
[0015] Fig. 8 is a top view of the winglet of Fig. 6.
[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 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



assenbly may thus conprise hub 10 and a driving nmechani sm coupled to hub
10. O course, a hub assenbly may include a variety of other elenents,

i ncl udi ngwe 20édd2es1ient hub, and fan hub 10 may be drivenpby/wnyswoizabl e
means. In addition, fan hub 10 nay have any suitabl e nunber of hub nounting
menbers 12. [0020] As shown in Figs. 1 through 3, each hub nmounting nmenber
12 has top surface 14 and bottom surface 16, which termnate into | eading
edge 18 and trailing edge 20. In additiong_each hub nmounting nmenber 12

i ncl udes opening 22 formed through top surface 14 and going through bottom

surface 16. In the pre xaml eni 22 1s sized to receive fastener
26. Each hub nounting Sﬁgfr?r%béeremfg%i gn%(g(ﬁ??ng?f?‘etﬂl%tlg Py avg any é‘HtaEEéH@bgboér
50. Those of ordinary skiblnounting memdérs 194 | | appreciate that hub nounting
menbers 12 nay be provided in a variety of alternative configurations.

0021] In on odi ne f plade 0 ar .50 are, mount.ed to .the_hub
Eassen}al y di sg?@;ﬁid in %S,Ss.hoggtlgrﬁgsl\g.tﬁg}@}lﬁ’, %aflgtl.hub‘m%‘ﬁ{t}%ér}enfbgﬁ?%lhﬁﬁ@ 30
or 50 may be mounted tGurmye kot dRrbotul AAREOT6, hicp@smiRte)intoAestihd aldeq shub

assenbly may be operable to rotate hub 10 at any suitable angul ar speed. By
way of exanple only, sd8f ZAlR sdess gledinagdditien, sepphvratbe mounting: meathge 181

approximately 7 and 108,41660!oWLAiR B6im -tﬂlﬁt Fi,g. . 2 sho a,Cross
section of exenplary fan b agg 30Q%%VI ngéa'cur g’%t%l?gllﬁﬁcﬁgme@&eg%%g, ‘{ﬁtﬁed
to hub 10. The cross séottorosuifaetlgk émthalpessentaximplesopenig 22!iasieed ©ealepd at

the center of fan bl ad 0, oki oward hub 10. Fan bl ade 30 has top
surface 32 and bottom 3%?@5&%83 ?C?‘g’é‘bllin%‘l‘m%fnc?ﬁl bl hisrentgured o Tegeive i edge

36 and trailing edge 381ad&309PSUNThéseRr bidihrPHdR irdtheASwill DpRRBthat hub
approximately 45 relative to portion of
mounting members 12 may be provided in a variety of alternative

configurations.

[0021] In one embodiment, fan blades 30 or 50 are mounted to the hub assembly
disclosed in U.S. Patent No. 6,244,821. Of course, fan blades 30 or 50
may be mounted to any other hub and/or hub assembly. A suitable hub
assembly may be operable to rotate hub 10 at any suitable angular speed.
By way of example only, such angular speed may be anywhere in the

range of approximately 7 and 108 revolutions per minute.

[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 taken 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 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. |



top surface 32 that is proximate to trailing edge 38 and portion of bottom
surface 34 that is proximate to trailing edge 38. O course, trailing edge
38 may hawe 28swy2ediber suitabl e sl ope, such as 0 by way etrasasmslez7only, to
the extent that it conprises a single, flat surface. Qher suitable
trailing edge 38 configurations will be apparent to those of ordinary skill
inthe art.[0023] In the present exanple, fan blade 30 is substantially

hol low. A plurality of ribs or bosses 405are | ocated inside fan bl ade 30.
As shown, when hub mounting nmenber 12 is inserted into fan bl ade 30, ribs
or bosses 40 posi t{ ] : tom
surface 16, [@2%‘ ng ediéletﬂgg,r%%iﬁ%x%?@hﬁgﬁgﬁggﬁgéﬁﬁﬁﬁ%@}ﬂ%@%i% 1urrne er
12. Bosses 40 thus pr ovf s & bessagdd are 1matedensdd fan blidede. A6 showh, iwdien imbint i ng

menber 12. Alternative configurations for f bl. a ~ L.ncl udi n ut not
limted to those af f ecPPHEMEECRRS: i‘éH?ﬁW‘iS’a%& %ﬁ&g’iﬁdﬁr‘? BB%lareg?Sé‘%) A8 hub
mounting menber (12), Wididork8 AP Mheyt Sort9I6p RlirfRiedi NABOttoRK ishrfack N 6, he
art. [0024] As used herein, ternms such’as "chord," "chord length," "maxi nmum

t hi ckness, " "nmaxi mum ckatieg ,etge d8ghed dfhilimgt elgk,20 ahdub meounting membgr| 12he
ascribed the sanme neanjng asgcribed to.those t as_used in the f

ai rpl ane wing or ot herbggﬁ (ﬁ_%l {hﬂfésﬁrﬁﬂqe Ians%%e%é%%e%e%ﬁ bll?(g% 3@| %&%@0)
has a chord I'ength of appr@Y FRERLY 16. 4AlRRIRS coffatritonsefof 38) bhas W,

maxi mum t hi ckness of approximately 16.2% of the chord; and a nmaxi nrum canber

of approximately 12. 79nshudingebut met imitatho thasgi afteotng fheaeirhepsbrgeetyew) fan s
approxi mately 3.9% of the, g%bgraﬂd hwﬁqeo:ilgt‘?ﬂ@&ﬂnﬁﬁ( %ﬁig-@befaﬂgﬁreﬁt JihSHdgr ant

of bottom surface (34) TS roxi na elc an alternate
enbodi nent, fan bl ade 6BHarhgksil in the art.

[0024] As used herein, terms such as “chord,” “chord length,” “maximum
thickness,” “maximum camber,” “angle of attack,” and the like, shall
be ascribed the same meaning ascribed to those terms as used in the art
of airplane wing or other airfoil design. In one embodiment, fan blade
(390) has a chord length of approximately 6.44 inches. Fan blade (30)
has a maximum thickness of approximately 16.2% of the chord; and a
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



chord of approximately 7 inches. In another enbodiment, fan blade (30) has
a chord of approximately 6.6875 inches. O course, any other suitable

di mensi onsoae/mesipr oportions may be used. [0025] By waycofuseosnpizes only,

fan bl ade (30) may display lift to drag ratios ranging from approxi mately

39.8, under conditions where the Reynolds Nunmber is approximately 120, 000,
to approximtely 93.3, where the Reynolds Number is approxi mately 250, 000.
O course, other lift to drag ratios may. e obtained with fan bl ade (30).

