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w@ppebiogsts on is a continuation-in-part of U S PCHUSW8/073677

Application Serial No. 11/777,344, entitled "Fan Bl ade

Modifications,” filed July 13, 2007, which is

i ncorporated by reference herein, and which is a

continuation of U S. Patent Application Serial No.

11/ 046, 341, entitled "Fan Bl ade Mdifications,” filed

January 28, 2005, now U.S. Patlent No. 7,252,478, which

is incorporated by reference herein, and which clains

priority from t heUtFERIFaSUBEADE NMOBIFIPAGVONS onal

Pat ent Application Serial No. 60/589, 945, entitled

"Fan Bl ades and Modi f i Bizhird MychackAynskbyJul y 21, 2004,

whi ch is incorporated by reéa%)gﬁﬁl herei n. BACKGROUND

OF THE | NVENTI ON [ 0002] TfIfe present invention rel ates

generally to fan bl ades &ichafdW. Bizade nodi fi cati ons,

and is particularly directed to an airfoil suitable

for use with a fan blade and a wi nglet suitable for

use with a fan bl ade. [OOO;%éPeo | e who work in |arge

structures such as war ehou$8ORHY manuf acturing plants

may be exposed to working conditions that range from

bei B80XInconf Ghisapbkcation raz apdtowstionTingas anfel fafatentsépplication

apply in agriccul twur I NQSy. S S, i St.ruct

oY L oy SN B aeiM %ﬁt?%edh%%”é%%e Viodlri G Hief oy

ai r tenper at U8,2008ywhiehdhingogpofaretl whefeeerae pheregpandwhich is a

ot her animal is. unabl éjl]t inéain a raeal tl? .
ot her wi se. deSPTABTEN SNy FARBes BIGP I SR J3/0dfi s, entited
t enper at ur es “BaneBlade drddiftchiadalsy filed lansadyedly 2009 mowi U.S. Patent
may be desir&bl \%n[; %ﬂav .a device operable to createor .
enhance airf 8W9 fﬁ “51#3 159‘?8@"5"{5%1"%?#@?%%’ apd, which
part, claims priority from the disclosure of U.S. Provisional Patent
Application Serial No. 60/589,945, entitled “Fan Blades and
Modifications,” filed July 21, 2004, which is incorporated by reference

herein.
BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to fan blades and fan blade
modifications, and is particularly directed to an airfoil suitable for use

with a fan blade and a winglet suitable for use with a fan blade.

[0003] People who work in large structures such as warehouses and
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 operable to create



facilitate a reduction in tenperature in the area.

[ 0004] Moreover, sone activities that occur in these
weeoovoesnent s, such as wel ding or operating i nRE&F/Hsd008/073677

conmbusti on engi nes, nmay create airborne contam nants

that can be deleterious to those exposed. The effects

of airborne contamnants nay be magnified if the air

flowin the area is less than ideal. In these and

simlar situations, it nay be desirable to have a

devi ce operable to create or -€thance airflow w thin

the area. Such airflow may, in part, facilitate the

reducti on of odehlstner ia'aﬂswvetleiutthe afreac 0 rifualmi airflotvs mag,ugh part,

as thr ough d% C}'ilttateofl;.1 e Hg 1 11 [em er ?ure 1Onfthecaornt am nants.

[0005] In certain's rucfures Ad EnVi Potinents, a

problem may arise with heat gathering and renaini ng

nedP04e cei MapVer seRe g Vitifst thitercoarhipgthepg enpigonggents, such as

concern wher Qeldfi RlopérafifBihtetda®cdhiRbioddngirRe nﬂyrdﬂ@ﬁé"eﬁﬁ)orne

is relatively cool er. Those of ordinary skill t he

art will i neeitapians thatesgriieAsleghriont (e @S&g?éBOS?%affh?Tﬁf)feCtS of

arise from h%‘flﬁ(ﬁ‘& $&ta§mﬁnts%£‘§ﬁﬁe 'nﬁﬁgﬁiﬁ%@ ?@tﬂe air flow in the area is

air/tenperature distribution, ese and simlar

situations, less thay idsal. dlesthfrsalahfé sinplah sigatiensd i wiiayebe desirable to

2peranie 10 Feal Bedle GOARNGS akd LOMNENifhobGilh 5k area

Such airflow may, facilitate

de-stratifi cathtmnrfkwwdnayhm panl fﬂ;éiﬂ:ﬂ@thewéduatimmfeieleebeiahs effects

ai r/tenperat u{]ecogl asrhtl ran utslu(c::)h s[qg u% dAlluﬁgX d?or removal of

desirabl e to’have a tan capab 0 uci ng eher gy

consunpt i on. c&uahinants.educti on of energy consunpti on

may be effected by having a fan that runs efficiently

(e.[@005] €ss RP¥Rhin Srub@RYIh@Eni@nMEAY & frbB8leh @hy3Sise with heat

conpared to other fans). A reduction of energy

consunpt i on Adleraegsd Fenaring peae dhesyilina of g saudtan. Thigmay be

| mproves al 1 oflbdkbhiiickOmhe ddlsPe RONG MY sBEALENSrlively

cool ing costs associated with other devices. BRI E

DESCRI PTI ON clerHE hoRAvY (idSpeodid] inTthe aao’dﬂnmamhat@@’ recognize

draw ngs inc 8fs9&5§t£§e@ thﬁ ﬁ%ﬂ alfis%r Hi)lﬂgha@ing%}s &f otfl«geimbalanced

air/temperature distribution. In these and similar situations, it may be

desirable to have a device operable to create or enhance airflow within
the area. Such airflow may, in part, facilitate de-stratification and the

inducement of a more ideal air/temperature distribution.

[0006] It may also be desirable to have a fan capable of reducing energy
consumption. Such a reduction of 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



specification illustrate several aspects of the
present invention, and together with the description

WG 2000042308 expl ai n the principles of the inventPGHUSI008/073677
bei ng understood, however, that this invention is not
limted to the precise arrangenents shown. In the
draw ngs, like reference nunerals refer to |ike
el enents in the several views. In the draw ngs: [0008]
Fig. 1 is a plan view of a hub for nounting fan
bl ades. [0009] Fig. 2 is a créss-sectional view of an
exenplary fan blade airfoil. [0010] Fig. 3is a
crde807dect i ofibd aacbmparoingaina\ailrlgseimntapd)raed erxarqﬂoaniylg figoart of the

bl ade alrf0|l 4de cLs.a gr
two el lipses. %@6%&}" lll—'lugtrateS S‘ae SR Ogor%) péeﬁergfm}/%tlon and
graph of Fi gtogdther @/ﬁﬂ&]le Hbsgnptﬁanl sred deexplanytiof pamiples of the

exenpl ary w nglet fan nodi fication [0014] Fig. 7

is a cross- sH@P’i‘tiﬁ)ﬁalﬁ ‘“rl‘é%N“B‘?erit?Pél WIORGY Bt ¢ %f %E? g'f.‘Veégon s not
[0015] Fig. 8mitsd @ P precey a@thndelivnidi shgwet Bf thEl Gawibigs, like
[0016] Fig. 9.is an end view of the fan blade of Fig

2 nodified Metfﬁelioﬁéluweﬁésl 1gter &t likg gements [I’O‘Bi‘?‘]Veﬁl ﬁlewio In the
is an expl odgdwpkspective view of the w nglet-blade
assenbly of Fig. 9. [0018] Fig. 11 is a perspective

%@1 Sgrgié%ﬂp b?‘z@éﬁ{,?%‘éﬁwﬂfﬁ egtf 1}11)1%&}9] Fig.
. 13
o B o) ol et v«lwg?f%fl%?%éfﬁ%@ﬁ@ﬂ it

Flg 12.[0021] Reference will now be nade in detail to

t hd0Btdsent PpigeBdy p stpsepasoiamiew of ant femarveeereinphyry &n blade
exanpl e of whigh is illustrated in the acconpanying

drawi ngs. DETAI LED DESCRI PTI ON OF AN EMBODI MENT COF THE

[EMI—I] N 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 exemplary winglet fan blade modification
[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 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] Fig. 11 is a perspective view of an exemplary alternative winglet.

[0019] Fig. 12 is a perspective view of the winglet of Fig. 11 mounted to a fan
blade.

[0020] Fig. 13 is a cross-sectional view of the winglet-blade assembly of Fig.

12.



[0022] Referring nowto the drawings in detail,
wherein |ike nunerals indicate the sane el enents

W bopgisotit the views, Fig. 1 shows exenpl ary PGRUSRODS/073677
(10), which may be used to provide a fan having fan
bl ades (30 or 50). In the present exanple, fan hub
(10) includes a plurality of hub nounting nenbers (12)
to which fan bl ades (30 or 50) may be nmounted. |In one
enbodi nent, fan hub (10) is coupled to a driving
nechanlsn1for rotating fan hut#-(10) at sel ectable or
predeterm ned speeds. A suitable hub assenbly may thus
corff2lde hubRéfe@ncandllanay i tei mgtdmsio hdeaib o ctbel mreidnlt preferred
hub (10). O ¢ .
variety of ofhe? Qg ef%tr?gﬁhte mvenﬁ% (8i*H e){an'ﬁé! 8% ?’E&%ﬁ En' lui%r&%fl in the
and fan hub a&Ompamyngakawdihgyen by any SU|tabIe means.
In addition, fan hub (10) nay have any suitabl e nunber
of hub nDunting menbers (12). [0023] As shown in Figs.
1 throu%‘ each hub nounting nenber (12) has to
sur f aBETATUED RS CREPTIORY QN EMBOIBMENR OE T HEEPR ENSTION
into | eading edge (18) and trailing edge (20). In
addioo22dn, ealbfehring nowun tthendyawimpbiarde(ail 2Whdreig llikel @gmerals indicate

openi ng (22) .forned through t surfa 14) and

Chrough bot1 Bmel e defeonfng Neh St 136 Eaipg toh b
openi ng (22) (103, veictedlayt e tised & previtias tanering 24 blacEatm) or 50).
hub nDunting nber figured to ecel v n

bl ade (30 or! ?pm$ﬂ'§%&%k Eﬁhggv’§W#?Fp[ ?%@ﬁﬁﬁﬁmm“mg
wi |l appreci ﬁfeﬁlbélﬁ(la) @cw\xzﬁfchtf&heolmeemr ) 5@} 88 wicBntedatn one
hub rounting nenbe rovided in a vari et

may =1 / y .
of alternati G@b?,dé‘ﬁ?f}t gfﬁﬁ ]%Hbi (éﬁ)})és CC[“BEQZF] a {lrjyipgyaechanism for rotating

enbodi nent, fAMp @deac (RRwble GOPred@ieBmBYRp&RMs.t A khBble hub
hub assenbly disclosed in U S. Patent No. 244, 821.

