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- Background of the Invention 5 Field of the Invention The present invention
relates to circulatory devices in large buildings and, in particular,
concer ns av@owkionis7f an havi ng rei nforced bl ades that nayPO#/Use@d/ 0025
circulate a large volune of air. 10 Description of the Related Art People
who work in |arge buildings, such as warehouses and airport hangers, are
routinely exposed to working conditions that range from bei ng unconfortabl e
to hazardous. On a hot day, the inside air tenperature nmay reach a point
where a person is wunable to maintain a healthy body tenperature. Mreover,
many activities that occur in 15 these environnents, such as wel ding or
operating internal conbust COOIING RN WEFKE REINFQRGRP BLARAt ani nant s t hat
may be del eterious to those exposed. The effects of airborne contam nants
are magnified to an even greater extent if the area is not properly vented.
- The problem of cooling or circul aBetigrand of the [rvegteonbui | di ngs may not be

sol ved bé conven iPna air conditioning nmethods. The | arge volune of air
within th buH4§£¥}ﬂEé&ﬂmgﬂkonjunction with the large rate of heat
conducted through cehthRgst IREnUGH fefatd¥BY cirBflbtofedREE if Wreedbililda@Bdhd,i i@ni Ng
devices to be effective. If such devices were used, the operating costs
woul d be subst @atticalar, cagosens acoinardtn vig reinforced Riares thstirry heoised lweirpulpts-
circul ates theaﬁg£gg& e%Ht.for_added cooling efficiency. Therefore,
conventional air ~conditioning is not typically used in ventilation systens
that serve to rapidly renove 25 airborne contam nants, such as exhaust or
snoke, agg replace. the contamnated air with fresh air froman outside

sour ce. r exalFEEERHon. AMEPEERE and operating internal conbustion engines

within a structure, pihge iR @&Fﬁé}la@ée%uﬁ&'ﬁ s, AR naE RLAGE A 20N hehdal are PE
re-circul ated due to an unheal thy accunulation of airborne Contam nants, In
general , snmal | rewtdelyacxposedi mnebdimef eomlitiony Biwmt usegt frompbeing decyoiveallede ee of
30 circul ation, coolin nd, ventilation when convent.i onal, air_condit.i oni ng
is not feasibl @?za“%’“ﬁ'r gaﬁzﬁ(dagftﬂﬁgﬁsﬁ&a%%ﬁplmgﬁr%%’f EAch %Rosmtt‘gheé??’geﬁfoé’t% air
i's that the resniilé ponahtinladalthy bol\erPOANRs IdkoRE hAKS2R N8 2ocur in

15 these environments, such as welding or operating internal combustion engines, create

- airborne contaminants that may be deleterious to those exposed. The effects of airborne
contaninants are magnified to an even greater extent if the area is not properly vented.
The problem of cooling or circulating air in large buildings may not be solved
by conventional air conditioning methods, The large volume of air within the building
20 in conjunction with the large rate of heat conducted through ceilings and walls may
require powerful air conditioning devices to be effective. If such devices were used, the
'; operating costs would be substantial. Also, conventional air conditioning routinely re-
circulates the internal air for added cooling efficiency. Therefore, conventioﬁﬁl air
conditioning is not typically used in ventilation systems that serve to rapidly remove
25 airbome contaminants, such as exhaust or smoke, and replace the contaminated air with
fresh air from an outside source. For example, when welding and operating internal
combustion engines within a structure, the internal air must be replaced and should not
be re-circulated due to an unhealthy accumulation of airborne contaminants.
In general, small and large diameter fans may be used to provide some degree of ‘
30 circulation, cooling, and ventilation when conventional air conditioning is not feasible.

A drawback of using small diameter fans to circulate air is that the resulting anflow
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dramatically tapers-off af,downstreamlocations. Al so,

el ectrical power requiréd by the sinmultaneous use of “these devices in
nunber s n%ﬂfi(ﬁ&/ﬁéﬂ‘ﬂr advant age as an i nexpensive cool i system NMor
K

n
a drawback t0 USINg |arge dianmeter fans is that they typ?@ﬁTEVm#@HﬁPFe

t he | arge anmount of

gr eat
eover,
5

specially constructed high-strength |ight-weight blades that may w thstand

large stresses caused by significant gravitational torques that incre
with an increasing blade length to width aspect ratio. The fact that
rotational inertia of the fan increases with the square of the dianet
requires the usenwtichliyglaparsoffiee dowodemrgeagens. Alwdtict lagge ammwohahelseiscal
Unfortunately, conventiqnal drivetrain components may be susceptible t
mochani cal f & PAVE "SUEEASY Chic IR RIS GO AP HEeS B P LT BR R ree c e
el ectric notor gavadisbt RinliRGpEnspleRbbi: shidse, Which may decrease the
reliability of large diameter fans. Certain |arge dianeter fans have

been, equi pped wi t h Mewosgieadramidetictnivsing laagrdipmetgefansin tist S sypigally require

aerodynami ¢ features. For .instance , - Pat ent 6 4 i

27T ow Spoba codts M pa kb bR A fupfetor ERhORa-CHIRE Susiho il i
fan 15 bl adeschihed bysygnifieant granidionsitdiques thag @Redaed With kindeteasixng bludd ledyth
process. Unfortunately, such extruded bl ades have unsupported trailing

that may tear 1 BHTyasRseiirRy 10 Brtiiat dt roftend doards mhthe drp WqEpates S1ithrige

resul t, the aegadynapiye bRal 8858 Ak 6N BhndNeleOprohifdly Béhr CEERLSH
| onger unsupported trailing edges during fabrication,” which reduces th

overal | perf or madaisofs. Unlerthzatee, coaventipraddsyetrFheoghonants majebeshisesptible i

il d d ly. | h d i ff i f
e R A e Y

gener at ed ci r cgh@ighdir @btupfghew, whithivy decdtasenht wligbilif ddmrkdéiaieeeans. ng,
currently exists a need for a cost efficient circulatory device, that
provi des optimal ventFaRlIesliamerr s date e eQHrea Y oY AReGe MseHaPETh
particular, th i | - f; , i A8 Y
conprises 25 i %@o%gra%trﬁ”g'l %gdedzhagﬁ]gfégﬁfér%eﬁoﬁéﬁ%@ mtgshg#ageg%@?%xiﬁgg%g
as t o i ncreasedistieses stiow spagd abolmigdardhdvingof latge elidmhesmt evithrpoioprationsly large Han

h d d ' . f the . '
af or onent onod® Aeade Ry EloBRf Foe d g o N ol Mo ey

30 in an i ndustftvakd Bledes BiveGnsupPortsdaraBin eglics®at may fag FoandaeHenddryvaiiiyg
conprise a support adapted to_allow the nounting of the fan assenbl¥
roof of the i ngwggrfpgpangﬁprpcmqqgng.‘ég a resuit, the aerodynamic features are shortened due o

tearing created on longer unsupported trailing edges during fabrication, which reduces the
overall performance of the large fan blades. Therefore, the shortened trailing edges

20 adversely impact the aerodynamic effectiveness of the large fan blades thereby potentially
diminishing the efficiency of penerated circulatory air flow within a structure.

From the foregoing, there currently exists a need for a cost efficient circulatory
device that provides optimal ventilation and effective cooling in large buildings. In
particular, there currently exists a need for such a circulatory device that comprises

25 improved fan blades and a method of manufacturing the same so as to increase the

structural rigidity of the blade and maintain the enhanced aerodynamic performance.

Summary of the Invention

The aforementioned needs may be satisfied by a fan assembly for circulating air
30 in an industrial building. In one embodiment, the fan assembly may comprise a support

adapted to allow the mounting of the fan assembly to the roof of the industrial building
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WO 2004/ 063571 PCT/ US2004/ 000125 and a notor coupled to the support, the
not or engaged with a rotatable shaft so as to induce rotation of the shaft.
The fan assenbly may further conprise a. plurality of fan blades attached
to the rotWalb€06Huft, wherei n each fan bl ade is forned eframoextnuged
metal such that a first curved wall is joined to a second curved wall to
forma leading 5 junction and a trailingjunction, and wherein the
trailingjunction extends to forma third curved wall having a trailing
edge, each bl ade further conprising a flange that distally extends fromthe
trailing edge i mdaa mmbmlmnmstomng]poBUMmbtmabngalged @ith ul ratatabldi shpfk scenent  of
the flange fromthe trail region that relnforc

e _forns a bent t he
trailing edge. 1“9“‘&%@“15%%‘8 ]éagfc e S0 BTERNY PRPRINELEOmpTIsg PRI & §;5‘
having a tapereg,df Jtddkd | %lggbl& t{vﬁer@ﬁrétacﬁ ﬁnfb%mlg Rembd anGeexniiiarei n

the flange downwardly exten fromthé Tower surface of the third curved
-wal | . Additi onazlnbiyl stmhélat arﬂsst coyed/ wdll wabzhledmya beopd cirmetiwalbtoafose edradingur ved

wall to farm a h ow, i ri or region. I cur b oi ned
' & second cunvidiondnt » P Spod e e e e RO et o R £k
plurality of fagurddagisharayg axeilaigt gk eae ade. fuhikdd corhbrivihg & Mang tBpnRBetlyed to
the rotatable shaft. In one enbodinent, the plurality of fan bl ades

may
conprise at | ea@endenTmihe)| FRg eflge it uCaniBROR, MABRTAPYE PRk he fegular
plurality of f a&lﬁ)lﬁeﬁféﬂ%f 'ﬂﬁYﬂaﬁigﬂPﬁS& U ¥ Wi RIS § Bkt l?ég?tgﬁﬁat%lhﬂ%§ the

departing fromthe scope of resent rnvention. Each the plurality of
fan bl ades may mlmgi@gﬁdatoedamﬂngl%fﬁn béad@rcumpowsme@hfwiqmpe hahisg eitapetete

oot osa et onSHNY tk bt B U Tor ad PR Py TR el S e

fan 'bl ade conprirsgshedowéraagaceecincanalcuhei gl bet ween appr oxi mat el y 0 75
(3/4) inches and 1.50 (3/ Zlﬁl nches. Each fan bl ade conprises  a | en
bet ween appr oxi mat elAfd#ionglsy, the{wst gurvedwll menbe jpmed fo asrgondeupyrd wallf H“vval | s

conprise a thi cknggs I%Exmgglo@méﬁét%ﬁ%alpm%géoﬁééje@i sdoBENQRvRARNAN G 1875
(3/16) 25 inches. The third curved wall conprises a tapered shape that

decreases in t hookaesikd mtriosregiont Alsp.ahigpinratibiorh fapplednsimethe| atadbed 162 Yubl 8)
h t,cthe t ‘
| nehes atyst e okl kGl iaek) 80 R.APRERTHTRL Ehic A2 LMARY dnalies 2

rrses a pr OXI mat e
0.25 (1/4) and May3ddmyisé &)leasncelne’ma bllaﬂbsah@hdnﬂalbeamehzmmat ttmpluaaﬁlqr@“rfemtl oned
needs may al so he satisfied by a 30 petal fan blade for a fan assenbly used
in an industri éqadﬁﬁmaalcpﬁpnqer{wpmr énob%lfagl blagies, prithout departing from the scope of th

