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*159159* -1 FAN BLADES AND MODI FI CATIONS PRIORITY
[0001] This application clains priority fromthe

di scl osure of U.S. Provisional Patent Aul|cat|on
Serial No. 60/589,945, entitled "Fan A (e
Modifications,” filed July 21, 2004. ‘
| NVENTI ON [ 0002] The present invention relaves
generally to fan blades and fan bl ade nodifications,
and is particularly directed tqg an airfoil suitable
for use with a fan blade and a winglet suitable for
use with a fan bl ade. [ 0003] People mho work in |arge
structures such aSANBIARESAND MODIFICATION

pl ants may be exposed to morklng condltlons t hat range
from bei ng unconfortable to hazardous. The sane may

al so apply in agricultural settings, such as in a
structure that is full of |pregRpOK. On  a hot day,
the inside air tenperature may reach a point where a

er or o s _unable to i nt
ﬁeé??@} or ot her 18e§|a}13%9%°m5&%’7‘{@ &5\"&0@}%\? rovisional
ar eas }/\fne{1 e EParmeAp;bltwgm Sérﬁlmglﬁ%w,Pﬁi}'eﬁtxthd“Fan Blades and
unsafely high, esjrable to have a device
operable to N%Aci%%atw% EWHJHb’ézla??Q‘ﬁ-ow within the
area. Such airflow may, in part, facilitate a

reduction in tenp&ACKGROUND IOF BHEANVENIUON Mor eover,
sonme activities that occur in these environnents, such

as {00621 di Ng Athe GRE%AL IVEntidM Fe‘izﬁ@é P}?]l}l,s{ol ﬁ@ BI08HsNERY fan blade

may create airborne contam nants B hat “ca
del et eri ous mduﬁnagensempbmmmciﬂmrlyedxfemdsom airfoit bwtabke for use

t d f t
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situations, it may be deS| rable to have a device
opéP%ﬂ}ﬂe to EFeRle eWB? WAk e elagge fstryofurgst mioh @pewareheuses and

Such airfl OW@MfacfnﬂnQ Blahes rﬁﬂ%é é){pﬂge% b le?orfixﬁg WG diR0nhat range

del eteri ous ef
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
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of contam nants, such as through dilution and/or

renmoval of contami nants. [0005] In certain structures

and environnents, a problemmy arise with heat

gat hering and remai ning near the ceiling of the

structure. This nmay be of concern where the area near

the floor of the structure is relatively cooler.

Those of ordinary skill in thesart will imediately
recogni ze disadvantages that may arise from having

this or other .inbal anced air/tenperature .

di st ri buti on©f| fPI{AREANIS N Jueh ms) dhroug u%‘f‘i“(?ﬁs angd/pr gemoval of
be desirabl goft@mlia¥@ a device operable to create or
enhance airflowwithin the area. Such airflow may, in

par, acilitate de-stratification and the .inducenent.

o 180080 7c' | 38 P 7Rl and v inBt A pPblet b aRge vith hea
It may al so Betheasd dilteainthdwdeethd king GABRNRcRfe. This may be
reduci ng energy consunption. Such_ a reduction of )
energy consuRpEPRSAThEerBdhe arep dgtrethe flpon 8§ thegstmichug is relatively
that runs eff{jqgLen oS Larth Si11 i: :
o dri ve t he Tar antee of shiigary SR8 ROWE R 1 PEAIAGY recognine
reducti on of disedrantpgesc that mmgyt amse from lmverg thes ef fodet enbalanced
by having a fap that ipproves air, distributio . .
thereby r edu@irﬁan?}eé' t%‘ﬁen‘ﬁa’c}su%"&oﬂ“r%&“& c?gfl§lmlga§§gﬂ?t¥ﬁ‘§dt may be
wi th other davdigbr.to BRI dEESEYRbidY dfatel bitenRBSa/ INESw within
[ 0007] The acconpanéing,dramﬁngs_incorporated i n and

form ng a pathe as¢a. ¢ huch airflosy Fiagcifti RgH: Fap;lilg:g@ ferstgatification and the
several as Pegﬁﬁc&ﬁ%ﬁ B2 Rofs fidh1 diRéRPL AR di?t?i@utiorh
e f aln the

together with the description serve to explain
princi ples of the _invention: it being understood, .
ho , ©hadt THY SHonYEAEIGRIS © HOE @ P HRaBie oF SHucing energy

preci se arragg@iRption. ShQUh al FedubteordLAWNGES: codskption may be

reference nunerals refer to |ike elements Tn the

several vi ewgffeqted ppehaving 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.



drawi ngs: [0008] Fig. 1 is a plan view of a hub for
mounting fan bl ades. 100091 Fig. 2 is a
cross-sectional view of an exenplary fan bl ade
airfoil. -3- [0010] Fig. 3 is a cross-sectional view
of an alternative exenplary fan blade airfoil [0011]
Fig. 4 depicts a graph showing two ellipses. [0012]
Fig. 5 depicts a portion of the graph of Fig. 4.

[0013] Fig. 6 is side view of an exenpl ary winglet fan
bl ade nodification [0014] Fig: 3-7 is a cross-sectional
view of the winglet of Fig. 6. [0015] Fig. 8 is a top
vi d0019] t he Mg wta obssHectiond] vie@0df6dn HigmatBeiexemplagnthn blade
vi ew of the fap ]kél ade of Fig. 2 nodified with the

wi ngl et of F| [0017] Fi g 10 i s an expl oded
perspective view of the w nglet-blade assenbly of

Fi ¢001d] [ 0018&1s. Raepictsracgsaphi showingiMoeellipsde in detail to
the present preferred enbodinment of the invention, an
exqaoqi2¢ of WHiLH depictsld postidnadfane graph BEFigagconmpanyi ng
dr awi ngs. DETAI LED DESCRI PTI ON AN EMBODI MENT OF THE

d gﬁm‘ wher & 99% %]Is g eé ﬁlﬁ% o?a V}/rrl,'%lg%';\? g % ﬁaéx bg%%emodlﬁcatlon

el ements thr oughout the views, Fig. | shows exenplary
fanOWdh 10, Fithi’dha preys-tsstionab yiewo fghe winget o Figh Shavi ng
fan blades 30 or 50. In the present exanple, fan hub
10 [0015] udes &igoiBus akdptwevodf thulvifigletdfifig 6. menbers 12 to
whi ch fan bl ades 30 or 50 nmay be nounted. In one

emhegligient , b GO d ' - :
rrecharﬁifgm for ia%:]ot gétﬁgnd ? a PL}{% %IQde f’ @%I gloglrﬁed with the
pr edet er m neavisgletadFig. A. sui t abl e hub assenbl y may

thus conprise hub 10 and a driving nmechani sm coupl ed

tojodwyp 10. ﬁg QQLH &€ explodtd B eAPSRIRIWe W BY tHeNGinBRELRde assembly
variety of oth

of Flg 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



el enents, including a different hub, and fan hub 10
may be driven by any -4- suitable neans. |In addition,
fan hub 10 may have any suitable nunber of hub
nmounti ng nenbers 12. [0020] As shown in Figs. 1

t hrough 3, each hub nmounting nmenber 12 has top

surface 14 and bottom surface 16, which termnate into
| eadi ng edge 18 and trailing edge 20. In addition,
each hub nounting nenber 12 ingcludes opening 22
formed through top surface 14 and goi ng through
bottom surface. 16. In the present exanple, opening 22
is sized to rsélﬁé%(??/’é‘ea"lsagl wiiionplan hpb 4G may bavesmyisiitaple number of

