1- FAN FICATIONS Richard M chael Aynsley PRRORITY [00011
Thi s appl i caty ' riority fromthe disclosure of U S. Provisional

Pat ent Appli &mﬁmwﬂ‘mmmwr No. 60/589, 945, entitled "Fan Bl ades and

Modi fi cati ons 64 gd July 21, 2004. BACKGROUND OF THE I NVENTI ON [ 00021 The
pr esent rnvenﬁw—a’res—general ly to fan bl ades and fan bl ade
m)dlflcatlo I’tICU| arly directed to an airfoil suitable for use
W|th a fan mm! Wm"“'u’m’m ngl et suitable for use with a fan bl ade. [00031
Peo e structures such as warehouses and nmanufacturing
pl ants may be expB¥ed to wor ki ng conditions that range from being
unconfortable to hazardous. The same may al.so apply in agricultural
settings, such as in a structure that is full'l of livestock. On a hot day,
the inside air tenperature mayp ] ) _herson or other
animal is unable to nmaintain a-fearthy—ot NS abl e body
tenperature. In areas where tenper ortably or unsafely
high, it may be desirable to have a e{%ﬁﬁgﬁgoﬁe&ﬁg% to create or enhance
airflowwithin the area. Such airfl ow rraé%é art, facilitate a reduction
in tenperature in the area. [00041 More erégrre activities that. occur in

t hese environnents, such as welding or operating internal conbustion
engi nes, nay credf®@®I1hi r borTes appbieatiomtlaizs peorith fbmobedifriosurelo€ U Poovisional t hose

exposed. The effects of t n d'ga% b | f |f the air
flowin the area is |ess t#}%ﬁkﬁ@%g@ﬂﬁ QﬂoeéoZS af SSCI%It’ln % i?'tggat rons, it
may be desirable to have Modifeatioes, oijed byt H, 2®4cr eat e or enhance ai rflow

within the area. Such airflow may, in part, facilitate the reduction of
del eterious effects -2- 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 health'y 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 airbome
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



of contam nants, such as through dilution and/or renoval of contam nants.
[0005] In certain structures and environnents, a problemnmay arise with
heat gathering and renaining near the ceiling of the structure. This may
be of concern where the area near the floor of ‘the structure is relatively
cool er. Those of ordinary skill in the art will imediately recognize

di sadvant ages that may arise fromhaving this or other inbal anced
air/tenperature distribution. In these and simlar 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

i nducenent of a nore ideal air/tenperature distribution. [0006] It nay al so
be desirable to have a fan capabl e of redub?hg energy consunption. Such a
reducti on of energy consunption may be effected by having a fan that runs
efficiently (e.g., |ess potfercontaminagts, sychq af othepugly odilyfien 1 and/ofs remayplaoéd t o
- .other fans). A reduction Ofontfingly consunption may al so be effected by
having a fan that inproves air distribution, thereby reducing heating or

cooling costs aspashated : ts%g i ironBlahts" pgﬁ I FQF\L
DRAW NGS [ 0007] ?he :latccorrpjgnct;ﬁﬁg rggm%%g%ﬁﬁ%oor pp'_rg’a% ed %l%? oﬂ:hhﬁa%a
part of the specificati ongathering andremaiging aeas|theeeiingtof thefstrugiure.nThis aay be

invention, and together ViddanldhewiGsatd BLd Rr 8RRy bOHE$BLALD if Rfively
principles of the invention; 1t being understood, however, that this

invention is not |imited eaglerhdheseof pxiinagy skakh ipethertrtsviliomediately reppgnize
drawi ngs, like reference agmmé?sg&ﬁgg{aytagsg :ﬁlég, givggemssorl %%hﬁlbﬁﬁﬁ(c%&m

views. In the draw ngs: [0008] iS a plan view of a for nounting

fan bl ades. (0009] Fig. 2 jiteniperpgiscdismhutionnt thesecand similnsititions) wmpy ban

bl ade airfoil. -3- 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 conéumption may be
effected by having a fan that runs efficiently (e.g., less power is
required to drive the fan as compared to other fans). A reduction of
energy consumption may also be effected by having a fan that
improves air distribution, thereby reducing heating or cooling costs

associated with other devices.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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



[0010] Fi.g. 3 is a cross-sectional view of an alternative exenplary fan

bl ade airfoil [0011] Fig. 4 depicts a graph showng two ellipses. [0012].
Fig. 5 depicts a portion of the graph of Fig. 4. [0013] Fig. 6 is side view
of an exenplary wi nglet fan blade nodification [0014] Fig. 7 is a
cross-sectional view of the winglet of Fig. 6. [0015] Fig. 8 is a top view
of the winglet of Fig. 6. [0016] Fig. 9 is an end view of the fan bl ade of
Fig. 2 nodified with the wnglet of Fig. 6. [0017] Fig. 10 is an expl oded
perspective view of the w nglet-blade assenbly of Fig. 9. [0018] Reference
will now be made in detail to the present preferred enbodi nent of the

i nvention, an exanple of which is illustrated in the acconpanying

drawi ngs. DETAI LED DESCRI PTI ON OF AN EMBODIMENT OF THE | NVENTI ON [ 0019]
Referring now to the drawings in detail, wherein |ike nunerals indicate

t he sanme el enent s[0040] oughoFig. 3 sea atbdwectiold] yiewl oSdmoalkrman en@lemplary fan badb 10,
whi ch nay be used to provi jxefuiﬂ fan having fan bl'lades 30 or 50. In the
present exanple, fan hub 10 T hcl udes a- pIuraIity of hub mounting nenbers
12 to which fan b s 30 or 50 may be unt ed. I n one enbodinment, fan hub
10 is coupled to ljg&gil Vi ngﬁﬁ'e‘t:%ﬂm%rﬁ‘qpa "GP&W’rféhPsfsan hub 10 at sel ectabl e
or predeterm ned speeds. A suitable hub assenbly may thus conprise hub 10
and a driving nedf®3 sm cofigl edspicts a pattien ofthe grapk of Fiset. a hub assenbly may
include a variety of other elenents, including a different hub, and fan
hub 10 may be dril0@3]lby anEig-6is sideiviewbf & exemplary wingletfii blademodificatibub 10 may
have any suitabl e nunber of ~hub nounting nenbers 12. [00201 As shown in
Figs. 1 through Jp0lhch hulfigriisatiomgsectivnblodevd &f thawinglzpof 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] 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



surface .14. and bottom surface 16, which termnate into | eading edge 18 and
trailing edge 20. In addition, each hub nounting nenber 12 includes
opening 22 forned through top surface 14 and goi ng through bottom surface
16. In the present exanple, opening 22 is sized to receive fastener 26.
Each hub nounting nmenber 12 is configured to receive fan blade 30 or 50.
Those of ordinary skill in the art will appreciate that hub nounting
menbers 12 nay be provided in a variety of alternative configurations.

[ 00211 In one enbodi nent, fan bl ades 30 or 50 are nounted to the hub
assenbly disclosed in U S. Patent No. 6,244,821. O course, fan blades 30
or 50 may be nounted to any other hub and/or hub assenbly. A suitable hub
assenbly may be operable to rotate hub 10 a#®-any suitabl e angul ar speed.