present invention, Each of the plurality of fan blades may be fabricated using an
extrusion teéhnique, wherein the extruded metal comprises aluminum.
20 Moreover, each fan blade may comprise a cross-sectional width between
approximately 5 inches and 8 inches. Each fan blade comprises a cr_oss-sectional height
.x between approximately 0.75 (3/4) inches and 1.50 (3/2) inches. Each fan blade comprises
a length between approximately 4 feet and 14 feet. The first and second curved walls
comprise a thickness between approximately 0.0625 (1/16) inches and 0.1875 (3/16)
25 mches. The third curved wall comprises a tapered shape that decreases in thickness across
its length frorn approximately 0.125 (1/8) inches at the trailing junction to approximately
0.0625 (1/16) inches at the trailing edge. The flange comprises a length between
approximately 0.25 (1/4) and 0.375 (3/8) inches.
In another embodiment, the aforementioned needs may also be satisfied by a *
30 metal fan blade for a fan assembly used in an industrial building. In this particular

embodiment, the fan blade may comprise an extruded cross-sectional profile having a
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enbodi nent, the fan bl ade may conprise an extruded cross-sectional profile
havi ng a -3 WD 2004/ 063571 PCT/ US2004/ 000125 pl uraltty of curved walls,
wherein a“ B@%}kr: ed wall "is joined to a second curved wall to form an
airfoil shape'H Y a trailing edge that includes a flak§a/ESPUAEIAS

out war d fromthe direction of the trailing edge, wherein the fl anged
portion of the trailing edge downwardly extends fromthe |ower surface of
the trailing edge such that the angular 5 displacenent of the flanged
portion fromthe | ower surface of the trailing edge forns a reinforced
region that i n@mﬁﬁgsfctuln&dsmaﬂsmlumaahaﬁisgi:ﬂiz&dwaﬁisjdm&adttaialsémgdeﬂgeﬁ wdl tbhat

the flanged trailing edge resists dapag ein _the flapge increases
the vol ume of 1 1 B4 3é§wa}aﬁglgfar%%+{m %das%‘alefﬂ Safﬂ@ﬁ%eaﬂawﬂlgom
assenbl yhavi ng gohemt ﬁﬁec@oﬁ%@ the! t{hﬂ?ﬁg édge Qﬁlﬁetﬁ? fheGTHROM FBRINn ofttH@ trailing edge
af orenmentioned may al so be satisfie a fan 10 assembly for cooling

i ndustrial bui Hawmgardlyl extenks fropathe lmamf@mbdlemmhng tdpe sﬁ@knﬂlafa@senglﬂqx may

aestmbly %o haoEALTRRDC Ope LRRAE AR TR Abary G R e SRCOER AT oy

further conpriggforve@kéti@ fhht indfeadet mhebivrdrtal Mpitityest the nﬁﬂuﬁg re@batatbethbub,
wherein each of. the plurality of fan blades iis at |least 3 feet long and is
formed of an elerasddaiimgicdee é@lséssdac“@gigmﬁé‘{}@reé?‘ ther Aanggiipergasey th%é’ell“fnﬁrf)fand a

tapered traili Qﬂ{l@\g&%laﬂ‘%ﬁlﬁ)ﬁ'tﬁ‘e@pe BREE: &?anaﬁgeﬁﬂ)ﬁﬁa ¢ hobliBfaal the end of

the tapered trailing e SO as to reln orce the tapered trailing edge and
so as to provide | nbrs@ﬁmdthdovmlmjnmenthhmsﬁ:redunhmgdrm:waﬁlsod:w satlsﬁddéayfaaﬁan

bl ades. one c t he fan, bl ades. are for d usi

fabri catidt;n pr 8‘(‘?8@ %ﬁﬁectoB t‘?@sﬁafgﬁﬁgngsel%ft R “% ?f@ﬁf'z’f ]Sl ﬁa? ng
edge during th@ssaaablsruﬁayoabnipaigé b GRluh Bl REEAIES Sawfy a 20atabRthub Mgyt kaR®eede
trailing edge resists tearing while beldggnf ornmed. I n yet another enbodl ment ,

the af orenent i tcgsamddyty hayccHmesutths fidedriypud dingel b nofsserayrimay farth _
bl ade. I n thi . t n a
nmet al and folr il (’E@” %Lﬂll%h %@ﬁ&exwﬁe&n@nﬁﬁo %@ﬂ 8%%%8% e§§]o§ﬁgé rrgt al

fan bl ade is epdhrashctemf fa)mblamefs i$ demk3 fagsioomamik doreed @ af exthalw@mital so as to

cross-section a f|r air 25 foil section apnd a tapered trailing e
i nt egr al ﬁ%y ot (SRR SRDIERAIOR 2 PESH TEPE(EIEr, MIEER FRIEHE &etify

reinforcing fl ppgeq iihed cr@drandapd vaith ddpo8m Jshsréihfbfc@tmeqsp@éd B daper ed
trailing edge so as to reinforce the tapered trailing edge during extrusion

to-inhibit te2ndsegs&f pronde ingpepasldowpgiidithrgstaldges raaiiop né thedpeldedes sofoneni ng
the netal may gsBQcR,r ﬁ1§ %an blades are formed using an extrusion fabrication process, wherein the

flange reinforces the tapered trailing edge during the extrusion fabrication process so
20 that the tapered trailing edge resists tearing while being formed.

In yet another embodiment, the aforementioned needs may be satisfied by a
method of forming a fan blade. In this particular embodiment, the method may comprise
softening a metal and forcing the metal into an extrusionmold such that a cooled metal
fan blade is extruded out of the extrusion mold so as to have in cross-section a first air

25 foil section and a tapered trailing edge integrally attached to an end of the first air foil
section and a reinforcing flange that extends outwarEd from the &irection of the tapered
trailing edge so as to reinforce the tapered trailing edge during extrusion to inhibit
tearing of the tapered trailing edge. In one aspect, softening the metal may comprise
softening aluminum, wherein softening the metal may further comprise softening an

30 alloyed aluminum with at least one of copper, manganese, silicon, magnesium, and zinc.



softening al um num wherein softening the netal may further conprise
.softening an 30 alloyed alumnumw th at | east one of copper, nanganese,
silicon, magnesium and zinc. -4 WD 2004/063571 PCT/ US2004/ 000125

Addi t i onaMV§) 200di46357et hod may still further conprise formpag@nosdosiasi on die
to produce the fan blade with a hollow interior, wherein forcing the netal
into the extrusion die conprises applying pressure to the softenednetal
usi ng an extrusion press so as to force the softened netal through the
extrusion the. Also, the | oined fan blades 5 nay be separated to forma

plurality of indivi . fan bl I r forci he et al
into the extrusion %gcﬁ}c]ionﬁa§ t%r%gﬁgdemg Sﬁgg@q% %%gj%g(g?\drg’lng%% &ng:[u ]O%(.ilgﬁéni form

- cross-section. piaicomerfan foridei wigh tahkol1aRt aheriont Whérbia fofothd WS GRtOE ALY
produce the at | east one fan blade having a first surface and a second

surface that coBIPE dicsompriAs epdY AR Prosiure 18 distsofpnedpital AsiBa Ra AEESIon REss

- col umar 10 pr rii f (W - e ; bl ade.
Furthernore, f %?%i thgfglt%%{eﬁe Sh@%ﬁ?hﬁrﬁl 0 qug)gﬁ‘g%égtﬁ&ﬁé%& k&%g&%?%%&ggﬁ'?%e at

| east oné& fan mhpbesepertted anfoex b phdddy of indistduadnfldedest hat conpri ses at | east

ChCan i moroven ai v raeroaRRe FHHBE Do i B Y}t et e e or
the present inyeNfnOfladd With be aRmMTBOe-RpRET eidredvennictdity el newt ngo b

description taken in conjunction with the acconpanying draw ngs., Brief
Descri ption of eAtRigiopiald Hyy nrednge éhelati lbasy gne Zandalagsnkavaghs dirstesvrfacsrand o an

assenbly havin (A - i : . | i ed
trailing edge %ﬁg?cpirmug% ﬂéatpcggbﬁl {egﬁef%&la%jgg%g}rﬁ stetQ %&?ﬁ@léﬂ%h@gﬁeﬁ}%géo@mgﬁl ar ge
comrer ci Ht bui pdpexges of tHei afyfive podutddiytthadtdssiome fartbokti Fetiterodref foringithief | ow

pattern generated. b he fan assenbly of Fi e 1l Fiqure 3 illustrates a
side el evati onm\eﬁalew%o ePWP&W@E g@ﬁﬁ?@“ﬁ?tﬁﬁg%?% ofe E’I*—*lgo Vi 9 T@g‘?‘fdt es an
axi al view as SRERuRYe Al RRHEELEE 1d20QkkE Bgﬂﬁrﬂaﬁeﬁé&a’fa@l&gté‘d?e andkadinpsseNbl y of
Figure 1. Figure 5 illustrates a cross-sectional view of an_ individual fan

bl ade in Fi gurBange, Whishrigfts tipeart FAPBYeldairiel iseies e dheser @dnpBercekicdty aid i ng

gf‘gg-e E:c g ‘;Ir SU rGae(iV%llltchgs [RURS pleltit GRRASoSHAT bQBAk MbEWUpBlrehNBorh e hiddalg T an
15 description taken in conjunction with the accompanying drawings. '

Brief Description of the Drawings

Figure 1 illustrates one embodiment of a fan assembly having a plurality of fan
blades with each having a remforced trailing edge that may be positioned adjacent to the
20 ceiling of a large commercial building, -
Figure 2 illustrates one embodiment of the airflow pattern generated by the fan
assembly of Figure 1.
Figure 3 illustrates a side elevation view of the fan assembly of Figure 1. '
Figure 4 illustrates an axial view as seen by an observer looking up towards the
25 fan assembly of Figure 1.
Figure 5 illustrates a cross-sectional view of an individual fan blade in Figure 1,
wherein the fan blade comprises a reinforced trailing edge.