[0026] i one enbodi ment, fan blade (30) displays drag coefficients ranging

hopr ot et sl v 75 500, e LmiRdE apbERLIR"S MO bl SR AP S R B | <
a ) ) - ) . . .
approxi mately 112, 500. Reyncldsinaambedtibappidkagatel9ef 12,500eNDF dsBkseLsthebUpighed

with fan blade (30). [0027].1n one exanple, under conditions \/\7r1e_re t he
Reynol ds Nunber is appr°8§'<'%ﬁﬁ@lwa&mhﬁ@)‘ﬁ?d‘w&hf@@é@ﬂ@%) noves air such

that there is a velocity ratio of approxinmately 1.6 at bottom surface (34)

at trailing ¢0F](38) df dreneldngide (3R} .contifiens wilepCithy Re3hdldS N@vib&eis
n.one enbodi nent, fan bl ade (30)

ined with fan blade (30). [0 | _ !
8?23: ggs \rllmon- stal | aer 8Béfﬁ§%‘?aééy ?258’]099‘@@%51’1%9‘3 @0 mavepairvizieh thas gheriisat el y
-1to 7, d conditi i Kawa M'E@‘ﬁﬁn .
112, 800; gﬂde;ngl es of Qg?gﬁﬁhgg?agpern ap%?)gg'lﬁnate y %@fa?%?ff@é{%}eﬁ%@gge
Reynol ds nunber is appfdRiofdereblade &) 0 therrelanityrstins mhebe obainsd sviet £m
merely exenplary. [002 LaF' 3 shows a cross section of another exenplary
fan bl ade (50) having 3 ﬁ%k%p‘ly elliptical top surface (52) and bottom

surface (54), each of which termnate in | eading edge (56) and trailing
edge (58), mAMRBEd to In 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 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 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.



hub (10). The cross section is taken along a transverse plane |ocated at
the center of fan blade (50), |ooking toward hub (10). In the present
exanpl e, wenoim@aa2(50) is hollow. A plurality of bossegctaBpooane2b®cat ed
inside fan bl ade (50). As shown, when hub nounting nenber (12) is inserted
into fan bl ade (50), bosses (60) are positioned such that they contact top
surface (14), bottom surface (16), |eading edge (18), and trailing edge
(20) of hub nounting nmenber (12). Bosses 7(-60) thus provide a snug fit

bet ween fan bl ade (50) and hub nounting nenber (12). Alternative

core, o OlPr | Sl By 0100 iy Pl (i Sl

affecting th ationship between nount 1 ng nenber
(12), will be appar ent leadingrdge (550, arabmpared tokd highérradine ofi curvh DS Gjwakd

ctge (56) as comvar et draing §oes (ot d50 RN GR Ll By B P SFrEF 1 g
edge (58). The curvat upgsingd f1atusPippet, (RQLgiae Ssetitbaiotefo dipsk@asihgi N

part, through the generation of two ell'i pseS using the follow ng fornul ae.
Those of ordinary skil thei follomengarfornmilad. aPhosecofitoedindrat skillf inr she attl wplde,

with its origin at the intersection. of rtesian x and xes, nay be
generated by these equiRRBHYS tﬁﬁoﬁl]m[i lp§e’:wﬁﬁ¢68‘fl?§l?,;¥taﬁ8 IFE?E)S:?E%OTQ]{ y =
b(SIN(t)), [0033] whereaft&RA atl FatBNBhPbOEeridto@bY tHeddledittioh)035] b =

| engt h of secondary radius, and [0036] t = angle of rotation of a radius

about the or L{@'éﬂl (e. 0. [lt]ihg ?%?%@@?@» LI(PcpS?] Accordingly, a first ellipse

may be gener usi ng
[0032] (2]  y=DbEINW),
[0033] where
[0034] a = length of primary radius,
[0035] b = length of secondary radius, and
[0036] t = angle of rotation of a radius about the origin (e.g., in radians).
[0037] Accordingly, a first ellipse may be generated using the foregoing

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, wherea=3 and b=2.

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

[0039] [31 x2=x(COS(8)) - y(SIN(O)), and

[0040] [4]  y2=y(COS(O)) — x(SIN(©)),

[0041] where

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

first ellipse through O radians about the origin, and



equations. Simlarly, a set of coordinates for the first ellipse my be
obt ai ned using equations [1] and [2]. Exenplary first ellipse (200) is
i |1 ustratwo 2006/2bs2gr aph depicted in Fig. 4, where a = Pcang2smo2o3 [ 0038]
Coordi nates for a second ellipse nmay be obtained using these equations:
[0039] [3] X2 = x(COS( q)) - y(SINC q)), and [0040] [4] y2 = y(COS( q ))
- x(SDSf(qg )), [0041] where [0042] x2 = the second "x" coordinate after a
countercl ockwi se rotation of the first el84pse through q radi ans about the
origin, and[0043] y2 = the second "y" coordinate after a countercl ockw se

rotation of y4p3first ¢l LiRsSchhd 048k didinddiesa abaHErcldiBwREir -aﬁcan bPGR4]

Thus, the dinensions of the second ellipse are dependent on the di mensions
of the first ellipse. Bxsepipae threeghoddadidrisiabeet thaoOginis illustrated in the
graph depicted in Fig. 4, where q = 0.525 radians. It will be appreciated

that, where fod4i4[ st andhiecoRddiglentiBaE oft! the NeBbddediliple 3% Qfe?é’tﬂﬁﬁt Wht fhe
equations [1] thtrough [4], the two ellipses may intersect at four points

("el lipse intersecti ondimensiing. of4the Hareks ellipss. dienpdaryi secend ebipso(30Q)460)
between first ellipse (20 nd.second. el lipse.(300 4 he .curvature
of top surface (52) angﬁbsgﬁegrw%hlfrgf%%q’ede(pé%?g%e@’%bg’ %Ié%%%?_?ts -gerﬁgltan?nﬁpart,
on the curvature of theviflibesppromdtcd@bANWhereld MSEIDIBEE BllHYOare PIste@Uh Ve
el lipse intersections. An exanple of such a segnent of first ellipse (200)

and second el Iipse (308§cordansaowihisquetions B thiough Ebpithe gwohellipeast mahi of
ellipses (200 and 300) uﬁ%%‘% HANBEHH (¥flipSt [ABREAMES! SR | P Wowks O

Accordi ngly, equations
ellipse intersections (400) between first ellipse (200) and second

ellipse (300).

[0045] The curvature of top surface (52) and bottom surface (54) may be
based, at least in part, on the curvature of the first and second ellipses
between two consecutive ellipse intersections. An example of such a
segment of first ellipse (200) and second ellipse (300) is shown in Fig.
5, which depicts the portion of ellipses (200 and 300) between
consecutive 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)



through [4] may be used to generate surface coordinates for at |east a
portion of top surface (52) and bottom surface (54) of fan blade (50).