By way of exanple only, such angul ar speed may be anywhere in the range of
approxi mately 7 and 108 r esuitableinmmans. fraddition, farehub[10 @22 havieiagy sutalsiéuntbePofCr 0SS

section of exenplary fan blhﬂgﬁlo&)i!:@ingﬂxyng i;zurl ed trailing edge 38, nounted
to hub 10. The cross section I's taRen along a. transverse plane | ocated at

the center of fan de 30,, | poki ng..t oygrd b .. Fan bl ade 30 has top
surface 32 and bo{otg% surf&@ésg%‘fﬂ “‘i{%%mgﬂﬁr W&SE?WPWE'PGHP’H‘PE 2easitong
edge 36 and trailing edge 3@facéd\$4 aioboriom sifaet lI6, WhicAderminde 3 Seading ka8 Of
approximately 45 relative to, portion o top surfac that is proxinmate
to trailing edge 38 and pofti %ﬁﬁ% eg%et %%ml"saﬂafl%fbeeaé‘dg‘gth&’c“?@g@%@ﬁd?e to
trailing edge 38. O cour sécluiesopening 22 digmed SSough Yophvarficealdym0ighiap tizstighabl e
sl ope, such as 0 by way of I n to the extent .that it conprises a
single, flat surface. QO her sﬁ?ué%eelg' H%Wrﬁ%teé e’§m§?i%f°i Ve | |
be apparent to those of or fistesery26sEadhlhub mourting mefber 125s conff\#e) to kddeitvd1fin

present exanple, fan bl ade,g3g. ;aos §§'bﬁ°%%%°%¥¥%§8‘i#§%"ﬁvﬂéﬁgf%é %atogubri bs

or bosses 40 are | ocated insi [ ade
mounting members 12 may be provided in a variety of alternative

configurations.

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

range of approximately 7 and 108 revolutions per minute.

[0022] Fig. 2 shows a cross section of exemplary fan blade 30 having curled
trailing edge 38, mounted to hub 10. The cross section is taken along a
transverse plane located at the center of fan blade 30, looking toward hub
10. Fan blade 30 has top surface 32 and bottom surface 34, each of
which terminate into leading edge 36 and trailing edge 38. As éhown,-
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.



mounting .menber 12 is inserted into fan blade 30, ribs or bosses 40 are
positioned such that they contact top surface 14, bottom surface 16,

| eadi ng edge, 18, and trailing edge 20 of hub nounting nenber 12. Bosses 40
thus provide a snug fit between fan bl ade 30 and hub ' nounting nmenber 12.
Alternative configurations for fan blade 30, including but not limted to
those affecting the relationship between fan blade (30) and hub nounti ng
menber (12), will be apparent to those of ordinary skill in the art.
[0024) As used herein, terns such as "chord,” "chord |l ength,” "maxi num

t hi ckness, " "maxi num canber,” "angle of attack,"” and the like, shall be
ascribed the sane neaning ascribed to those terns as used in the art of

ai rplane wing or other airfoil design. In ‘ohe embodi nent, fan blade (30)
has a chord | ength of approximately 6.44 inches. Fan bl ade has a

maxi mum t hi cknesd083] appr ofithespresest exgnple fagrbladg 30 ésywhsantialih OWMGIW‘BW

camber of approxi mately 1274 6fpokda§acOtohted ilkde a1 30f 'sﬁ&&wﬂmq{ilge
(36) is approximately 3.9% of - the -chord. The'radi us of tral I'ng eg(ge (38)

quadrant of bottom surf acempusng membgs 32 indnseredsintp faw bigdg 30, &bg prcrogses $haran

al ternate embodi ment, fan Hgged(s3Eh &Bﬁ&xeﬁcoﬂb@&&b Qfrf280 b, OBIHBRY kfice’ 16,
I nches. | n anot her enbodl nment, fan blade " (30) has a chor'd of approximately

6.6875 inches. O course, l§Mingordgers, adi railinscedge RRAfi hvhsmeunging mepberpbi t i ons

may be used. [0025) By waypgifeses0n il GrvieYa shuidfibbaWeer 30) biady 36liaaplmay |11
to drag ratios ranging from approxinately 39.8, under conditions where the

Reynol ds Nunber is appr oxifeHeEng meperobi M@%‘ﬁrmﬁm@nﬁ for3fag bladghie t he
Reynol ds Nunber is approxuﬁamhgyb@%& m{ldt&mm@%aﬁ. theXelaBnship fobrwlesh £k 29

et os, oy b cotained w i Lol s T e STeEL
under conditions where t hepriiay il théuart.

[0024] As used herein, terms such as “chord,” *“chord length,” “maximum
thickness,” “maximum camber,” “angle of attack,” and the like, shall
be ascribed the same meaning ascribed to those terms as used in the art
of airplane wing or other airfoil design. In one embodiment, fan blade
(30) has a chord length of approximately 6.44 inches. Fan blade (30)
has a maximum thickness of approximately 16.2% of the chord; and a
maximum camber of approximately 12.7% of the chord. The radius of
leading edge (36) is approximately 3.9% of the chord. The radius of
trailing edge (38) quadrant of bottom surface (34) is approximately
6.8% the chord. In an alternate embodiment, fan blade (30) has a
chord of approximately 7 inches. In another embodiment, fan blade
(30) has a chord of approximately 6.6875 inches. Of course, any other

suitable dimensions and/or proportions may be used.

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

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

[0026) In one embodiment, fan blade (30) displays drag coefficients ranging
from approximately 0.027, under conditions where the Reynolds



Nunber i.s approximately 75,000, to approximately 0.127, where the Reynolds
Number. is approximately 112, 500. O course, other drag coefficients may
be obtained with fan blade (30). [0027] In one exanple, under conditions
where the Reynol ds Nunmber is approxi mately 200,000, fan bl ade (30) noves
air such that there is a velocity ratio of approximately 1.6 at bottom
surface (34) at trailing edge (38) of fan blade (30). O her velocity
rati os may be obtained with fan blade (30). [0028] In one enbodi nent, fan
bl ade (30) provides non-stall aerodynam cs for angles of attack between
approximately -1 to 7, under conditions where the Reynolds Nunber is
approxi mately 112, 000; and angles of attack between approximately -2 to
10, where the Reynol ds nunber is approxi mafely 250, 000. Of course, these
val ues are nerely exenplary. [00291 Fig. 3 shows a cross section of another
exenpl ary fan bl ade (50) haNumbgr iscapproximately 25,000ptd qpploximypels Or1DACEherSR)Y: and

Crai ling edge (58) moant eq Vit Siinbdi ol dmadty 132300 0F 16ed olee A58 ong
a transverse pl ane | ocat ed cagfficieriemeaybe abtaingfl wiith faniilaie €30).50) ,- | ooki ng t owar d

hub (10). In the present exanple, fan blade (50) is hollow A plurality of
bosses (60) are | H93Tled i dsiode ekamplyl ader (ditions \Wherd OMe ReWitdd RisberOy Nt i Ng

menber (12) is inserted i . I (20 05s5€es (60) are positioned
such that they contact togsés%%’{"?%‘élg 2?@’&30,’ {;35'2)?1?‘%@@)%?56@2"(51‘3‘)?@ Begiihg edge
(18)_,dand trai :cl Pgbe?ge (ngl?citvfradowlﬁapmx;'mdteigl.ﬁwﬁb&ﬁm@?@:e (3Bp¢ﬁnb$@§ng( )é.)thus
provide a snug fi et ween nd_ hu unting nenber | :

Al ternative configurati ons & rgf%%ggf gﬁg ?@‘65‘?‘?"%6?%8*7% potapad wifhy fan ¢ o
to those affecting the rel blade@®hi p bet ween fan bl ade (50) and hub

mounti ng menber (12), will be apparent to those of ordinary skill in the
art. -7- [0028] In one embodiment, fan blade (30) provides non-stall aerodynamics for

angles of attack between approximately -1° to 7°, under conditions where

the Reynolds Number is approximately 112,000; and angles of attack
between approximately -2° to 10°, where the Reynolds number is
approximately 250,000. Of course, these values are merely exemplary.