O course, FaweBpxdEs tusgompris b ALY atska frbine werharsm ayupled
ot her hub angd/jf, (e GSSERL! ¥hup ARWnIAPISGy hﬂﬁd@%%% ¥f other

may be operable to rotate hub (10) at” any suitab
angul ar speedlemBys, wepjudife ediffaghtehubningd, fars h@h(léhgla]/ é@' driven by

speed may be, AmAL .d:A. ¢ e diRBACRnuBRRY Bl BRE!y uitable

and 108 revolutions per mn

number of hub mounting members (12).

[0023] As shown in Figs. 1 through 3, each hub mounting member (12) has top
surface (14) and bottom surface (16), which terminate into leading edge
(18) and trailing edge (20). In addition, each hub mounting member (12)
includes opening (22) formed through top surface (14) and going through
bottom surface (16). In the present example, opening (22) is sized to
receive fastener (26). Each hub mounting member (12) is configured to
receive fan blade (30 or 50). Those of ordinary skill in the art will
appreciate in view of the present disclosure that hub mounting members

(12) may be provided in a variety of alternative configurations.

[0024] 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



[0025] Fig. 2 shows a cross section of exenplary fan
bl ade (30) having curled trailing edge (38), nounted
W 200b0423(8L0) . The cross section is taken al ongP@I/US2008/073677
transverse plane |ocated at the center of fan bl ade
(30), looking toward hub (10). Fan bl ade (30) has top
surface (32) and bottom surface (34), each of which
termnate into | eading edge (36) and trailing edge
(38). As shown, trailing edge (38) has a sl ope of
approximately 45 relative to-portion of top surface
(32) that is proximate to trailing edge (38) and
portion of betithblmhshasactdy (33 be bpadbld ® rpmneshubratle atapy suitable
trailing edge 8).. ourse, trailing edge 38
have any ot ndribest SONERE! Bl Gl st el bpe ey o
exanpl e onl yanytwhetche @xtrenpe dthgipraximadnpr hse30& revolutions per
single, flat surface. Qther suitable trailing edge
(38) configuf¥tfns will be apparent to those of
ordinary skill in the art in view of the teachings
herl@35] [ 0026ig £ nhawrier grpwsation ok axapndary fae@rblftﬂeéé@q@%g curled
i's substanti ﬁ'hihiﬂ( Q)%L: !(%Wmcﬁln@:h% ﬁﬂb‘ (ﬁ%} qfhe Efo@§se8{onk?9ﬁﬁ<§13along
(40) are Iocateagl side fan blade (30). As shown, when
hub nount i nga tremsyerse Blaie)logatediahthe censet of frndl4dan3t laekeng toward
(30), ribs o es. ( ! S
t hey cont act Bltﬂg 62uf?lalé}%&e((i%%,apg%tslﬁg%gggzr)fagggoéq]g%?ﬁace 4.
| eadi ng edgeedch®) whiamgrinatk intoigadggeigé 230) arsiftraflinlg edge (38). As
mounting nmenmber (12).. Boss 40) .t hu rovi de, a,shug..
(1t betaeen Feymbgite PR S RatdemsT PP R ERD 4T Whve o
(12). Alter npérivie of @pfsutfaneaB)othst ik @roximase lod aeiéing 8dpe, (38) and
including but not limted,to se. affecting the
rel ati onshi pPHE? ebr?tt?lﬁﬁu%?cgé%‘t}g?bﬁs pﬁ%an%%??gcf‘?ﬂﬁlﬁtefl%g(%)‘ Of
menber (12), coMrdel triiBnga@iga (@) tmal hatdasetias safmbleRRPY, such as 0°
skill in the art in vi evi/ of the teachi n%s, herein. |
[0027] As usBY “R¥odienamRle PRY. Ly bR exignt-(Bffdf gomprisgsp spele. flat
I ength, " " maxirfieen OfbCkRASwailingBaxé PENdaakions wilBhgdpParent
of attack," and the |jke, shall be ascribed the sane
meani ng ascr fUBeFe CoordRay akilldr the 2R & Vided! hatcphingspereips
ai rplane wing or other airfoil design. In one
endotlaient , frathe plesededx8ple Has bladecBOrislsubgtmgtaHy bfllow. A plurality
appr oxi mat el 441 nc .. Fan bl ad 3 h a
ot mum i ol SrRENEDisd RS §9t 3 hal By g, when
and a hub mounting member (12) is inserted into fan blade (30), ribs or bosses

(40) 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 (40) thus provide a snug fit between fan blade (30) and hub
mounting member (12). Alternative configurations for fan blade (30),
including but not limited to those affecting the relationship between fan
blade (30) and hub mounting member (12), will be apparent to those of

ordinary skill in the art in view of the teachings herein.

2 Le

[0027] 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



maxi mum canber of approximately 12.7% of the chord.

The radi us of |eading edge (36) is approximtely 3.9%
wetoovkesthord. The radius of trailing edge (38pCT/US2008/073677

quadrant of bottom surface (34) is approximately 6.8%

the chord. In an alternate enbodi nent, fan bl ade (30)

has a chord of approximately 7 inches. |In another

enbodi nrent, fan blade (30) has a chord of

approximately 6.6875 inches. O course, any other

sui tabl e di mensi ons and/or prdportions may be used.

[0028] By way of exanple only, fan blade (30) may

di splay |ift (300 hay acharditengd qfapgbmglafeﬂ)oﬁﬂfﬂapph@xiﬁumbﬁdy (30)

39. 8, under ondltlons re e Re d o
bt oxi mat el JRToEiBn PRES: bGP REIBRYS 3 Bihe poras and o

t he ReynoldsmeMNMcmmmﬂ@mﬁ@xunmmﬂyyzZ%Qﬁmmxmﬁﬁ ﬂmrmmmof

. other Lift t
cour o i TSy bS] R PSRt o

(30) displ aygaitih@@dgoessh Iqﬁdtcﬁmfofrb@&@mn@ﬁﬁéeo@m 1s approximately
approxinateL% 0. 027, under conditions where

Reynol ds Nu @%’ﬁ@‘%Bﬁ%ok}WﬁPEWVM?§H@8@Hwafhnbhde(“Dfmsa

appr oxi mat el yhddd b2 4 pr&lﬁlﬁél}t PencRey NRl HSiHN BResdilent, fan blade
apprOX|nateI¥ 112, 5 course, other drag

coefficients %PasoaeChQEﬁ %\flaﬁ@iﬂ’xkﬁi‘@f%y §é§7501|n§%fé PSggurse, any other

[0030] In 0nQHQBEQ@h&mmﬁ@QﬁMn$RﬁGh&hQHéyW@&k& the
Reynolds Nunber 1s approximately 200,000, fan bl ade

3:%) Ves al 'S/ \VQ’B%COIP e)t;agmgqtlef‘ ! qerfgn I%.de (3¥)§ ng)lg Id%sﬁa}/ ?thl to drag ratios

XImat el y” 1 ‘sur ace
edge (38) ofnmgmgbhadez@ﬁ@)umﬁﬂﬁe39&ehomntymkmkm95wmay the

be obtained with bl ade (30).. 0 n _one .

enmbodi ment , RSW%‘ISZ@@“‘E%di aé%%)‘f“&%gy ?1%4190'& §) ppproximately 93.3,
aer odynam c|Swhae taagzlega@omg Naihbacik apgiox@eiely 250,000. Of course,
approxi mately - under con |t|ons

Reynol ds NumB®F* lffgtoaﬂserrasz?snlﬁ%yew fqred g fa %ﬁadeaﬁﬁ l-es

of attack between approximately -2 to 10, where the
Reyii2%s nunbeend anbgdpnaski famblaty (350is0bgs dag couftieigets ranging
these val ues 3h,e i GhaicRX BTRY Alad Okl Gnef gg;wgynolds

a cross section of anot exenp ary
havi ng Number is approximately 75,000, to approximately O. 127, where the

Reynolds Number is approximately 112,500. Of course, other drag
coefficients may be obtained with fan blade (30).

[0030] In one example, under conditions where the Reynolds Number is
approximately 200,000, fan blade (30) moves air such that there is a
velocity ratio of approximately 1.6 at bottom surface (34) at trailing edge
(38) of fan blade (30). Other velocity ratios may be obtained with fan
blade (30).

[0031] 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.



generally elliptical top surface (52) and bottom
surface (54), each of which termnate in | eadi ng edge

W@ Z®y/os3B trai |l i ng edge (58), nmounted to hub (HQO)/USZDh&073677
cross section is taken along a transverse plane
| ocated at the center of fan blade (50), | ooking
toward hub (10). In the present exanple, fan bl ade
(50) is hollow. A plurality of bosses (60) are |ocated
i nside fan bl ade (50). As shown, when hub nounting
menber (12) is inserted into ﬂan bl ade (50), bosses
(60) are positioned such that they contact top surface
(1409320t t omFuB flave a(ckG) seckiemdi angthekgremptaB) fan Alade (50) having
trailing edge f .h mMoupt | menphe 12).. ses
(50) thus pr SUERLY sMercy ol Tt 2L TRY 3Rkesh Ak 27 Sn o
and hub rmumwmg ten‘mtﬂaerm (eh@ihg eapget(éﬁ)l’mtl itM&mg edge (58), mounted to

configuratio an bl ade cl ud |n ut . no
Tt od to ¢ RRuUBhe PR G ERe RbearRor TG g8t R ocared a
fan bl ade (5@ @ner bitfan TBIHdBt(SO),gloHﬁH@&Iwa(rcﬂ-Bl)b (10h.1 lin bR present
apparent to those of ordinary skill in the art in vie

of the teachPHE®hENHHC (10@%@}10‘?&3 AShay of Bgysasi(elare Tocated

(50) has a | gisRE tAreslhdes(50f AUENGRU hBerd RMRRBurthS member (12) is
| eadi ng edge (56), as conpared to a higher radius of

curvature t owaer@d iptg fanp Blade ﬁ}j)) éﬁ)@@s ((@g)are nysidioned such that they
curvatures OEonfteﬁp tJf)l ﬁlgﬁce( ég) H&Mm%rf%t (QB)n qéildmgted{lg@ @FBt) and

in part, through the generation of two el Efes u5|q?
the fol | owi ngaifieg régeaed) Phhyb ewguating ﬁlémb@a(é népgsses (60) thus

herein, thos Eroglde %r g"i’ﬁ %Ft%éd 1fanI lﬁa,d% I}?O)a(fn'd hWb II}lountlng member

appreciate that a fi wWwth i'ts origin at
t he int er sectli2on Adfern@ayet eElflalrrat)@naert fan &leds ,(Straipclyding but not

g ??:%rs?: )e? by%ﬂ%ﬁ%@%‘% CPQSthe ?%ﬁ%%@elwﬁéagéﬁad e (30) and hub

[0037] a = | ewgttmgahenmer (’iﬁ} wvill &elapparen{ OQIBBE obordinhrgrskiflhin the
of secondary r adi.us = angl e of rotation