[ 0046] | twwi2bdé/daesiappreci ated that the chord | ength-t o- thiralse@smor7at i o of
fan bl ade (50) may vary with the anmbunt of rotation, g , relative the two
el lipses. [0047] O course, portions of fan blade (50) may deviate fromthe
curvature of the first and second ellipses. By way of exanple only, and as
shown in Fig. 3, |eading edge (56) may he nodified to have a generally
circular curvature. O her deviations will be apparent to those of ordinary

skill in the art. [0048] .1 n ope enbodi t a | ade 0), is c ted usin
eq:Jati Ions [1] thr oLgh F;l\jmg,\‘atcﬁaraetgr gpégy’f"é’f chorg gnéﬂi tt,ﬁséﬁ%ﬁ’&? E—“S%S.egﬁ‘%u o
radians. In this enbodiu®ittre fsafit PAaeRidl§0 that foif ttopM suffasd (54! /id b&resh NY

edge (56)having a dianeter of 3.5%of chord length. This |eading (56) edge
curvature is fit tangesirfase($4)t Suelhafit oy begnyisionedy conpargigdiss tagehd.

surface (54). Such a fbtfcgiﬁ‘ge %ﬁle%é%ﬁ?i#ﬁg%?%e%g@a” ng Figs. 3 and 5. O

course, other dinensions nay be us I'n~"one enbodi nent, fan bl ade

(50) has a chord length of approximtely 7.67 inches. In another .
enbodi ment, A% ade hh@lea?n@?ﬂgﬂﬂemeﬁﬂgtbilﬁdéﬁ@ﬂ}?ﬁé)@hﬁiﬁltlélllgihl?’.f BETOXImAAY . Of
course, fan bl ade (50) e 11t ab . ] In
t he present exanpl e, t?l'gg?{ré |%'s hg?}{?tg%ml n%%é@’ %%G@Q?ésg%gp%rgg%ar%% %P?}?S 5%
of the chord. The naxi spprotihiackn@$87 afichesin Ol cadmse( fadl)blade @PPhmyihasé ahy
14. 2% of the chord. The maxi,r%lm ﬁan‘ger of fan bl ade (50) is approximtely
15. 6% of the chord. OF OBge@dleghorddenedh- suitabl e di mensi ons and/ or
proportions may be used. '

[0050] In the present example, the radius of leading edge (56) is

approximately 3.5% of the chord. The maximum thickness of fan
blade (50) is approximately 14.2% of the chord. The maximum
camber of fan blade (50) is approximately 15.6% of the chord. Of

course, any other suitable dimensions and/or proportions may be used.

[0051] In one example, a fan having a 24-foot diameter and comprising ten
fan blades (50) mounted at an angle of attack of 10° produces a thrust
force of approximately 5.2 Ib. when rotating at approximately 7
revolutions per minute (rpm), displacing approximately 87,302 cubic
feet per minute (cfm). When rotating at approximately 14 rpm, the fan
produces a thrust force of approximately 10.52 1lb., displacing
approximately 124,174 cfm. When rotating at approximately 42 rpm,
the fan produces a thrust force of approximately 71.01 Ib., displacing
approximately 322,613 cfm. Other thrust forces and/or displacement

volumes may be obtained with a fan having fan blades (50).

[0052] By way of example only, fan blade (50) having an angle of attack of
approximately 10° may display lift to drag ratios ranging from
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).



[ 0051] In one exanple, a fan having a 24-foot dianeter and conprising ten
fan bl ades (50) nounted at an angle of attack of 10 produces a thrust force
of approxwoab@lo2622 |b. when rotating at approxi mat el y peTrise@swvizons per
mnute (f m, displacing approximately 87,302 cubic feet per mnute (cfm.
When rotating at approximately 14 rpm the fan produces a thrust force of
approximately 10.52 Ib., displacing approximately 124,174 cfm Wen
rotating at approximately 42 rpm the fahOproduces a thrust force of
approximately 71.01 Ib., displacing approxi mtely 322,613 cfm O her thrust

forces and/ Otodébgpl acefpphe YAbsHIBENTEY H11eABDRHRRIYhbiLs@ll fafddpmhiBgfdran
bl ades (50). [0052] By way of exanple only, fan blade (50) having an angle

of attack of approxi naaegles 00 atteck Hétwperappprokimatedy di°atp 1 bt i wder aengiitansf r om
approxi mately 39, under congliﬁt' ons re the Reynol g‘& kS

approxi mat el y 120, 000, “05alisr Wﬂlgfgﬁ‘i}“ s Méquag%ygg @p’dgorl\?ﬁl%&(’fi s
appr oxi mat el y 250, 000. afdcheetvdeh tapproxitiatedy 0BAAOB wHere gheIREyHoNR Guiibehisf an
bl ade (50).[0053] In one enbodi nent, fan bl ade (5Q) provides non-stall

aer odynani cs for angl e8prspxiatafehy ROGRA0ant formnelss phaltaskybetwees approximaiely
conditions where the Reynol &mgp i roxinat . ; apgl es
of attack between apprgx?ﬁé ély gﬁdk%?%‘gﬂ%ﬁi%é%@g@o%ﬁ%@ :@g
approxi mat el y 200, 000; ceursk, these edlgdsase mérebtdxamislabet ween approxi mately 1 to

13, where the Reynol ds nunber is approxi mtely 250,000. O course, these
val ues are L,y exe o4k < b f L. - f oot
di anet er angﬁ{:@%ri Si @@é&lnex?gﬁ%b?aa eﬁs}w%gj 13l?(gdyr?ot g}[egeé agl'? ng%bgﬁggﬁ%t ely 25
rpm The fan runs at aphdexi(®t Bl sotddd watapproxwhithlya2§ apoue Tife fapprumxiatat el y
78. 80 i nchpounds : . . .
approximately 54 watts, with a torque of approximately 78.80 inch-
pounds (in.Ibs.) and a flow rate of approximately 34,169 cfm. The fan

thus has an efficiency of approximately 632.76 cfm/Watt.

[0055] In another example, a fan having a 14-foot diameter and comprising ten
fan blades (50) is rotated at approximately 37.5 rpm. The fan runs at
approximately 82 watts, with a torque of approximately 187.53 inch-
pounds (in.1bs.) and a flow rate of approximately 62,421 cfm. The fan
thus has an efficiency of approximately 761.23 cfm/Watt.