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



[ 0030] As. shown, fan blade (50) has a |lower radius of curvature toward its
| eadi ng edge (56), as conpared to a higher radius of curvature toward its
trailing edge (58). The curvatures of fan blade (50) may be obtained, at

| east in part, through the generation of two ellipses using the follow ng
formul ae. 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: [0031] [1] x = a(COS(t)), and [0032]
[2] vy = b(SIN(t)), [0033] where [0034] a = length of prinmary radius,
[0035] b = length of secondary radius, and [0036] t = angle of rotation of
a radius about the origin (e.g., in radians). [0037] Accordingly, a first
el li pse may be generated using the foregoiné equations. Simlarly, a set
of coordinates for the first ellipse my be obtained using equations [1]
and [2]. Exenpl ari03irst ehsishea, f0Wde $0) hds| alowerradibs iofi cedvaturgrtapwird its

depi ct ed Fi 4, wh d

eﬂo: Ssg n;ag blegobt ai negrﬁsl ﬁ(gngﬁesqs@eﬁucé %E&S)ﬁﬁ m%@]gj’gi %“’5 x( (c:););] -

y(SIN(Q), and [ 09401 [ 4] itsyPrailing (ed@s($8)) The cuvaumy )of faf Ginde |(SRhmar be0042]

x2 = the Second coOr d Piakified? b st th (! glw%éﬂg%ﬁorf%%'eﬂibs& shge
t orl

first elllpse through 6 radi ans about ="t he
second "y" coordinate aft etheafoliewing commack wiTheser of ardirpny skillt e tifej grgthll

el lipse through A radians ahguilad B Qrﬁrﬁl' ahpsgo%ﬁ]lts-r&y?ﬁ{ at B Hieﬁ@%hcﬂ?s of

t he second el lipse are dependent on di mensi ons he tirst ellipse.
Exerrpl ary second el lipse (§g€pﬁ1ap5andyaxes may be generated by these equations:

[0031] (11 x=2a(COS8()), and

[0032] (21  y=b(SIN(),

[0033] wheré

[0034] a = length of primary radius,

[0035] b = length of secondary radius, and

[0036] t = angle of rotation of a radius about the drigin (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 mdy be
obtained using equations [1] and [2]. Exemplary first ellipse (200) is
illustrated in the graph depicted in Fig. 4, wherea=3 and b= 2.

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

[0039] [3] x2=x(COS(9)) - y(SIN(O)), and

[0o40]  [4] y:=¥(COS(9))-x(SIN(OY),

[0041] where -

[0042] X3 = the second *“x” coordinate after a counterclockwise rotation of the

first ellipse through © radians about the origin, and



illustrated in the graph depicted in Fig. 4, where 0 = 0.525 radians. It
w Il 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
i ntersections (400) between first ellipse (200) and second ellipse (300).
[ 0045] The curvature of top surface (52) and bottom surface (54) may be
based, at least in part, on the curvature of the first and second elli pses
bet ween two consecutive ellipse intersections. An exanple of such a
segnment of first ellipse (200) and second ellipse (300) is shown in Fig.
5, which depicts the portion of ellipses (200 and 300) between consecutive-
el lipse intersections (400). Accordingly, eduations [1] through [4] may be
used to generate surface coordinates for at least a portion of top surface
(52) and bottom s®PfHce (5%)= &k s¢aand i egerd{ng jafted D@Mferclackwist totdsien of the
appreci ated that the chordglen s@tﬂt&igh@ﬁ&i%%oﬁ%é% fan bl ade (50) may
0, re et

vary with the anmount of rotation, O, ati-ve t ‘el lipses. (0047] O
course, portions an bl 50). deviate frompthe curvature of . the
first and second @P?{]pses.?ﬁ%’ \&\h/é:yhmo’;me&nén%ll @ecfﬁ'fm, ANGe ££° gﬁ%“\ﬂg"’ﬁ?ﬁm Bfg. 3,
cheﬁdi ng e.dg;a. (56) mla?/ bbe dipndi '¢befttba Wmallb:gerﬁapmbllagy micqsr?duéuipse (?(r)]o)viat ;Jre.
er devi ations wi e a , e.qf . ordinary skil n.the art.
[ 0048] In one enbodi nent, ?@ﬁ#a‘ﬁg’%%%f"gc (e:dr 'é'a@%‘geﬂéfrﬁigg Eéﬁ%% faglr'?’s’s'[@]
through [4] with a = 3 uni wil beappre@iatad thia whemech firstan@ sé&dbd elfipseansplotted ih hi s
enbodi nent, fan bl ade (50),_J I ] cl.rcul.ar i dge  ( gn) -9-
having a di aneter of 3.5% %Af&gﬁkg%d%ﬁe% 1$&STLLﬁsm%°§ di[ﬂg ‘5%33“ eegl gos may
curvature is fit tangenti aintegseetoattfougt padits (fellipse intérsections52) Fignd sbows Gowr
surface (54). Such a fit npypReiRAYIRhONED) Denr@IPAL Bipk B0) Ind WeoRa
ellipse (300).

[0045] The curvature of top surface (52) and bottom surface (54) may be
based, at least in part, on the curvature of the first and second ellipses .
between two consecutive ellipse intersections. An example of such a
segment of first ellipse (200) and second ellipse (300) is shown in Fig.
5, which depicts the portion of ellipses (200 and 300) between
consecutive ellipse intersections (400). Accordingly, equations [1]
through (4] may be used to generate surface coordinates for at least a
portion of top surface (52) and bottom surface (54) of fan blade (50).

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

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

the first and second ellipses. By way of example only, and as shown in

.Fig. 3, leading edge (56) may be modified to have a generally circular
curvature. Other deviations will be apparent to those of ordinary skill
in the art. |

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



O course, other dinensions may be used. [0049] In one enbodinent, fan

bl ade (50) has a chord length of approximately 7.67 inches. In another
enbodi ment, fan blade has a chord |l ength of approximtely 7.687 inches. O
course, fan blade (50) nmay have any other suitable chord | ength. [0050] In
the present exanple, the radius of |eading edge (56) is approximtely 3.5%
of the chord. The maxi mumthi ckness of fan blade (50) is approxinmately

14. 2% of the chord. The nmaxi nrum canber of fan blade (50) is approximately
15. 6% of the chord. O . course, any other suitable dinensions and/or
proportions may be used. [0051] In one exanple, a fan having a 24-f oot

di aneter and conprising ten fan blades (50) nounted at an angle of attack
of 10 produces a thrust force of approxim#ely 5.2 | b. when rotating at
approximately 7 revolutions per mnute (rpn), displacing approximately
87,302 cubic feet per m rhatr'mg(acdihxneterdmvmtm:dm@g&t PP leadihgred P leygel 4

rpm the fan produces a thrust o) ly 10.5
di spl aci ng approxi mately %&g’i éﬁ‘cfﬁn %ﬁ’p{o @gﬁtt? n'ﬁpaff'%%\cﬁp(s&(%?%? 42
rpom the fan produces a tsinrfmt(%)oScc&laﬂtmp[beequxsiﬁeébyc&ﬂpaﬁﬁnglgs 3 and 5.

di spl acing approxinmately 2. 613 .cf Qt her thrust forces and/or
di spl acenent voI unes may (gtzm%% é’lthr% m%‘smqgn“ﬁ vi ng fan bl ades (50).