L.
of a radius %%Bﬁ?a¥ﬂ%ﬁa?ggnﬁs%%9ﬁl, in radians).

[0033] As shown, fan blade (50) has a lower radius of curvature toward its
leading edge (56), as compared to a higher radius of curvature toward
its trailing edge (58). The curvatures of fan blade (50) may be
obtained, at least in part, through the generation of two ellipses using
the following formulae. In view of the teachings herein, those of
ordinary skill in the art will appreciate that a first ellipse, with its origin

at the intersection of Cartesian x and y axes, may be generated by these

equations:
[0034] [1] x = a(COS(t)), and
[0035] [21  y=Db(SIN(1)),
[0036] where
[0037] a = length of primary radius,

[0038] b = length of secondary radius, and



[ 0040] Accordingly, a first ellipse may be generated

using the foregoing equations. Simlarly, a set of
w@owpdissg es for the first ellipse may be obt aPCBEUS2008/073677

using equations [1] and [2]. Exenplary first ellipse

(200) is illustrated in the graph depicted in Fig. 4,

where a = 3 and b = 2. [0041] Coordinates for a second

el li pse may be obtained using these equations: [0042]

[3] X2 = x(COs(q )) - y(SIN(qA%), and [0043] [4] y2 =

y(COS(q )) - x(SIN(qg )), [0044]- where [0045] X2 = the

second "x" coordinate after a countercl ockw se

rot[@80399n of thendle pisbtagbh pipsmdinhatmugthe grigiadé.ans rabang).

the origin, and [0046] y2 = the second "y" coordinate

af t[e0408 counmeé&hiaglgwa%str elipéd By He Ederafddr SdingetHel f8&Eoing

t hrough g radi ans about the origin. [0047] Thus, the

di nensi ons ofd4HENSs U B k| Sehelecogrdnaisfah Hedtrstailinsp anay be

di mensi ons ofphiied fidifStquliddsAEPandEpsE MBkElar$ 88 QRHipse (200) is

ellipse (300) is illustrated in the graph deplcteg in

Fig. 4, wher 8lugratedynapeserpphieqisted in Higy4.evhersfa £ hand b= 2.

teachings herein, it will be appreciated that, where a

fir[9041dnd seCoordinateh i fosea aeenpl efliped niay e cabrtdeac @sing these

wi th equati ons h%l‘through [4], the two ellipses may

i ntersect at “4'%GU°points ("ellipse intersections").

Fi%. 4 shows four ellipse intersections (400) between

firl@042d | i ps&(200)~ HRPSELB oI PV pdd (300). [0048]

The curvature of top surface (52) and bottom surface

(54p04dy be BHsedy =at(COS&) -ixSIP&dY, on the curvature

of the first and second el lipses between two

congeeti ve @hbdkepse intersections. An exanple of such

a segnent of first ellipse (200) and second ellipse

(3 1S shown_i LG <Dy b [ It on: of

i 1413 (200" i 508 e haite AR el e P toRo e

i nt er sect i on$irs¢ dlpse. thidego® didiagis yhoue e atigmnsnd 1]

through [4] may be used to generate surface

coopo4glat es 0f thatseddddSY” Goordinate after a counterclockwise rotation of the

first ellipse through © radians about the origin.

[0047] Thus, the dimensions of the second ellipse are dependent on the
dimensions of the first ellipse. Exemplary second ellipse (300) is
illustrated in the graph depicted in Fig. 4, where © = 0.525 radians. In
view of the teachings herein, it will be appreciated that, where a first
and second ellipse are plotted in accordance with equations [1] through
[4], the two ellipses may intersect at four points (“ellipse
intersections™). Fig. 4 shows four ellipse intersections (400) between

first ellipse (200) and second ellipse (300).

[0048] 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



portion of top surface (52) and bottom surface (54) of

fan bl ade (50). [0049] In view of the teachings
wherehs318t will be appreciated that the chor dPCT/US2008/073677

| engt h-to-thickness ratio of fan blade (50) may vary

with the anmobunt of rotation, q, relative the two

el lipses. [0050] O course, portions of fan blade (50)

may deviate fromthe curvature of the first and second

el lipses. By way of exanple only, and as shown in Fig.

3, leading edge (56) may be médi fied to have a

generally circular curvature. O her deviations will be

apparent to téosmtiod ebipsk l'tm«sryecsikrisl (40Dn  tAveordinglyi mquations [1]

of the teach Sh one.emhodi

bl ade(50) 1 IeRBITLEAbs hstad et Pa S SRR B o af Rt

W th a = 3 upoitisp ofxop sidfada (323 andaittony sarfikeF24 of &ahi tdaate .(50).

In this enbodi nment, fan blade (50) is fit with

Ci rppdear | eagy Olgwqggﬁ‘e (e'é@rﬁné@@}ékenlg 1tawﬂl BEBhREciAdd BadMe chord

of chord l ength. This | eading ge curvature is

fit tangenti &nei-to-thighpgss rafo chf&n Ble‘ilef @Eemuswyy gl the amount of

bottom surf ag&at{oﬁ% relgggglthgwf,d dnipRy be envisioned by
conparlng Fi gs. . course, other dinensions

used. [.0052 n _on
R 1) P Piﬁa{fﬁj B?ftlglbspO?é%r%?fé?@ 5 e o Ve of
anot her enbodiefgittand fe@onddingsies. B way @fflﬁﬁldplle(bﬁ@t indads shown in
approxi mately 7,687 in ourse, fan blade (50).
on b any Fist bl 5130 Stis i HREHE Tpogoggely tircular
the present ea@anmee,omdmema@bﬂgsmnfbe |a§%@ériﬂ@3 @8geof(cadihary skill
is approximately 3,5% of the chord. The maxi num

t hi ckness of A2 inavew oEBy teachingsbetsk) mat el y 14. 2% of

the chord. The maxi num canber of fan blade (50) is
apdbeXilmat el yn 28e 69bodimente fuhblade (8 soueael using eqtdiens [1]
sui tabl e di ' d/ o or S

used [0054] THOSRATGRNAP S RLEBE S LA o600 pjans. tn ais
di amet er andembajimes; lfﬂgp blade f(ﬂh ibl ftdesh (cﬁel)lamnamﬂngcbdw (56)

an angl e of ttack of 10 Iy s, a.thr or.c
appr oxi mat el HgHa dbame dﬁr § Ch‘gd&%n 1??%?@96)76@6

curvature is fit tangentially to that of top surface (52) and bottom
surface (54). Such a fit may be envisioned by comparing Figs. 3 and 5.

Of course, other dimensions may be used.

[0052] In one embodiment, fan blade (50) has a chord length of approximately
7.67 inches. In another embodiment, fan blade has a chord length of
approximately 7.687 inches. Of course, fan blade (50) may have any

other suitable chord length.

[0053] 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.



revolutions per mnute (rpm, displacing approxi mately

87,302 cubic feet per mnute (cfn). Wien rotating at
wappeoxismat el y 14 rpm the fan produces a thr uB€T/D83008073677

of approximately 10.52 Ib., displacing approxi mately

124,174 cfm When rotating at approxi mately 42 rpm

the fan produces a thrust force of approximately 71.01

I b., displacing approxi mately 322,613 cfm O her

thrust forces and/ or displacenent vol umes may be

obtained with a fan having fahObl ades (50). [0055] By

way of exanple only, fan blade (50) having an angl e of

at t[@@3d]of appr ond eratpley a ¥n hayngla Spifery didnfitertand domgrising ten

rati os rangi i r oxi mat el er. .condi.tion

where the Rega%lo djo m@ﬁ_@muntﬁ% ataaﬁlpr Fé g # Ao @Op@ gees ¢ ztht

appr oxi mat el yor&0 of wippioginianty Fgeymml dfﬁeﬂ\lmmt‘mtﬁrg htS approximately 7

approxi matel y 250, 000. O her to.drag rati

o bt i ned 1oRIPRPIIBEC (). G TS T2 cubic
enbodi ment, fanpdhdtiae (F). Whey idiRihg A0ippedx@hitely 14 rpm, the fan
aerodynan1cs faor angles of attack between

appr oxi mat el §rofugey ilm“ﬁhdg?ec@h@PPbﬁﬁykmhéVEQtNé displacing

Reynol ds NunBgiroildima@RPraxi7oete! Wﬁlail} 20 ; atrl\ﬁﬁroﬁmlt&y‘a 42 rpm,
of attack between approximately 0 and ere

Reynol ds nunf®rian grodpgss gxhivsit feicy Oé@eprewateb}hal ofo., displacing
angl es of at{gckibekesn @@QfIQX|dfﬁérQhﬁ(lstlfo¥cQs ll%i/orvﬁiﬁfle%ement

t he Reynol ds nunber i's apprOX|nate y
course, thes#olympyaay by ebtaeadsyith xhp h‘p‘{’lm Sﬁln b[f?@%(ﬂ)) In

one exanple, a fan having a 14-foot dianeter and
conPod’dgi ng t 8y waarnflkadps off0¥ani idadeat@t Ieﬁhn@tan angle of attack of

approxinatel 25.r e fan r rOX|nate
LS (R R O L i e A
(in.lbs.) anappofimaalyr 34, emaér apaitioNd mhtal@ e %yﬂ@@s Nflﬁ‘ﬂber is
The fan thus has an effh%¢ cg of a roxk%ﬁtely 632,

¥

cf mf Wt t . [ 008BATRAEHo! ABPERT S Ui Resnolds

14-foot di amﬁl%elaﬁchpﬁﬁﬂﬁﬁdt@j/ n§0,0&N Dafer ka@asad BBbs ity be
rotated at ap&rOX|nater 37.5 rpm The fan runs at

appr oxi mat el § SQa%Hﬁ??nhﬁ#Wﬁﬁ torque of approxi mately
187. 53 i nchpounds

[0056] In one embodiment, fan blade (50) provides non-stall aerodynamics for
angles of attack between approximately 1° to 11° under conditions
where the Reynolds Number is approximately 112,000; for angles of
attack between approximately 0° and 13°, where the Reynolds number is
approximately 200,000; and for angles of attack between approximately
1° to 13°, where the Reynolds number is approximately 250,000. Of

course, these values are merely exemplary.

[0057] In one example, a fan having a 14-foot diameter and comprising ten fan
blades (50) is rotated at approximately 25 rpm. The fan runs at
approximately 54 watts, with a torque of approximately 78.80 inch-
pounds (in.lbs.) and a flow rate of approximately 34,169 cfm. The fan
thus has an efficiency of approximately 632.76 cfm/Watt.