menber 12 is mgm,ﬁduggﬁge,qerh&é gceive fan bl ade 30 or
50. Those of ordinary skill in the art will appreciate

th b rmoupti.ng nengbers 12 may be provided in a
va?'?)g?y of al Se?hﬁg'f'i‘{} 'gscgm"?'&?r t%2ehub mopnting membsgd 2 has top

enbodi ment, fsaifadel 1ad@g b3RoR 'swFReAlkE _
assenbly di sscl Zsed in US Pat gn?’ @Hgégﬁ%ﬂ%@w"d@ 8

course, fan Brddedlingoedge A Inpaddionnacit bub traowmriyg member 12
ot her hub ang4gs syl Y ui.t abl e _hub .
assenbly may be dgggp%@?gz fo I%rﬁg ?@‘réu@u@)plﬁ ¢ L} gnd going through
sui t abl e angbotom syéed 16. Bythe\prgsent eﬁhﬁimbpe@ﬁ%m is$126dMto receive
angul ar speeq m%g %69 %XWre in the range o _
appr oxi nat el y SN 1 g BlouRtngraepRsr 1315 candigured ¢ peceive fan
Fig. 2 shows biadeBOSSSEEThdsOBf StinaX/amn] e &@Q/ilEL;%g&ia%chat hub

having curled trailing edge 38, rounted to hu
The cross se®quphng gerpresnlZimaygbe provideds rerserjetyant alternative

| ocated at tlggnﬁ*gg;gt- of fan bl ade 30, | ooking toward
hub 10. Fan bl ade 1%S'has top surface 32 and bottom

sur, 34, each of which termnate into | eading edge
36 [Q@é trai | ThePesmpedment, fan biadss,30 or $¢ aremovgted daythe B8b assembly

has a sl ope Gfscl@ﬁﬁriﬁ))ﬂ.ﬁa@nyN%.59,25@,h?1t.i &fcéu%sel? garé)tti)elgcgeé 30 or 50

of top surface 32 that is proximate to trail
38 and porti 81Y&F myentediie anyuotherdeibahdioh b bsepblyx i ATRii@ble hub

to trailing cou trapl. edge . 38 may
have any ot hg%g'galgt%?ﬁl e %8 F%%%,% Wit h'élé P%awg\ﬁ}é‘?bkﬁa“gular speed.
exanpl e 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.



only, to the extent that it conprises a single, flat
surface. Ot her suitable trailing edge 38
configurations will be apparent to those of ordinary
skill in the art. -5- [0023] In the present exanple,
fan blade 30 is substantially hollow A plurality of
ri bs or bosses 40 are |ocated inside fan bl ade 30. As
shown, when hub nounting nmenber 12 is inserted into
fan bl ade 30, ribs or bosses 40 are positioned such
that they contact top surface T4, bottom surface 16,

| eadi n edge 18, and trailing edge 20 of hub nounting
e i3 Boths psesan el?(m}Blepf%O\bilaSle 36 isswbstaritiafly lhellme A plurality

fan blade 30,2 efnative

confi gurati ons E L‘?’gsr? b‘?lggég%&gel@ ecfﬁﬁlaﬁeggénﬁs pvn, when hub
limted tot Iimﬂﬁtmg‘ fnemberng it isenal iatd fan Shdp 30EBYRR osses 40 are
fan bl ade (30). 8 hL&b ﬁgtl ng nmenber (12), will be
apparent to Pf g%ne fsuchy, that thex caniaqr top surface lé‘ptbOttom surface 16,
[0024) As useQdingr&iod 18! &k i 0C moufftiy

| ength," " maxi rrugm ? hi cknedsTgraﬁ %mdg?rggmggg%o Fhember 12
"angl e of at Basies "40aﬂ7d5tmeVld¢ kee snugh it [betwmen afalmrblahted30 and hub
the sanme nmeapjn o those ter as .use

the art of gilr 5"3%&1%1% % hiﬁ’é‘ratl gi“ra&ggsi S‘H Pap plade 30,
one enbodi nemcludimlbhaﬂlemté&@mb@&factﬁmha rélﬁﬁﬂ!;l‘hp ®Etween fan

appr oxi mat el 4 inches. Fan blade (30) _has
i mum ¢ h c%h‘ggé BHP BRLREREREmAY (iz% il by anaresi & those of

and a maxi n@m,,p@m@ﬂmqﬁegpprom mately 12.7% of the
chord. The radius of |eading edge (36) is

ap mat el y 3 9%.0f .t he chor di u f .

g{)ﬁa:hg edgl's S{Imf"érbrtﬁﬂ?s 8'!’3”06‘? téﬂ‘gurlcg‘?fg length.”; ‘gnaximum
apprOXI nat el ﬂncl&e&% thaxis0R! éhmbeR,” 2Andk beRARKS’ and the like, shall
embodi nent, fan bl ade (30) has a chord of

appr oxi mat el e gscrifed g samp meaping @pcribeg (RItheEsmtermy agused in the art
bl .ade (30) Bag aﬂ%hpﬁg oP btRP R &El?ﬁ gn gn66§rg§od1ment fan blade

inches. O course, any other suit nensi ons
and/ or propofi0) das a whgrddengtls @fl apgroigajelBg.4dadpches. Fan blade (30)

EZ? Irrglse onl Y has f arr}la)k()ljrr‘;jlu%(le 'c?]g)essngyapglrosx?rlngtglyl 1|6f.i%to9 ttgerc%%rd; and a

O

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 altemate 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



rangi ng from approxi mately 39.8, under conditions
where the Reynolds Nunber is approximately 120, 000,
to approximately 93.3, where the Reynol ds Nunber is
approxi mately 250,000. O course, other lift to drag
rati os may be obtained with fan blade (30). [0026] In
one enbodi nent, fan bl ade (30) displays drag
coefficients ranging from approximtely 0.027, under
condi tions where the Reynolds -6- Nunber is

approxi mately 75,000, to apprOX|nater 0. 127, where

the Reynol dsN u%rrber IS a{g%‘g teI 112, 500 0]

course, ot her 'S @BRPPKinat @Pé‘l??tlﬁliaF?édovWﬂhWhere the
fan bl ade (3QReynbd9 Numbe? i97 x%%m}?él 1]

condi tions where fhe Reynol d Ep ? 9@68 r%&cou $%  Qher drag
200, 000, fan osp%tsn(ssogylvmm@ned w1th;£ankbladea(801 here is a
velocity ratio of approximately 1.6 at bottom surface

(34p02] tr ai lIh ngheeegenplé, S8ndePfcohdBoml @HEre( ﬁ{}) Reg I Number is
velocity ratios may be obtained with fan bl ade

[0028] In oné%’ﬁﬁ’&%i’iter% #00,00Q: fap blade (@@omomsomr duch that there is a
non-st al | aer@ﬂ&ﬂaﬁhs%f Exﬁfrcguﬂlgtgbﬁlz? ?r.fboﬁg 3%15’ é?ﬁaé trailing edge

approximately -1 ions

Reynol ds Nunif2$) qfialapbdc)@or)rat@hqr velo2itP) Oddios iy B EeHtafied with fan
of attack %mgef_{b)approxi mately -2 to 10, where the

Reynol ds nunber approxi mately 250, 000. O course,

t hese values are nerely exemplary. [0029] Fig. 3 shows

a dPRL sect iwAnmembertimpelr f@)&é@ﬂgl (80)yproeidesohaneeal( Apdynamics for

havi ng gener, cal top surface (52

bot t om surf ace l%%oﬁ M%kg%ehveae Bﬁflgﬁtﬁl%ﬁmt%g éﬂ&'ﬁ conditions where
| eadi ng edge tieSR3ynald Nuraber 9 gp@damaledB) 12,0801 ChrRs of attack
hub (10). Cr oss sectlon is taken Iong

transverse pSﬁ\tﬁ’ge’? SeRoxEnaigly 2hdo cHlSt avherst thea Recidie number is

50), | ook 0
Cxanpl e, 1 an B oo (50) L Qener Pae P RR Al meply exermplany
b 60 ol d bl ade (50