[ 0052] By way o avi ng n angl e of, attack of
appr oxi mat el y "ﬁ@%. spl yx? ?“Ftl° ?aé‘d’l ?goégasr‘aﬁl?@ %ﬁ?l’mx““ately
approxi mately 39, under conghi inéteRs InwkRter Eﬁ&d@éﬁﬂ%ﬂ&la&&ﬁﬁi&rchbﬁ length of
approxi matel y 120 000, to agrprom %g%j_’y 8_‘ ere tga% Redyggq Nunber is
appr oxi mat el y 250, 000. Ot IFBPTOFately mEnes. o P §uursey fan hlade (30) May VoM f an
bl ade (50). -10- [00531 | rothensuiabibohbraeagth. f an bl ade (50) provi des
non-stall aerodynam cs for angles of attack between approximately 1 to 11

under conditi ons [0050] In the present example, the radius of leading edge (56) is
' ' approximately 3.5% of the chord. The maxunum thickness of fan

blade (50) is approximately 14.2% of the chord. The maximum

camber of fan blade (50) is approximately 15.6% of the chord. Of

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

[0051] In one example, a fan having a 24-foot diameter and comprising ten
fan blades (50) mounted at an angle of attack of 10° produces a thrust

force of approximately 5.2 lb. when rotating at approximately 7

- revolutions per minute (rpm), displacing approximately 87,302 cubic

feet per minute (cfin). 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 dishlay liff to drag ratios ranging from
approximately 39, under conditions where the Reynolds Number is
approximately 120,000, to approximately 60, where the Reymnolds
Number is approximately 250,000. Other lift to drag ratios may be -
obtained with fan blade (50).



where the Reynol ds Nunmber is approximately 112,000; for angles of attack
bet ween approximately 0 and 13, where the Reynol ds nunber is approximately
200, 000; and for angles of attack between approximately 1 to 13, where the
Reynol ds nunber is approximately 250,000. O course, these values are
nmerely exenplary. [0054] In one exanple, a fan having a 14-foot dianeter
and conprising ten fan blades (50) is rotated at approximately 25 rpm The
fan runs at approximately 54 watts, with a torque of approximtely 78.80
inch- pounds (in.Ibs.) and a flow rate of approximately 34,169 cfin. The
fan thus has an efficiency of approximately 632.76 cfm Watt. [0055] In
anot her exanple, a fan having a 14-foot dianeter and conprising ten fan

bl ades (50). is rotated at approximtely 3705 rpm The fan runs at
approximately 82 watts, with a torque of approximately 187.53 inch- pounds

(in.1bs.) and a fi08WIrat e Brongsmbediments fan hlado(SAppropi¢srnonTigll apradynamisg forhas
an efficiency of approxi mjgled of Galtack3bdiwéth ViproxinlaBP 89 td ﬁlﬁ{%d&n&‘gll%ﬁgns
nd.c

exanpl e, a fan having a 14-foot dianeter. and ¢ 'O'rrprl.srngft ten fan ades
(50) is rotated at approxi there|the ReyneldsNumher is appreximately: 1124000 fox jangleseefy 263

watts, with a torque of apafa@xxwmeﬁlaypr&ma@fo* BMar3° RedeROBe RéyRoldd funiberRA @

flowrate of approxinmately 96,816 cfin. The fan thus has an efficiency of

approxi matel y 368. 12 cf m VeRProximaighy, 240,00 cand don agglesof attask brévesp gprreimatglyany

fan bl ade, including by way @f13°exmmhe x&gmrds I{@Eexbisaaggmﬁém' ely0250080. drade
(50): [0058] In one enbodi nent, each fan blade (30 or 50) conprises a
honpbgenous conti nuum of nafE-dhese pues s msrelysxemplagy: only, fan bl ades (30
and 50) may be constructed’ of extruded alum num However, it will be
appreci ated that @& bl adely ongexamples vfan ayinghiA-foet diametst snd comprisidg tgmfanot her

suitable material or materpades (s MEtedOatphroxiate1f Y5 fpndll U8 faf @itV arTet al
and/or plastic. In addition, it will be ] ) :
: approximately 54 watts, with a torque of approximately 78.80 inch-
pounds (in.Ibs.) and a flow rate of approximately 34,169 cfm. The fan

thus has an efficiency of approximately 632.76 cfm/Watt.

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

thus has an efficiency of approximately 761.23 cfm/Watt.

[0056] In yet another example, a fan having a 14-foot diameter and comprising
ten fan blades (50) is rotated at approximately 50 rpm. The fan runs at
approximately 263 watts, with a torque of approximately 376.59 inch-
pounds (in.1bs.) 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



appr.eci at.ed that fan bl ades (30.and/or 50) nmay be made by any suitable

met hod of manufacture,. including but not limted to stanping, bending,
wel di ng, and/or nolding. G her suitable materials and nethods of ,
manuf acture will be apparent to those of ordinary skill in the art. [00591

When fan blade (30 or 50) is nmounted to hub (10), hub nounting nenbers
(12) may extend into fan blade (30 or 50) approximately 6 inches, by way
of exanple only. Alternatively, hub nounting menbers (12) may extend into
fan blade (30 or 50) to any suitable length. It will also be appreciated
that hub (10) may have nmounting. menbers (12) that fit on the outside of
fan bl ades (30 or 50), rather than inside. Alternatively, nounting nenbers
(12) may fit both partially inside and partli-ally outside fan bl ades (30 or
50). [0060] Fan bl ade (30 or 50) may al so i nclude one or nore openi ngs
configured to align with @p@ﬁhﬂg&tQZQyrhﬂﬂhuﬂkmqﬂnhénghﬁ&mhﬁh Qﬂamlbgn

openi ngs (22) 1’ hub mount P e S Boai o) me) afmfuisty ekl e

t hrough the openings to sewﬂvdfeﬁwmhwfd@ur%mtcmdm'gowtt oothuhxtedmolrutmi}gng‘rerrber
(12). In one enbodi nent, er, her
al ternatives for fastener(s weﬁ% %@ogﬁ%ﬁm ertﬁ‘BE’gfeoV‘ateB?lﬁiaﬁ‘éry

skill in the art, includi ngxegmls ?fdtlaﬂufammeewmm aapmmno/&xsse of Ardindrgliskigliy, it
wi |l be under stood that opgRi,pgs (22) are optional. [0061] Fan bl ade (30 or
50) may be approximately 4, 5,6, 7, 8,-9, 10, 11, 12, or 14 feet

I Al t t f b 3 0 b f th t abl
ong. A ternat i vejabn an DUle Bl ) B Bousl 1 ub?w;er A
such that a fan conpri si ngmbmherbl(ur)lmy(ezﬁndatnt&ﬂ)x bdddel 3mbr£ Qpprokigsate
di aneter of approxi mately 24, fe noth r enbodi ( fanp bl adg’ (30 or
50) and hub (10) are sized sug’n%%ha% fez’a‘ﬁm Snod’rlx S|ﬁge ﬁﬁely’blh%e‘gm(“%gor
50) and hub (10) has a di amembgrs 61f2)azplpremendrmw|fgn tilddef @@tor 50) to any suitable

) y

length. It will also be appreciated that hub (10) may have mounting.
members (12) that fit on the outside of fan blades (30 or 50), rather
than inside. Alternatively, mounting members (12) may fit both
partially inside and partially outside fan blades (30 or 50).

[0060] Fan blade (30 or 50) may also include one or more openings configured
to align with openings (22) in hub mounting member (12). In this
embodiment, when openings in fan blade (30 or 50) are aligned with
openings (22) in hub mounting member (12), fastener (26) may be
inserted through the openings to secure fan blade (30 or 50) to hub
mounting member (12). In one embodiment, fastener (26) is a boilt.
Other suitable alternatives for fastener(s) (26) will be apparent to those of
ordinary skill in the art, including but not limited to adhesives.
Accordingly, it will be understood that openings (22) are optional.

[0061] Fan blade (30 or 50) may be approximately 4, 5, 6, 7, 8,9, 10, 11, 12, 13,
or 14 feet long. Alternatively, fan blade (30 or 50) may be of any other
suitable length. In one émbodimént, 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.