(in.Ibs.) and a flow rate of approximtely 62,421 cfm

The fan thus has an efficiency of approximtely 761. 23
W@RwpNE3I8 [ 0059] In yet another exanple, a faPCHHYIN§073677

a 14-foot diameter and conprising ten fan bl ades (50)

is rotated at approximately 50 rpm The fan runs at

approxi mately 263 watts, with a torque of

approxi mately 376.59 inchpounds (in.lbs.) and a fl ow

rate of approximately 96,816 cfm The fan thus has an

ef ficiency of approximately 36B:12 cfnfWatt. [0060]

The followi ng nay be applied to any fan bl ade,

i nc00&8lng by Invanptherf exemalﬁpi fan bmliyg a ifthObtliauhete( aﬁl)comprising ten

fan blade ( 59%&1££s ﬁ%JP is rota?erclleet1 ganbrommn%y 37.83G0 TR fan runs at

bl ade (30 or i'ses enou con nuum 0
mat eri al . By apyayxiohteBx&nphtes, m’m}a, tofqmn oblapgtes ma @0y 88VH3 inch-

50 b t
' viow of 1 RYLEMAST AEPRITC of e 62 YRR, e fan

appreci at ed tHhahasarfidiadest 4ppbxandéi9rebo) cimwahe
constructed of any other suitable nmaterial or

m;g[@f)sgf}l S, | ﬂi:yeyil cHoRR: p}&é&npﬂ:oﬁ fa]nI H%R/l‘h?q 1490 WaniBek 8hd comprising

I or plastlc I'n addition, it w be appreciated I'n
vi ew of the teadehbladps (mn%nomtqdmapﬁrammbtehfdﬁbrpm@he fan runs at

and/ or 50) y f _
manuf act ur engllyp gﬁmgé ?{%EX‘{&@% o‘{’ é‘{&{l“ed()fr!‘gﬁllsaglgﬂa%ly 376.59 inch
bendi ng, wel doungs (1aﬂh$/)cand Aloeti g .of @m@nmguglyt%rﬂlé e, The fan

materi al s an mapuf act ur b ar ent
To Choae o SRR Tichine TBLUL RIS Yhs b2 AR RBRY]

t eachi ngs herein [OO 2] Wen fan bl ade bgso or 50 is
moufiPel 't o hibe (Oi@)vmghl%v o trplieh e Avhiser ade,llzyluﬁxgg by way of

extend into tamdy &g férﬁga&f@@@rfﬁm&&)@@ma y 6
|nches by way of exanple only. Alternatively, hub

élrjg menJP ((1‘1%?)0 ?IH %{a?{]df# ln{)lgﬁl 9%2&&%6) c%%p%rses a

50) {)o any swta
appreci at ed horntvgeawsocfontlmelm efahiangs Bereaynof h:airrhﬂdaonly, fan

(10), oy havgmur o8 THTBELS 12t 1y Syminam
Al ternati vel Howﬂﬁilﬂ,l’lf(nl Vigw of the teachings herein, it will be appreciated that
fan blades (30 and/or 50) may be constructed of any other suitable
material or materials, including but not limited to any metal and/or
plastic. In addition, it will be appreciated in view of the teachings
herein that fan blades (30 and/or 50) may be made by any suitable
method of manufacture, including but not limited to stamping,
bending, welding, and/or molding. Other suitable materials and
methods of manufacture will be apparent to those of ordinary skill in

the art in view of the teachings herein.

[0062] When fan blade (30 or 50) is mounted to hub (10), hub mounting
members (12) may extend into fan blade (30 or 50) approximately 6
inches, by way of example only. Alternatively, hub mounting
members (12) may extend into fan blade (30 or 50) to any suitable

length. It will also be appreciated in view of the teachings herein that



menbers (12) may fit both partially inside and
partially outside fan blades (30 or 50). [0063] Fan
whwde4380 or 50) may al so i nclude one or nor ePCHERINGE73677
configured to align with openings (22) in hub nounting
menber (12). In this enbodi nent, when openings in fan
bl ade (30 or 50) are aligned with openings (22) in hub
nounti ng nenber (12), fastener (26) may be inserted
t hrough the openings to secure fan blade (30 or 50) to
hub nounting menber (12). |n-bhe enmbodi ment, fastener
(26) is a bolt. Other suitable alternatives for
fastener (s) [@6)l0wnlaly hoee appaingnbeniters (8% thaofit o diervausyde of
skill in the_ art, in ujew t he teachi.ngs rei.n .
el udi ng. bl i Rt ot LRV Ry Tety, ovnine
Accor di ngl y, metmbes|(l12)o@ay fid ®otht paecchily Hadideo penpargdly( @2dide fan
are optional 0064 n bl ade (30 or 50) may be
appr oxi mat el Y1 ‘?S(g(,’l%g,%??, 8, 9, 10, 11, 12, 13, or 14
feet long. Alternatively, fan blade (30 or 50) may be
of [A#831ot her FaubladeP@ or &hdgnay alsprnciisle oarbb@pigepenings ganfigured
bl ade (30 or >RondRfh %gam(gl%mafneh@ A8 EU SRR, In s
fan conprising fan bl ades (30 or 50) and hub (10) has
a di anmet er ofmbglmeni weenedpgnings nefen blade (3fhot pdrare aligned with

enbodi nent , . . 0 : 1 e

si zed such t&lzgallét?m%L ?gﬁ 1E:loqgrrlpl))r {nglé%)élg?Ig%n%rghé’sg%tfg&oﬁg%&ay be
ang hub (10)b|irisaadahnbhgtrﬁt6ecrpe?hgs%;@p$eowbrfm elage lithneé@). tfo hub
O her suitable di nmension i e apparent .to t . 0

or dinar'y. <ki MPTWeCREOGE 1P 1y 3, SPRAREAL dhlbar 85 %4 v

her ei n. [ 006B}hel suitableulteddativdyefort feaeai(£)g26) el B¢ appaiteht to those of
will be appreciated.that all cross sections alon h
length of T aRIBRGe(Bae B e R gun R e ot not
I n other wor dfijted REadbeNNek RiElaihE,0dtc. OAcéardindll, aidl &il( BO ufiderstood
50) need not be uniformalong the entire length of fan

bl ade (30 or MgpyPenipgs (%%%?Ptlg%npl e only, a portion of
the "hub nmounting end" of fan blade (30 or 50) (i.e.

t hel084¢dd of f &an ihdedé0 ¢130) ony BOJpprdramatedy #5, be7, ounb.ed., 12, 13,

E:St h Iug %g)e) BRY4 ggt J{Sr%g”‘),&élgagxgtibéiy,%?bﬁd%a@l? b850) 3y AR df WP other
suitable length. In one 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 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.

Other suitable dimensions will be apparent to those of ordinary skill in

the art in view of the teachings herein.

[0065] In view of the teachings herein, it will be appreciated that all cross
sections along the length of fan blade (30 or 50) need not be identical. In
other words, the configuration of fan blade (30 or 50) need not be
uniform along the entire length of fan blade (30 or 50). By way of
example only, a portion of the “hub mounting end” of fan blade (30 or

50) (i.e. the end of fan blade (30 or 50) that will be mounted to hub (10))



(56) of fan blade (50) to accommobdat e anot her bl ade

(50) on hub (10). [0066] Alternatively, fan blade (30
w®20030)23my be fornmed or constructed such thatP@I/US2008/073677

portion of the hub nounting end or another portionis

omtted, relieved, or otherwise "mssing." It will be

appreciated in view of the teachings herein that the

absence of such a portion (regardless of whether it

was renoved or never there to begin with) my

al | evi ate probl ens associatedl®ith bl ades (30 or 50)

interfering wwth each other at hub (10). Such

i nt er f er encemmmye peroeal I dndexample.amiobliqgueefit if madeao $gading edge

Iblngldggl ?gobg 5628';;f 'Bg”&t rt(é gcc‘éhor?aou'? zgnnoot hblaéet(EQ bn hub (10).

interference may influence the renoval or other

abs8MA of arpENRiNSh: b0 Hagh (B aued) (Bpy By fospyd ormeastructed such

absent porti gc AR P theSIEibPmPRHiht @Rd 6f aldBRd ipBiof 496mitted,
(36 or 56), a portion of trailing edge (38 or 58), or

bot h. [0067] reAPtedr praRihareisy "miseingd dké@g be #RPBRiglerbin Ggw of the
or 50) inter te%lﬁrﬂ;@ Ber@hn thi Hle(aﬂs@lce Jf Q&h‘y ;ﬁﬂﬁﬁl%regsﬁleg%? whether

may be increased (e.g., such as wthout iIncreasingt
nunber of huls Wmunmpvﬁg qrenehertere 1Q pygin Afithe pagtalleaity ,problems

the chord of { 1tQj@ﬁ@ﬁm&Qg%Pvar?%mgﬁﬁg§§¥ﬁ§%g%%%5?hmo00)

Still other alternatives a ation
and/ or fan bPedesteif@encomapo cansdd bytae/aaqztp af faﬂbrsl ioclgdupstant not

of ordinary skil t.he ar v eachln S
nerai n. [ obeB ety e dr ot Sh i RS R o

of ordinary skh iﬂteﬁemnt&nea}amﬂuemté the eppivelcir ather dbbmlte tf)fa’rportion

bl ade (30 or zero angle of .
otk By e AT RGOS 0 Sl aoRBh ek Go PRy orion of
nount i ng ms meading ddg (36 @B6Hh pelaor FQrading 28 (BBYr 33 \vEbAN
angle of attack in the range of approximtely -1 to 7,

C[k)U@?' Ve, b%ﬁt%ﬁﬂ/el' toaaﬂgl’reésc%an lBlEH%l (S@brvfﬁ)) in¥rference at hub (10), the
apprOX|nater 7, 1 13 by way of exanple only.

O course, f éﬂmbﬂead%hlfbfi@a}obe BOraxdye-haweh anyitbeuy drcreasing the
sui tabl e ang h&n@efr of‘El %%&nuﬁ%ﬂwﬁt&? ngg)s %lt%ﬁlatg\%lyh &B}éh&? of fan

substantially stra
of attack maplatks (ﬁﬁ ovali edy by rddasedn Gtil wthenaltentativeg and Vanatlons

of hub (10) and/or fan blades (30 or 50) will be apparent to those of

ordinary skill in the art in view of the teachings herein.