0l unen RlE? ABGRL gt Bhistro(3py e e

Iﬁn bl ade (5@nerdigsaiRistichbRdp uRCPPD) lah@WRHoRUSHEENM4) each of
ey

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.



contact top surface (14), bottom surface (16), | eading
edge (18), and trailing edge (20) of hub nounting
menber (12). Bosses (60) thus provide a snug fit
between fan bl ade (50) and hub nounting nmenber (12).
Al ternative configurations for fan bl ade (50),
including but not limted to those affecting the

rel ati onshi p between fan blade (50) and hub nounti ng
menber (12), will be apparent_to those of ordinary
skiII in the art -7- [0030] As shown, fan bl ade (50)

ower rad rvat re toward its | ad|n
3@9& ads é 'fé’dl%? e 5l Biet lovidiradiug o £ ctpaties foavard s
t owar d ' ts feﬁé’ihk 'eﬂ@e ?@Qeas Q:@t%)parea_ he a%ﬁﬂé@?é&ﬁ&sopdcur\faﬁﬁe toward
bl ade (50) nay be ai ned | east Tn part, through
t he gener at | ) t@ﬂlﬂg\/v@dwl (iSﬂ;s eihwungturcmefff@m mwengsm may be
f or mul ae. I
appreci ate t % mg(ﬁ’fa?rl tneI [ pseO‘L%M @’ﬁ %Q‘ﬁ%rg{%é,} é\ﬂrvoa?“’pses using

t he i nt er sectheofollofvingCasrirrgdean ’Dho@@cbtyoﬂh(r&sy skl ibahe art will
generated by these equations: [003]
a(Cos(t)), afRPreqide t 3 fxlrstye _ps‘g( gp ft§ )onguI Gb@lﬂ intersection of

where [0034] Cﬁ‘rte‘sdn%m{dgl Bes %é}“&r nEt%.g:'dLb%h tthQQE@tloﬂs

Iength of secondary ra = angl'e

n of radlus e orlgln (e g., in
in‘?‘}a?ﬁﬁ 37] X A2k g&ﬁlﬁ@ a first ellipse my be
generated u5|ng the foregoing equations. Simlarly, a

sef0@32] coor diZlat e$—h§$n‘{(gb first ellipse may be

obt ai ned using equations [1] and [2]. Exenplary first
el [6g3sp (200Whére illustrated in the graph depicted in
Fig. 4, where a = 3 and b = 2. [0038] Coordi nates for

i {%oéﬁr}g‘% AR s 0) " V(S NO) . and

[0035] = 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, where a=3 and b = 2.

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

[0039] (3] X2 = x(COS(0)) - y(SIN(O)), and

[0040] [4]  y2=¥(COS(©)) - x(SIN(O)),

[0041] where

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

first ellipse through © radians about the origin, and



[0040] [4] Y2 = y(COS(O)) - x(SINO), [00411 where
[0042] x2 = the second "x" coordinate after a
countercl ockwi se rotation of the first ellipse

t hrough O radi ans about the origin, and -8- [0043] yZ
= the second "y" coordinate after a counterclockw se
rotation of the first ellipse through 9 radi ans about
the origin. [0044] Thus, the dinmensions of the second
el lipse are dependent on the djmensions of the first
el lipse. Exenplary second ellipse (300) is

il ated in_the araph .depicted i.n Fig. 4, ere 6 =

0. ég@:{] adi ang? | tFe S%OP(? )f)e“goﬁglp%tgiagfreﬂc r?loéy%’é‘ﬁ%r%at‘on of the

first and sedpi@!lgsk tH6had @adibdtdbB@ thélori@gCcor dance

with equations [1] through [4], the two ellipses may

i nt ct at I +poj:. ("el l.i pse intersectiong”).

Fi .Géﬁﬁshoms Tffh gﬁr ﬂfge?ﬁeggénﬁer? P& SEeFd 1?1{3550656 E‘%ﬂﬂ&%’ﬁ on the

fT |h rst elli pselnﬁmmnf saofdthfsd'ﬁ@n?lslig)eé.l iﬂgﬁgxp(a;a@(%):coﬂhgaﬂﬁge (300) is
e curvature of tqp surface and bottom surface

(54) may be ‘%%Férétig l%qﬁ’q%%‘@} demictirhin Figoh wheee But 0428 Fadians. It

of the first vanthes@pRBMcR thitPHEsre DL - -

consecutive elli Ssgﬁi nt gr secdt?i ons.. Ané,%@;hﬁ%%g e(%?psguaé%pbmd m

a segnment ofacgardance evith pquatia@@o)!] athebugh ci@id thel bv@sadlipses may

300) i h i.n.Fio . keh. depi.cts the, AN
o e 11 pes (agaCe s TapoPointi (&S Bufiuber e et fgaws fou
i nt er sect i onellipd®Gihterstertoms d(400) YbetvesgHatiisbnsligsé] (200) and second

t hrough [ 4] y be used to generate surface
coor di nat es gﬁﬁ’s‘a%’q%éast a portion of top surface

(52) and bottom surface (54) of fan blade (50). [0046]

I't [0#451 be afipreeuviratied afttap suifece () chnd bottom surface (54) may be
| ength-to-thickness ratio of fan bl ade 0). may vary ,
with the amQ ﬂiego?tslf%f?gl P ,0"6?“6 F‘érlvétf“fe\/%f(‘gﬁgrstt\%d second ellipses
el l'i pses. [ 004iHjectliwe QuiisteutivellipsenifiteRbctiond RAAE@npROdS such a

may deviate fromthe curyature of the first and. o
second el | i pSEENCNBPT {ER) chipse{cRfhind ssrend clliprg (320)ghshawn in Fig.
In 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, O, 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)



Fig. 3, leading edge (56) nmay be nodified to have a
generally circular curvature. Qther deviations wll
be apparent to those of ordinary skill in the art.
[0048] In one enbodi nent, fan blade (50) is created
using equations [1] through [4] with a = 3 units, b =
2 units, and O = 0.525 radians. In this enbodi nent,
fan blade (50) is fit with circular |eading edge (56)
-9- having a diameter of 3.5%g@f chord length. This

| eadi ng (56) edge curvature iS fit tangentially to

t hat of topngunface.(SZ) and bottom surface

54) |
Such a fit §/Vl%aé1ﬂ%fjé?ro91fea5%y°f:®hﬁ§@ﬁm§l-FiT@is. le)adiaad%) edge
5. O coursgyrahhefs fi fﬁ@?dt%)ﬂ? mm@zgw&g%&@%ﬁ?ﬂo?wbomm

one enbodi nent, fan bl ade (5 has a engt
appr oxi mat el gurfare 654)i Hethessfit hay baatvieoned iyedinperitg Fifgars and 5.