-12- . O her suitable dinmensions will be apparent to those of ordinary skil
in the art. [0062] It will be appreciated that all cross sections al ong
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 uniformalong the
entire length of fan blade (30 or 50). By way of exanple only, a portion
of the "hub nounting end" of fan blade (30 or 50) (i.e. the end of fan

bl ade (30 or 50) that will be nounted to hub (10)) may be renoved. In one
exanple, an oblique <cut is made to | eading edge (56) of fan blade (50) to
accommodat e anot her blade (50) on hub (10). [0063] Alternatively, fan

bl ade (30 or 50) may be formed or constructed such that a portion of the
hub nounting end or another portion is onitk?ed, relieved, or otherw se
"mssing." It will be appreciated that the absence of such a portion
(regardl ess of whether it ®#hsr puitable disnegsionsewill be appareat togthosg @f ordingryt #dll imay
al l eviate probl ens associ agguW th blades (30 or 50) interfering with each
other at hub (10). Such interference may be caused by a variety of

factors, includin t not ¢l i.4m t f d or
50). O course, f@g%rs ot ﬁ&%é%ﬁrﬁcﬁegpﬁégleéﬁggég%ag&allgrr\'glr&t'fel%lgg‘(?tflfaen(@agdﬁoval
or other absence of a port (38mr 66) neednobbeaidentic80 ogther 5@)ds, thércondipwrativn gffant | on

cdge (35 or 58)  or both. PBORI] %y BedptbedpitoitplongPARL BihaPeqcl fhae 09
50) interference at hub (1Gp.ortsHe Biwayref example dnlth arpastiopefitiechgb swdnting. g.
A'ternatively. the chord oftr ol BEEGOS: sdJtes, B delth RIS dof e
other alternatives and varbampuntes to &b (1) nfay()e remeiedr It ene xhmple.can(c®liqusr  50)
Lo, PEERT £ 05 By P 9, g o @Bl o

another blade (50) on hub (10).

[0063] Alternatively, fan blade (30 or 50) may be formed or constructed such

that a portion of the hub mounting end or another portion is omitted,

relieved, or otherwise “missing.” It will be appreciated that the absence

of such a portion (regardless of whether it was removed or never there to

begin with) may alleviate problems associated with blades (30 or 50)

interfering with each other at hub (10). Such interference may be caused

by a variety of factor_s, 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 altematives 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,



may .have .a zero or non-zero angle of attack. By way of exanple only, -13-
when nmounted to hub nmounting nmenber (12), fan blade (30 or 50) nmay 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 exanple
only. O 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

| ength, and the angle of attack may be provided by having hub nounting
menber (12) with the desired angle of attack. [0066] Alternatively, the
angl e of attack of hub nounting nenber (12) may be zero, and an angl e of
attack for fan blade (30 or 50) may be provided by a tw st in fan bl ade
(30 or 50). In other words, fan blade (30-dB8-50) nay be substantially
straight along the length to which hub nounting nenber (12) extends in fan
bl ade (30 or 50), and a twwhmmmgntebeo ubandudireg thénbep(1Q), ifdeblaf (@D’l&lﬁ? ffay

attack for the renaining p 0 blad 3 ch a vmst may
occur over ‘any suitable Ie%%h"ﬁﬁgg ‘Ea*é"("t% g?pp“%ﬁ‘)‘at 3é1 to Frigclusivs 1 e
remai nder of fan bl ade (30betweeB@° dnérlg‘t, inchisige; r bpraximately 7°tdqelobvurslt3° §
brief; such that nearly al [ I of f | ade (30 or IS
subst anti al | y straight; et%a)g’f %f"%?l %gﬁflhgﬂ%gﬁrﬁ zfiﬂaga‘goﬁg%g a‘f‘?yoP?é'eéﬂﬂ

met hods for providing an aﬁgdr@mtableanglamattiokr Faibladzr(S@&in) ﬁi‘ayf;aﬁ;bahﬁﬂgy(SO)
wi ||l be apparent to those gf. Y, i.n th dditign, 1t
will be appreciated that %ﬁgﬁ’%ﬂ&@%& lel?ﬁ'%l'l on&gfmﬁlgr?%l?ftaap&em‘(% pevises) bymy
have one or nore tw sts fh;lvmahl}brpmmpnyeemt{eﬂﬁﬁ)?x]nmﬁheae%ualfan@lédfﬂﬁéw skill in
the art will appreciate that a fan blade (e.g.,. 30 or 50) may be nodified.

in a nunber of wel§866] Such MaﬁvayatHeQﬁge ofmucmﬁlﬁb n{oh&:ﬂghﬁén?o% ?”2) i Gé of
fan performance. As ill ustzre%tgﬁ {;? in Fig hr ough 10,
one such nodification may aagng}a %‘6% q\r%‘)b adm()'oés%%'bé?@v@myyw H
be discussed in the cont ewist inffanftdedle (026 56). (BéthedMardaOin blide (90 be 50PBray be
appr eci at ed that wi nglets substantially straight along the length to which hub mounting member

(12) extends in fan blade (30 or 50), and a twist may be provided to

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

50). Such a twist may occur over any suitable length of fan blade (30 or

50) (e.g. the entire remainder of fan blade (30 or 50) length has a twist; or

the twist is brief, such that nearly all of the remainder of fan blade (30 or

50) is substantially straight; etc.). Still other suitable configurations and

methods for providing an angle of attack for all or part of fan blade (30)

will be apparent to those of ordinary skill in the art. In addition, it will be

appreciated that all or any portion of fan blade (30 or 50) may have one

or more twists for any purpose.

[0067] Those of ordinary skill in the art will appreciate that a fan blade (e.g.,
30 or 50) may be modified in a number of ways. Such ﬁxodiﬁcations
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 wili 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



(70). may. .be used with any other suitable fan bl ades. [0068] Wnglet (70) of
the present exanple includes vertical nenber (72). Vertical nenber (72)
conprises flat inner surface (74) and rounded -14- outer surface (76).

O her suitable configurations for inner surface (74) and outer surface
(76) will be apparent to those of ordinary skill in the art. In the
present exanple, the perineter of vertical nenber (72) is  defined by | ower
edge (78), upper edge (80), and rear edge (82). Each edge (78, 80, and 82)
neets generally at respective corner (84). Thus, in the present exanple,
vertical nenber (72) has three coners (84). As shown, each corner (84) is
rounded. Accordingly, the term "conmer," as that termis used herein, shall
not be read to require a sharp angle. In-pther words, a corner need not be
limted to a point or region at which a pair of straight |ines neet or
intersect. Wiile in the wu&SQﬂfaceWG)‘nIb@er\/s&i‘dbﬂd:@hﬁgmm foemgusfa&e(s ri bed

as having three coners, it wll Lated that verti cal (72)
may have any suitable nurf‘B%F’“tS’f*""‘Efg‘f‘e{r?géS @Qﬂ)ﬁpp“fﬁb@é{?sﬁf ringry, sp ‘P(Sl?’rs of

vertical menber (72) will Jie IappagreRht dx@mpleOBe paimetaiodiveaicyl mdgitet (mnst he

art. [00701 W ngl et (70) of rese Ie fur I ncl d | et
mounting nenber (90), ﬁ“gg’ﬁ'g @5&@%3 peLgdes (@gr“ﬁgfﬁﬂ @)Wh?
ingr ?ur;ace (74]2 of vgretig&(alk 80p aHde82) méets genéﬁﬂ?hmpecmemgh@i(swulmng
menber (90) is configured.simlar n e
nounti ng nenber (90) has t“bbhesqﬁ?sle’éfceé‘"(‘gg)veé?fd 8’?‘??5#2%;‘&'52 cqraes ng%\hl ch
each termnate into | eadi g sdga, &b cand @4pid lrdlgdaﬁgekdc&ﬂ)ngly, Itie @&ighi ti on,
each wi nglet nounting nemer (92 C es 0 n| ng rmed t hrough
top surface (92) and bottofﬁrg{] Jétﬁt% s quaD T’f@“"p?%éé ?}’e é??grﬁ’)lr%qu“ééch
opening (100) is sized toshepeigle hatteewerds,(axjmer ided gbetie limitadnd b point@Tber
(90) is configured to be | ns%rgtevvquéhn;p%xra ngnt?mes rg‘eet or intersect. While in the
present example vertical member (72) is described as having three

comers, it will be appreciated that vertical member (72) may have any

suitable number of corners (84).