[0068] In view of the teachings herein, 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, when mounted to hub mounting
member (12), fan blade (30 or 50) may have an angle of attack in the
range of approximately -1° to 7° inclusive; between -2° and 10°,
inclusive; or approximately 7°, 8°, 10°, or 13° by way of example only.
Of course, fan blade (30 or 50) may have any other suitable angle of
attack. Fan blade (30 or 50) may be substantially straight along its
length, and the angle of attack may be provided by having hub mounting

member (12) with the desired angle of attack.



menber (12) with the desired angle of attack.[0069]

Alternatively, the angle of attack of hub nounting
woreoshe423(8Ll2) may be zero, and an angl e of att aPKI/D83008/073677

fan bl ade (30 or 50) may be provided by a twist in fan

bl ade (30 or 50). In other words, fan blade (30 or 50)

may be substantially straight along the length to

whi ch hub nounting nenber (12) extends in fan bl ade

(30 or 50), and a twi st nmay be provided to provide an

angl e of attack for the remar®#ng portion of fan bl ade

(30 or 50). Such a twi st may occur over any suitable

| enl@0691of f aAltbdnadely( @0 aogle 60jttaleofphubtih@ingéng mewber (12) may be

e I T

remai nder of tvigtrin f’alnab(dﬁe (3BQr 6@) Sﬁ)a)memardﬂoﬁihaamne éd0loy 50) may be

straight; C. ab e configurations

and met hods F%”Z“a‘bt}aﬁ}%sﬂ?lg‘a i eBg f© Céc‘%gf%?unﬂ‘?% member
or part of fan)kkass it I bmid t3ottﬁ SBp Al entvidt endylesgoalied to
ordinary skill in the art in view of the teachings

herein. In aB@Vidp 4R angl¢ olyjtapk tps thegpparing Padon AY fi‘flé’\]/ﬂd‘éﬁo or

t he teachi ngsphenel Netifidtaydcdur QferdRY sR@BIE 1B tfhdtlade (30 or
bl ade (30 or 50) nmay have one or nore tw sts for any

pur pose. [0079]¢ gﬁ%@ﬂ@rf@@ﬁl&@% &F $pn blafle (30joR59) pengtirhas dtwist: or

wi Il appreci ﬂfe@wfsh@%n@f ;u@lmtl"m &qﬁy ﬁlﬁoﬂhe regl(alng& o@@&nﬁm (30 or
be nodified in a nunber of ways,” in view of

t eachi ngs hep®iip subsigrtillprsirighitcaie. . ¥l sy salpabhercotlﬁt@ratlons and

characteri st f, :

exenpl ary f o?l?hﬁﬁogg f,glf g‘%“%% Er %%Qﬁieattaééfg!rr} éﬁ gﬁé:aﬁta&f%l Bidke (30)
nodi fi cat i onwithype japesrend go \mqagpépr((lm silN¥i Itee wit ritgIvéss of the

(70) will be ont ext .of

(30 and 50), tegl i gﬁ%?eg Qn a?cglg(?nagegz ﬁ vd Ipér%glat?!l %%?ew of the

t eachi ngs hereadmn@ fhattmvrhan gll et my(pm)onrtﬁﬁanttéadwﬁljowﬁon may have

any other suita ades gJPOO71] Wngl et (70) of

the present 8ea°rrr15ﬁ1°éetwﬁséﬁ QHEY RYBPES cal member (72).
Vertical nmenb conprises flat _inner surface (74)
and%®®inded EEh?Sérof §£ﬂma@é ekl mpthe agty Wil (apRIgGFiptg shas a fan blade (e.g.,

configurationg oerSrOE)'nE‘e@/elBe %ﬁff@QQn(Jﬂﬁm@é?dofo\% I'in view of the
surface (76) wl e apparent to those of or i nary
skill in theteachings herein. Such modifications 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 in view of the teachings herein that winglets (70) may

be used with any other suitable fan blades.

[0071] Winglet (70) of the present example includes vertical member (72).
Vertical member (72) comprises flat inner surface (74) and rounded
outer surface (76). Other suitable configurations for inner surface (74)
and outer surface (76) will be apparent to those of ordinary skill in the
art in view of the teachings herein. In the present example, the
perimeter of vertical member (72) is defined by lower edge (78), upper
edge (80), and rear edge (82). FEach edge (78, 80, and 82) meets



art in view of the teachings herein. In the present

exanpl e, the perineter of vertical nenber (72) is
walzdopaesiby | ower edge (78), upper edge (80), RETIUS268/073677

edge (82). Each edge (78, 80, and 82) neetsgenerally

at respective corner (84). Thus, in the present

exanpl e, vertical nenber (72) has three corners (84).

As shown, each corner (84) is rounded. Accordingly,

the term"corner,” as that termis used herein, shall

not be read to require a sharpd>angle. In other words,

a corner need not be limted to a point or region at

whi ch a pai r goferadly r airgdpectl vienwsnend84). ofThusntietigeptesent example,

Wiile in the present .ex e vertical r (72) i

descri bed asv‘gégeﬁr%mﬁ% &) Ot HEesomes %%PJIO ‘ngsﬁowﬁ, éach comer

appreci at ed (83) W ®undefl. tAveotdagbh khegsmi&toenen,” tak @iat term is used

vertical menper. (72), may have any.suitabl e nunber of

corners (84 Rg0T3! 1 Herede Pt BsTaP bt aihe? words, a

menber (72) wbrhér fedappae amtitel aotpsint 6f re@iodi A4abich a pair of

skill in the art in view of the teachi ngs herein. ,

[0073] W ngl &faightdijesoiest 9 insereasentVhdlg reSeRLep@pple vertical

i ncludes W ngeBibe@LYTE HEVGriHERAINL BhiviaDBlee cohefit KX BPreciated
substantially perpendicularly frominner surface (

of vertical HHeYipept hympchings ierrawihat \Aticgl BembRs (Y iy Hhve any

nmember (90) i §6RM BN RoBER8Hr to hub mounting
menber (12). Wnglet nounting nmenber (90) has top

sur (92) ~and bottom surface 4 I each
Cor WP ¢ i npe l R Rl AL B U B et those o
(98). | n addbtdimany, skdhmhhemrnglvetw oftbatehehingrbeadbar ( 92)

i ncl udes openings (100) forned through top surface

(92porand bot Wl}-%l%t;{ﬁé)&ﬁ%e(@és)ent éxampia_@ume%%mde@m%%k Rrounting

each opening ( i's sized to receive fastener 6).
W ngl et nounfiefgen@fbarhiqhogrfends sehsieniiglyrreapepdicplarly from inner

inserted int Qurfilde %ﬂﬁ d_?fveftﬁgl htAds ((7§)0 aK sﬁ&)/n,_ itﬂgl)éﬂ. fWunting
of the teachings herein, those of ordinary skill~in

the art wi || mgpbereOatie corfruragi sigilat torbenionatinge member (12).
Cont i gut at o ) R ReltB G lop Rl alPhogom prtace
fan bl ade (30%).whidh escinglnenat¢ #0) lepdingeded (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). In view of the teachings herein, those of ordinary skill

in the art will appreciate that winglet mounting members (90) may be

provided in a variety of alternative configurations.

[0074] 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
center of fan blade (30), looking toward winglet (70) (i.e. away from hub
(10)). In the present example, and as shown in Figs. 9 and 10, winglet
mounting member (90) is configured to fit in the end of fan blade (30 or

50). Like hub mounting member (12), winglet mounting member (90)



thereto. The cross section is taken along a transverse

pl ane | ocated at the center of fan blade (30), | ooking
W@ o0na0¢3vé ngl et (70) (i.e. away from hub (10))PCT/HS20n&073677

present exanple, and as shown in Figs. 9 and 10,

wi ngl et nounting nenber (90) is configured to fit in

the end of fan blade (30 or 50). Like hub nounting

menber (12), winglet mounting nmenber (90)fits snugly

agai nst bosses (40 or 60) in fan blade (30 or 50). In

the present exanple, upper edde-(80) of winglet (70)

ext ends above top surface (32 or 52) of fan blade (30

or 50), mammm%mmmmmm@mmwmmwwemm

(36 or 56). Sim f 0]

extends bel owe%ent andp%eu rPRE ed?%igoarofs&ls@ %w{’g%"%‘? d%’oze top

(30 or 50). Refwe €xbger 6282@f fah bMdagB@tor GTN)in @ddiesrd® extending
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50) may have@nyxeddd Q)EloKVelbc&tbinV@ﬁ‘édeZ(Bm Or amﬂéfqan blade (30 or 50).
configuration. [0075% Fan bl ade (30 or
one or nore SFEAIFYSD H Sringed (?Péﬁi‘tel%q%@eanﬁ tr61fm$ %ﬂge Q%QS) of

(30 or 50) t knu@b (300R HUr OPERIsE 3RinSkts DR)) afd)thh Blades (30 or 50)
bottom surface (34 or 54 which islare gosmloned to

align with ofehbHgEaY Otth_radytweﬁlzwgﬁgqi/@ﬁco ticRg menber
(90) when wi nglet nounting nenber (90) is inserted

i nt[007dn bl afien {18 (30 0150) maphaewh atmars dpemengs ifaredd near the tip
receive fastep

I 0
secured to f an%ﬁll aéﬁ (3(2 %@® & ?ﬂ ZOp)sﬁl one&?)rOr Skifand/or bottom
fasteners (2&jrfacd (34@né4)ewhiokl lsmesn[tqmubmltte Akkgn x(zlﬁﬁc)penmg(a) (100)
bolt. I n another enbodlnent onpri ses
ool i mont ac§ el BRAE Meines oD SRk ERR PEG e 00
Screws, suchisagsesed a6 RAIHIcqC ad s(om ad yhidis @(Zhré Gizdd dteceive
a Iarge vol une oféf pers toggther

s
i Uh Chr eadol st 0 o IraEC DO B et e R Nt 0 or 50

"femal e" scr Gz\MlBﬁé’bﬁﬁoﬁehﬁ%@@ﬂ\lzé)nﬂﬁbn&&ﬁﬁo@ﬁﬁ%ﬂt fastener (26) is a
However, any other suitable fastener(s) may be used

i ncl udi ng bubolhol anPiex epbodinent Hastangiel@d) wQuipsipei angpniplimentary

in view of tpg; t.eaghinRas 1&@1‘1&!&1@ bihdi¥¥ kdreW€ such as screw posts
appreci at ed that openings (100) are optional .
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, in view of the teachings herein, it will be appreciated that

openings (100) are optional.

[0076] It will also be appreciated in view of the teachings herein 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 inside. Alternatively, winglet
mounting members (90) may fit both partially inside and partially

outside fan blades (30 or 50), including but not limited to in a



[0076] It wll also be appreciated in view of the

teachi ngs herein that w nglet nounting nenber (90)
wmewdossi8 be i nserted into an end of fan bl adeP¢B0S2908/073677

50). In other words, and simlar to hub nmounting

menbers (12), wi nglet nounting nenber (90) may be nade

to fit on the outside of fan blades (30 or 50), rather

than inside. Alternatively, w nglet nmounting nenbers

(90) may fit both partially inside and partially

outsi de fan bl ades (30 or 50)17including but not

limted to in aconfiguration simlar to that shown in

Figs. 11-13. cGﬁ@hﬁﬁoﬂh@nﬂnonﬁMgunhOWmha R@kllbé& Still other

cppar ent L0, HARSSEImOL QS Kl BB A R b

enbodi nent , mkngﬁﬂkm@ﬁﬁmgimﬂﬁﬁ nmount i ng nmenber (90),

and instead has a recess formed in inner surface (74)

of 9677l cal FefPAtrdadZnbolithehh) Kﬁng@éﬂﬂﬁ'liﬁ%@hwuﬁtﬁ@ ntlénﬂ)er (90),

of fan blade (30 or 50) is inserted into w nglet (70)

for attachnmeftd dptegd dgh at recq9) formaeds i ingen garfacg7dy of vertical

50) I'n yet ﬁ{é%&e(n)e”fho@hs 111@6%9 tpel ﬂ]g%f @a%oolﬁ)([e q‘i@)or 50) is

is integrally formed wth w ng (70)." Accord

t hose of or dinseited iglei winglen(70h @ralttﬁChmelnt ofappekt K7é)l) éo Fan blade

vi ew of the S e a .

vari ety of cg)nf ?ggg)gt |I£ gﬁfﬂ(}tﬁé}?‘%{ﬁ ﬁﬁ&tf%hls%?dgdgo( %IOSO) '

or 50) with wteegdliyt fo(rrd) with @s@ﬁ@@t (vm | Acacedinglyg.athosrestbadinary

ETIZﬁ?’] t : ﬁgs I;gwrlqﬁ\ %B)arqg\a lﬁgﬁ%ﬁqﬁg 1en Vale 2% rog Iglleg dm%suhereln Ehat there

of the teachengsah&hawnﬁkbaﬂgHME&ef@mmnﬂﬁmbehmbmﬂy(ﬂborSm

at any SUItab|E an Izﬂgelative to each other. Thus,

and by way of''f %%ﬁkt nly, vertical nenber (72) may

tilt inward or outward when w ngl et Is attached

to P8MIbl ade W8 oprtisg) memb@rsrﬁgi |1\?eI51}0WI\/ ¥t jbeigg substantially

menber (72) Bﬁ%ﬁetﬁ%ﬁﬁr 'tosﬁoﬁﬁ%{ng nfeAMRr @6? ie0El - apbf?:c:l%ﬁ%{ view
wor ds, vertic menber (72) may be configured such

that the t opopibr tdaolingsfhepeen thatéiksertnivesmbgrsdnahies #ony entable
portion of veaidd G TBE0GEN RARE Ut A6y ‘JvaWb?”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 in view of the teachings herein.