bl ade has a d_l th of . approxi mately 7.687
i nches. O c@g(rgéuerfe’gg’%r%'frgggo?%gfy Uselave any ot her
sui tabl e chord Iengqtqh. [OOSOQEI n the present exanple,

t hOA8Y us oln enesahedinesng day Blgile (59) hagarhoxd mlg@g of aBprB¥mately
f the chor d: i | T
o e 51 TR BB D N5 ST b o

camber of f aappbxnietey)5DH87 mchgpr OR tomie fah BladSeH09 mdytRive any
chord. O coi%rse lﬂg oél?er sui t abl e di nensi ons

and/ or pr opoP PFolia gh% [0051] In one exanpl e,

a fan having a 24-foot dianmeter and conprising ten _

f alP08Phdes (BO)theropresent] example,anlyd eradius avf alekding adke (56) is

produces a t 1. force,of roxi ely 5.2 | b, . when
rotating at %Jpg’g?xér)?ftﬁ&t gl%f’o ot %5)42\9 qrﬁmﬁs}?‘ﬂé'ﬁmfﬁ‘ hickoess of fan
(rpm, displBladngs®pir appréminglely 84.2802f GHYI Gord €efhePflaximum

mnute (cfm. \Wen rotating at approximately 14 rpm
the fan pr otfFeiss of famplade %Q)r’éeapﬁlfoxﬁmﬁlﬁxﬁ%@@eqfwﬁe chord. Of

10.52 Ib., d&&@e?ﬁiﬂlﬁherfi@i@d’b@é&i%ﬁﬁbxﬁq&%#703}00% eSrA/Av)]'Zo% used.

rotating at approximately 42 rpm e fa

t h[Oldgi] for CeInoc];neaé)xparrn%i(ei, gBIIar? lh}‘/ivizé' 'a0214-1"o%i Hiagrle%eela?lgicggmprising 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 Ib., 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).



approxi mately 322,613 cfrn. G her thrust forces and/or
di spl acenent vol unes nay be obtained with a fan
havi ng fan bl ades (50). [0052] By way of exanple only,
fan bl ade (50) having an angle of attack of
approximately 10 may display lift to drag ratios
rangi ng from approximately 39, under conditions where
t he Reynol ds Nunber is approximtely 120,000, to
approximately 60, where the Rey Qolds Nunber is
approxi mat el y 250, 000. O her Iift to drag rati os may
00531 In one

enﬁ%@%ﬁs P i “P%‘B)gﬁsbgiﬁ)?cﬁ%@ HRyitie sl acfodynamics for

aer odynam cs atﬁg%s anghek Bdtwadnt astfolRhBER° 10 11°, under conditions
approximately 1 to 11 , under conditions where the

Reynol ds Nunb&erej the fepnelds humbey lsla@r@@mateboiua@@t dar angles of

Reynol do. nunbi o e eR AL 0B 05 dherd R Rl number s

angl es of at bpuéximatelye00,0p makjoratgitsyof altaél@bét&eed"ﬁ)@l‘cﬁunately
t he Reynol ds n‘lrl) i.s appr.oxi mately 250, 000.
course, thesé SVhere “é’P?ld%%B‘H'B?ra‘FfPP{OGM@Y 1240,000. Of

one exanpl e, c&uieaﬂlemuwa@rﬂé @%mﬁh«gneter and
conpr|3| ng ten fan blades (50) is rotated at

rmtel 25 m, Thg fan ru OXI mat el y
Sa 0 o Wi R < BPbsc B MA0E BT aR i RRaE sy mprdng ten fun
pounds (I n. |bl‘idés 50 i@ rola@d hebsbrotinARDy % Hﬁﬁel'}’he fan runs at
34,169 cfm The fan _thus has an efficiency of

appr oxi mat el V%%’Qnr?@ It P# iyafa: with ptesge ofapmeximately 78.80 inch-

exanple, a f 8 |
conpri si ng tgﬂmaf glhq% )g%éga t?%l%mgbﬁ lg@{%{ 34,169 cfm. The fan

appr oxi nat el K}ﬂushassarrquleﬂ'dye:)ffaaproxmmi;elamz.a@pﬁnm'/a[tat ely
82 watts, with a torque of approxinmately 187.53 inch-

po(0ss] (i n. | dSanbthanekampld, 0T vl 12RRE @ﬁm%y
62, 421 cfrn. The fan. . thus has et e ency o comprising ten

appr oxi mat eI 9“1%4@3235(81‘1?11‘\)@?@ at appocemalely §ab ramoﬂﬂmrfan runs at
exanpl e, n&??ﬁ'a&% ) %‘/%tt% qglt)th g t&ﬂﬁ% %E“ éxggrg%dmately 187.53 inch-

conpr|S|ng | ades i's 10
appr oxi mat el gow'iﬁs (iprbs.)Tdne af flow ratsf @iproximately 62,421 cfm. The fan

thus has an efficiency of approximately 761.23 cfim/Watt.

[0056] In yet another example, a fan having a 14-foot diameter and comprising
ten fan blades (50) is rotated at approximately 50 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



approximately 263 watts, with a torque of

approxi mately 376.59 inch- pounds (in.lbs.) and a fl ow
rate of approximately 96,816 cfn. The fan thus has an
efficiency of approximtely 368.12 cfm Watt. [00571
The follow ng may be applied to any fan bl ade,

i ncluding by way of exanple only, fan blade (30) or
fan bl ade (50): [00581 In one enbodi nent, each fan

bl ade (30 or 50) conprises a q nogenous conti nuum of
material. By way of exanple onlg' fan bl ades (30 and
50) may be constructed of extruded alum nhum However,
it will be apiotdéniededo tanxt metah apfied gdagis0 dmdddd[tldiO)lt will be

may be const te
materials, in P&gﬁ%dqh W?l?&&ﬁ%(e &?ﬁa@égﬁng’e §f{a r?é(taéw suitable
and/ or pl ast imethéch cﬁ’d(hahumturd tindlulingb®ut 3P MA@t Q8 stamping,

that fan bl ade 30a [ or be made by
sui tabl e ‘Lﬁ%& %'\dzﬁ?rem?{dﬂes ud fbfi}tltah%t materials and

limted to str@dtmdgg,fmgﬁmhﬂg ek dipg
nmol ding. Other suitable mater .'Wé I's a?g ematg%(gge of ordmary skill in

manuf act ure W4 #t-pe apparent to those of ordinary
skill in the art. [0059] When fan blade (30 or 50) is

moUA038) t o hiWhdnl B, bladd (FDBABONG mPRARES Hub2 i
extend into fan bl ade (36 or 50’)1 appr oxi r%at}{eyﬂ’yélgmb mounting
i nches, by waFTyrEreldimay extand ingy aérhi%ﬁel (\Zélcy 500 approximately 6

mounting MEReEs B%Z&aﬁ'ﬁ)\é‘ngﬁhﬁn . o tA liema lﬁgy, %ulg) mounting

or 50) to any suit
appr eci at ed membersuf2) gy cmigndhmt(e fambllﬁﬂd: (@ or Hﬁﬁhﬁﬁr@ suitable

(12) that fi utside of fan hla 30 or 50),
r at her thanﬁel |dg Wikl 4130 be- pRRyeqiged mﬁ‘ug'tlprﬁ )rféa Bave mounting,

(12) may fit naibers @ay thadlit Wniths bR i
outsi de fan % adersS @3{) gr l50;1 t [OO616{13rHI::iLafﬁﬁltg)luagé |(:y0 30 50) rather

50) may al so aﬁd“ﬁ'&é oAdteEAtivRY, eMOpRiith geendend |(1j=1)rmdy fit both
to align w tbarﬁ@ﬁﬁbin@ﬂé ah@Parti mgmeyn&}mdmrﬁ A28 (ﬁﬁﬁade

(12). In this odi ment openings 1n

( 3?0(955] 50) & 8 a eq&% or\%) 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. Altemnatively, 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.