Figure 6 illustrates the cross-sectional view of the individual fan blade of Figure 5

including the aerodynamic forces generated by the fan assembly of Figure 1.



i ncl udi ng the aerodynanicﬁgprces generated by the faqussenbly of Figure 1.
-5 WD 2004/ 063571 PCT/ US2004/ 000125 Figure 7A illustTates one enbodi nent of
a plurali rusi on based manufacturing conponents ingluding an_
extrusiohaﬁagh?ﬁg%’hay be used to formthe extruded fan%gﬁgg@&HEWWﬁg t he
reinforced trailing edge. Figure 7B illustrates one enbodi nent of an
extrusion the that conprises an 5 opening with a pattern simlar in shape
to the cross-sectional profile of the fan bllade having the reinforced
trailing edge. Detai] ed Descrintion of the Preferred Enbodinment Reference

wi Il now be made to & draviivigaciier efboadimet fifndr Bivelipe o, efmysiop hased)
parts througho I i t: i: 100
having a pl urgﬁﬁnyghgpﬁggén%{%dgggslﬁ% %ﬂ?%@g@ﬁ%ﬁgﬁ&%ﬁg l%e?%?é?iégﬁﬂ%i l'ing
edge 514 that rmmyuded fanbdaie hinongeidie sedjfacatttailing etipee ceiling 110 of a | arge
comrerci al and/or industrjal buildin 106. In a manner as w || be described
in greater detail h M%E%éllmﬁatear?né%mba@%w of Bt EELUSIede et FOBRTES For m
each fan pl ade FdfingMtih o Reneiin{iarig ebagerdithd HYsLRORondGofilkNorane fikSolade
aspect, the occurrence of trailing edge tearing to the fan blade 316 during
extrusi on nay bpengbgiciefgregdeaitiegedie supporting features of the reinforced
trailing edge 514 in a manner that will be described in greater detail
herein below. The fan assenbly 100 may be attached to any suitable
pre-existing supporting sietailediDescontidnofgheyPrefartdBinbodme®nsi on connect ed

thereto in an overhegad confijguration,such , 20 that the_axis of rotation of
Lhe fan hosonbly: 10Boear BHENY & BRI iy mbun bR kG P BRI aHE: Pehoul o

be appr egp at ed phhathrdffost! Fistd!] AlusERERRL ALSdiREnt 4T HARsBHBEMIMa%AP 2
including the scope and functionality of the reinforced trailing edge 1

| 4wi | | be descrpivbady phiagbidee?16 Widt edch hinarged reitfeiceditrsilingredastaf drag anay de
Figures 3-6. | e t,. & an 1 . I, I eed
fan aesenbly aBaeBaBRy A iR HOSITllee MnBYa LAY uifel SHIRETEC,
6, 244, 821, whi db6.ils a heahedy s wilhiesodep@ibad ackréayer deth? hanmeeiow, bl Sxtawion hakyss

o aune L uriher WA Lotes el Sh SpEbb e 00 el et o a1, exteneter
the ceiling | 1skal BY oEQRMEAIHalhe LARLERRE B 18 lf%;o)}?% NlarindGlhuSion BRY/ OF

welds, as is known in the at. A cohtro e connected to the fan

assenbly be reduced due to the supporting features of the reinforced trailing edge 514 in a manner
that will be described in greater detail herein below.
The fan assembly 100 may be attached to any suitable pre-existing supporting
structure or to any suitable extension connected thereto in an overhead configuration such
20 that the axis of rotation of the fan assembly 100 is along a substantially vertical direction.
It should be appreciated that the structural components of the fan assembly 100 inciuding
the scope and functionality of the reinforced trailing edge 114 will be described in greater
detail herein below with reference to Figures 3-6.
In one aspect, the fan assembly 100 may comprise a low speed fan assembly as
25 described in the Applicant’s issued U.S. Patent Number 6,244,821, which is hereby
incorporated by reference in its entirety. Figure 1 further illustrates the fan assembly 100
attached to an extension piece 101, which may be attached to a_mounting Iocgtion 104
positioned on the ceiling 110 using conventiona! fasteners, such as nuts, bolts, and/or
welds, as is Jmown in the at. A control box 102 may be connected to the fan assembly
30 100 through a standard power transmission line so as to supply €lectrical power to the fan

assembly 100in a manner that will be described in greater detail herein below.
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30 100 through a standard power transm ssion line so as to supply electrical
power to the fan assenbly 100 in a manner that will be described in greater
detail herein below -6 WO 2004/063571 PCT/US2004/ 000125 As further

il lustrateW?00H)GaTle 1, each fan bl ade 316 nmay take the Pormsaivsmoochsng
narrow piece of alumnumwth a hollowinterior. In this particular

enbodi nent, the fan blades 316 nmay be fabricated using a forced al um num
extrusion nethod of production in a manner as described in greater detail
herein below with reference to Figures 7A, 7B. 5 Advantageously, this allows

| i ghtwei ght fan bl adgsfudhel Glustritéd o Giigired breaddl fan BladaS drnayt takd the dgid dfia b be
produced in an inexpensive mamer. It also enables the fan bl ades 316 to be
i nexpensi vel y BV @iceaf alupinusevdiy Aallave micsigr. dn 84 pasiieiar sebpdigsgfetie f3mai | i ng
edges and ai rfigj i ] I : y be
Fabri cated wit s aB L RARATeg | Bkl oRRGR HiholPh0aRS: I
-shoul d be appr ecinainetad dmtnlatl tue preater detzillibraunbeidwmafit =farege tnEgmpeo AL B.

extruded al um n fan bl.ades with a.non-unif C s-.sect.ion w t hout
departi ng%fi om‘#@éﬂt@%"&ﬂﬂy’o 15¢ “ﬁrlég‘ll'mg]:'it &Vbﬁ{aﬁ%‘ng ?‘{/HP@Q?P@?‘?BIQWE Y nam ¢
qualities of thgteladidiedt@iudkon BRMeRRsivENAME 1o chel] 88 thoifad bladR SN 166 be
trailing edge 514 on the fan blade 316, which may result in a nore uniform

ai rflow fi om t Heexpensivalystebrisaipd ¥oth agrodymame deatisesetnch s Jlapgadetrailing: iees widt h
reference 15 tq.FEl. i USI r t@m% y be
mount ed on the Qi %&;&Fxﬁgﬁggha%*es ' ﬁ‘{%@iﬁ,{oﬁe&%ﬂg@%ﬁ@%@l 62%33'2% 0 é%{l,‘é’?h? ﬁtgfog?ild
openi ngs and proosss-dectian cabonizi e deitteXdl@vdver it Stodldde. appredaned emb cdienetivde, t he
cap may caonprise.a . mninmal structure that essentiall Jmatches .fhe

or bss. vechi bnalSThPAEIEBE TSR F SRt BunERE: [ D90 et Aok B ogRaToss
enbodi nent  of  ta@ioainithdwd WepadideSlom R9Qo Ar&endivehhigh, 20 fan assenbly 100
of Figure 1. As illustrated in Figure 2, whén a user places the fan

assenbly 100 into aMepweatheasepdyrmie amlitenefdhe fy Wrleabidriept bamerewpdt int o
the control b i iIf b5 ]

enbodi nent, gentle %%éa? f::)rr%'&l Iﬁﬁ#l? tggé%y%ll%rc?]l %gvﬂfﬁ? ?dee?%;@ ?r"haéh E%Yy glgﬁgﬁgfa ed e

t hr oughout t he vbiferhairilgwsfidnmthe fancassei . 100ns isoleusabmdireatarietail with céferenck at ory

o110 390, COMpELRES: % LBk Sey et BRRG. 25 AL A Dok 202t 12
mass and becausg: fah HiddeVRkSoaway chved e R dprhingS afMbbyidd QQcohfmpus BRANET as
described in the Applicant's issued U S. Patent Nunber 6,244, 821.
: surface. In one embodiment, the cap may comprise a2 minimal structure that essentially
matches the cross-sectional area of the fan blade 316.
Figure 2 illustrates one embodiment of the airflow pattern 200 generated by the
20 fan assembly 100 of Figure 1. As illustrated in Figuré 2, when a user places the fan
assembly 100 into an operational mode by entering an appropriate input into the control
box 102, a circulatory airflow 200 cozﬁprising, in one embodiment, gentle and/or
uniform airflow patterns may be generated throughout the building’s interior 106. In
one embodiment, the circulatory aiflow 200 comprises a large slowly moving
25 downward airflow 202 that is able to travel through vast open spaces due to its large
amount of inertial mass and because it travels awa.y from the fan assembly 100 in a
manner gs described in the Applicant’s issued U.S. Patent Number 6,244,821.
In one aspect, the airflow 202 initially flows downward in 2 columnar manner
towards a floor area 212 Jocated beneath the fan assembly 100. As the airflow 202
30 approaches the floor area 212, the airflow 202 is subsequently diverted by the floor area

212 to outwardly expand in a radial manner as a lower horizontal airflow 204. Following,
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In one aspect, the airfl o, 202 initially flows downward in a col umar manner
towards a floor area 212 °l ocated beneath the fan assenbly 100. As the

airflow 308 18 roaches the floor area 212, the airfl 1S
subsequent |y d?({/égﬁ.ied by the floor area 212 to outwardl ygﬁk@gﬁngop]my radi al

manner as a |lower horizontal airflow 204. Following, 7 /~W WD 2004/063571
PCT/ US2004/ 000125 the | ower horizontal air flow 204 is directed by the
wal I s 214 of the warehouse into an upward airflow 206, which is further

directed by t o [l i
hori zontal ai Pﬁﬁ Fow eg?gﬂéﬁgggﬁrﬂé)g]c O%ﬁgdﬂaéaﬁegg?glﬁé’%%s %16106\}*(’3{@% ﬁvg%¥gﬁr%¥hg§%%nbl y
100, the ret uruiwagl difiow T06awkich aViuHd dirctediby el ealelchowewesling HQaita abyppehe
action of 5 the fan assenbly 100, thus _repeati ngl_t he cycl e.. Advant ageously,
the circul at i ng¥asdbt Pswineg 2oz firle 0t HBOF B3R a ipkign ¥00 2P\ ihaden a

pl easant V‘Drki@&nﬁﬁ‘}’ bGP B P in@Gir id AoV 9B re\é‘é&&ﬁéﬁ?va{/rg?%a@?bﬁﬂ@a% ghouse

interior 106. igure 3°Ilfustrates a detailed side ele onview of the fan

assenbl y5100 ithe fariagsengdy 100, fhus Tdpeating theayskEnBByani@boushe Sievesulreoharfiozal

support ' from u ry. fr 10 2..-1he support franme.302 includes. an
Gppor st eel  ha B Dbt GBSt 1) Gyl Bodrgh ey P P oRbl e
hori zontal supp@kidusk KWeatiry @siadihatartholse imerkilobng such that contact is
made between the support structure and a first surface 366 of plate 322 to

thereby all ow the Hgie ds8usstey aldeiled sipe cleyefirnadevadi disefin asprantdeilf . | n
nbodi t: | L t...ql t hat
one’ enbod oty v 1322 skl U BRRLLGBE 0 |

in the r@nner X2niThasupport friwat 3@hinslndes B Bipgrstee] Horizbinel flatn 3 2B Getribddaptediio
further conprise an electric .notor 304. The el.ectric mptor 304 may be .
adaptod £o T edERiidn SHEbsgRERoD SHBET AFHTaS Yy g FREBTEILARTAE al | ove
the electric nRiRMLeAMn R BFRFUGEcRre\Ad h &Rk QufRE 384 6fffhte SPERhertby AR

enbodi nent, the electric notor 304 may conprise an inverter duty electric
mot or manuf acttbe &g .asyeratdy Y td be mvbrted adidcentipe Faling. Angoe cmhediapricthie pletenot or