[0079] While winglet (70) is specifically described herein as a modification to
fan blades (30 or 50), it will be appreciated in view of the teachings

herein that winglet (70) may be used to modify any other fan blades.

[0080] In one embodiment, winglet (70) is formed from homogenous continuum

of molded plasticc. However, it will be appreciated in view of the



W@ 009/¢p3iar vari ati ons,

winglet is attached to fan blade (30 or 50). O her
variations of winglet (70), including but not limted

will be apparent to thRpSBEUSK008/073677
ordinary skill in the art in view of the teachings

herein. [0079] Wiile winglet (70) is specifically

descri bed herein as a nodification to fan bl ades (30

or 50), it will be appreciated in view of the

teachi ngs herein that w ngl et é)?O) may be used to

modi fy any other fan bl ades. -[®080] In one enbodi nent,

wi nglet (70) is fornmed from honbgenous conti nuum of

nol ded pl ast teachindsviewen that twinglét (70e Hﬂiwpbeeuiaaet éehni p variety of
vi ew of theteachings herein that Iet

made from a va{rél e1 gl Canalfuérn Pard e |tﬂc%du lt%%letr)ne?? )r%nc?or plastic,
l[imted to any suy tca]h)bﬁeméphfah@ndﬂ puécepl aﬁtalddmolanﬁl vy of the

corrprlseaplural t|o e
of The't eachidtErenbtsini S b ore- B b pltioy e bv any
al so be appreciated in

wi ngl et may Elﬁtaﬂl&@%ttb&oﬁﬂﬁ&n@dét&@m e net hod of
manuf acture. [0081] It wll
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i nhibition force.air re. n
| eadi ng edggg%)élg tﬁ g%s) of fan 1 X\édgog 5@ §ucFaé1§nl¥tlon51§3y force air

t her eby enhancfilovwy mefefnocmﬁlydybrmfea(ang adze hj%/cmrf@) fatmiling edge (38

bl ades (30 or
certain rot a?f%ﬁ

wi.th w n

aﬂwr bareeglaaglm

el

| east

a zﬁ]ehagl)?g b gdes (30 or 50)
wi ngl ets (70)mtamgadt§(aoﬁadeatsm edidm ofatidranspbddgdes (30

or 50) on a fan having a 6 foot dianmeter. Wth the
ad%bsﬂn of W Hgl e%uﬁpl(a 7\91)(1g1etts|i‘ faaker atfa!:l%\‘l’t& @ﬁcfs‘ o‘i’ffant $1&des (30 or
fan is increased by 4.8%at 17 I n anot her

exanpl e,

fo|@@§ﬂ23ntl

reased. b

bgapple

e dine

o?at@ of tﬂ?faﬂ?svi%g'g%sgd ‘t}y44e §¢§ Qt 17;{ r@‘HE
et Bord Braullic b o lges (30

wi n§Pemng f(mﬂ@)vmaraé faQttdaa@bmj W@thélmdlabn $fayinglets (70),

bl ades (30 o
Wth the add???%ﬁOQ

?“8

ter.
rate

be obtai ned Bys0) 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.

[0084] The following two tables illustrate efficiencies that may be obtained by
adding winglets (70) to a fan having a 14 foot diameter:

[0085] Table 1: Fan Without Winglets (70)
Speed | Max. Power | Avg. Power | Torque | Flowrate | Efficiency
(rpm) (watt) (watt) (in.Ibs) | (cfm) (cfm/watt)
12.5 54 50 17.86 | 0O 0
25 66 54 78.80 | 34,169 |632.76
37.5 125 32 187.53 | 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




adding winglets (70) to a fan having a 14 f oot

di aneter: [0085] Table 1. Fan Wthout Wnglets
W@E IOyp0086] Table 2 : Fan Wth Wnglets (70) [BOBU$200$/073677

course, other values may be realized through use of

wi nglets (70). In addition, suitable variations of

w nglets, including but not limted to alternative

wi ngl et configurations, will be apparent to those of

ordinary skill in the art in view of the teachings

herein. [0088] One merely exehdtary alternative

wi nglet (170) is shown in Figs. 11- 13. Wiile winglets

(170) of this exanple will be discussed in the context

of fan bl ades (30, 50, and 800), it will be

appreciated in view of the teachings herein that

w Ng08H]s ( 17W)blerEyFabaVithsWihglstst(0)any ot her suitabl e fan

bl ades. By way of exanple only, a suitable fan bl ade

(800) may iMRELIGOE GRY PBived 1&vY PoWEHPToH@R PFBRERe | Efficiency

di scl osed ilnpbhS.| Rakent aog;,ﬁajﬂgatl ONGSBEJ BlctdP | (cfm/watt)

11/ 858, 360, 1§I5i Tt FAN R &BHUU&%

2007, t he ;231" 0S 8c of—wh 21-' —S—1 ||uL.gg§J| a46i5147uy 32.49

ref erence r 008 H—WHgHet—(roy—of £—Pt :"’Q o3

exarrp' e | nc 3 \/ r t i r\a! I(Xﬁnmr (17&6()“ 6 66:‘1 f§5339
c

u’D ~

menber (17”)56(‘(1 FQI4AQQ i nne[‘ggcurfn 3_$416i4 87;\%;? oLt 18
surf ace (1"@)2-5 1% inner|23% face 38?_47\8 298381 p£28.90
surface (1185 of [t980s part| %30 ar exbddfid ht36.560 | 14375
substantially flat, other suitable configurations for
i Nri@P8Adur f acOf @QIME), othed vdugsenaysher fealczed ({Hirg@h wse lof wheglets (70).
g}gpf\;:n: e;gh?nﬂegdzﬁ 021: seu(latgllgié P%{ 8125k?|tj w1nglgtstlggﬁcﬂ%but nof:ilmlted to
13, outer sualftemmVé wplet nmﬁigudensawnlbbm@dremrtalﬁmSé Dbcndlnary
region (177) out its peripet acent to inner
surface(174) sii gaym gﬁ‘@ﬂ@ ?fiﬂstﬁg e egi on (177)

may have any ot her swtabl e configuration, or

si niBP8Blomi t t Ode Alerdby excmplary pliaosive I“ﬁnﬁlﬁe(lﬁ})é%wn m Flgs 11-
exanpl e, the peryigl Gfnofs E’l@’bf bEais gﬁﬁ‘fﬂﬁé’ v&li%g)d@c%sed in the
defined by | ower edge (178) per edge (180), and

rear edge (18@yext AfTanHdadaes (30@6\&%@@@@ (twg)beainﬁfeﬁlptpéﬁn view

edge (180) e@let!ﬂe %Xlﬁnfs He Py ¢ winglets (170) may be used with any other

suitable fan blades. By way of example only, a suitable fan blade

(800) may include any of the various fan blades disclosed in U.S.
patent application serial no. 11/858,360, entitled “FAN BLADES,”
filed September 20, 2007, the disclosure of which is incorporated by

reference herein.

[0089] Winglet (170) of the present example includes vertical member (172).
Vertical member (172) comprises inner surface (174) and outer surface
(176). While inner surface (174) and outer surface (176) of this
particular example are substantially flat, other suitable configurations
for inner surface (174) and outer surface (176) will be apparent to
those of ordinary skill in the art in view of the teachings herein. In
addition, as shown in Fig. 13, outer surface (176) includes a rounded

transition region (177) about its perimeter, adjacent to inner surface



curvature, while rear edge (182) is substantially

flat. However, any edge (178, 180, and/or 182) nay
wh2000/0423¥8 ot her suitabl e configuration, such aRCTYUSR008()73677

concave, flat, conplex curvature, etc., including

conbi nations thereof. [0091] Each edge (178, 180, and

182) neets generally at respective corner (184). Thus,

in the present exanple, vertical nenber (172) has

three corners (184). As shown, each corner (184) is

rounded. Accordingly, the ter®“corner," as that term

is used herein, shall not be read to require a sharp

angl e. | n ot hige). wbiodsyerasuch ranemsitier degiot (1G@) iayrhbedartyoother

a point or regj at. which a pair of .straight |jnes

meet or i nt ey Qab SRt TR s s QT bh B g gestet

vertical nmenber (172) is described as having three .

corl@®N it the peseappravnlatiBe PRAMGRRE gerticgemember (172) is

teachi ngs heggimdhabwieidet ¢Als), Sdek ¥TRD), MYrefl8e (182).
any suitable nunbé? of co%ngrs)?%ggﬁ_g3¥ %2 of = Be (182)

f
exanpl e onl yAs ghapgy ileytar fgedfl 7§y ang ueper @4%)18%01511%@?0“%
have a | ower cﬁgggre,( Jvzﬁé re%g%léboggﬁ) ﬁqsgﬁst&fl:é@ ﬂa@aflgwever, any

neeting at two corners ( her variations o

vertical menbdge ({782)8Miahd/obhES2appahavetany othehsstable fonfiguration,
ordi nary ski i ri. J.n Vi i . .
her ei n. [009lkhv§hg$§Fg(%?%?W%#ﬁ¥%gﬂn#%géﬁﬁaggﬁnp”emdumng
further incl odelsnationgtheteofrount i ng nmenber (190), which
extends substantially perpendicularly frominner

surpeelg ( 174Faaf edse ra78; algo MAbegn) (eérd) gencﬁﬁl(lj)ﬁ ho ective corner
wi ngl et nounting nenber (190) is confiqure simlar to
hub nDunting<H%ﬁbE@“(I@¥?PVW%@Fé¥mH%OﬁfFﬁbmW€W%éFu)h“tmﬁe

(190) has topossts (A A FwraBRhREIEPMISHE de8ed. 18 brdingly,
whi ch each termnate into | eading edge (196) and

trailing edgée(ewg)corngy, aadihat SN i aead Reireigyl dpll not be read to

nount i ng nen%ﬁiré 4 gl)a.hp&l 165 o#2r RBRRI NDrret Bdeh noPbd Biflited to a
through top surface (192). In the present exanple,

each openi ngp¢it09) rigipnsitzebick @ pacef vieighislinenaneef P tersect.
[0093] W ngl Whil‘gq}il rt!ltlé E%SJIEF 'gpa%liplé %grgzallrﬁen%wdﬁy & gesEHbed as

be inserted into an e
having three corners, it will be appreciated in view of the teachings

herein that vertical member (172) may have any suitable number of
corners (184). By way of example only, a variation of winglet (170)
may simply have a lower edge (178) and upper edge (180), each
meeting at two corners (184). Other variations of vertical member (72)
will be apparent to those of ordinary skill in the art in view of the

teachings herein.