[0056] In yet another example, a fan having a 14-foot diameter and comprising
ten fan blades (50) is rotated at approximately S0 rpm. The fan runs at
approximately 263 watts, with a torque of approximately 376.59 inch-
pounds (in.lbs.) and a flow rate of approximately 96,816 cfm. The fan
thus has an efficiency of approximately 368.12 cfm/Watt. |

[0057] The following may be applied to any fan blade, including by way of
example only, fan blade (30) or fan blade (50):

[0058] In one embodiment, each fan blade (30 or 50) comprises a
homogenous continuum of material. By way of example only, fan
blades (30 and 50) may be constructed of extruded aluminum.
However, it will be appreciated that fan blades (30 and/or 50) may be

constructed of any other suitable material or materials, including but



(in.Ibs.) and a flow rate of approximately 34,169 cfm The fan thus has an
ef ficiency of approximately 632.76 cfm Watt. [0055] i another exanple, a
fan havi ngoaoddzbsiot di ameter and conprising ten fan bl deas¢@Boirss r ot at ed
at approximately 37.5 rpm The fan runs at approximately 82 watts, with a
torque of approximately 187.53 inchpounds (in.Ibs.) and a flow rate of
approxi mately 62,421 cfin. The fan thus has an efficiency of approximately
761.23 cfmVatt. [0056] hi yet another exanple, a fan having a 14-foot

di aneter and conprising ten fan blades (50) is rotated at apprOX|nater 50

rpm The fan runs at ap X1 y 263 tt
aBprom mately 376.59 inc go‘{i‘ﬁ%’t ?‘z ol B’gw aélﬁ]d)raplﬁ gH‘Sf‘O%pBr Will Rt el y
96,816 cfin. The fan t pprebatdanatahi bRI&GY aﬁa/oaw)r@&y pakfalY by &8y ddtable

ctfmWatt. [0057] The follown may be applied to any Tan bl ade, 1 ncluding
by way of Eaxarrp} e onl y methed % wnP@QWT%rlmhhhltﬁ dae IQCSO)Iml{GGOEB]Sttmplog,e f
embodi ment, each fan bl 3 a en nt.i.nuum o
mat eri al . By way of exarrp ogvle?/qmg (ﬁ?ﬁgﬁdl&?go éﬁr}g@g?ltﬁi IB% 1528?15 uct ed
of extruded al um num Hhoatiadsrqf manmﬂacltdreballaq@pd;@ateat edthobé@bf batind?Y aRigisin( 30
and/or 50) may be constructed of any other suitable material or materials,

i ncl udi ng but not i mi t & #h any metal and/or plastic. In addition, it V\A||
be appreciated that fan bl ades (30 and/or 50) may be nade by any suitabl e
met hod of nmad@IAEt ure, Winl (rohi bigdd (30 oet50) |1mnﬁ<ﬁﬁitdd0toshﬁ15rm(oyg,hubaﬂdhﬂﬂg

wel di ng, and/or noldin he ui t abl e terials_ and nethods of
manuf agture will be apg};ﬁ”gﬁ ltﬁt“ill%'s%x Bt ':" dg (39 pr Q) empsoximately 6059]

When fan bl ade (30 or Hfthed SbyOWRY &t tRabl &diY) - ABniRRY, | RS 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 blade (30 or 50) may also include one or more openings configured
to align with openings (22) in hub mounting member (12). In this
embodiment, when openings in fan blade (30 or 50) are aligned with
openings (22) in hub mounting member (12), fastener (26) may be
inserted through the openings to secure fan blade (30 or 50) to hub
mounting member (12). In one embodiment, fastener (26) is a bolt.
Other suitable alternatives for fastener(s) (26) will be apparent to those of
ordinary skill in the art, including but not limited to adhesives.
Accordingly, it will be understood that openings (22) are optional.

[0061] 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.



menbers (12) may extend into fan blade (30 or 50) approximately 6 inches,
by way of exanple only. Alternatively, hub nounting nenbers (12) may extend
i nto fan wbade/3020r 50) to any suitable length. It wi lpcTalssesher7o3
appreciated that hub (10) may have nounting nmenbers (12) that fit on the
outside of fan blades (30 or 50), rather than inside. Alternatively,

nmounti ng nenbers (12) may fit both partially inside and partially outside
fan bl ades (30 or 50). [0060] Fan bl ade- {830 or 50) may al so include one or
nore openi ngs configured to align with openings (22) in hub nounting nenber
(12). In this enbodine ' | i gned
W th openings (22) in %ﬁr\ﬁgﬁéﬁ%ﬁgﬁﬁﬁﬁe‘wg‘g)ﬁbﬁﬁgﬁ eﬁé?e (eggléiﬁ)ﬁag}ggg%
inserted through the othenitngs to secure fan blade (30 or 50) to hub
nmounting nenber (12). In one enbodinent, fastener (26) is a bolt. O her

sui tabl e al Ffifo@_@f' ves ft%illfb_%%igﬁx'égi!é{ea)tha(t 20 krodk bdctiBfs ABRAME MnghPot AR DdES
ordinary skill in the art, including but not limted to adhesives.
Accordingly, it will b&O0urdé) stedowt bhalentpqab ninraglser (Wx2yls, Hrecconfgiretien of 20061]

Fan bl ade (30 or 50 be, a Xi mat 4. 5 .6 8. 0 1 2, 13,
or 14 feet(l ong. Al %erﬁlé?? 6’&‘8%?8?%%& Ogb%“?’%mo%lo%t}‘éﬁ%@mﬁ?gi? b%%’;}’bbat% er
suitable length. In ongoestosyi Mnivay folexhpldon(3Q surti&GOpf aedHibméukPhgar e
sized such that a fan conprising fan bl ades (30 or 50) and hub_ (10) has a
di aneter of approxi mat endy of fars lade (3P9r AAbki Bethe enboliapdiade (3Ger 3D dkpt wio or

50 d hub (10 ' i.Si 50
2nf hub (10) has a i apGfuiis o bR 40 b AFENCT, T R LR fellduer 50)
di nensions will be appaiteistmide tohtzadingfedge db6)asty fankblade (50)ttheacasimofift®62]

It will be appreciated that all cross sections along the |ength of fan
bl ade PP another blade (5CO) on ?mb ?1 OS. g g
[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,



(30 or 50) need not be identical. In other words, the configuration of fan
bl ade (30 or 50) need not be uniformalong the entire length of fan blgde
(30 or 50y0 2By6/0228120f exanpl e only, a portion of the "hgorrosgssiongoend” of
fan bl ade (30 or 50) (i.e. the end of fan blade (30 or 50) that will be
mounted to hub (10)) may be renoved hi one exanple, an oblique cut is nade
to | eadi ng edge (56) of fan blade (50) to accommbdate another bl ade (50) on

hub (10). [0063] Alternatively, fan bladg3(30 or 50) may be forned or
constructed such that a portion of the hub nounting end or another portion

[ ' d, [ d, th ' "mssing. " | ] be, appreci at ed t hat

the absence of such & SUFE IERPIaG APBIELLRE mabetiae) o nEEE iR s mey

never there to begin V\ﬁhﬁ\l’@an%,‘gleédf|a€th’dkahﬁ1e%hﬂ%%g@%ﬁ%bl??ﬂowp}iﬂclgéi%!es
u )

(30 or 50) interfering with each other at : Supholnterference may
be caused by a vari ety bgwepmcd’oand 10° narlysiveipr appropimately it 84 108 arHarP by

th of f bl ades oW.se fagtars, other an interference
lmiggi nf Fuengg thg rem()\%?’qgr&g%jﬁleegma%s?r{ccgurgf:’ é‘img%ﬂei @ﬂ °5f§05|é’??yb}i’aé’aean?'30 or
S bortion of traliing edge (38 or 58 br bath oL S0ea A e a2
a portion of trailing edge . ely,
adgress fan bl ade (30 & aléﬁ)ﬁ?ﬂﬁ Bt ?“é‘g@néédélﬂe ARgle @i@)t?clqmydzeamewécg &% hub
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mounting nmenmbers (12)). AlTernatively, ot des

o bl ados (OUSSF 50) MERBEtEIHapE of BECRLBIbMosRNERERbSIE M vFhe

ar ; de[ ((32851“ ng)se of  Op&thNAGYn i1k bf httack & 1A bladlé (3b o2BHY HSY B Srob{aBE b &N
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 substantially 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.