304 Ty _corbr 58 it 3L 0udBpea SEPLL 00 NS S PEPRSR AR GgF LU o0
drive the | ar deont ta caitiseaithebuliGiig in the st dmiler to tippsheoh at BigutNat t he maxi mum
rate of pover consyption ofthe electric mtof 304 | .pRroxi mtely 370
304 may be adapted to receive an AC power source with a varying frequency which
allows the electric motor 304 to produce a vartable rotational speed. In one embodiment,
the electric motor 304 may comprise an inverter duty electric motor manufactured by
20 Baldor Motor of America. Also, the electric motor 304 may comprise a built-in gear
reduction drive or mechanism wianutactured by Lenze of Germany that provides the
necessary mechanical advantage to drive the large fan assembly 100. It should be
appreciated that the maximum rate of power consumption of the elecinc motor 304 is
approximately 370 watts.
25 The electric motor 304 may be mounted to the support frame 302 in 2 manner such
that the axis of rotation of the motor 304 is along a vertical direction thus providing the
fan assembly 100 with a driving torque. The motor shaft 306 transfers torque from the
electric motor 304 to a hub 312 that is mounted on the shaft 306. The hub 312 may
comprisea single cast alummumpiece of material with a disk-like shape that is adapted to

30 secure a plurailty of fan blades 316. A plurality of blade supports 314 extend from a rim

section 346 so as to extend radially outward from the axis of rotation defined by the motor

-8-



25 The electric notor 304 nmaybe nounted to the support frame 302 in a manner
.such that the axis of rotation of the notor 304 is along a vertical
direction thus providing the fan assenbly 100 with a driving torque. The
nmot or shaf WOV Hsfers torque fromthe electric notorP@DUSI004/e0MED 312
that is nounted on the shaft 306. The hub 312 may conprisea single cast

al um nunpi ece of material with a disk-1ike shape that is adapted to 30
secure a plurallty of fan blades 316. A plurality of blade supports 314
extend froma rim section 346 so as to extend radially outward fromthe

axi s of rotati ofatidbé hyeatbpppromiatetigance of3l \NBheg O OGIBTDIHEETI 1432002080125

shaft 306by an proxi mat e di stance.of .15 inches. .The,.su r des.314have
a paddl e- |ike @%&b@eéﬂ alaﬁgﬁpé?é}g"piﬁ’é’dmf’ 813§Pﬁ|']5p"cfiaﬁf”6aﬂ¥18f %%@58%>q§§|1°&?‘3 G4y of
fan bl ades 316 #0anR ¥R Wit thdRABEdds QN 6k HubA 2t Rendraholiughl @scuddibn dfenet he

hub 312. A nore thorough discussion of the nmechanical features of the fan

assenbly 100 i rerahanicrl Iqaneesipb thetimesemtbe tlindudins the aquaiing progiwgeshe fay j s
describeddn t i ; waS, gl: - . t @F@Pﬁﬁ Figure 4
is a vi ewsof t%aﬁggidégg%ﬁ%l%g ui%g%gglgéﬁsnlgﬁ%%t%%e ow al}{gbelgléfi ﬁgtg %?Eait es the
rel ati onshi p bet weerFigune4 kaoviSa 21 the e assembhf 10§) 2a deendiupbelow agddlugxteidi ng
fi-omthe hub 3 nd the se f n bl agdes, 316 ext.endi ng..fi zomthe. bl ade
supports 314. éﬁ%ﬁél’ﬁﬁﬂ%ﬁ'{“'&%a‘f@fﬁ ?%iet ﬁgoﬂiﬁ?%ﬁw&ﬁﬁ?@g@?@%@é}{%{@onaI
axis of the famiassR st Gt Bisddeid a@@dﬂg_ﬁ%&ttlbaamx@?or&baa.t Ea@Gan thad
manner that results in a uniformdistribution of the plurality of fan

bl ades 316. | n 1Wexnds wirpeichrfien theyetatonghetiep! Be fanpssonbly 4e0esfsfinedbgo nay
be fabrigated i i i £ oata. , Y
€ Tabrifipte ﬂ%&Bto?slﬂh%g@ﬁﬁrz?éngglghﬂ&gﬁ&gﬁ glg%ogx% 4 4B diBn §nd @g{a\l;\gl}Efa :

results in the aspec ratio o to range 1 up
to 40: 1. Wen Hlites 336 Jasthenhk \enbO@iments thepdemetengt thedfan asemily 180ndy theons,

the maxi mum bl ade. tjp velogity may.range _from 15 roximately. 25 feet per
second up to a T&)@Fﬁﬁ’f‘ﬁ@ﬁ@%&%ﬁ%@ﬁ@%é&%ﬁuaé?)éﬁg%"rgﬁﬁ 1"[’311?@11 QRBEEr  of
the fan assenblyticl&QacH fn BIHEH 3 1630 rankdBerheen $] AfRs1031L 6WRBYhS GaniBdeRbRAI000 t he
hub 312 at an angle so as to inproveperformance and efficiencyby increasing

the vol une of i&6Pw#FERnEIr MoFNE\ordisens; the magiopyn blade fiavelagiyan®! pngofedur i ng

ti Fi ] - i i : 316
P bt 1 ap Pl £AbENC SO RAEERERRAs HLDH Qo B8P0 P10
towar ds the di stiahetenfithoffar dseenitdy 100. bl aldriol 1he fanbhdeei@nsayde rhannfer guthe 1.

The fan bl ade conprise a first .curved |. 524, a second curved
vl 526, and PRAITEHR PGSR FRENERESS LR T ED B g e oloe
of colummar air flow distributed by the fan assembly 100 during operation.
Figure 5 illustrates a cross-sectional view of the fan blade 316 at an arbitrary
20 location along its length as seen by an observer looking towards the distal end of the fan
blade 3 16 with reference to Figure 1. The fan blade 316 may comprise a first curved wall
524, a second curved wall 526, and a hollow interior region 522 formed therefi-om. The
two walls 524 and 526 may be joined together at leading junction 531 and a trailing
junction 532, At the trailingjunction 532, the two walls 524,526 combine in a continuous
25 manner to form a third wall 530, wherein the third wall 530 continues until it reaches the
reinforced trailing edge 514, which may be tapered so as to decrease in thickness across its
length. Additionally, a first surface 506 may be formed at the exterior of wall 524 and
continues in a seamless manney to the exterior of wall 530 until the reinforced traiting
edge 514 may be reached. A second surface 510 may be formed at the exterior of the wall ‘

30 526 and continues m a seamless manner to the exterior of wall 530 unt] the remforced

trailing edge 514may be reached.



two walls 524 and 526 may be joined together at |eading junction.531 and a
trailing junction 532. At the trailurgjunction 532, the two walls 524,526
conbine in a continuous 25 manner to forma third wall 530, wherein the
third wall 530 continues until it reaches the reinforced trailing edge 5
14, which may be tapered so as to decrease in thickness across its |ength.
Additionally, a first surface 506 may be forned at the exterior of wall 524
and continues in a seanm ess manner to the exterior of wall 530 until the
.reinforced trailing edge 514may be reached. A second surface 510 may be
formed at the exterior of the wall 30 526 and continues in a seamnl ess nmanner
to the exterior of wall 530 until the reinforced trailing edge 514may be
reached. -9 In addition, the two surfaces 506, 510 neet at 'a | eadi ng edge
512. The hollow interior region 522, which may also be referred to as a
cavity region, onpr.is recta ular tion 500. A
planar third surfacg‘ %E' "fi’e‘“"rf‘?f"r‘1 s}ﬂ mf‘%é‘ h\“ﬁ f?%:}s{lvaah %g X in the
regi on of sect i iowricsO@ion AR whicl manairo Yeaefermed (s oy § cpviey &0 may cdwprifeor ned 5 at
the interior of resbdlaripHpddRedirll QectiGhon NA Qlfmaﬁﬁﬁi duftdde 51&Caay bifoRiRE aasqoect the

pl anar interior, sur Ljaﬁgs tén%gioaSl[ZSg . pmr olﬁﬂut' J?Ii%zopar@ hely to each

other. It shoul & appreci a nprise a solid
interior reg?ona‘\met“ﬁ??a't of yafh 334 in thg “fg}ﬂbﬁﬂﬁﬁ’eﬂ é@oﬁem’efmﬁ%éhe P;‘J"P@s}'éﬂ“?’ i nvention

as is seen in FRufackAls, Bzomhwhldmaimarheuapmmr at seehldibh gipretidid tRf S S- Sect i onal
di mensi ons _of t&mi@glémqgmp%}@ a dof Alod Do Bl fiiflnd & bt ) edge 514

wi ||l be described reat er eal}- ereln owwth reference to

Fi gure 7B. Nor et5oeht inventics "F Bis95R B thrshpud oy b‘e@@'ﬁ"a?imﬁﬁﬁ‘f"i‘% e a
downwar dl y ext ediginsigns of thafag slads 816siuding hedinfoycedraiogitdgs By iwdibe 9GEribed\s

illustratedpn glg,gw,ge@be,wgdgwe\hmfmqoﬁ 7 ng edge 514 extends fromthe
trailing junction 5%2 @e ugner Y0) z%%qctsﬁ) foI owthg cur at ur . of the
first curved wall 524™° dree PHFSPeEEy® YT THEEeade 514 bends
downward in a 18angeeis mepportsd byasbentgegion 536 tAs @lubsrarnd mrFngéﬂhﬁ@lefoamﬁhe downwar dl y
extendi ng f| angagdsl 8 extchSron theAnging ﬁ&&ndbmaweﬁxmﬂdﬁo& ih@mnfaﬁ\ﬂ of €i nf or ced
trailing edge 51%4ﬁ1¥tc|§vt hguggn?ﬂ?e i 0 omﬁ]?orcepmmfﬁ%gﬁ“ udleo a%nﬁl' e 540 with

t he relnforcedtralllng Yed {) appllcatlon
and operatidn oPanpgnee Féﬁfom&eléensmon 3ﬁend|t@nﬂgtvwa@!y W@nslﬂmg@sséhe and the
angul ar  di spl atagesot digdlly eed froimSihe réliforted whitld} cBgR\5 1484 die et régibg S3daidle Wi t hout

departing from bRg « @Rk AOwhl nd BiRLARERL JMYEN bh AR TG iGAGR of the
flange 538 may conprise a 81 and
apphcation and operamn of the fan biade 3186, the length nf t.he

ange 538 and the angular
displacement of the first angle 540 may vary in magnitude without departing from the scope
20 of the present invention.
The length of the flange 338 may comprise a magnitude between 0.125 (1/8) and
0.375 (3/8) inches, and the angular displacement of the first angle may comprise a magnitude
between 80 and 100 degrees. In a preferred embodiment, the flange 538 may comprise a
length of approximately 0.25 (1/4) inches, and the first angle 540 may comprise an angular
25  displacement of approximately 90 degrees. In addition, the fan blade 316 including the
reinforced trailing edge may comprise extruded aluminum, but it should be appreciated that
the fan blade 316 may comprise various generally known extruded materials without
departing from the scope of the present invention.
In one aspect, the structural bend of the bent region 536 increases the strength of the
30 distal end of the reinforced trailing edge 514 in a manner such that the structural beed

improves rigidity by providing supporting forces in two dimensions relatively paraflel and
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0.375 (3/8) inches, and the angul ar di splacenent of the first angle my
conprise a magni tude between 80 and 100 degrees. In a preferred enbodi nent,
the flange 538 may conprise a |length of approximately 0.25 (1/4) inches,
and t he fiWéex200@B871540 may conprise an angul ar 25 di spl aa@EmesocHboo12s
approximately 90 degrees. In addition, the fan blade 316 including the
reinforced trailing edge may conprise extruded al um num but it should be
appreciated that the fan blade 316 nay conprise various generally known
extruded materials without departing fromthe scope of the present

invention. In op@reAgReBt to itsNEngtl THE SRkt Benehseifved 1Rt Rewis £@6keNoB&6 fan
i ncreases the strength of the 30 distal end of the reinforced trailing edge