[0092] Winglet (170) of the present example further includes winglet
mounting member (190), which extends substantially perpendicularly
from inner surface (174) of vertical member (172). As shown, winglet
mounting member (190) is configured similar to hub mounting
member (12). Winglet mounting member (190) has top surface (192)
and bottom surface (194), which each terminate into leading edge (196)

and trailing edge (198). In addition, each winglet mounting member (92)



of a fan bl ade, such as fan blade (30 or 50) or any
ot her fan blade, simlar to winglet nounting nmenber
w@ 20y/0¢hidsx ussed above. Those of ordi nary skil | PCTUS1908/073677
art will appreciate in view of the teachings herein
that w nglet nounting nenbers (190) may be provided in
a variety of alternative configurations. [0094]
Wnglet (170) of the present exanple also has a cuff
(200) extending substantially Ferpendicularly from
i nner surface (174) of vertical-menber (172). As
shown, a rounded transition area (202) is provided
about the peinchidtsean ofenmgf@l0)200)ed thdjuglc ¢opt suriacd Al9Y. In the
ke o0 L R ALV N )
aIto&gther As is al so shown, a recess (204éa|s fornmed

¥ (200)Vipgetapustirionsnier S99 iscavisyed e bainsied inigpn end
a fastener (3260n bhAde, WichRs Bhbelde COMR DR LRy SBSFid BIER, similar

herein, recess (204) may be varied in any suitable way
(e.g., provi Hedinglst moewingtegndier(©0) disarsedgibowet cThose gfy ordinary

may be omi tt lel ﬁl th@%@vhlelppre[mqg%?l/lew the(tf%glg)l sq{ereid"tﬁat winglet

present exanple is configured to conplinent tThe cross
section of amoanfing| mghebefs800)) may whipedvidei g laetari¢ty 7@)altergative
secured. In . r, inner surface (206) of cuff

(200) and ou?@§%§ﬁﬁ%§ce (208) of cuff (200) each have

C sect r of| e that is
o OB et oNBHEH BT Sh PR BT b0yt S0 extending
i nstance, i np@ktastidlfyap@pdndRBlariiestoleing@nbirgids ad7HUEh vertical
that cuff (200) provides a snug fit with fan bl ade

(800), such fsEPeR &) AelpRper BEpdd I PT area (F9Y) i pgpvided

fan bl ade (8@t itse pasd@ndd ale yados, e@dj&tantgt%pﬁner surface (174).
Simlarly, inner surface (206) HHXKDYOVI de an

i nt er f er ence eV ttﬁmﬁtl‘PfanaTBf} ad82) 80®) .haye, yjyvewthsy suitable
t he t eaChI ng§0ﬂ%ﬁﬁh&l Ok ;na%é BmR@:d@ eﬁl%i' aA@lq afSQ @ﬁOWﬂ QI'CCCSS

some situati ons, a snug it or interference fit
bet ween cuf f (30#D)formedl inznffh2Bdeto (8B Mo sreduedde clearance

noi se (e.g., c. / t I .
any gapsbetmggﬂi?%éhéggzgi #%négﬁf grfgggk&%ﬁd&%ﬁﬁgﬂq%mn“
(170) causi negeeassy(204) may be varied in any suitable way (e.g., provided as a

countersink, opening, etc.), or may be omitted altogether.

[0095] Cuff (200) of the present example is configured to compliment the
cross section of a fan blade (800) to which winglet (170) is secured. In
particular, inner surface (206) of cuff (200) and outer surface (208) of
cuff (200) each have a cross section or profile that is similar to the
cross section or profile of fan blade (800). For instance, inner surface
(206) may be configured such that cuff (200) provides a snug fit with
fan blade (800), such that the interface between cuff (200) and fan
blade (800) is substantially free of gaps. Similarly, inner surface (206)
may provide an interference fit with a fan blade (800). In view of the
teachings herein, it will be appreciated that, in some situations, a snug
fit or interference fit between cuff (200) and fan blade (800) may

reduce noise (e.g., whistling, etc.) and/or the likelihood of any gaps



adverse inpact on the performance or efficiency of a
fan using fan bl ade (800) and wi nglet (170).

WQ@Laoen#318 vel y, other results nmay be obtai ned. PU0SB)PS/073677
It will also be appreciated in view of the teachings
herein that, in other versions, inner surface (206)
and/ or outer surface (208) may have a configuration
that is different fromthe cross section of fan bl ade
(800). Furthernore, cuff (200) nay be configured such
that it is not defined by a céhtinuous perineter. For
i nstance, one or nore gaps (not shown) nay be provided
wi thin the pbetivast de afl dubh b@@@({)?OO)Stnkll\k/ing]bhé]ﬂOWagasing any
;Bpmq;ﬁgnfggfc\lm\{efs[s ancgyonatr%eé Fg?rma{l%o%reé'%lflencpf dote a Tan ﬁsmg fan
skill in thebadds (800)) \an(e\mmglett(h@O)t eAtbinngelyherer mesults may be
[ 0097] Fig. 1 cfws a fan blade (800) with w ngl et
(170) nount e8 eto, while Fig. 13 shows a cross
section of fan bI ade (800) with winglet (170) nounted
t hdP89d. Li k& Willislspda aprregiatebinpesw ()1%2}‘« teagliipgg| hetein that, in other
mount i ng rrenb&&oﬁsl%)er fhdRe %Mlaxd/a%melsgurﬁ@é%ﬁ%) G9thave a
shown) in fan blade (800). I'n the present exanple
upper edge ( ¢@digupfiomibagh diffe(ehy OPpmeixe @ﬂtd§e<ab0\¢éfam@éﬁde (300).
surface (132 it 1.0
ext endi ng be;i;%%{ %@gd@rﬁp%d)( e )??i%géﬂ}lg%%?n éalhrtlﬂf}%ﬁ) Sor\lA%fl efined
edge (178) oby wcmgineous(pmmytee xifoe b snxe bosnorbodre gaps (not shown)
surface (134 fan. bla 0 ( )
wingl et (170 a%fb% gro(\j/lde e&glﬁl él?ei e)rl eﬁero 39 %6(()) 1% ther vxsays in
of fan bl adewhBGQnff (@O0)aoayr Beemowﬁacglmbsﬂu(tddz @y s@'pdhnﬁeartd will

cont §gur at | ot 1109 e JEOCHAB Wl LBt O rchines

shown), nounhémig. menber (190) is omtted from w ngl et
(170), such that winglet (170) is secured to fan bl ade

(80[@b9 ia CUH (lggﬂ)aws eﬁYanV@é/dec{%O(SX\@m)lvﬁlg% I(1/7’0) %unted thereto,

opening, slot,” or other feature (not shown) nay
provi ded in wlifl¢ F{200)shows hiceass efctipp ob£an blade (800) Wlth winglet

(170) mounted thereto. Like hub mounting member (12), winglet
mounting member (190) fits snugly against bosses (not shown) in fan
blade (800). In the present example, upper edge (180) of winglet (170)
extends above top surface (132) of fan blade (800), in addition to
extending beyond leading edge (136). Similarly, lower edge (178) of
winglet (170) extends below bottom surface (134) of fan blade (800).
Rear edge (182) of winglet (170) extends beyond trailing edge (not
shown) of fan blade (800). Of course, winglets (170) and fan blade (800)

may have any other relative sizing and/or configuration.

[0098] In yet another embodiment (not shown), mounting member (190) is
omitted from winglet (170), such that winglet (170) is secured to fan
blade (800) via cuff (200). By way of example only, an opening, slot, or
other feature (not shown) may be provided in cuff (200) in lieu of recess
(204), such that a fastener (126) may be inserted through the feature in

the cuff (200) and engaged with an opening formed in fan blade (800).



(204), such that a fastener (126) may be inserted

through the feature in the cuff (200) and engaged with
wa@apoodp€esihg formed in fan bl ade (800).1n ot herPCT/US2008/073677

enbodi nents, winglet (170) is welded to fan bl ade

(800) or secured to fan bl ade (800) by an adhesive or

usi ng other structures or techniques. O her ways in

which winglet (170) may be secured relative to a fan

bl ade (800) will be apparent to those of ordinary

skill in the art in view of tA& teachings herein.

[0099] It will also be appreciated in view of the

t eachi ngs hefkepthert ¢rattodinnangl mnngm)mdeswldb@ob flnoblalen@@Q0) or

b dified incl ud
e o 120 L0y ISL SR 200N S S S

confi gured otechmglief.i Ocher wayd ifBuhivarwisgler (1) nta@ bamgwmfd relative

the vari ati ons 0) descri bed

Fur t her mor 6. 1 tanBed Bhial b des R 0h oSy BN G i inghe arcin
to any fan blvladze)f(tﬁ%aclﬁﬁ)gst@femSOO) descri bed herein, or
any other suitable fan blade. [00100] In summary,

nu n'[g()gy\j s ben ﬁf\bﬂlsalsla%\é pﬁﬁgte&j %?%E\IV b)? %eW@eicﬁHl%£ ﬁégllntthat winglet
from enpl oyi ng the concepts of the inventio

foregoi ng de&®h idptciiberl afoverieayobe moriictbantiert suf61(200) or a
the | nvent| OE‘mﬁgﬁ d%ﬁﬁﬁhr%eaﬁf‘@%)foﬁmﬂﬂﬁ g% 0(17(8 pay be

illustrati on an escription i S not
exhausti ve ocortfxgutedrmrlrnwtfedumv eraInnfUmmliarttm alypcvfehe: ga@iations of

form di scl osed, 0 catl ons or variati
are possi bl ewlm lﬁgzy(h dés‘fn%oﬁgg%lﬁov%l gacht eatfler “I"'I'I%% §h70 170)
or nore enbomamatsscu\mlrte anjnmemacm(do,cf@sor SMBdescnbmhheeln, or

to best illustrate | es of the invention and
e LT oL OB Bl

its practicaf a?f her eby enabl e one of
or di nari skill in the art to best utilize the
i nvi8AtA0bn i nInswninensy remmseyr Aenstis harpibegn dascibed whish result from

modi fi cati Oném?l% yigk %e%h&e‘f)g Jf%etlﬁgenﬂaﬁtTMo?crgoME Qescription of
contenplated. 1t 1S Iintended that the scope 0 he

i nvention beogepi nwt bybedieersh & ke appetimaelghs been presented for

hereto. What | &rlpgéegid?qﬂugtﬁtior} 'an(‘f‘ dé’éc%h&{ fIpris %olf Hlended to be
bl ade, conprising:

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.