openi ngs (22) in hub nounting nmenber (12), fastener
(26) may be inserted through the openings to secure
fan blade (30 or 50) to hub rmounting nmenber (12). In
one enbodi nent, fastener (26) is a bolt. Oher
suitable alternatives for fastener(s) (26) will be
apparent to those of ordinary skill in the art,
including but not limted to adhesives. Accordingly,
it will be understood that opeﬂ%ngs (22) are optional.
10061] Fan bl ade (30 or 50) e apprOX|nater 4, 5,
6, 7, 8, 9,

Al ternativel %3’9“?3}\“&6’? ‘H‘é‘e'ﬂ%’so‘? ”'!Rf) apﬁﬁ")?mst tgcfseé’ﬁ)?rd‘“ary skill in
ot her suitakdesyrd ength. I n one enbodi nent, fan bl ade
(30 or 50) and hub (10) are sized such that a fan

co i,sing f Iades and hub (10 has, a
di g?r@t zr of gtp pllrﬂOXI re((,l ted guixt ?l??értoss sesuons 8&95?&6 leng%h of fan blade
enbodi ment, {3ror ) ﬁdﬁ anlQ: idéntf@) IARthehwWbrds 1By c&ff%uratlon of fan

si zed such th fan conprising fan blades (30 o

50) and hub P%é“} 8 5Q) ed Aet ke Uity glomng et ien @n&hof fan blade
feet. -12- it @Eﬂﬁﬂ I e nt

to those of qo:tbgélsrnzldrj %ﬁfv%{ o t%gealy%% F‘btggz ml?e? k\?\n{ﬁl ’imummg
be appreci at eaf’ tdfé@n biade (30 QSQO)S(BQ;tthmrd olfanigade(80 or 50) that will

[ other  wor 85 PPE Ko BEDIPRoRT PR, EpnrSlba ap ovinue

50) need not cineisunadeotoneadign @dgd‘l &6 i fare bladeqbd) @f adcd@mmodate

bl ade (30 or 50). By exanpl e only, a portion
of the "hub ibkgc(ﬁanhl&(l%n bl ade (30 or 50)

(i.e. the end of fan blade (30 or 50) that will be
nmo(@6dfl t o hlitemayely, fayblbde (3EnervEl) mdyrbeofoemeak anpdmtructed such

an obl i que ut i s_md | eadi n 5 a

bl ade (50) t i g& ﬁ‘f?&o"z‘t‘b hijh &3 %F’g‘g@( E‘%%‘iefd’ﬁ“rﬂﬁbls omitted,
(10). [00631reheiet; Bobthatehise, “nﬁ@ﬂlgm Wlll(&oapﬁfecﬁ% tmﬂhe absence
be formed or constructed such that a portion of

hub nount | ng obtigh 3poriep(Iseardiserafivdsthes it oves remeayed or never there to
relieved, ﬁ%ﬁ]%&lm%ﬁgse ﬁgléien&?blexlng aﬂoHateQew]th blades (30 or 50)

appreC|ated t

(regardl ess ofterfemag wath eatch otha at buto{16) Ebrch mmm:eﬂohem@ be caused

to 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)). Alternatively, 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,



begin with) may all eviate probl ens associated with

bl ades (30 or 50) interfering with each other at hub

(10). Such interference nay be caused by a variety of
factors, including but not limted to chord |l ength of

fan Dblades (30 or 50). O course, factors other than
interference may influence the renoval or other

absence of a portion of fan blade (30 or 50). The

absent portion may conprise a rtion of |eading edge

(36 or 56), a portion of trailFfng edge (38 or 58), or

both. [0064] Alternatively, to address fan bl ade (30

or 50) inter Mieamaanted tohigb mpoytingthembati(i2yefaarblak (Bbr 50) may
may be incre ( . wi t hQut i ncreasi he
number of hug'%rf%adln F%gc,fr?gi&‘#%g??e (r'ﬁg)e)o?amr?)gpﬁ X\}g?%/% , inclusive;,
the chord of between kl°eaies] 0f dclasivg Q) apmryxiBRtdledUGedi0°, or 13° by
Still other alter.natives and variations of hub (10

and/ or fan b e(‘é’@plﬁrongﬁ) Qfiicryrst fam Blade €32 of 50) may bave any

of ordi nary ot sditabl@ ahfie o?_ﬁllttz?ck[ BAOBhde Pg%? ﬁgi m]a%Re substantially

ordinary skill in the art w appreci a
bl ade (30 or S&Bght aleng Hnleagth, 26d theomglroof aieick maygbe paivided by

attack. By . nly, -13-.when noynted to

hub mount i n\évmr{r‘gﬁ%%&?%@g?%ﬁ}%f gégwtt%mg’egif’s‘ )a“ﬁlﬁﬁga““k-
haY‘?%%s; angl e of attack in the range of approxinately

- . i ncpligmatvely, thaanglesef attackypfhubOnountiof meimber (18) may be

appr oxi mat el vang ex | e, only.

O course, f gﬁg’bﬁngc?g 11%’%;88%?&@16;%% rfraan;y)ef dae\?%o %\rn%ﬁg P“X”ded bya
suibt ;abl tG' alnlgmélstolti fmhlﬁd(% M)bwredﬁ?%gfan&ga%eﬁg(yopm) may be
substanti a r .along its le ,..an e

angl e of att %%bl%aﬁ% y gsé{a@LeﬁOE%@%g?ngtﬂg@iwmw mounting member
mount i ng nentiQ) etéads M fah bidde (36 156f) a&l&%l ﬁvi&fm%; b@%ksvided to

[0066] Alternatjvely, the angle of attack of hu
mount i ng menBEYAE 5 anglg wf gRack far e remginiag parigheof ddn blade (30 or

ttack for f : - | ded
201010, S o5 Y S B o

bl ade (30 or>®Bds-grthgeriiee remabrsierot farablage (80 bAb@Hength BRG twist; or

i tan o1 acelit SR BBl s i B s el e G0 o

to 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



provide an angle of attack for the remaining portion
of fan blade (30 or 50). Such a tw st may occur over
any suitable length of fan blade (30 or 50) (e.g. the
entire remai nder of fan blade (30 or 50) |length has a
twst; or the twst is brief, such that nearly all of
the remai nder of fan blade (30 or 50) is
substantiall'y straight; etc.). Still other suitable
configurations and nethods for providing an angl e of
attack for all or part of fan-btade (30) wll be
apparent to those of ordinary skill in the art. In
addi ti on, it owlet burfaee ('tﬁ)p Otherauigablé baifighrdtions féfikner surface (74)

portion of fand bl ade 7% )B? have one or
twists for afy® PUFHYLE: 2 Wﬁ I‘?Bé”ée’btftoé'i“%fier?&ﬂﬂ‘%%’ls’l“” in the
in the art wakl IﬂF@lﬁHﬁx‘ékéﬁ exidiple ﬁsefﬁﬁr&té% v(eﬁxcgl memB& (72) is

or 50) may be nodified in a nunber "of
nodi fi cat i onéeﬁfiﬁéyb)/dpwefredgh@%)hwmteégﬁ @loi) @@dmtarfedgle (82). Each

per f or mance. I d ry formin

Figs. 6 thr ou(%:e qg 8}03%@@?? We é?’? %:@f %o%hSpﬁﬁgfve fonRgr (gd)- Thus,
wi ngl et (70) in tNei preseni expngtls, '(e?ﬁk)al \Whdrhbep & 72)) muﬁﬁeecbomrs (84).
the context ,of .fan bl ades nd 50), it wll bhe

appr eci at ed {fatoWh ek £o efo§8%?rd§/ ’Bén‘éféied Ascordingly, the term
other suitabkgrhg & adetrml 3084 hwcrl}gls%ll(l (6P e Akad 'ﬂ)erequlre a

present exanple i ncl udes verti cal
Vertical nenBRa a7y boeipen weslsfd eaménmeed nQUbQ‘ bméed @49 point or

and rounded 14 %lﬁ&h §B£x(' %trglgl?t%megnge% orS ﬁ]lltgégecl While in the

conflguratlon l?br I nner “surface

surface (76) pwisért dxemphpmmaztl hembdrocR) af deﬁdilibediray having three
skill in the art he prese exanp

perineter of Qf@f’rﬁ'ééi‘f‘” ﬁB&F“@‘?g)thqté'e“lﬁélf‘inﬁ'@He‘b(yz)Wha"e any
edge (78), uppeblatatet 8dorm@dRsyear edge (82). Each

edge (78, 80, and 82) neets generally at respectlve

cor (84) ent . ex vertica

00691 £ 23) - R Variaddhs o SeRICEP ERHE AT it ¢ HobirR to those of
cor ner (84) brlinapysidRdn theeaordi ngly, the term