[0067] 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.

[0068] Winglet (70) of the present example includes vertical member (72).

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



may have a zero or non-zero angle of attack. By way of exanple only, when
nmounted to hub nounting nenber (12), fan blade (30 or 50) may have an angle
of attackwonotdie2siange of approximately -1 to 7, inclusipeejusb@snerns -2 and
10, inclusive; or approximately 7, 8, 10, or 13 by way of exanple only. O
course, fan blade (30 or 50) may have any other suitable angle of attack.
Fan bl ade (30 or 50) nay be substantially straight along its |length, and
the angle of attack may be provided by hgying hub mounting nember (12) with
the desired angle of attack. [0066] Alternatively, the angle of attack of

hub nmounting nenber (12) may. be ro,.. and. an angl e of attack for.fa | ade
(30 or 50) may be prov‘?‘H%rosuﬁﬁfc%L(ﬁ gltthqrﬁmga}ﬁe qugj’(%‘ra(t@ﬁs “B@ﬁr.su[ff‘ceo&ﬁgr
words, fan blade (30 of, errg?Yfa&e(ﬁ?lQﬁrﬂ BBLhrbit 5tk YRborBhAYIKhG thengt h
to which hub nmounting nmenmber (12) extends in fan blade (30 or”50), and a
twi st may be provided drb [ thei pteseah exangple, the patimgtek of oerticabmembar (12)gs
portion of fan bl ade ( or,,50). Such tw st ma cur, _over, a sui t.abl e
length of fan bl ade (3%(%{5’1‘3“?@532"(@.3@83@88’ ey A2 R R aF Gflst G0 FadlE (30
or 50) length has a twdeki(79r80, Bed BYY Mbett SeltidIBS at réspebtivhedmerqan). yTials| of
t he remai nder of fan blade (30 or 50) is substantially straight; etc.).
Still other suitable cnthequesent exenpiedveriaahspsnties (7Hr basi tresgcoameramdte of
attack for all or part,of_f I ) (oW | par . h

ordinary skill in the %?ts.hoﬁﬁ’ ta%a%?'?‘ioéin%? ﬂ }[Mvhglxl@ﬁ%%%app&g%lr% %18’ ?ﬁegtt%rfl or
any portion of fan bl atemes? orthhO)ermviy sad derie shall Mot detrehd tS réquireany

pur pose. [0067] Those of ordinary skill in the art w Ill) appreciate that a
fan blade (e.g., 30 orsh3m) angs Beothgdverded ¢aimer nesdpet %%1%5&%9%“

modi fi cations may al tgegfo?eat%ﬁ&?&#)ﬁ'f o8 & fiShtQinek %ElbgPSf {HRGrSBAC Ry hifkSin the

illustrated in exenpl ormin Figs. 6 through , one such nodification
may 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).

[0069] Other variations of vertical member (72) will be apparent to those of
ordinary skill in the art.
[0070] 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 mounting 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.

[0071] 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



i nclude winglet (70). Wiile winglets (70) will be discussed in the context
of fan blades (30 and 50), it wll be appreciated that winglets (70) may be
used wi t hwenyosmkbsir suitable fan bl ades. [0068] W ngl et pCTA)s2ak/001763 pr esent
exanpl e includes vertical nmenber (72). Vertical nmenber (72) conprises flat
I nner surface (74) and roundedouter surface (76). O her suitable
configurations for inner surface (74) and outer surface (76) will be
apparent to those of ordinary skill int art. In the present exanple, the
perimeter of vertical menber (72) is defined by |ower edge (78), upper edge
(80), and rear edge (82). Each edg eéé 78, 80, and 82) neets generall
respective corner (84)Cen®ﬁ9§fanlbrlladﬁ€ )p}"@@@El‘O"é@(ﬁW@et(@@r(ﬂP(?a’fa}’rf@r%g‘l‘ b (72)

has three corners (84)([102,[5 I@Zﬁ%ms&x@%ﬁ%&ﬂé%ﬁa@%ﬁ%@% ‘E%t@ % 16‘%8%%& ngly,

the term"corner,"” I'S use e€relin e read
require a sharp angl e tabuingenendoar ¢20)) iscadigned todie th thetenth ef Fanrhladed30 or a

poi nt or region at whi .pajr, of strai h | t or inters VWil e
in the present exanpl eg(geal‘f F?:h? b monpipe m ‘?;’eri Qage‘g‘é‘g eb&?“ﬁ%“%’é’\?ﬁ“ﬁ@r R} ee
corners, it wll be apﬂs%ﬁ%g%aﬁ%os!&r%bc(ﬁ‘l 60YBALSRA blalé)(30RY J03an any

sui t abl e nunber of corners 069] her vari ations of vertical nenber
(72) will be apparent pmsemh@senldf:, oppet rv:dgey (8Mi ofl winglet HE0mextendsOdbpoE toW ngl et

70 f th t i ngl 90
Wi 5h ext ends. subst ant LAPFY (b Pbarbiebar P (Bt el SapedEs Ehasiing *
vertical menber (72). moﬁmmuﬂm Wdpg (38 o38Nt Simelarig MoREr é@e)(m)%mmglegured
simlar to hub nounting nenber Wngl et nountin has top
surface (92) and bottO&P)se’ﬁtﬁlé@?ebeé%})o“%lséﬁa@a@ﬁ Qfeﬁ“gwﬁef%b]a%@ eading

edge (96) and traili ngRgaggﬁge( &%9 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.

[0072] 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.