514 | 3 a nannerblst_ifc'i‘lﬁltcﬂ‘latraiﬁllrﬁ_eedg@ willaquy fhg bet agiion $3pr Gyecltangs F8cnayywiy tear,
Mo 2004 06361 wekRBuabhifdish s W plleER et st Akt Bt B db Pl 0

~has observed t hBdr,examplengargigtaf disi wRugpbrttdieaifenedgb neeyecc8irGiunhp extrusanlasng edge
wi t hout the bent rt:(gj on 536 or the f%&gge 538. mg v\/a{1 , tear, —or deformin
a manner so as THUHivErTE Yeing fouet trehsp cgrsinaie Fit B@?P"f’iﬁ“@ffoﬁc%@ 9iling
edge. For exanghmsippefddiSeibis. DivehohBastRBRNE B chirfdedd DB IR ReGin

during extrusion as a 5 result of material being forced through an extrusion

di e such that pd#iasspiessufeokifferentisbisdreated af dhrrailineupprdion §32 mdigiedhe largn bitlig
formation, as t xt ryd er i al. | esath tr ) %ﬁﬁ ' ssure
differential i srg%?[g&aittoggwggo g’%%&{l F%lfalcfsng\é] %lr(%&e%egé%égé ergcéﬁlljte Tﬁsgr eIq(<;’;1\frc?{:¥§srf“%buI Kk
mat eri al of t hetht whaker thelki oatergall bf dhe exmiling @dgeS Bthee theatve =x@ribasugcadriod,t310g
pressure towards to the smaller bulk material, of the trailing edge. Since
the two clft er i o PRUT FAFEEIES G HeSTMEGmEtin ort> BE M BEPEH SHIERES FaPng
junction 532, tﬁ@ceﬁﬂlﬁb‘ﬂﬂ@d&ﬁ@@sﬂﬁ:ﬂﬂnhtﬁl@gth_é@lﬁﬁng§d 8is 58 0R1REY, DhRrdutdigar i ng
as the length of the trailing edge 514 is made longer. Unfortunately, a
shortertrail i nge Saertedine edeerplacedicgdipdamimic peaiprmnsasidie 8 bledged ¥an bl ade 3
16. Conversely, the j f ] . | i1 ' rced
trailing edge 514 é?ﬁ?ﬁéﬁ%F@%%%@ﬁ?ﬁ3§ﬁ%ﬂﬁﬁé?@gﬁ?@§§¥ﬁ*ﬁ%§?%@§ eéﬁ%ﬁ%lural
characteri sti csedgti6v bhihit predémt tnhentioe irdstleyia édpioval douograb dgeactetidtioyaychlieat
fabricated | onger so_as to i nprove_the aerodynani erfornmance, of the fan
bl ade 3 8. I n BhdeBEsed; Tailng edeg ?1]%40% ct?éPF?thg l‘gﬁﬁfeso 54 450 BRI M amage

and/ or tearing fehibmdBY p@foeibncd bf the SmPXdde U6, ONoYaspide iR GeihfoecR @Bling Edg@nged
region 536, 538 to the distal end of the trailing edge 514. For exanple, the

bent portion 536 refisty Aenaesiapd/or erine REiTAYRFOFIFENS EATYINdY 2esing e Beny
orient the ext rﬁ%@éﬁ IrerEiBﬁ '53@}'538 to the distat end of the frailing edge 514. For example, the bent

portion 536 of the remforced trailing edge 514 tends to rigidly orient the extruded material

20 In a stabilized position mere readily during formation. Moreover, the bent portion 238

provides added strength by providing supporting forces i two dimensions that relatively

! parallel and perpendicular to its length so as to neuiralize the adverse effects of pressure
forces acting on the trailing edge of the fan blade 3 16. Additional benefits associated with
the downwardly extending flange 5 14 will be described in greater detail below.

25 As illustrated in Figwe 5,‘ the two exterior surfaces 506, 510 may be adapted to
form the contour of an airfoil shape. For example, the airfoil shape may be based on the
shape of a German sail plane wing having a reference number FX 62-K-131. In one
aspect, the fan blade 316 may comprise a length between approximately 3 feet and 15
feet long and may be formed of an extruded metal so as to have a first air foil section.

30 502 and a tapered trailing edge 514, wherein the flange 538 may be integraily formed at
the end of the tapered trailing edge 514 so as to reinforce the tapered trailing edge 514
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20 in a stabilized positiogn nore readily during formation. Mreover, the
bent portion 238 provide$§ added strength by providing supporting forces in

two di mensiQ &04;0E|%L]Herel atively parallel and perpendi cul a‘{é:é’ﬁﬁ?iaa“z%’lofzﬁgt h so

as to neutralize adverse effects of pressure forces

trailing edge of the fan bl ade 316. Additional benefits associated with the
downwardly extending flange 514 will be described in greater detail bel ow
25 As illustrated in Figure 5 the tw exterior surfaces 506, 510 nay be
adapted to formthe contour of an_airfoil shape. For exanple, the ajrfoil

shape may be ba¥¥Sons tp REPvideageassd daisartdius Aringyyosation it thy 8 plades 216-
reference nu m%@%&ﬂ@%ﬁﬂ%s}gﬁbl}/ hfo R '?xf 2 @:%ga%ﬁg moh "%‘lapf %@ssg%&gﬁa] I%g%% gﬁi fan

conprise a length ween appr oxI ma et dn eet may be
formed of an extleded®ld, apilhbktraal asFipwehh\le tited by stcomespoiiding argde off ghacl3d 502

and a tapered trailing edge 514, wherein t. fl ange 538,41 be integrall
f or med 'alto t he @ﬂ%ﬁeg?%&t%@%’aeﬂf atfalvaﬁ’ﬂgglaeglga%g&ed%?%%ﬁbm?ei nf o?ce t%e
tapered trailing edggcaking iohd M@0 84106 AR TharR&h] KRR R00Memotidnst (B as

to provide increased downward t hrust durléra% rotation of the fan bl ades 316.

Waen the fan asBehary3 1oney eusapirgmrepetdls (0Rg!ans dee surfpees 63093 50 ofdhe fphlade | mage
f the f bl - [ : ' ' ' :
gor r egpoﬁgi ng gﬁgf%g%mﬁ?%glgkyﬁ?hgﬂﬁg P%%l?]\?\n!fag'g)ﬁa?r%r% %%?’%&o%“i‘*(ff’ g%ﬁgg’re q[tfd](()m{y ravel

wi th the | eadi ngftliechgpeaiddmient 584 todmrtoreater Aan Gredelogitt o ilrlowaarcueent ickets t o an
i ndi vidual fan bl ade 316, the nmotion of th an bl ade 316may cause ajr

f
currents 600, 6028 afﬁéesglﬁw&@é@wgewacs? 1t e ea i ian Bledd@resypat the
respectivel y. Thpedduihad 5_06.5ﬂ%pﬁ%nt%%ﬁﬂn%tﬁ%aiﬁﬁcﬁ@%réﬁ%@ed@mﬁ g of mayse the

velocity of thé upper air curfent 5 t e greater than the velocity of ‘
the | ower-air cu#deeado Baslts meupward lafs firee Fus He baiekpasicrcedyraactafantbipsie 3dGe A |
surface 5 10 I t he. ai . ce
506 The appar Sok 10 yRTFhe (B0E L0 iR ARHES e St ol BRYY, B 802

bl ades 316 r esuwldde 3db] Mopawaerdthk iafrioilfsipe ef Ofindldle 3¢% may renees lnyizaad rdgan

bl ade 316. A reactive downward f e F,"v, is therefore applied to_the
surroundi ng ai rfgﬁﬁ ea CHimET eaﬂ}%ﬁg{a§i%f6> fsFederg B Itpg, i %TCP‘F%BI[IJOWQB&O(’S‘F t he
fan bl adgs316 mmy. r &gHE Sndtied @S the AitRhdifE ABby 40K &8 bhdaS 14 NGeRABA IR bl ade
3 16, therefore resulting in a reduced horizontal force 15 F;,,;, a, ki bei ng

appl i ed to the wseaddymen fagassemly 10%may sparpxbBnaierecdungr flyiof €f gpeg he tras ofi r f | ow

created by the %{:@j approxi mate a columar flow of air al ong
t he axis of ror%%??%?lf 0 tlﬁsesg@%%qg%senbl y 100.

As further illustrated in Figure 6, the downwardly extending flange 538 enhances

the performance of the fan bllade 316.During rotation of the fan blade 3 16, the flange 538

20 may produce two counter rotating vortices 650, 652 adjacently downstream of the

- reinforced trailing edge J 14, An upper vortex 650 may be produced by the upper stream of

airflow 600 flowing above the fanblade 316, and a iower vortex 652 may be produced by

the lower stream of airflow 602 flowing undermeath the fan blade 316. In one aspect, the

upper vortex 650 generates a pseudo pumping action that maintains a lower pressure

25 above the fan blade 316, thus effectively producing additional downward force F s

Moreover, the counter rotating vortices 650, 652 virtually extend the length of the trailing

edge 514 in a manner such that the fan blade 316 produces additional downward force

Fieme- Even though the horizontal drag force £ is slightly increased, the advantages of
increasing the downward force F .., are substantial.