"coner," as that termis used herein, shall not be

r eq@O‘fO‘P r equWﬁ%l@t 7%2@5 e if&lﬂﬁ ex&gﬂ@tiﬂﬁ{xer 0L 8%es v winglet mounting

coner need no ted't
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



region at which a pair of straight |ines neet or
intersect. Wiile in the present exanple verti cal
menber (72) is described as having three coners, it
will be appreciated that vertical nmenber (72) may have
any suitable nunber of corners (84). [0069] O her
vari ations of vertical nenber (72) will be apparent to
those of ordinary skill in the art. [0070] W ngl et
(70) of the present exanple further includes w nglet
nmounting nenber (90), which ekt ends substantial y
perpendicularly frominner surface (74) of vertical
menber (72). camersnrﬁ&mhladni(ﬁ@l lobkimg towdrd gvinglet (10 (1., 981y from hub

Wingl ot mounkITy RbBI=se08y e i Sl B ELEiEs 3 indrd, wingle
bot t om sur f agRuntifidthembdri(9) ieasith (7 ﬂatnethé E‘ﬁd)offan blade (30 or
| eadi ng edge 12996 i|l$and trailing

addi ti on, ea€ glhab meynng wgmhernﬁé} v{lgglyt mnmnug@sember (90)

openi ngs ( 10@y Tgxggy%!éﬁogg‘%r@bo& é0y"ik "i‘&epfa’ﬁ%%@ﬁrdso). In the

bott om surface sent “exanple
openi ng (100)Jrescsnt $ixareple,t uppee edges €8(f) axft winglet (A)extends above top

naer Ced | ni RS &R G2} ) g o o sdefp e extending

of ordinary Bijohl 1¢aamtgrhagca(36 o 36). FRRNAE), %veertehgé (78) of winglet
wi ngl et nounting nenbers 890 may be rowd d

variety of &% ér%@% Redov: apiteryy apﬁ#qedﬁé or [56Dvii}"aanlgie (80 or 50).
shows a crosge.5&q é )Qtfwﬂ;lgl@t gf’())”‘gyﬁeédg%)e o‘@fdtuti IW§g§éee(tB8 or 58) of

(70) nmounted the o The“cross secti
al ong a tranfmeiaie (ﬁ)ﬂ) alnﬁJ)J fabeme,avingles (7(])5nd(fz&ﬂilaﬂes @30 or 50)

fan bl ade (30 | ooki n rd W N 7 . awnay
from hub (107 haviey Aotk sitog Sadbrconlbias s hown

in Figs. 9and 10, W|nlet mounti ng nenber (90) is

co [ﬁq7gh red t Barbladg @0 DhéO) ary heve prgoriphare epc(r&igs,dbnndilobear the tip

ke b, U TR s AR R o
bl ade (30 or susfape (J4rortShg whmhas/mtpoemaml t6 aligiPWith oph@ifd(s) (100)
(80) of w nglne&mgzegzno%t&egnnqgm&kr) %80% whcn 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



surface (32 or 52) of fan blade (30 or 50), in
addition to extending beyond |eading edge (36 or 56).
Simlarly, |ower edge (78) of winglet (70) extends
bel ow 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). O
course, winglets (70) and fan blades (30 or 50) nay
have any other relative sizing and/or configuration.
[00721 Fan bl ade (30 or 50) nmay’ have one or nore

openi ngs, fornmed near the tip of fan blade (30 or 50)
t hrough top Bwrdtachliqradtively, Ev@)lglahdiogntirtg)mm’merss(&% acxy fit both

openi ng( <) (HBHSHY nfefefie BNl BHBIds En Bl Sun g otber

wi ngl et rmunecmf@ufmamxu(&(appaﬂeﬁttbms@ébedrdhmsl&ﬂnn the art.
blade (30 or 50), and which is/are sized to receive

ﬁf(ﬁﬁg de( 26 m\éyrl@%fet e?nlgo mlgnaltl ()2?%&? urug{:l Hng fember (90),

ene
(26) . In oneamh‘nmhad”etms a fra&terﬂaﬁne&ﬁ) inn8r durfi@l (74) 6T vertical

anot her enbodi nent asten ri.ses a )
conpl i nent ar ¢ E‘E -(;725)]: ?‘E ﬁ}‘ W&%@qeﬂi’é BEIQ?%“ Bladgi(}yor 50) is
SCrews, SUChingsredGhRWRgRk $70)06F aRicARRH ¥f wﬁ%%tt(eo)bﬂonﬁn blade
a Iarge vol ume of papers together (e.g screw

wi th t hreade®Oo0t &P). sdﬂfﬁéeﬂﬂ@ﬁﬁflegmoémﬁin@ ﬁ!at bladu: t(B0 or 50) is
femal e Scfn‘?é[ﬁﬁilg"foﬂg?é Wlt%a\g@%l rRELr mg%e thogg 3f ordinary

However , sui table r(s
i ncl udi ng bu$kmlotn [then dredwillo a@ﬁfeeﬁte\/elsat th%ee:o&xﬁistngi Yvariety of

it owill bea eci at ed_ t hat

opti onal . EUWIOW fof pﬁvﬁﬁ%g“z?gaﬂf" “f‘ﬂ’a‘t’mg‘et (70).

wi ngl et rmuntl ng menber (90) need not be i nserted

i nf@978h end Whilkaetyicalden¢rBBero(7H0)is $howat hesr hnbrgdss,ubstantially

ﬁggnt ISIng] LSL% r?g%a arqug%&,gxgmﬁarae e%cg (éaf)%w Inlge appremated that

out si de of fﬂhﬁsekﬂw@dﬂ&nlﬁé%ﬁ)my b2 @) any aitale ahglaﬁelatlﬁe to each other.
i nsi de. Al tergat ively, gl et nmpunting nenbers @)
may fit bot hIhysampd ahyl ‘9’33( | FEMBIFIOH % Y?rﬁ?qun?fﬂP%}' @) may tilt

fan bl ades (3@ 01591)twa§$ whén %ggﬁ& (76?1&“4@?}5@%&?@2 blade (30 or

wi |l be apparent to those of ordinary ski
art. 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



[0074] In an alternate enbodi nent, wi nglet (70) |acks
mounti ng nenber (90), and instead has a recess forned
in inner surface (74) of vertical nenber (72). In
this enbodinent, the tip of fan blade (30 or 50) is

inserted into winglet (70) for attachment of w ngl et

(70) to fan blade (30 or 50). In yet another
enbodi nrent, fan blade (30 or 50) is integrally forned
with winglet (70). Accordingl

y{ those of ordinary

skill inthe art will appreciate that there exists a
variety of caonfjgurations for providing fan bl ade (30
or 50) with Wigleanetplagsior plagfies nd may eompsiseiagiyrahiy ai pieces. In