[0073] 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



hi addition, each wi nglet nmounting nenber (92) includes openings (100)
formed through top surface (92) and bottom surface (94). In the present
exanpl e, wachoapesicng (100) is sized to receive fastenerPCfaBpooswdrrgs et
mounting nmenber (90) is configured to be inserted into an end of fan bl ade
(30 or 50). Those of ordinary skill in the art will appreciate that w ngl et
nmounti ng nenbers (90) may be provided in a variety of alternative
configurations. [0071] Fig. 9 shows a crfggss section of fan blade (30) with
wi ngl et (70) mounted thereto. The cross section is taken along a transverse

pl ane | ocated at thecenter of fan. bl ade, | qoking to W n 70)
(i.e. away from hub ( ;@f‘ﬂe I‘;nt?rﬂét“ﬁ%s élseéi%l)r’t‘ﬁ fiag %%b%&é‘ﬂomyqjﬁﬁﬁt%

and 10, winglet nounti fde(a%e)pahfaug%tél&ifaﬁdﬂ&&sf(s@ ok B0} NSti1e Behepf fan
bl ade (30 or 50). Like u nount i ng nenb (12), wi nglet nounting nenber

(90) fits snugly agai nsinfigossiess lebbmpp@fb)lt torthéserofloirdidery(sBdl wrth&a@t. 1 n t he
present exanple, upper edge (80) of winglet (70) extends above top surface

(32 or 52) 0(56) gn bl adﬁl Mteﬁ{atéahbodlﬁeﬁdwlﬁglarmma%trﬁa@tﬁg m&sRdodyeadi ng

edge (36 or Similarly, |ower edge (78) of w nglet ext ends bel ow
bottom surface (34 or &) irsteafl arsbh ardessg Formed M))mnﬁRewr 89@!9{@41 @Q)Vedical

50)° o coutse. wi ngl ebEnpFof And fn BREEH gl 1P ablon LIS A Cher

rel ative sizing and/ oring&fdd i@ty airigdél. (70pﬂ>?%lta&aﬁbﬂaloadan 130 (7 t@Qan Bﬁﬁe have
one or nore openings, forned near the tip of fan blade (30 or 50) through

top surface (32 or 52)(329n@lll 3P)-bolnt Beh anethes canposiment, San | 1%1% (:3@ P§/59? ds
positioned to align w n 90)
when wi ngl et nounting %r%%ﬁgm(rog]g%&?\? lﬁg’gl}egrl%tggm'n?‘é:%an ’a e ag%
and which is/are sizedskild irealévat will appreciate that there exists a vanety of

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

[0075] While vertical member (72) is shown as being substantially
perpendicular 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.

[0076] 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.

[0077] 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



fastener (26). Wnglets (70) may thus be secured to fan bl ades (30 or 50)
with one or nore fasteners (26). In one enbodi nent, fastener (26) is a

bol t. | n woabéwn2ganbodi nent, fastener (26) conprises a eQIQSkeBRLEDY pair
of thin head interlocking binding screws, such as screw posts occasionally
used to bind a | arge volune of papers together (e.g., "male" screw wth

t hreaded outer surface configured to mate with "fenmal e" screw havi ng

t hreaded i nner surface). However, any othger suitable fastener(s) nay be
used, including but not limted to adhesives. Accordingly, it wll be
appreci ated that openin 1 [ I 0 . i e
appreci ated that w ngl (Sélg%rt%%ulﬁ%l)‘ﬂn%d?r%%g%{rla%gg)makecgéﬂr?g%t‘l Xaﬂr%ﬂ# grkfS fe%&&. nIPo an
end of fan bl ade (30 oaddifign, itwilldicuppresiatedshatavinglet iy B¢ miade by bnysuitableng
menbers (12), wi nglet nounting nepber (90) may be nade to fit on the

outsi de of fan bl ades PE&odofgEutactiener t hani nside. Alternatively, wingl et
nmounti ng nenbers (90) may fit both partially inside and partially outside
fan bl ades (P78] 50) . ItSwill dlsobd eppreciatéd chat atiliag omicks tHae fappatrarnteat thet hose

U IS Ot e MR XN T
surface (74) of verti Cgieor%F?(??.eWiﬁglgt)s-(7(lﬁ)'m£}}(\1nﬁi)bﬁrfﬁé)9dd{@Bfrﬂo&rQ@eﬁtbﬁ s@tfackan

bl ade (30 or 50) is in into w nglet °(70) for attachment of  w ngl et
(70) to fan bl ade (30 32 &GR) afd/ornymitomrsottheer (3¢ 0bho4)ineenthe tipsaiof foh Atide 30 or

50) isintegrally formed wt pnglet. (70). Accordjngly, those of ordinary
skill inthe art will 85;%(:% 1ﬁlp11§1[t1o HB%% forgs ﬁrs{oaﬂeérfngf@n%’?naﬁly fr6m
configurations for proydadinB®ds@3PbRsE) fo3eaik Bid? 58) N@bRby erithhcing0075]
Wil e vertical nmenber (72) gi s%s?own g(? bei ng gsﬁcib%t(\gﬁti aslg?_ p_eryendi cular to
nounti ng menber (90), efficiiney obe fapprepeg sarebladess30 or 50) with winglets (70), at

least at certain rotational speeds.

[0079] 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.

[0080] 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.

[0081] The following two tables illustrate efficiencies that may be obtained by
adding winglets (70) to a fan having a 14 foot diameter:

[0082] Table 1: Fan Without Winglets (70)

Speed | Max. Power | Avg. Power | Torque | Flowrate | Efficiency
(rpm) | (watt) (watt) (in.lbs) | (cfm) (cfm/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

50 339 263 376.59 196,816 |368.12
62.5 700 660 564.01 | 110,784 | 167.85

75 11170 1140 839.75 | 129,983 | 114.02




these two nenbers may be at any suitable angle relative to each other.
Thus, and by way of exanple only, vertical nenber (72) may tilt inward or
outward wweroewmgdiet (70) is attached to fan blade (30 ®cTAB005/002703
Al ternatively, vertical nmenber (72) may conprise nore than one angle hi
ot her words, vertical nenber (72) may be configured such that the top
portion of vertical nmenber and the bottom portion of vertical nenber each
tilt inward when winglet is attached to fign blade (30 or 50). O her
variations of winglet (70), including but not limted to angul ar

vari ations, be a inary skill in the art. [0076]
Whi | e wi ngl et ?éi% |spg%é§| Fé‘é“f@’oﬁ'ﬁ?t?%g herein as a modification to
fan bl ades (30 or 50), it will be appreciated that w nglet (70) may be used
to modify any other fla¥pepd agddax. POBET7] Avig. BovecreburdiierpRtowruter| g feicieqd®) i s
formed from homogenoydrmont if itwatm) of mpiwlee) pl asft(iklbsHowEWSr , |i (Efiivlatt) be
appreci ated that w nglixs (7Qkomay be fage from 21859 | By 8 0% Meg3grdsal s,
i ncluding but not |imjsed T0osgnysui tabhg et al— [afi T %g,@y 91 G ey t
conprise a plurality of; pretgs T adiy o, .Lntg 'do P il 6’1’ \Fllﬁfﬁ'g ha

be made y—s$tit tabte— oe—e+— Fac 7 Wi ||
\;_\1 ggl gte gg%lr e§| at ed ty Y ? [ng MO ‘19 s that 03'5 Lr L\ 2] 75)52 nc;ﬂ42t1}39 ti PS of
fan bl ades (30 or 50) i nePbase | §28~,ear ©82i18s| 20,8 (P28P8s (30 or

50). Wnglets (70) maySinhi bP80the raliP50 ai rfI_cﬁMGuerl?e&)@G(BLrlﬂaﬂé (32 or
52) and/or bottom surface (34 or 54) near the tips of fan blades (30 or