[0069] Other variations of vertical member (72) will be apparent to those of

ordinary skill in the art.
[0070] Winglet (70) of the present example further includes winglet mounting

member (90), which extends substahtially 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

altemnative configurations.

[00‘71] 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



bl ade (30 or 50). Those of ordinary skill in the art will appreciate that

w ngl et nmounting nmenbers (90) nay be provided in a variety of alternative
configurations. [0071] Fig. 9 shows a cross section of fan blade (30) with
wi nglet (70) mounted thereto. The cross section is taken along a .
transverse plane |ocated at the -15- center of fan blade (30), | ooking
toward winglet (70) (i.e. away fromhub (10)). In the-present exanple,
and.as :shown in Figs. 9: and 10, winglet nounting nmenber (90) is
configured to fit in the end of fan blade (30 or 50). Like hub nmounting
menber (12), winglet nounting nmenber (90) fits snugly agai nst bosses (40
or 60) in fan blade (30 or 50). In the present exanple, upper edge (80) of
wi ngl et (70) extends above top surface (33s5or 52) of fan blade (30 or 50),
in addition to extending beyond | eadi ng edge (36 or 56) Simlarly, |ower

edge (78) of wingl et (70)ceﬁt¥$<ﬁﬁgﬁol§ﬁ|w§vl geoiwa 3 fbmHupf an
bl ade (30 or 50). Rear edge ( of w ngI et (70) extends eyond trailing

edge (38 or 58) of ‘fan bl e gresegbgxample, &g as shownyjnfigse? and ¥ winglt f an

bl ades (30 or 50) may haVrﬁo@BHg a&hfe& (908 lsabhfiRireditd ENEL ROGHIQF LML @it | on.
[0072] Fan bl ade (30 or 5%}) %/FF ave one or nore openings, fornmed near the

tip ‘of fan blade (30 or Gy opine pgmbst @ 2), 3‘2“33?“5’2‘)‘“%‘6?’8 er ¥Vt om

surface (34 or 54), which f§kiis pamitlio2e U & )i Tan'blhde @oe,ms 0P ( & the100)
in wnglet nounting nmenber (90) when winglet nounti

nber is
inserted into fan bl ade (J5esgH ampl e*aﬁ‘?&“mﬁﬁger(sq)sqfa‘f”@&ﬁ ¢y e’E‘EPdF gyey op
fastener (26). Wnglets ( 7szfadarB(32 ohy3) &efaﬁwqub op sb)arin RidERSto( é’a@enafngSO)

with one or nore fastener 2 st en
bolt. In another enbodi rreal‘§' "3&%"9@15@ ge(@gfr ggng'i“ggg’ 2’ ﬁ‘fﬁel(%érﬂfd‘flﬁgletpal r
of thin head interl ocking (b(b)rh(ilteﬂ@ tsew“ewwmsua‘acea(smssmmbﬁde @00@$opnal ly
used to bind a large volu e vmth
t hr eaded outer surface co g@)?ﬁ“ﬂﬁﬁ%?ﬁq QgPﬁPg“gﬁ“gedge%% 8) of

fan blade (30 or 50). Of course, winglets (70) and fan blades (30 or 50)

may have any other relative sizing and/or configuration.

[0072] Fan blade (30 or 50) may have one or more openings, formed near the tip
| ~of fan blade (30 or 50) through top surface (32 or 52) and/or bottom
surface (34 or 54), which is/are positioned to align with opening(s) (100)
in winglet mounting member (90) when winglet mounting member (90)
is inserted into fan blade (30 or 50), and which is/are sized to receive
fastener (26). Winglets (70) may thus be secured to fan blades (30 or 50)
with one or more fasteners (26). In one embodiment, fastener (26) is a
bolt. In another embodiment, fastener (26) comprises a complimentary
pair of thin head interlockihg 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



screw havi ng threaded i nner surface). However, any other suitable
fastener(s) may be used, including but not limted to adhesives.
Accordingly, it will be appreciated that openings (100) are optional.
[0073] It will also be appreciated that w nglet nmounting nmenber (90) need
not be inserted into an end of fan blade (30 or 50). In other words, and
simlar to hub nounting nenbers (12), w nglet nounting nenber (90) may be
made to fit on the outside of fan blades (30 or 50), rather than 16
inside. Alternatively, w nglet nounting nenbers (90) may fit both
partially inside and partially outside fan blades (30 or. 50). Still other
configurations will be apparent to those of ordinary skill in the art.
[00741 In an alternate enbodi nent, w nglet1670) | acks nmounti ng nmenber (90),
and instead has a recess fornmed in inner surface (74) of vertical nenber

(72). In this enbodiment, ﬁBaetlAmeﬁBnJe@nubAg@éd%&nﬁ@lggﬁleé%s Eﬁ)&u&a@stﬁrﬁoﬁd into

wi nglet (70) for attachrrent of w ngl et to fan I n

yet anot her enbodi ment, f aPrAllydesidesg 6?"“5‘ outside fanbladas B¢ gr $Br SEH otfier h
winglet (70). Accordi ngly,c&lhgﬁﬁldaﬁwqrwa?e&amto&ms%fbramw%mnﬁtwahl

appreci ate that there exists a variety of configurations for providing fan

bl ade (30 or 50)- Y/ |s
shown as bei ng s Entl all'y ag%’?%%%‘& cﬁ él%‘)(ﬁ'i}ckﬁ%uuﬁﬁ%ﬁﬁ%% (36)

Wil be appreciat ed t hat mde@eteadv\basmmmfonasﬂ e inger aﬁfﬁcslﬂ‘ﬁaﬂﬂ \eertmbl e
rel ative to each other. Thugper fﬁi lib(ﬂi&@h?ﬁ@ﬁ‘éﬁ@'ﬁ’éﬁp Gfllfa}{,bla\&‘ééid G:aéoﬂ?”ber

(72) may tilt inward or outvvar when W n I's attache fan bl ade

(30 or 50). Alternati vel yinseyed inte mingles rf°f(3¢29hm¢ﬁ‘y°fc‘blﬁ$iﬁ (Y ‘i?ofrﬂléb’caﬁ%m one

angle. In other words, Ver§3bcﬁ-' sdienﬁe{:et(azgﬁaer”&i{boﬁﬁnéﬁp%%Hd@%@%@*m)tx?at
the top portion of vertical nenbér and the bottom portion of vertical

menber each tilt inward whitsegilydormed wathayinglet{(d9)- t dcqordingly. shrse of gplingry 50) .
Qther variations of W ngl e %R) thel RE! Wil BfprRikte R4t Hel efiGks a variety of

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

[0075] While vertical member (72) is shown as being substantially
perpendicular to mounting member (90), it will be appreciated that
these tWo members may'. be at any suitable angle relative to each other.
Thus, and by way of example only, vertical member (72) may tilt
inward or outward when winglet (70) is attached to fan blade (30 or
50). Altematively, 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 eaéh 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.