(72) i's showgy@igo
nmounti ng nmenber (

508 2

e faf \Y'ingl%? i

be appr€eci at

t hese two nemsthod ofmpanifactare. any suitable angle

ggg Itnﬁdgtk %S' altl)p suitable

relative to each other. Thus, and by way of exanple
onligo7syer ti cal willedlfeete dppedcidteythhtl trdiling! VoM 1Rt O WeSrhear the
is attached to fan blade (30 or

when wi ngl et .(7&)

50). AlternatiPy

(72) my be. CoFraly MdaR L el

verti cal

fgn blades (30 #r SPemeinciezse)lifagar dhsmtipsiof dan blades

menbher

g{)&iais%?rltﬂlo\g OVEE top surface

't mﬁ g2 | or&S)ﬂartdmd bbtdrh eunfZee (34 IS 4Phiear thégipg &ffan blades (30
nmenber each ti | r en winglet i.s attached to

fan bl ade (3b5{3} %@?h ‘*&‘VQB?“ ey flafﬁeofﬂfs Dfflow mgrepomally from
(70), incl udidaginpeligd'@6 dri 39) t€ Gailing e@é@gSa&r 58), thereby enhancing
variations, will be apparent to those of ordinary

skill in theecffigiepcy pD® T8 hawing fan hiladgs 630 ¢r780) wigh winglets (70), at

specifically ég‘g@ [ a nodification to
fan bl ades (53852“?5 fjro{QﬁS%]%he@%é appreci ated t hat
Wi n&(lget (70) _may be used to nodify any other fan
bl A [ 0071 onerexgmples ingiRth e/ aregttagiiedtto endp) ofj fan blades (30 or

formed from bENBOSHOHNISLNS kY idneRf W}lg‘rﬂegatdewagok%nflets (70),

However, it wi'll be appreciated that win
be made fr onthg ardlomerate of therfait isnncadased iyre8%dt b dpot  not
limted to any -17- suitable netal and/or plastic, and

MBaYOGSOIPr | SelrRardttéf Bkdniple, Minglet® ¢RS ardl dhtached 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) | (waltt) (watt) (in.lbs) | (cfm) (cfm/watt)
12.5 54 50 1786 [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 1170 1140 839.75 | 129,983 | 114.02




addition, it wll be appreciated that w nglet may be
made by any suitable nethod of manufacture. [0078]
will also be appreciated that trailing vortices that
format or near the tips of fan blades (30 or 50) may
increase |ift near the tips of fan blades (30 or 50).
Wnglets (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 f 1" nor e normal Iy from

| eadi ng edge (36 or 56) to trailing edge (38 or 58),

t held9831 enhankablgy: FanfWidi Wingjetof70n f an havi ng fan

bl ades (30 or 50) with winglets (70), at |east at
certain rotpgpeedal| NMReedwer | ALV dr ?y? wﬁa{ggt

W ngl ets (70@pﬁ;e.qggafhed tﬁwﬁﬁds of IEESP'. sz

or 50) on ng a 6

It

fficiency
cfm/watt)

OJ

el
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113,26,

’$J§L ';-I
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B44H6dag

t87chsanme
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3P1lwi ngl e
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followwng two tables i1llustrate efficiencies tiat

be [0084}i ned yf coaekd] B AIHsEhsy b Bari
14 foot dianeter:; [0082] Table "1:

Fan

TEY

10, Beha B Pl 00

(70) Speed MAX2dPHaprsuisghie variatiens Tbwpgetssirwiwdaigebut not limited to
Effici - t) .in.lb fi f
vty 12, S Bt Ghley lftghinuofy v bo abesaeth a0 e of ordinary

632.76 37.5ski¥Sn@R &4B7. 53 62,421 761.23 50 339 263
376.59 96,816 368.12 62.5 700 660 564. 01 110, 784

16fo6¥s) 75 1if ler%(}, ReRerbns temdfitSive %é"EnOc?esén]bSCH 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.



[0083] Table 2: Fan Wth Wnglets (70) Speed Max.

Power Avg. Power Torque Flowate Efficiency (rpm

(watt) (watt) (in.lbs) (cfin) (cfmwatt) 12.5 50 42

18.56 26,815 638.45 25 58 43 18.39 46,547 1,082. 49

37.5 68 49 186.00 61,661 1,258.39 50 241 198 354.61

87,552 442.18 62.5 591 528 582.78 120,859 228.90 75

980 950 847.41 136,560 143.75 [0084] O course, other

val ues may be realized through use of wi nglets (70).

In addition, suitable variatiofs of wnglets,

including but not limted to alternative w ngl et
coWhay iy daimedss: wi || be apparent to those of ordinary

skill in the art. [00851 In summary, nunerous benefits

haye be%nwg)%%?fdrg%m&&,@orﬁgﬁﬂh#: from enploying the
concepts of "the invention. e foregoing description

of one(®r navertieatmambesrand of the invention has been
present for urposes of illustratjon and . :
descri pti’on. aITQ‘i"g%ﬁo‘Peﬁnﬁ?envgéeae‘Po%b ast o3 1pofliqn € the mounting
to |im mehtber i yehitanaallyt perbBRiifI@CioS st fe@stm PoffnOSEehe vertical
Qobvi ous nodi fications or variations are possible in

| i ght ofMeTben AR thednRuating iembse isgrpafigiregiy mount to a fan blade

enbodi mgpg %n&\ﬁ{ll?erﬁﬂ AREAn Bde q?@&ﬁg&ﬂ to' n?(%xﬂl?erd % fan hub at a

best illustrate the principles o e I nventi1on and
i ts praetdondknd afght fapdiddesthe secohé embleing afpositothe fioft end.
ordinary skill in the art to best wutilize the

i nvention in various enbodi nents and with vari ous

nodi fi cThe eRsdificatiah FosblifireB1dde dfh@aiRAN ! whtleR! tHéS€ertical member
contenplated. It is intended that the scope of the

i nvent i 6PIP@ses @ rounded euter MEfaeq. ai ns appended her et o.

-19- What is clained is:

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 corners 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.



1. Awinglet for a fan blade, conprising: (a) a
vertical nenber; and (b) a nounting nenber, wherein at
| east a portion of the nmounting nenber is
substantially perpendicular to at |east a portion of
the vertical nenber, wherein the nounting nmenber is
configured to nount 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 bl ade, the second end
bei ng opposite the first end.-20- The nodification for
a fan blade of claim1, wherein the vertical nenber
conpri ses a rounded outer surface. 3. The nodification

for, a f 2 ein the vertica

rrer?ber “885\'39 RS g;é’ l?;\la@h Béi’lﬁwﬂ ilaVbgrem the meding member
surface coﬁ‘lpns-gé‘ @n Rt §dr9a%E | \Pﬁhrélﬂ lat ﬁ:agt%rbo%(ﬁ{j@f AL ifrlefidHace is at
1, wherein the verti cal rises a perineter

defi ned ab\ynﬂ?em@v@?ul@o@ele \aufh (Ppwt t nggmouam membery

edge. 5. The nodification for a fan blade of claim 4,
wherein each of the edges neets generally at a

r espect The nedifivetion for aTae bladelof tlami il pwhérein the fridinih@member is

ounda UG5 b REHial e 5 et 2 DR St ampimor more

1, wher gispenads. | east a portion of the nounting nmenber
is configured to fit inside the fan blade first end.
8. The nodification for a fan blade of clain11