50). Such inli@084]1i on MEf doarsecothir valGes hayvbeweiz8® EHFBhILY ude! MY IR (19) edge
(36 or 56) to trailing_edge (38 or 58), thereby enhancing efficiency of a
fan having fan bl ades (11393%?1%@)11%1? Karjgtiegs ef winghes, ineluding 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.



| east at certain rotational speeds. [0079] In one exanple, wnglets (70)
are attached to ends of fan blades (30 or 50) on a fan having a 6 foot

di anet er .w20dv/2bs2addi ti on of winglets (70), the air flrowusats/oaf7os he fan
is increased by 4.8% at 171 rpm [0080] In another exanple, w nglets (70)
are attached to ends of fan blades (30 or 50) on a fan having a 14 foot
dianeter. Wth the addition of winglets (70), the air flowrate of the fan
is increased by 4.4%at 75 rpm [0081] Tje_following two tables illustrate
efficiencies that may be obtained by adding winglets (70) to a fan havi ng a
14 foot di angfer:; 0083 Table 1: Fan Wthout Wnglets (70)[0083] Table 2
Fan Wth W nil E’écﬁaﬁ@? %50084] Of course, other values may be realized

t hrough use of winglets (70). In addition, suitable variations of wnglets,
i ncl udi ng but. notAlwingleefbr adarablade, camiprieingi ngl et configurations, will be
apparent to those, of ordinary kt{aﬁ in the art. [0085] In summary, numerous
benefits have beeﬁ1 des?:?’?rﬂﬁ?:} sul't from enpl oyi ng the concepts of
the invention. @,)forggﬁbmngeﬁ@ﬁﬂbeﬁlmer@lfn BN Geali aMPérBioR NGO TRIVuRLAE t he
invention has been presented for purposes of illustration and description.
It is not intendesembehés subistantielily ependioular i tat enast anpaton o the verfecal

preci se form di sc] m)dlflcatlons Qr_vari tlons 0 le in
| i ght of the abov@e?"ggrcﬁvq%&n HAOGHRE menrlrltj)erreIS %r%ﬁ(/?tlzlu Otnslm\l/\r}et?d;egc oglzaﬁgand

described in ordefirst end)astierdih s tah i &let i @opfigured B BSmoLnfel o aruehtb ana and
its practical application to thereby enable one of ordinary _skill in the

art to best utili€ongend Qfﬁb%fqn@&aqenth?é??%senéﬂ?ﬁ’@&loﬁﬁﬂﬁl@ the\Brsherdy vari ous

nodi fications as are suited to the particular use contenplated. It is

2. The modification for a fan blade of claim 1, wherein the vertical member

comprises a rounded outer surface.

3. The modification for a fan blade of claim 2, wherein the vertical member

further comprises a substantially flat inner surface.

4. The modification for a fan blade of claim 1, wherein the vertical member
comprises a perimeter defined by a lower edge, an upper edge, and a rear

edge.

5. The modification for a fan blade of claim 4, wherein each of the edges meets

generally at a respective corner.

6. The modification for a fan blade of claim 5, wherein each of the comers is
generally rounded.
7. The modification for a fan blade of claim 1, wherein at least a portion of the

mounting member is configured to fit inside the fan blade first end.

8. The modification for a fan blade of claim 1, wherein the vertical member is
configured to inhibit radial airflow over at least a portion of the fan blade

proximate to the fan blade first end.



i ntended that the scope of the invention be defined by the clains appended
hereto. What is clainmed is: 1. Awnglet for a fan bl ade, conprising: (a) a
verti cal werbavo2&ind (b) a nmounting nmenber, wherein at Peaats2@50p02703 on of
the nounting nmenber is substantially perpendicular to at |east a portion of
the vertical nenber, wherein the nmounting nenber is configured to nmount to
a fan blade first end, wherein the fan blade is configured to be nounted to
a fan hub at a second end of the fan blagge, the second end being opposite
the first end. 2. The nodification for a fan blade of claim 1, wherein the
vertical nenber conprises a rounded outer surface. 3. The nodification for
a fan bl ade of claim2, wherein the vertical nenber further conprises a
substantial ly flafpd RAAIACEHEE 36€a ffh bIARE ofTBdirh 11C MHeRin RS niduh@iy RleAfbRr Of
claim1, wherein the vertical nenber conprises a perinmeter defined by a

| ower edge, an uppemprisdgen immdsufaceavhaseigeat lepst apastion of thegansrsurpesyisat f an
bl ade of claim4, wherei n(ﬁaufclh Oflthiﬁhedge JRet sou%grqe;n%ll Lat a respective
corner. 6. The noP{HRIPFEHCY S 8 S AN BrEide ‘o “&AT m 8" Aherei n each of the
corners is generally rounded. 7. The nodification for a fan blade of claim

1, wherein at least a portion of the nmounting nmenber is confjgured tq fit
i nsi de the fHh bl Berempfifisatiomfor agan blade gbglarm davheiein Bie mOyHREIReraRer df

claim1, wherein é&(ﬁgﬁ%ﬁttg%@! Su’gﬁo &?]Kiefﬁ(feﬁqg.h:l a%geﬂa&eoﬁ}spgﬁ&)w oﬁﬁgf ?Hore

airflow over at |east a portion an b proximate to t an bl ade
first end.9. The famdhdrscation for a fan bl ade of claim1, wherein the
nmount i ng nenber
11. The modification for a fan blade of claim 1, wherein the vertical member has
an upper edge, wherein the mounting member has a leading edge, wherein,
when mounted to the first end of a fan blade having a leading edge, the
distance from the mounting member leading edge to a point on the upper edge

of the vertical member is greater than the distance from the mounting member

leading edge to the fan blade leading edge at the first end.

12. The modification for a fan blade of claim 1, wherein the vertical member has
an rear edge, wherein the mounting member has a trailing edge, wherein,
when mounted to the first end of a fan blade having a trailing edge, the
distance from the mounting member trailing edge to a point on the rear edge of
the vertical member is greater than the distance from the mounting member

trailing edge to the fan blade trailing edge at the first end.



conprises an inner surface, wherein at |least a portion of the inner surface
is at a non-perpendicular angle with respect to the nounting nenber. 10.
The nodi fwoabeem2§ier a fan bl ade of claim1, wherein thecrusedosogoenmber is
configured to be substantially fixed to the fan blade first end by one or
nore fasteners. 11. The nodification for a fan blade of claim11, wherein
the vertical nenber has an upper edge, wherein the nounting nenber has a

| eadi ng edge, wherein, when nounted to tHe first end of a fan bl ade having
a | eading edge, the distance fromthe nounting nenber | eading edge to a

poi nt on the upper edge .of .the vertical nber is greater .than the distance
From the mouhit ngTHERBGHIRRCRS A%k of THEN haPerade YSUEH REMRIGB™SA t he
first end. 12. Thgwapdifd cotdren hemaeunkial MiAE Bfs £1b8itdhlsurBber Rhétetnhe
vertical menber has an fear e(ﬁltge;f wherein the nounting nenber has a