30 Advantageously, the technical difficulties involved in designing the fan assembly

100have been overcome by incorporating innovative design features, In particular, the
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As f. ether illustrated in Figure 6, the dowwardly extending flange 538
enhances the performance of the fan blade 3 16. During rotation ofthe fan
‘bl ade 316, the flange 538 20 may produce two counter rotating vortices 650,
652 adj acewoOl2go«masiat ream of the reinforced trailing edgep®r/gdoodHivorsaper
vortex 650 maybe produced by the upper streamof airflow 600 fl ow ng above
the fanblade 3 16, and a | ower vortex 652 maybe produced by the | ower
stream of airflow 602 fl owi ng underneath the fan bl ade 316. In one aspect,
the wupper vortex 650 generates a pseudo punping action that maintains a

| ower pressur e 12pe 0¥l B?G frﬁﬁb@hﬁgﬁaﬂ@ usipus Rirh@atahi@him RERHYE MGis

addi ti onal downward force ver, the counterrotating vortices

650, 652 virt udﬁ?@o@ﬂ@ﬁ@ ﬁaﬁ@aﬂ@ﬁ’dé Hlab@e ’@tFPéiYﬂFHé}FW% angEridvely MeKpengvVeinner
such that the fap th% Tl Hﬁﬁ%&ﬁo %LEI ﬁaﬁtle%"‘ﬂ]‘{‘@fa%sfﬂ%ﬁ?be Fpifie: Even

t hough the hori zonta rag force is s I ncreased he advant ages of

i ncreasing the withwveriel a‘hqvecwlﬁchctuableaaeolmamalbﬁ g8@radelly ant ageousl y, the
technical _difficulties ipyvalv in desjignin he, f an senl 100 have been
overcome By i ncor porFéﬁ"il% 'h‘ﬁg’%’f PRFe® r@@g%eﬁgf’% {W"@& a“-ls?i‘%'ﬂﬂf’%/mll‘fﬁqmm?he

-12 WD 2004/ 06 3psboltely 705 Z0RQ M0 k2dusidni Omefian nhl 86 esd 3o APnAR¥xBRed fan

manuf actured usi ng an extruded alum num technique. This nethod results in

fan bl ades 3 1@1%dﬁa?tléd\aém8tatﬁeﬂ‘§°qulWﬂ&eﬁd@ﬁﬁ“ ¢ papdal vk {orithegERESPve to
manuf act ure. Lh qe,g%l?ég & 0 be
fabricated w O(gﬁglgl r#%ﬁgha%gn bﬁ tsfébna esI éﬂer(}gﬁﬁrrihaﬁr} aﬁ??fﬁé&/@e%

gener ated 5 Fi guolié o Bolidw mste af mstenaiehzemmen@mdmal B §hlape. ah Dtxg/a&ptctebhtr u5| on

uaed Lo 1B m o RRT DALY PARY 5P sl ARG RRP s P AT oG fdge

514." The mat er izadastis@dud:,oxrcufia peaduct) Bk BowddR [cOMPRE mucmmﬁays& an fexd gusi on
billet 702, wherein the extrusion billet 702 ma g solid or hollow piece
of material thdengeaiEngd of yatenal lichpuld he appipraated awﬂéwsrﬁ@emals mécwnse
extrusi on bil | ghe T2xBRY n ORI LiSfolt | e aﬁ%a&umm%@ Qenebaldey g
form such as a. cast product, w ought produ wder corrpac%j pr oduct
that nay be cutinfention. or ¢>mmy>@r alhmmgmmbaséd grartusion alllays Mayshmpmt soellapprmssi at ed

that all ged mat.eri ta{é n'H%lF one } lic el enents \Mthout
departi ng fr om™ hE8*EcGpe® élc}braés‘é?wer’liﬂ%ﬁ?eis%nm FBy TRETE AT num
based extrusi om@bﬁ@g@umwhesambyﬁg eRfhis ealiERUA the nhbhrdlfproRitids ldf alelignent s

such as copper, anese, silicon, nmagnesium or zinc.
, and 1n uence the extrusion process.

The extrusion billet 702 may vary in length depending on a number of pre-

determined parameters including the desired length of the finished profile, the extrusion
20 ratio, the length of the run-out, and the requirements of the extruéion press. In one
aspect, the length of the extrusionbillet 702 may range from approximately 36 inches to
! about 40 inches. In addition, the outside diameter of the extrusion billet 702 may range
from approximately 7 inches to about 8 inches. It should be appreciated that the outside
diameter of the extrusion billet 702 may be as large as 14 inches without departing from

25 the scope of the present invention.

The next extrusion manufacturing component may comprise a heating furnace 704
that may be used to preheat the extrusion billet 702. During the extrusion process, the
billet 702 is softened and/or softened in the heating furnace 704 so as to be more pliable.
The softening point of aluminum varies with the purity of the metal, but is'

30 approximately 1,220' Fahrenheit (660° Centigrade). In one embodiment, the extrusion
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Advant ageously, these alloying elenents enhance the natural properties of

al um num and influence the extrusion process. The ext'i-usion billet 702 may
vary in | th deEendl ng on a nunber of pre- determ ned Earamaters i ncl udi ng
t he desi r@@ WHERlof the finished profile, the extrusi oRCTMS2904{0pH2S ¢ he

| ength of the run-out, and the requirenents of the extrusion press. In one
aspect, the length of the extrusion billet 702 may range from approxi mately
36 inches to about 40 inches. In addition, the outside dianeter of the
extrusion billet 702 may range from approximately 7 inches to about 8

i nches. It shorptuatetsan@ppfrqeh'é gicclllethd2 the lpatedi tdgempkirates en eafess b 7@Kt r usi on

billet 702 may Iar sl4rn es. W t hqut o .25 the scope
of the present (?ﬁlgi 8"??83 g ?B@P%W%Hgﬁgfggkgh %Jgﬁgg%o@pent may
conprise a heating fhé rtamanQﬂanuEdmhmgaymp@eﬂsmdy tempriseheaktrhdien @x&sr06i on

billet 702. During the extrusion proce the billet 702 is softened and/or
softenéd in t h@ayager ﬁﬁhﬂseﬂ“rfﬁ’é67;087@48‘%%7%é11‘t563t5%01r?§ﬁ@064me&bP%an exfHEos et eni ng

ety TSNP B B e Dy

extrusion -13 t1%ﬂ)n26ﬁ§b]ﬂl€ﬂ§ﬁht?®ﬁdﬁé@ﬂ84ﬁa@0&ﬂ1ﬁ}ﬁrse pr@ckedisk willy an emmmrgehat he

billet 702 to be heate era in e ss,of. 700F 3750)
dependi ngupon {}#& §ISI‘288 aBCgF b%‘%'& llﬁ?aﬁﬁdﬁ §en§§%‘f—;0255?5’ 109 GHMI
fol | owi ng rranufe@&ﬁdéapngﬂ@@meﬂmhm 6CORPbpenth gt @icE Hﬁis@@m@fe%‘}}‘ﬁth?(ﬂﬁh
having an extrusion die 708. Figure 7B .illustrates one enbodi nent of an

extrusi on di e 5 ogsiondic 8 Heras dealley Pt o8empdduliat| 782 Pﬁﬁﬁagﬁ'u@tfé‘gb ForHe f an
bl ade 316y havi ’i*xl%n’é 48 15 ﬁ-le’?:fat‘ﬂ{ GROAL [Isq\‘:nlo{vﬂgn fhg%ﬁ, g’i@: ay Bgéﬁﬁ%édaﬁ 'spil éeilﬁ ﬂatZOS may

conprise a steel disk wth an opening t e Sl z

substantially ﬂacts,crwhlph@roducemieidslmp@s snctbmitmodle@fwhxhb pfadnad hol&w roudml
profile of the | ade 3 e orifice ru conpletely through
t he extrusion &P@ “7%?9?0“5 a?@egﬁnlbg% Sﬂg% ﬁf‘stt@ﬁeéldn &gﬂ é? %02 passage t hrough
fromthe 10 front eQémb@afidie obestid, @ad-hoRsw,a8dlnBbW hab&benadl be, intirp&ae@y be

grouped as solid (or flat) dies,_ which produce sol id _shapes, and hol | ow
di es, which pr&dpaangsdicoRhernganlid dif g1ay Gy SHEFE BT S U eBer PREUERABERde 316

as i1l usis at edynFhOEERaTIf is fé&@@r&%&&@ %A.@iiluﬁﬁltédqn F?g%?@ 781Qhd SffusiBf d/ or
hol | ow shapes may be incorporated into a single die, wherein a. solid die

may have one o#ienBi8eliomiafibeawedto rpdrce dobew phofdeghy means of a fixed or floating

mandrel 720. Advantageously, the use of the extrusion die 708 with the mandrel 720 for

extruding the fan blade 3 16 produces a hollow shape. Without departing from the scope
of the present invention, it should be appreciated by one skilled in the art that the

20 extrusion die 708 may be formed without the mandrel 720 so as to produce an extruded
fan blade 3 16 with a solid interior region.

As is known in the art, the extrusion press may further comprise an extrusion
press container that houses the billet 702 and a ram that may be used to apply pressure
and/or force to the billet 702 within the container. Various hydraulic extrusion presses

25 may be capable of exerting anywhere from 100 tons to 15,000 tons of pressure, wherein
the pressure capacity of the extrusion press determines how large an extrusion it may
produce. When pressure is applied, the billet 702 is forced against the die 708 and
expands until restricted by contact with the walls of the container. Then, as the pressure
increases, the soft (but still solid) metal forced to squeeze out through the shaped orifice

30 of the extrusion die 708 in a mauner so as to emerge on the other side of the extrusion

die 708 as a formed profile of the fan blade 316. Subsequently, the extruded fan blade
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15 which the sofened alloy is forced (extruded). As illustrated in Figure
7B, the extrusion die 708 die may be used to produce hollow profiles by
nmeans of a fixed or floating mandrel 720. Advantageously, the use of the
extrusi on WPa0FIB3F1t h t he mandrel 720 for extrudi ng therdroshioadmizs
316produces a holl ow shape. Wthout departing fromthe scope of the present
invention, it should be appreciated by one skilled in the art that the 20
extrusion die 708 may be formed wi thout the mandrel 720 so as to produce an
extruded fan blade 316 with a solid interior region. As is Jnown in the

art, the extrusiagnpiy®sSem@yd ot theback @ADE T BEexttthsidN i AIROA fefth€ Sfru@anfaii ner
that houses the billet 702 and a ramthat may be used to appl(i: pressure
‘ €

and/ or force to biade 33 iy wmoyebiromiths sxtppien disntldi the stillhat ¢ {parblade 3¢6

extrusi on presseg, qg%hp@nga%%g%@gmgx&@tagw anywhere from 100 tons to
15,000 tons of préssure, wierein the pressure capacity of the extrusion

press determ nes howld aregenbafinext tha stosnsactionabgimensiod aeder (iin op the sxtorded | s
applied, the bil]let i.s forced against the die 70 n expands ungi |
restrict edlgl by céj?ﬂegﬁ%o'é@tn?‘?ytcﬂ@%\%lal”gﬁ%‘fbe‘i“ﬁ%n %%’ﬁ?’é%%&sa W‘ﬂ’gﬁ?nda@mfdl?fé a‘bctaessur e
i ncreases, the sefsht fddetenSdpptdxirsadly 4)75 MRUAIchar@adl sOIDUaEEE BUW pleRfreligh

the shaped orifice 30 of the extrusjion die 708tjn a, manner so as toQ_energe
on the other si §&b8fimeRsthe ciopsyisrigmal dynenspprrfe fan Ylade iy GppEsedigth &l f an

bl ade 316. Subs %gﬁ%ﬂi}dayely ¥ hennhd HaegndanphbadStely LA 0N ARBRELof the
PCT/ US2004/ 00012 316 rmaybe renoved fromthe back end of the extrusion die

708. After the distragetwd, gnd hirdguaige walsed MsSdoefib\raay Herm?wqehépmﬁ?timafsw_@r%%ﬁ e
708, the spill- ggis)%h%y%%ﬁ{)@?@isﬁ%&%hégﬁfﬁck.fm Q?mﬂﬁ%&%gaﬁgx ndRE DAL &RLE Y
. ’I'n one e t, the g 8.