(a) a vertical nenber; (b) a nounting nenber connected

to the vertical nenber, wherein the nounting nenber is
weombogited substantially secure the vertical PENDI£008/073677

relative to a fan blade first end, wherein the fan

bl ade 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; and (c) a cuff extending from

the vertical nenber, wherein the cuff is configured to

cover at least a portion of aRtinterface between the

first end of the fan bl ade and the vertical nenber. 2.

TheWhatngtlainedfis:cl ai m 1, wherein the cuff has an inner

surface and an outer surface, wherein the inner

surface ihas a Wingki fofa EAMiddeoaritigg.conpl i nent a

profile of the first end of the fan blade. 3. The

wi ngl et of cf@i m 2VerigibPemRet he outer surface of the

cuff is configur edybendndhdd@ler EQRBIEIBNhe $diGeaPliRfnbliSwherein

of the first end of the fan bl ade. 4. The wi ngl et of

claim 1, wherein thhenuipg inea1bae és cepfigaisd rsabitantiaby serase the

transition area agaGefentl kiifivy & b IAbIAEARCEpd, Syherein the

The winglet of claim1, wherein the first end of the

fan bl ade has an Botéde surohtigered ek mbretasl tn atfhe hetuftfa second

has an inner surface ' 0 Vi de £ .

with the outer sur a%fgtﬂg%én?ﬁ%&?iﬂﬁes%e@é@d&glfbe?rf‘lgzgﬁ?bg%w bhe first

bl ade. 6. The wi ngldetndof claim 1, wherein the fan

bl ade has a prxi mim s bi ckness; aher et NEnKer Lheal me cuft s

menber conprises a perine S et neatcby a lowner eage,

an upper edge, andnéiguredro edgept il avdoeticai of, anvilierface between

nmounted to the first. end of the n bl ade, .the rear

edge of the verti ti‘gﬁlrsﬁﬁ%ogfrthergg bgg‘f %I}ﬁlé?%vwcﬁ?lnle? er-

greater than the maxi mumthickness of the first end of

the fan 2p| ad"e}'he winglet of claim 1, wherein the cuff has an inner surface and an
outer surface, wherein the inner surface has a profile configured to compliment a

profile of the first end of the fan blade.

3. The winglet of claim 2, wherein the outer surface of the cuff is

configured to further compliment the profile of the first end of the fan blade.

4. The winglet of claim 1, wherein the cuff includes a generally rounded

transition area adjacent to the vertical member.

5. The winglet of claim 1, wherein the first end of the fan blade has an
outer surface; and
wherein the cuff has an inner surface configured to provide a snug fit with the

outer surface of the first end of the fan blade.

6. The winglet of claim 1, wherein the fan blade has a maximum

thickness;



7. The winglet for a fan blade of claim1, wherein the
mounti ng nenber has a trailing edge; wherein the

W 20000€23I8 menber conprises a perineter defi nedP@yUS2008/073677
| oner edge, an upper edge, and a rear edge; and
wherein, when nmounted to the first end of the fan
bl ade having a trailing edge, the distance fromthe
nounting nenber trailing edge to a point on the rear
edge of the vertical nmenber is greater than the
di stance fromthe nmounting nedber trailing edge to the
fan blade trailing edge at the first end. 8. The
wi ngl et wWhereiratht avartiochlad@nied compiises 4, pevineteedefinethdy a lower edge,
veréﬁfaéfﬁegggéaﬁgpgf£s§ﬁ a perinmeter defined by a
| ovier'PB ge?’an uppergeﬁbe, and a rear edge; and
wher ei n véaeln, ofheh heuedd s thedaitenden efeahh pladd, tide rear edge of the
respectjve corner. 9. The winglet for a fan blade o ,
Cr el MEHERARR - dsneth B e T plxgBRRighiGs O e fir
r oundedtheksh blde Wi nglet for a fan blade of claim1,
wherein at |east a portion of the nmounting nenber is
configured to fit inside the fan blade first end. 11.
The wi ngl et fa¢ wihgledforkl 1661288 ofdi@him, IvheVE e infbuh iy member
nmounti ng nenber is configured to be substantially
fi xwgatgilingedgean bl ade first end by one or nore
fast eNnelgheksn thIhf@rtl\e‘alan(l:Iﬁl;er fc%pfi’seg %rbegln_@tqﬁdé?fne@ Ib?'arﬂ)\%er edge,
wherei n the nounting nenber has a l'eadi ng edge;
whemeippertedge. wet ¢ feab¢dgaerder conprises a peri meter
defi ned : ~ : T
and uher o Shen oned SR SRERE 70 R HAPEL fER ne cdee
bl abiediavderfipnathe ezdnting weaygesr thhiog digttan peinf oot rdaeedge of the
nmount. i j ' t .
cdgrisAPRRERIE, eieRr g E ek o BuRl Moy Rlhe iR sdP BRfing cage
di stbalrecen bladnurdiles evgeintthafjrshextber | eadi ng edge to the
fan bl ade | eading edge at the first end. 13. The
wi nglet for a fan blade of claim1, wherein the
nmount i n@. menitee whrgget doho tanastadeUstf @i, 1, wherein the vertical member

comprises a perimeter defined by a lower edge, an upper edge, and a rear edge; and

wherein each of the edges meets generally at a respective corner.

9. The winglet for a fan blade of claim 8, wherein each of the corners is

generally rounded.

10. The winglet 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.

11. The winglet for a fan blade of claim 1, wherein the mounting member
is configured to be substantially fixed to the fan blade first end by one or more

fasteners.



wherein the vertical nenber conprises a perineter

defined at |east by a | ower edge and an upper edge;
W@awomssiei n, when nmounted to the first end of PETESF0681073677

bl ade having a bottom surface, the distance fromthe

nmounti ng nenber bottom surface to a point on the |ower

edge of the vertical nenber is greater than the

di stance fromthe nounting nenber bottom surface to

any point on the fan bl ade bottom surface at the first

end of the fan blade. 14. The2®inglet for a fan bl ade

of claim1, wherein the nounting nmenber has a top

sur f ace,12wheflb¢ wirtghee forerfan blalle pletiier 1,cdwrrin e snanting member

pertilarsrgtleeamd%giened at | east by a | ower edge and an

upper eﬁgefg and wherein, when nounted to the first end

of the fvaerel theeeliaa ingnbar toyprisen £ peametdr ldefigbidat Bagdy a lower

fromthe nounti menber top surface to a point on the

uppe C%I@gaél“é’f’erteﬂge’%‘rtoi cal menber is greater than the

di st ancewhdr€if) Wwhe nouited R thaeirbedndt Sths Yad Blag hovi@Ny leading

oint on the fan blade top surface at the first end of

t hetdgarihg Aigdace fgm the RepRingtmeneher afligg egpeyiqen point on the upper

CONQIgk SF Mg veki@Al PeMBrtid ShteNBAR &fe; diANE Plonthe Widunting member
extending fromthe vertical nenber, wherein the cuff

i s lewlig gge edhe Bindbide leading edgeat ASIfi6rYi on of a fan

bl ade first end, wherein the fan blade is configured

to be nounted to a fan hub at a second end of the fan

bl ade, tlRe sébowingtendoriveingladppbdpitel.tiherdin themaungng member

16. 1,108 1r[edtce’of claim 15, further conprising a
nounti ng nenber connected to the vertical nenber,

wher ei n wheeimteneiing nrartioecompiseonparignetes defiedrmbleast by adower
Verédi%%%dﬁ%gﬁgﬁed%‘?laﬁ(fi ve to the fan bl ade first end.
17. et or

€ W n aim 15, wherein the cuff has a
per i nmet evhezomfwiguredinta ©othp|firsteant & thefanrblade hafing hebottom

f rs%%fac%‘? ?heo(flisttmrl]c% tfrgnl? tt?el %ggﬁtinésﬂlerﬁ)efr %gttor?l%ﬁggc!estlonagpoint on the
lower edge of the vertical member is greater than the distance from the mounting
member bottom surface to any point on the fan blade bottom surface at the first end of

the fan blade.

14. The winglet for a fan blade of claim 1, wherein the mounting member
has a top surface,

wherein the vertical member comprises a perimeter defined at least by a lower
edge and an upper edge; and

wherein, when mounted to the first end of the 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.

15. A winglet for a fan blade, comprising:

(a) a vertical member; and



(a) a hub, the hub being operable to rotate; (b) a

plurality of fan bl ades, each fan bl ade having a first
wepasdisa second end, wherein each fan bl ade PGI/US2008/073677

nounted to the hub at a respective first end, wherein

t he second end of each fan blade is opposite the first

end of the corresponding fan blade; and (c) a w ngl et

nmounted to the second end of each fan bl ade, wherein

each winglet conprises a vertical nenber and a cuff

menber, wherein at |east a poffion of each second end

is configured to be inserted into the cuff nenber of

t he correspofidi nga wifhgttendinglf®om Teeveftéml mEmbéraivherdi@, the cuff is

wherei n each fan bl ade §§cond end and e Chof?ﬁﬁﬁﬁ&%%ﬁ

. . conrigure OvVer an external por 1}91’1 1St end,
wi ngl et vertical nenber defines an interrace, wherein

each wi ngl et cuf f whetbiatigntah dlaby iscoutgised@de mounted to a fan hub
corresponding interface. 20..The fan of claim18, . .
Wher o1 h_each f an Breaaerdant Rede Fnddtieebp Sirarhg g pposic
wherei n each vertieakst BiTber has a length that is

greater than the chord of each corresponding fan
bl ade.

16. The winglet of claim 15, further comprising a mounting member
connected to the vertical member, wherein the mounting member is configured to

mount the vertical member relative to the fan blade first end.

17.  The winglet of claim 15, wherein the cuff has a perimeter configured

to compliment a perimeter of the first end of the fan blade.

18. 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, wherein the second end of each fan blade is
opposite the first end of the corresponding fan blade; and

() a winglet mounted to the second end of each fan blade, wherein
each winglet comprises a vertical member and a cuff member,
wherein at least a portion of each second end is configured to

be inserted into the cuff member of the corresponding winglet.

19. The fan of claim 18, wherein each fan blade second end and each
respective winglet vertical member defines an interface, wherein each winglet cuff

substantially covers each corresponding interface.

20. The fan of claim 18, wherein each fan blade defines a corresponding
chord, wherein each vertical member has a length that is greater than the chord of

each corresponding fan blade.