€I

trailing edge, whehei mouniedrio gdendooft imdarf blade hewimgof bettdmarsubfaesddhhavi ng

a trailing edge, t.he distance fromthe unting mepber trailing.edge to a
poi nt on the rearélétaﬁ%e %?mt SW%Wlflgéﬁler%e r])é)lttoi%sSugfraé;gltt%ra Q%rétnor?hhgdlg?}vgf ance
fromthe mounti ngec%gerdmhe tvedtichl AGNBEOS freateh ehanalie iidsiR e tffdh [thd ehorddeg at
the first end.13. The nodification for a fan blade of claim1, wherein the

vertical nenber h@emien briam sudece iarsyearaint: ok theotaathlads baiteme suthacs & thet t om

surface, wherein, the first end of a fan bl ade having a
bottom surf ace, t%%pﬁhs@}r{lgga%ﬁ%&%the nmount i ng nenber bottom surface to a

point on the | ower edge of the vertical nmenber is greater than the distance

fromthe nmounting _nenber. bottom surface to any pqint. .on the fan hl ade
bott om surf at® at T]:t‘%@‘)giﬁrc%ttloréﬁ)da ]an{bﬂaéie f‘gﬁlabtpaldé"%eiedr} tlﬁ%@%i’?ﬁ“@?ﬂ%ﬁ% for
a fan blade of clg Qpder dRET GhBrefl theVRLAGR MERIHREhad3StoB U RABE T wRAER:,
wherein the nmounting nmenbér has a top surface, wherein,
when mounted to the first end of a fan blade having a top surface, the distance
from the mounting member top surface to a point on the upper edge of the
vertical member is greater than the distance from the mounting member top

surface to any point on the fan blade top surface at the first end of the fan
blade.



when nmounted to the first end of a fan bl ade having a top surface, the

di stance fromthe nounting nenber top surface to a point on the upper edge
of the vewbi2e@l02pspber is greater than the distance fromrctrhEs2ems00i70ng
menber top surface to any point on the fan blade top surface at the first
end of the fan blade.15. A nodification kit for a fan bl ade, conprising:
(a) a vertical nenber; (b) a nounting nmenber, wherein the nounting nenber
is substantially perpendicular to at |leagi_a portion of the vertical
menber, wherein the nounting nmenber is configured to nount to a fan bl ade
first end, rein the.fan bl.ade i.s .copfiqured to be nounted to a fan hub
at a secondwgsﬁd oft R ﬁ?aéwnﬁﬂ‘tgfgééf%ﬁa%eﬁﬁﬂ%ﬂ%% bei ng opposite the first
end; and (c) at |gast pogtitash@mey;, the at |east one fastener being
configured to secure the nounting nenber to the first end. 16. A fan,
conmprising: (a) abhub,a mintng mesibry, vheiedbthe meuntingamembepys substagtially ty of
fan bl ades, each fan bl avij first e . n nereln
each fan bl ade ispeﬁ%%n%f@ga%tg) ;éhggﬁﬁt? ggélgnrggﬁ%gsl F@gﬁf?ﬁ%}?ve@n&heg}}g t%%:) a

wi ngl et nmount ed t@otitthgSRenber iekanfifurébohmban tbdaiebladld firsthad f whereih thé ai m
16, wherein each w n(%l et. conprises a vertical nenber and a nountjng nenber.

18. The fan of clfanhlade is gprligired tonke mevnied Ry A atdgesapd end pkthg fan a) | y
perpendicularly fgg ,ttllﬂaese\f&{(férfaadei%% ite tﬂgﬁrs'[rgﬁ?;fd’m of claim 17, wherein

at least a portion of each nountin er 1s configured to fit in the
second end of a r@ypeciti leastf are Hiswder, tRO.at Téwst aa fofterwdr daingl Gonfigueeditar t he

di stance between the fjrst end and, second
secure the mounting member to the first end.

16. A fan, comprising:
(a) a hub, the hub being operable to rotate;
(b) a plurality of fan blades, each fan blade having a first end and a second
end, wherein each fan blade is mounted to the hub at a respective first end; and

(c) a winglet mounted to the second end of each fan blade.

17.  The fan of claim 16, wherein each winglet comprises a vertical member and a

mounting member.

18.  The fan of claim 17, wherein the mounting member extends substantially

perpendicularly from the vertical member.

19.  The fan of claim 17, wherein at least a portion of each mounting member is

configured to fit in the second end of a respective fan blade.

20. The fan of claim 16, wherein the distance between the first end and second

end of each fan blade is at least approximately 4 feet.



end of each fan blade is at |east approximately 4 feet.21. A nethod of

nodi fying a fan bl ade, conprising securing a winglet to a fan bl ade end,

t he wi nglw0 20@me$18i ng a vertical nenber and a nounti ngPoEdsesos/owdres ei n at
| east a portion of the nounting nenber is substantially perpendicular to at
| east a portion of the vertical nenber, wherein the nounting nenber is
configured to couple with the fan blade end. 22. A fan blade configured to
mount to a rotating fan hub, the fan blagle. conprising: (a) a top surface
having a generally elliptical curvature; (b) a bottom surface having a

generally elliptical curvature,.(c) .a di ng edge, wherein the to urface
and bot tom st ach BEBH FB e 4 B A st a SRR AR | ng
edge, wherein theph@dersd) s g dokplidiAg s YeficaCReRBe arldey Mbi@iify Mémb&e
trailing edge. 23. The fan bl ade of claim 22, further conprising: a first

radi us of curvat uvherpinoxt nteest @h@oftivadiofgthedgeounting mesbebrid pehstansialhy

curvature proxim apli e r e h I EEQ i 3
curvature is | oweée(%?%ancugﬁe{osé‘gg%agg%ag?lﬁ@go& Elllﬁ \yglt'dlcjcrhfe%]i i g’l'@e%gl}l tB? ade
of claim 22, whergbtntidganmenibards tordigufed tbeotislp withrthaéem blsddsed on a first

el lipse, wherein the curvature of the bottomsurface is based on a second
ellipse. 25. The fan bl ade of claim 24, wherein the curvature of the second

ellipse is dgpendgn,0BiBeciRlUic® nffunt N6 £§6RRMg Shhi AL the fan blade
comprising:
(a) a top surface having a generally elliptical curvature;
(b) a bottom surface having a generally elliptical curvature;
(©) a leading edge, wherein the top surface and bottom surface each
terminate at the leading edge; and
(d) a trailing edge, wherein the top surface and bottom surface each

terminate at the trailing edge.

23.  The fan blade of claim 22, 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.

24, The fan blade of claim 22, wherein the curvature of the top surface is based on
a first ellipse, wherein the curvature of the bottom surface is based on a second

ellipse.

25. The fan blade of claim 24, wherein the curvature of the second ellipse is

dependent on the curvature of the second ellipse.