[6076] 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 -



to angular variations, wll be apparent to those of ordinary skill in the
art. [00761 While winglet (70) is specifically described herein as a

nodi fication to fan blades (30 or 50), it will be appreciated that w ngl et
(70) may be wused to nodify any other fan blades. [00771 In one enbodi nent,
wi nglet (70) is fornmed from honbgenous conti nuum of nol ded plastic.
However, it will be appreciated that winglet (70) may be made froma
variety of materials, including but not limted to any -17- suitable netal
and/or plastic, and may conprise a plurality of pieces. In addition, it
will be. appreciated that wi nglet nmay be made. by any suitable nmethod of
manuf acture. [0078] It will also be appreciated that trailing vortices that
format or near the tips of fan bl ades (3b7'0r 50) may increase lift near
the tips of fan blades (30 or 50) ets (70) may inhibit the radial
airflow over top surface S‘Ql@blemetaéar)d/%rwg'ﬁ%ﬂs agbmaysemprisg aplurality of pieces4in near
the tips of fan blades (3Qqgifdn, ﬁ%ube%nmh@@mwg@t,ﬂaybefﬁ;desymgrsumléIovv
nore normal |y from | eading edge ( 6) to. trailing edge {

t hereby enhancing effi ci @sthpd gf mapufasrenayi ng fan bl ades (30 or 50) W|th

wi nglets (70), at |east at certain rotational speeds. [0079] In one

exanpl e, wi ngl et §07810) ar & willtalsolhecpprecigatithattfailingvotsicescibat fi@0atar ne®0he on a

fan having a 6 foot diane ' [ 1] ' - air
flowrate of the fan is Ihg{%fé‘gxefg}g%e%@%g?%%hﬁ@iﬁ%ﬁgh%g%% Ig}%r?(l)étd%er
exanpl e, winglets (70) ar Cart58k:H¥uglets (¢0) dwy athitfitthe tadabaglow3ger top sBBYe on a
fan having a 14 foot dia e air
flowrate of the fan is Fz"ﬁ:rea%)\%&)g ﬁ%gﬂwg%%rgﬁn%%%%aﬁz@ﬁ%% ng
two tables illustrate effiociS@ncSech mhlhtthYb@rcemraion twore aemrially) figrmngl et s
(70) to a fan having a 14lefaﬁ9é e&Eea(g@tbF.%) tLQx%%L eEfg%%E O;SS)FﬁfgreW Eﬂ%ﬂg

Wnglets (70)
eﬁcxency of a fan having fan blades (30 or 50) with winglets (70), at
least at certain rotational speeds.

[0079] In one example, winglets (70) are attached to ends of fan blades (30 or
50) ona fan having a 6 foot diameter. With the addition of winglets (70),

the air flow rate of the fan is increased by 4.8% at 171 rpm.

[0080] In another example, winglets (70) are attached to ends of fan blades (30
or 50) on a fan having a 14 foot diameter. With the addition of winglets

(70), the air flow rate of the fan is increased by 4.4% at 75 rpm.

[0081] The following two tables illustrate efficiencies that may be obtained by

adding winglets (70) to a fan having a 14 foot diameter:

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

Speed
(pm)

Max. Power
(watt)

Avg. Power
(watt)

Torque
(in.Ibs)

Flowrate

Efficiency
(cfm/watt)

12.5

54

30

17.86

(cfm)
0

0

25

66

34

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




Speed Max. Power Avg. Power Torque Flowate Efficiency (rpm (watt) (watt)
in.lbs) cfin cf n/watt 12.5 54 50 17.86 0 0 25 66 54 78.80 34,169 632.76
37.5 125 82 187.53 62,421 761.23 50 339 263 376.59 96,816 368.12 62.5 700
660 564.01 110,784 167.85 75 ° 1170 1140 839.75 129,983 114.02 -18- [00831
Table 2: Fan Wth Wnglets (70) Speed Max. Power Avg. Power Torque
Flowate. Efficiency (rpm (watt) watt (in.lbs) cftmcfin/watt 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 [00841 O course, other

val ues may be realized through use of winglets (70). |In addition, suitable
variations of wnglets, including but not 1¥8rited to alternative wi nglet
configurations, will be apparent to those of ordinary skill in the art.

[0085] I n summary [0883er oudable?dian Wthiinglets 80 descri bed which result from
enpl oyi ng the concepts of_the invention. The foregoing description of one

or nore enbodi ments of 't HeSpeady a0 Rowas] DEPowdr ¢ T614ue [ FloWrate Efficienty | Of
illustration and descri ptfitpm) Ijt(wa) not ligwanded | (ia.1teg | (cBhaubtcammvagy |t O
limt the invention to thd2pgredisee for mdpscl oseq 13 560VRS g4 fons
or variations are possibli@sin ljisght of tjyg above |13 8¢iC 4815k 1168 D4F Pr
more enbodi ments were chqges arjégdescri 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] Of course, other values may be realized through use of winglets (70).

In addition, suitable variations of winglets, including but not limited to
alternative winglet configurations, will be apparent to those of ordinary
skill in the art.

[0085] In summary, numerous benefits have been described which result from
employing the concepts of the invention. The foregoing description of
one or more embodiments of the invéntion has Béen 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
teabhings. 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.



in order..to best illustrate the principles of the invention and its
practical application to thereby enable one of ordinary skill in thgmpwse
to best wutilize the invention in various enbodi nents and with various

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

i ntended that the scope of the inventiomg¢e defined by the clains appended
her et o. LLOYD WSE -19 What is clained is: 1. Awnglet for a fan bl ade,
conpri si ng ?'alfﬁéa §al menber; and 5 (b) a nounting nenber, wherein at
| east a por on 0 € nounti ng menber is substanti ally per pendl cular to
at least a portion of the vertical nenber, wherein the nounting nmenber is
configured %o unt iﬂ? fgan B de first gand, wherein the fan blade is
confi gured dor 2 lanbleds. AOMPESING: second end of the fan bl ade,
the second end %léwge,e@,@apﬁ,lehq,érhgnél rst end; 10 wherein the vertical nenber
has an rear edge, wherein the mounting rrenber has a trailing edge,

wher ei n,5 when i BWuNting eembes twhardinodt least & portiobl ofdbe eadntigga t rai | i ng

edge, t he d ti er. traili to.a point on
the rear edg%@&%ﬁg’@gﬁbp@ %ﬁﬂ@%u’% gALlqast a R?éﬂo'? ﬂgﬁ‘edYeéT%'ce fromthe
nount i ng memeenber wherelg tiesl geountingaeiber @ﬁmrghréu {d m@uﬁtﬂﬁﬁa fadPbRidet he
first end. 2. The winglet for a fan blade of claim 1, wherein the vertical

menber  confyist €84, \e(hemér@jf%\}@laﬁe iseonfigarea tp be mowntas tgadantwb at & an
bl ad f cl
su(l:j)lste a(r)It i gl %ﬁrﬁa‘%ﬁ@ﬁﬁ@re ”fghtb;? acérthggglf%@g\g\nn ﬁr X rwégﬁésltefctﬂggk%tseﬁgd 'of claim

1, wherHl n the wheteindhe vertioat membmrhasw\ ma@dg@%@r@iﬂfthéaﬁbmﬁmg | ower
edge, an Up%ee%t?edr eas a pram%gre%%e w%ereln when mounted to the first end of the 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

15 at the first end.

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

comprises a rounded outer surface.

20 3. The winglet for a fan blade of claim 2, wherein the vertical member further
comprises a substantially flat inner surface.

4.  The winglet 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
25 edge.

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

generally at a respective corner.

30 6. The winglet for a fan blade of claim 5, wherein each of the corners is
generally rounded.



5. The wi.nglet for a fan blade of claim4, wherein each of the edges neets
generally at a respective corner. 30 6. The winglet for a fan bl ade pfoyp wise
claimb5, wherein each of the corners is generally rounded. LLOYD WSE -20
7. The winglet for a fan bl ade of claim 1, wherein at |east a portion of

the nounting menber is configured to fijyinside the fan blade first end.