treated, and ag odrne Cross-sectiona frensi ons and/ or
profile of the dhtwaldeédd, 53680 nhy helepBoxbfataiy . |66 38 pinghenildtih Altetetbely,

approximately 5 jinches gand 8 inches and a _height between appr.oxi mately 0.75
(3/4) inches an&helt%gg ‘Yag/ %f) Y FREPTIST f, fapersd é‘gaéjgrsgcfs qg%&’fsﬁgﬁpflé?ﬁé ot
cross-sectional agiBERSieBnN0.0875t 3A 6§ amhtasens ARy jGaehi e @bk G Nerin to

approximately 7 1 nches and a hei ();ht of approximately 1 inch. Also, the
t hi ckness of ~ t happrpxipately 000864l 6) mplpsetthe windupspd@ilinglefige 834, 526, 530 may be

bet ween appr oxi nat el Xa&i0ods. %g%adﬂ%@)%ﬁfmﬁh@me&oé%é ﬂ{efs{j;.ﬂc@ftﬂertﬁm@s

thick. In a preferre t I ckness of the walls 524, 526, 530
may be appr oxi mapaiing, 6 coBBREuY GH39Pn pnwhasast Hi0dket lodigtreeynbe proddopd withieech hi r d

wal | 530 may compil.S¢ e LARRIE 030 52 2R RnfSLLERE: A tille1RESS ff om
supported on a run-out conveyor as the extruded fan blade 316 leaves the extrusion
press 706. The extrusion may then be transferred to & cooling table and cooled afier
20 emerging from the die 708 through the use of aiv or water quenches.
The next manufacturiig component may comprise a straightener 710 and a saw
712, wherein the straightener 710 may be used, afier the extruded profile has been
cooled to straighten the profile and correct any twisting that may have occurred
subsequent to the extrusion process. After straightening, conveyors may be used to feed
25 the extruded fan blade 316 to the saw 712. The saw 712 may comprise a finish cut saw
that may be used to cut the extruded profile to a desirable length. In one einbodiment,
the finish cut dimensions of the extruded fan blade 316 may comprise a length between
approximately 4 feet and 15 feet. In a preferred embodiment, the finish cut dimensions of
the fanblade 316 may comprise a length of approximately 112 inches. Also, circular saws'
30 and/or a radial arm saw may be used to cot across the profile at an angle that is

substantially perpendicular to the length of the extruded profile. In various other
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approxi mately 0.1875 (3/%§l inches at the trailing junction 532 across its
|l ength to approxinmately 0.0625 (1/16) inches at t he T é&i nf or ced trailing
edge 514. i.téonal |l y, depending on the size of the hill 7 d the
size of t éﬁ@@%ﬁ?&@_ openi ng, a continuous extrusion as gﬁ%ﬁﬁggn%%ﬁageet

| ong may be produced with each stroke of the extrusion press 706. The

new y-forned extruded fan bl ade 316 nay be supported on a run-out conveyor
as the extruded fan bl ade 316 | eaves the extrusion press 706. The extrusion
may then be transferred to a cooling table and cooled after 20 energing
fromthe di e 7G8bohimsuththe lsev Gs2mey canprisor paeemitefuane Hat drophdoviestto the
manuf acturing cQ onen‘,} " y._conpri S€. . 3as tlg(gei@ t]g%erto%% th%nq{ 21 SAW 1171%’
wherein the st PA gkt Brer 710 may" Be G 2Gr Yar "1 he® ext rudé prd??fg’ as
been cool ed t eysidl @hghtwraw haype abtd 2 iadids falidmaty vAtlycadilstippd tdefiat  may

have ogcurred subsequent to the extrusion process. After straightening,
conveyors may be usé#e fQlopargmamiiachuing ¢pFpISH PENCHNRIHE 28 BgINgSVEMAl B AW 712.
The saw 742 nma [ iplsh. Cut : S t
extruded pr of 1o P g el e xitiorvs kaBh B QAR dihetl BE
di mensi ons of pheesxdfragibedwhianmay delecf@reliGo mayeecharpenime Natura aginh nbag toemen

approximately 4 feet. and 15 feet...l.n a.preferred. enbqdi t.. the.finish cut
i hensi ons of o 187 SRBRRR =5 wuRkG! RERGFPC g T SF Piapk SKPRabBly 112
inches. Also, ov&CulafvhiAWhiy ROeRAYE & asdhréonsliatibn BEaNte B BY oltEaspigavikd cut
across the profile at an angle that is substantial Iétgqe)r pendi cul ar to the

length of the & #idad proglq feereisnTama ticotrdngpnarcss 796 thipeyouie ouddr ey

PCT/ US20Q4/ 000%&5pri§‘e@%@9ﬁ-§@ﬂts%¢e, BE'tEi-aﬁ@leZﬂtﬁﬁM it@BR bk RGuBndhedVE! shahiliBE saw
that drops down onto the profile, or a table saw wth a circular blade that
rises to cut t hppresatedthetialpmofuin dloyA sudhyesitivsk coinpilghe wemgagesy onabeesiB, t o 20

inches in diamgter with carbide-tipped,teeth . The. fol].ow nuf act.uri ng
conponent my EoTs ek s ol f5gt B fBRRdmactie arbRE Ao TRENLT EE e
extrusion al | oymindif@s AlléyResuch @pthiokBt ongirisRR@bpbet, Mgl ghd fagnesbO® RS Siliedn, agi ng,
whi ch may be ref erre? t o as age- hardenj ng. Nat ural _a&jdng mag occur at room
tenperature, affydie furthes siengifeneg orepraepipiorauigh CopePlid) tBermak Heatmgnt thet he

agi ng oyen 714redhhe MhelR¥rgRE1 &8fc8HE SOt Quas. @oﬁséqgéﬁtgz iegheahadeteAby NY. INn
one aspect, when the extruded profile enmerges fromthe extrusion press 706,

the extruded penfurd sibsaytially uodorpr prseipdativewf figopiriciss direygbithe metepisilging
sol I,dl fies as Iilgcre%(s)t% s%'egéth,lllgrdggs%,na% %g'sticlitty fc?r%?euslpgciﬁg extrusion alloy.

The extrusion process, as described with reference to Figure 7A, may be utilized

to shape the fan blade 316 having a continuous cross-section by forcing the extrusion
20 billet 702 through the extrusion die 708, which comprises a profile opening of the fan
blade’s 316 cross-section as illusirated in Figure 7B. The process of forming the
extruded fan blade 316 having the reinforced trailing edge 514 may proceed as follows. )
The extrusion die 708 may be prepared and attached to the extrusion press 706. Next, the
extrusion billet 702, which preferably comprises an aluminum alloy, may be placed in an
25 extrusion press container and preheated in the heating furnace 704. The pliable billet 702
may be forced through the extrusion die 708 by applying pressure to the billet 702 using
the extrusion press 706 in a manner so as to form the fan blade 316 with the reinforced
trailing ‘edge 514. Once the extruded profile of the fan blade 316 is cooled and
straightened in the straightener, the extruded profile may be cut using the saw 712 at pre-
30 determined intervals so as to form a plurality of fan blades 316 with the desired length of

the fan blade 316 from the extruded profile. Additional processing may comprise aging
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appreci ated that alum num all oys, such as those conprisi ng manganese or
.magnesium derive their strength through natural aging and cold working.
Al ternatively, other alum num alloys, such as those conprising copper,
zinc, and W%%?%%?%ﬁIWth silicon, nmay be further strengtPeHES20#0Mazdened
t hrough controlled thermal treatnments that 15 affect the netal |l urgical
structure of the alloys. Consequently, the aging process nmay ensure
substantially uniformprecipitation of fine particles through the netal,
yielding increased strength, hardness, and elasticity for the specific
extrusion all oy theTB@uat fal $ia08k PIHAS @SBamnmaSasqR&6HIshedbsWited AR rRbERgitRe
Figure 7A, may be utilized to shape the fan blade 316 having a conti nuous
cross-section byxtueé fangladess 1oxhe pissesypt famingthq fee blade 3lhissoghleteAe ext rusi on

die 708, which conpri rof i [ e
Cross-section as ilIﬁéﬁ%&%g%ﬂ?#h%ﬁg@@%?@%%uﬁ%%h%?g%ggggﬁéﬂﬁgﬁﬁﬁﬁgm%R%de
extruded fan bl 8déhddt bechawemgmné haekhéraipheedlity aigt b gwrdife bt 4giva\s3paateed

as foll ows The extrusion die 708 e epar e n ached to .t he

ot 1 usi on_ br ess CEGATRERED ex(ehnd et ok Sebb Pk e Bh i e lTart Pt 5
conprises an al dpfidd i tedRqub ehdtoR881dn pfbcadd réRlte Ml ifidpSdved fRMNB&Ss 316
contai ner and preheated in the heatlnq furnace 704. The pliable billet 702
may be forced t HiabGefAPTisE snkaread ughialieharapgnstiss, sapiprsy Immevse sigilily eSuginesie
billet 702 usin t LQ0n: Pr. i fan
bl ade 3 16 mthg?%}égﬁ%‘ﬁmkﬁgg&@r A F%‘%?é‘%fgéﬁ‘%bﬁ‘@ gﬁ?ﬁzléetgtb{?%’gbd&%ofi le
of the fan bl ad&itk8hansedpowidpsinarptriostancd dpatactanstics, whichenalesai lgherenkumpat he

ext ruded ofile. cut ing the saw.712.at .pre 30 termned .intervals
o hato BOPT LR e ftbttE it SRR SY AR o R et BB RO e
fan bl ade 316 f pemiddes f@akdethBBl (0ot inprovdiddh blads3all 6 PEOGERS rifordBl/ ratliypr i se
aging -16 WO 2004/063571 PCT/ US2004/ 000125 _the extruded fan bl ades 316 in
a manner as pre§ifrdfys desibelpaal. RrpEessFigRESUt Pre YR NV ET HHREY! f%n bl ades

3 16, the process of ofyahaiig Ipﬁek’&refi abddadess tﬁelﬁféeﬁt ;G FRb 18 dhown, described,