. agi ei nThQﬁo\ﬁﬁfcta{i&?kor easatd!:%f cfa &Hér mt t??g v]exgﬁal member has

lal airflow over at a por iToNg

bl ade pm appereddge,t whérkia tharmd]inadg nfdxrr‘tﬁt hend.leadii} ec%e wherein,
f cl |n11 wher e

The nodification for a bl a
t he mou {hF?wé“‘f’tlélFFgeﬁo s §’é‘i gr"i' aﬁn@? Shpviag e, leadmg edge, the

wher ei Nd@tantERsH the ﬂ@ﬁﬁtix%ﬂn%bérh@ad‘ndy@fge 8k E@l‘ﬁ?oﬂ) the@pper edge
a non-perpendi cul ar angle with respect to the nounting

menber . O_fl e verisalrembsrangieatsr fhan ﬂb? digtands| feqie thef meuntingymember
1, wher ?e'aﬁ‘m% Q&gmlfﬁg faﬂ P1ddE mﬁfng eﬁge 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.



configured to be substantially fixed to the fan bl ade

first end by one or nore fasteners. 11. The

nodi fication for a fan bl ade of claim 1, wherein the
vertical nmenber has an upper edge, wherein the

nmounti ng nmenber has a | eadi ng edge, wherein, when

mounted to the first end of a fan bl ade having a

| eadi ng edge, the distance fromthe nounting nenber

| eadi ng edge to a point on the upper edge of the

vertical menber is greater thadl t+he distance fromthe
mounti ng nenber |eading edge to the fan bl ade | eadi ng

eddd. at Thaedtificatiorefod a fAPbladhef dImeN [, ivaRtdi® thel vRFticAl Mm@Mber has a
bl ade of claim1, mher%in t he vertical nenber has an '
rear edfdverides el hereRethagnonnting memss has s beftam suifageg wherein,
edge, WRRERIMbuntedBNhETHAL & §10; FeHhAL %Eviﬁggi Qgtto?}]fsﬂ'?ace -the
bl ade having a trailing edge, t%e di stance“fromthe ’
mount i ngistaaah&pmt thaiméunging dgrentien battpmi surfaom td hgointa@n the lower

edge of h riic nenber is great t.han the

di st ancgdée r(gfrrt]\ﬁ? hvtgmcm%{u'ﬁltem?ar ng?r &H’j‘:"f Fﬁg*"&%g’@mt fhe mounting
t he fanmehdeebbtiam IsuifgreerdgRyoirithd fhierfah bRAd -bottd subfdee at the
The nDdific%}%ép for a fan blade of claim1, wherein

the ver Artsnd afdhn&ntlads a | ower edge, wherein the

mounti ng nenber has a bottom surface, wherein, when
mounted to the first end of a fan bl ade having a

bot#om $he fmeddicatiethéer adfas blade of tlamlt Waerbuthe ivegical member has

nmenber surfa to,a point on the | ower edge of i

the ver %P t(I:JE‘?&[prrete ’e‘rvglgrg Ty fhis a‘?‘g?"ﬂf"ﬁa??e?’ﬁg h‘?ssi‘ AR é”‘%’f‘i?m“’her eimn,

t he nouwhemgountedrethe Fiesttefdnos bl FinaKI&de Khvaidya BB1sOifad tﬁle distance
e

the fan_bl ade bottom surface at the first end of t

fan bl afiem tha mopnEngwEMher fen sHfaceto & FoiRt @) Higeunper edge of the
claim1, I neal r

edge, mﬁzﬁgfﬁﬁ?ﬂg*Egﬁﬁ?%ﬁgﬁﬁgﬁggr ggQgﬁ%ggﬁggggggé?mnbm-mp
wher ei nsurfag ém any ppine dntthe faneblade tp emfdcoht thef Gust bidadethe fan
havi ng g,4op surface, the distance fromthe nounting
menber top surface to a point on the upper edge of the
vertical menber is greater than the distance fromthe
nounting nenber top surface to any point on the fan

bl ade top surface at the first end of the fan



bl ade. -22- 15. A nodification kit for a fan bl ade,
conprising: (a) a vertical nenber; (b) a nounting

menber, wherein the nounting nenber is substantially
perpendicular to at |least a portion of the vertical

menber, wherein the nounting nmenber is configured to

mount 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 blade, the second end bei ng opposite

the first end; and (c) at | east? one fastener, the at

| east one fastener being configured to secure the

moudit i ngh medifieatiandkit foea fanrtdadeecminpristng: A f an,

conprising: (a).a hub,, the hub being operable to
rotate;(%b) %V%Vﬁ?BPPP Tof fan bl ades, each fan bl ade

havi ng @)f | r stmewlingNAlerdbes £#AAEin 818 dnoMIBEShEMBACGE siiBdflantially
bl ade is nmounted to the hub at a respective first end;

and (cPeReMfifipeto bUrask@d PYtioneofs eonmertie dmemberawherein the
f an bl a%unt}r?% mER®ed @Qor%gu?e}cf’t'o%n%ﬁn td"@ gineﬁlgdeeﬁrg?end wherein the
wi ngl et conprises a vertical nenber and a nounting

menber . fapghladehs coafigwed ol i modrted tohefanihubtdia semudtechd @f the fan

menber tends substantially .perpendicularly fromthe
vertica fgﬂ%ﬂﬁ%f‘?wi ?m{}ﬁ’é“gfo&%o% tf}‘fg{sﬁf'fg_,anémer ein at

| east a(qort koleadtf oRACRtcHBY Mhd RO IdABNHRS fAs?enexcg%%%hsg’ured to
to fit in the second end of a respective fan bl ade.

20. The S§CHFf he mauatipg membegie thei firstand. di st ance bet ween

the first end and second end of each fan blade is at

| east approximately 4 feet. - 23 21. A nethod of

nmodif yi Agfan, doarprisingde, conpri si ng securing a w ngl et

to a fan, bl ade _end, the w nglet conprising a vertica

nmenber gaﬁd aaﬁﬂ?fﬁ{;? W@b l?’ﬁér}gooé’reg”lbf}e\_/&ﬂé?tggn at least a

portionf theliBIURLF PG YMRIERACH HSin WIS haht @lfrdt end and a second
end, wherein each fan blade is mounted to the hub at a respective first end; and

(©) 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.



per pendi cular to at |east a portion of the vertical
menber, wherein the nounting nenber is configured to
couple with the fan bl ade end. 22. A fan bl ade
configured to nmount to a rotating fan hub, the fan

bl ade conprising: (a) a top surface having a
generally elliptical curvature; (b) a bottom surface
having a generally elliptical curvature; (c) a |eading
edge, wherein the top surface and bottom surface each
termnate at the |eading edge;23nd (d) a trailing
edge, wherein the top surface and bottom surface each
t eRii natAemathoti g mqrchfylmgng fardylade, 23>mpﬁlsmgfsacurbigaﬂmrtg‘let to a fan
claim?2

curvatu %gdg E‘E‘% ig‘?rg %’“P'é%% Ad e’é‘&@‘é““ﬁﬁ?j and §é’l&%ﬁ1&ng member,

radi us Qhefitl VAt Was Rr @siivat ®ft e niduditihg NHeBB&e is substantially
wherein the first radius of curvature is |ower than

t he secaf@endigdaryto @f least paportion of thernerticglnmsmbee wherein the
clai m Z%Omgﬁg ﬁmb&ﬂgc%gféw%mo&mem M&Ma@%ﬁ& s

based on rst erei’n the curvature
the bottom surface is based on a second ellipse.
n the curvat

{ n&2secndebi e Mefeise AUGAL ‘Brf PREEY %ﬁwﬁe%&vf fan blade
the secendipfdihg:pse.
(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.