8. The winglet for a fan blade of claim1l, wherein the vertical nenber is

5 configured to-.ahi:Ri | Lkl ve t |least, a portion gf the fan
bl ade pr ox?'rrat g’h P 3'{' 'B hfeet F‘%rﬁé gelna@gﬁ%io?ﬁa 'Bn{d.warﬁ?_.relﬁh%t 'ﬁﬁltgq B?mlob’roqéh? an bl ade
of cl ai m 1, msuating mémbenmsuiinfiggretetodfitrinside e fHEblads firstgid. sur f ace,

wherein at | east a portion of the inner surface is at 10 a
non- per pendi cul ar angle with respect to the nounting nenber. 10. The

winglet forga fg i | B =y t.e?ﬁch‘ﬁ%’rﬁ |
configured to beﬂg%gggﬁﬁra T"? l?nlaégg‘ﬁ’t@?n‘tﬁhf; V\mabﬁemge\) I TSt enge}bé one or
nore fast ecenfigured ta inhitiiheadmlrajiflow éwer ai Iéast Apartien of the fambladewher ei n t he
vertical megher has u r, e erein the nounting nmenber has a

| eadi ng edg ,°%@ﬁ%eﬁ°3ﬁeo(ﬂgﬁ%dr%ﬁ%f%wo the first end of the fan bl ade
having a | eadi ng edge, the distance fromthe nounting nenber |eading edge
to a point on the upper edge of the 20 vertical nenber is greater than the

di st ance fr8m t hBenynalet iy arfaneade ehglaim 1,éﬁ]§ﬁemdhﬁﬁé0tﬂ%ﬁng)ﬂn_§wfreaﬁi ng
h | i . ] . [ . Wherein
TheCver t1 caronBises Bl inrer sufael WAlldh of Rlastadtfich Bbfhelhng! Sufick: isils

bot t om Hur f acen-pérperdicula? angteewithrespgedt té thet mouhting membeof the fan bl ade

having a bottom surface, the distance fromthe nounting nmenber bottom
surface to a point on the lower edge of the vertical nenber is greater

than the di 8 angfefivinglet fst IRINBILAE of claim 1, wherein the mounting member is

configured to be substantially fixed to the fan blade first end by one or more
fasteners.

15
11.  The winglet for a fan blade of claim 1, wherein the vertical member has an
upper edge, wherein the mounting member has a leading edge, wherein, when
mounted to the first end of the fan blade having a leading edge, the distance
from the mounting member leading edge to a point on the upper edge of the

20  vertical member is greater than the distance from the mounting member leading

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

12. The winglet for a fan blade of claim 1, wherein the vertical member has a
lower edge, wherein the mounting member has a bottom surface, wherein,

25  when mounted to the first end of the fan blade having a bottom surface, the
distance from the mounting member bottom surface to a point 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.

30
13. The winglet for a fan blade of claim 1, wherein the vertical member has an

upper edge, wherein the mounting member has a top surface, wherein, when



menber bottom surface to any point on the fan bl ade bottom surface at the
first end of the fan blade. 30 13. The winglet for a fan bl ade of cllAONDWISE
wherein the vertical menber has an upper edge, wherein the nounting nmenber
has a top surface, wherein, when LLOYD WSE -21 nounted to the first end

of the fan blade having a top surface, tfie distance from the nounting

menber top surface to a point on the upper edge of the vertical nenber is

h ' ' . t f t
poi nt on' ¢ nobeioShE S CATH bieTel PR AR PE R R et b iRapia @M s 14
A nodi fi cat thermbuhtin@memib@rtoplsaiaice @0 BIdint di¥the (FPerdedeRy 6f thalveriaper; (b)
a nounting nenber, wherein the npunti n?rpnenber I s substantially

per pendi cul BEMRerds greafst thanghediganes fromstheahoreting marpler, toptsariaca te he
mount i ng 1Q?gEH®FBH'tﬁe?&?Bla@%&éﬁg&ﬁa@%&hé ﬁ’rs?eha%fm@fgg\nlglhé t end,

wherein the ade 1s confi to be nounted to a “at a second
end of the fan blade, the second end being opposite the first end; and (c)

at | east ong,fastener. he | east, one fastener being configured to
secure the fhbun irﬁﬂg'ﬁgﬁ%@? kﬁ”ﬁ%”ﬁ?'?@?’ MBPIS8A\wher ei n the vertical nember
has a rear edge(a)s¢sical mempgpunting nenber has a trailing edge, wherein,

when mounted to the first end of the fan blade having a trailing edge, the
di stance from t 8 arennting nMember, wheieini thg meunfina membssiisisulbstantiallyr ear

Ce o L P REUESIerTE R 3 AR i oo 06 B pufny
15. A fHn, memberss ognfiguredao mduntitba fanibldds it epar whtrih the Rindbi8de is
configured to be mounted to a fan hub at a second end of the fan blade, the
second end being opposite the first end; and
(c) at least one fastener, the at least one fastenér being configured to
secure the mounting member to the first end;

15 wherein the vertical member has a rear edge, wherein the mounting
member has a trailing edge, wherein, when mounted to the first end of the fan
blade ha\}ing 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

20 atthe first end.

156. 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
25 second end, wherein each fan blade is mounted to the hub at a respective first
end; and
(c) a winglet mounted to the second end of each fan blade;
wherein each winglet comprises a vertical member and a mounting
member, wherein the vertical member comprises a perimeter defined by a lower
30 edge, an upper edge, and a rear edge, wherein each of the edges meets

generally at a respective corner, wherein each of the corners is generally



(b) .a plurality of fan bl ades, each fan bl ade having a first end and ? gEVWSE
second end, wherein each fan blade is nounted to the hub at a respec} 9

first end; and (c) a winglet nounted to the second end of each fan bl ade;
wherein each winglet conprises a vertical nenber and a nounting mnenber,
wherein the vertical nenmber conprises a_perinmeter defined by a |ower 30

edge, an upper edge, and a rear edge, wherein each of the edges neets

general ly ahmggk£§pective corner, wherein each of the corners is generally
LLOYD W SE - rounded. 16. The fan of claim 15, wherein the nounting
menber extends substantially perpendicularly fromthe vertical nenber. 5

17. The fan qf claim 15, wherein at |east a portion of each nounting nenber

i s configurd@ t dheifanial clai@ T irrelrifesnountingsimembesextendssubstantiedly The
fan of cl ai H?i%nb%@ﬂoqu}e?ﬁ@é??ﬁerhﬁéwe” the first end and 10 second

end of each Is at least approxirmately 4 feet. 19. A nethod of
nodi fyingy a fan bl ade, conprising securing a winglet to a fan bl ade end,

the wi nglet _co i sing.a verfical nmenber and a nounting nenber, erein at
| east a port1?ogﬁl&fasf?ﬂ%fmféudv%?éﬁ%?ﬁ?gsa@ﬁ%@ﬁtq eﬁqcs ’B@F'ﬁ&ﬂjﬁf‘@% 15 to
at |east a pogdrifiglred td fiGin\RE sbEGhd BRARE G re¥hEdtReTah Mad@unt i ng menber is
configured to couple with the fan bl ade end; wherein the vertical nenber

has an upper edge, wherein the nounting nenber has a | eadi ng edge,

wher ei n, wh t . i r . . havi n | eadi ng
edge, the diqgt mg f?ﬁc?&n%{%@eln%% .’ﬁgﬂﬂ% 'set%n?%égﬁ%%%@%gwage?%gﬁgpoi nt on
the upptd edegeoraf endhef gach farabladerbet ldast gppr@kinateliad fédte di stance from
t he nounting nenber |eading edge to the fan bl ade | eading edge at the

first end.
19. A method of modifying a fan blade, comprising securing a winglet to a fan

blade end, the winglet comprising a vertical member and a mounting member,
wherein at least a portion of the mounting member is substantially perpendicular
15 to at least a portion of the vertical member, wherein the mounting member is
configured to couple with the fan blade end;
wherein the vertical member has an upper edge, wherein the mounting
member has a leading edge, wherein, when mounted to the first end of the fan
blade having a leading edge, the distance from the mounting member leading
20  edge to a point on the upper edge of the vertical member is greater than the
distance from the mounting member leading edge to the fan blade leading edge
at the first end.