Advant ageously, the technical difficulties involved when extruding the fan

bl ade 316 haveakbeninisd it diteflupjemeaichpeye iferirenef thealnyenign edgpietdtoibish t he
bent regi gn 536 ﬁ'ﬂg.}]arﬁarﬂ @in&%ﬁ%“@ﬁ}%e)’m%ﬁt%@@%ﬂv%nﬁg%ﬁﬂéﬁﬁs, sibdbaRiohNsndl ar ge
fan bl ades 316 gre ornmed using an extruded al um numtechni'que, the

f or mati on pr oceskngesuibe Sormofitepleni @fitht devidd ibekeste8 By bt mate mothpeeiskidedimhanced

eci i oncy. - TheCEATAIPE ARECHOEPTLRY SBILE (RBE PHatmROHF A FesTo be

fabricated of the invention should not be limited to the foregoing description, but should be defined

by the appending claims.
20
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wi th enhanced aerodynam cperfonnance characteristics, which enables a | arger
columar 10 airflow to be generated during operation. Therefore, the

i nproved design of the above- nentioned fan assenbly 100 with inproved fan
bl ades 3 16 having the reinforced trailing edge 5 14, as described herein,
conprises a significant inprovenent over the prior art. Although the
preferred enbodi nent of the present inventi on has shown, described, and
poi nted out the fundanmental novel features of the invention as applied to
this 15 particul ar enbodi nent, it @Lkhlge under stood that various

om ssions, substitutions and chang he formof the detail of the device
illustrated may be nade by those skilled in the art w thout departing from

the spirif, of ABe aBscRtMforicHVERALR inGARSRAVRNEIMIng B B aRembRf the
invention shauld not be limted to the foregoing description, but should be

defi ned PPIf88appending clains. 20 -17 CLAIMS 1. A fan assenbly for
ci rcul ati ng aiarsupporasapted tis dltovathebmoundng of the fim dseemitdy sethiblrgof of drepri si ng: a

support o:allow the nounting of the fan assenbly to the roof of the
JHARLES phduL

i ndustri g;'a notor coupled to the support, the notor engaged with

a rotatabl e stdhetosepunledite thejsyppprt thegbeter engagad witlea statable shatbisosspP ural ity of
airfoil sharedothish M iBdgrfiakdigched to the rotatabl e shaft, wherein each fan

bl ade is formed,of..an .extruded t such that .a fj urved wall is joined
Po'a second G valB LRI Rg TR Beadiffered ih R bblabls S e iR g | Bnbci on
and wher edach fanéladeas formgd plancxitrodedmetehaish that & Gratcarvedival igjoimedt aval | havi ng
a tapered il : : ﬁ%"qa L+§1N bent flange that
distally g%%ngﬁ:g?e? ?V(?ﬁ]qtg%?emﬁ?frég?lﬁéﬂ%%tel%&dimﬁ;aé_ olnglalztﬁiab%]s@npnner t hat
rei nforces thevieran thedgpilinggunction exferds tg forsua Byind| cprisd walldiaping a topsesdei n t he
flange dawilay ¢digy, cauti Blads furthemadmRising@sRht Sahit ae difally Retehdy frsh eher ved wal | .
3. The fatn. ss%\%nglr?/ of t.claiml vxﬁrﬂereiﬁ thc—i Er'ﬁt curved wall is joined to a
second cfﬁlﬁlégda 72 FRPUMAPYR TANRET 18T feinfress; l&? 3 %8 “ 4. The fan assenbl y of
claim1l1, wherein the first curved wall is joined to a second

2. The fan assembly of claim 1, wherein the flange downwardly extends from the

lower surface of the third curved wall.

3. The fan assembly of claim 1, wherein the first curved wall is joined to a second
curved wall to form a hollow interior region.

4. The fan assembly of claim 1, wherein the first curved wall is joined to a second
curved wall to form a solid interior region.

5. The fan assembly of claim 1, wherein each fan blade comprises a cross-sectional
width between approximately 5 inches and 8§ inches.

6. The fan assembly of claim 1, wherein each fan blade comprises of cross-sectional
height between approximately 0.75 (3/4) inches and 1.50 (3/2) inches.

7. The fan assembly of claim 1, wherein each fan blade comprises a length between
approximately 4 feet and 14 feet.

8. The fan assembly of claim 1, wherein the first and second curved walls comprise
a thickness between approximately 0.0625 (1/16) inches and 0.1875 (3/16) inches.
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curved wall to forma solid interior region. 5. The fan assenbly of claim]l,
wherei n each fan bl ade conprises a cross-sectional w dth between
approximately 5 inches and 8 inches. 6. The fan assenbly of claim1, wherein
each fan bl ade conprises of cross-sectional height between approxi mately
0.75 (3/4) inches and 1.50 (3/2) inches. 7. The fan assenbly of claim1,
wherein each fan bl ade conprises a |l ength between approximtely 4 feet and
14 feet. 8. The fan assenbly of claim1, wherein the first and second curved

wal | s Cogr%)r ' SeI‘heaf & hésgtlﬁ[igsog (,tfaellhx\’\fs%v%e AP {hgﬁ%faaéuﬁéﬁdg)alpc znfprfs éereﬁl ches and

0.1875 (37'16) iNches 'Fan asse in the third
curved wathepeth ﬁ‘pﬂﬂpsﬁégﬂsaﬂtmﬁmcrowa@bngthamﬂd@@r@a@é@lﬂ Q\lﬂﬁ(éklﬁbss across

![E) sal epgiihcﬁers@mheraan wﬂeiiyo . nc?.%gt(e B/0léo25 (!ﬂSj"'ﬁ%he%tatEhﬁlh‘gg?ﬂééblngdle unction
furt E\gr c%?"ﬁ’gm%/ﬁﬁfhar ‘fqnﬂi%&é‘gt%gﬁ“gaq?fg’lsﬁayy&tf’é‘ifotjéorg#ﬁﬁ?%% ftdug‘a. ling edge.

10. The fan assenbly of claiml, wherein the flange conprises a |length

bet veen ' aper o Sl LA ENn B0 B e BRI A0 bl a0

assenbl y of cl E) are aftached to a
hub, whi cippreximaabidbi2Sd1(8) and@37% %%)aml@SShaft 12. The fan assenbly of
claim1l, V\/nerel n t he pl uraI ity of fan bl ades i ncl udes at Ieast ten fan

bl ades. 1 @&n_ass of cl of th rallty of
fan bl ade ar e 3‘5?58‘8’35 é?l“'ﬂd ¥ er&?t P%%@ﬁf&&f%ﬁ@ﬂ? ariﬂ achetloryn
assenbl y lofb, whwhns dnﬁnemrbmhmrdtdtd)lemarﬁuded metal conprises alumnum 15. A

net al fan bl ade for a fan assenbly used in an industrial building, the fan

bl ade qfr|5|n an extruded cross-sectional profile wherein the extruded
cross- secl onal hedamassermblyd e d ewheretn thas plusdity ?fifﬁ‘ablaﬂﬁscjﬂﬂ“@ﬁs 2hlsptoxi mat el y

7 i nches, teh Ity KIadesS- sectional profile further having a plurality of curved
walls, wherein a first curved wall is joined to a second curved wall to
forman airfoil shape having a trailing edge that includes a flanged
portion ek} endihedamedseably of caimtlheheleineach ofithoplurdlidy of fan bladegs @dge, wherein

t he f'a”%ﬂnca‘?éﬁ@sin%‘”bn%&trhﬂ@nEe[:ﬁﬁnhﬁe”g edge downwardly extends fromthe | ower
0

surface the trail

14.  The fan assembly of claim 13, wherein the extruded metal comprises aluminum.

15. A metal fan blade for a fan assembly used in an industrial building, the fan blade
comprising:

an extruded cross-sectional profile wherein the extruded cross-sectional profile
comprises a cross-sectional width of approximately 7 inches, the cross-sectional profile
further having a plurality of curved walls, wherein a first curved wall is joined to a
second curved wall to form an airfoil shape having a trailing edge that includes a flanged
portion extending outward from the direction of the trailing edge, wherein the flanged
portion of the trailing edge downwardly extends from the lower surface of the trailing
edge such that the angular displacement of the flanged portion from the lower surface of
the trailing edge forms a reinforced region that increases the structural rigidity of the
trailing edge so that the flanged trailing edge resists damage, and wherein the flanged
portion increases the volume of airflow resulting from the operation of the fan assembly
having the fan blade.

16.  The fan blade of Claim 15, wherein the first curved wall is joined to a second

curved wall to form a hollow interior region.
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edge such that the angul ar di splacenent of the flanged portion fromthe

| ower surface of the trailing edge forns a reinforced region that increases
the structural rigidity of the trailing edge so that the flanged trailing
edge resi sts damage, and wherein the flanged portion increases the volune
of airflowresulting fromthe operation of the fan assenbly having the fan
bl ade. 16. The fan bl ade of O aim 15, wherein the first curved wall is
joined to a second curved wall to forma hollow interior region. -19 17.

The fan bl,ade ~gf i 2 i : fe ly.ls.lalped to a
second ?vaeg%\?\gﬁ ﬁ%%@ @I?ﬁ@%ﬁh&ﬁfwﬁltegrrlgtgpwr%gé‘%égﬁ?%.d ‘brﬁé&ggﬂ bl ade of
C ai m 15,cuied velldo foren asalidintetiociesios- secti onal profile conprises a

cross-sectional height of approximately 1 inch. 19. The fan blade of Caim
15, wheregjn t f.an bl ade co ises.a, length of at |east 4. feet. 20. The
fan bl aadfor  dibsiii IAIS GHRET b e B e R b S re BB e GERPSe. ¢ nan 15
feet. 21.acFos-stativnbl keedght of affiratimatedy; 1 iokrein the first and second curved

wal I s conprise a thickness of approximtely 0.15625 (5/32) inches. 22. The
fan bl ade of C aim 15, wherein the trailing edge conprises a tapered shape

that decrWasedhedan ppdaeidslaimy ks, adherain the fambjade comprisgyelenath dbpilgest 6 O ai m

15, wherekg. the flange conprises a |l ength between approximtely 0.125 (1/8)
and 0.375 (3/8) inches. 24. The fan blade of C aim 15, wherein the fan bl ade
is fabricated using an extrusion die to formthe extruded cross-sectional
profile 0.t hédhedam bhdwaf Clain 13 vdefeamthiolfardeladef coBipaises 2kepgthtiess ¢ian 15he f an

bl ade is ggrmed using an al um num extrusion technique. 26. A fan assenbly
for cooling industrial buildings, the fan assenbly conprising: a nounting
assenbly having a rotatable hub that attaches the fan assenbly to the

Cﬁi ling cn‘lbt hel“#efﬁﬂﬂl\ﬁj\lﬁdé@dbhﬂ lﬁivﬂ@feinﬁﬂﬂ fﬁt?tlahdl:éaloha yl;refd fvaltl)bl éﬂg@ﬂﬁéarmulnt ed to
the rotat e hu erei e urality o an ades is a least 4
feet Iong}ﬁlgnchf gP%pSF%IBatSB' ‘gﬂf“’?%?% elach‘f‘g't al so as to

22.  The fan blade of Claim 15, wherein the trailing edge comprises a tapered shape
that decreases in thickness across its length.

23.  The fan blade of Claim 15, wherein the flange comprises a length between
approximately 0.125 (1/8) and 0.375 (3/8) inches.

24.  The fan blade of Claim 15, wherein the fan blade is fabricated using an extrusion
die to form the extruded cross-sectional profile of the fan blade.

25.  The fan blade of Claim 24, wherein the fan blade is formed using an aluminum
extrusion technique.

26. A fan assembly for cooling industrial buildings, the fan assembly comprising:

a mounting assembly having a rotatable hub that attaches the fan assembly to the
ceiling of the industrial building; and

a plurality of fan blades mounted to the rotatable hub, wherein each of the
plurality of fan blades is a least 4 feet long and is formed of an extruded metal so as to
have a first air foil section and a tapered trailing edge, wherein the tapered trailing edge is
bent at a distal end to integrally form a flange so as to reinforce the tapered trailing edge
and so as to provide increased downward thrust during rotation of the fan blades and
including a first curved wall joined to a second curved wall to form the first air foil
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have a first air foil section and a tapered trailing edge, wherein the
tapered trailing edge is bent at a distal end to integrally forma fl ange
so as to reinforce the tapered trailing edge and so as to provide increased
downward thrust during rotation of the fan blades and including a first
curved wall joined to a second curved wall to formthe first air foil -20
section having a hollow interior region wherein the first curved wall is
extended to form the tapered trailing edge. 27. The fan assenbly of C aim

26, wherein.,: luralsty.of.f .bl ades. e.forned ing a xt.r usi on
obri et oovinh Bafthlth RO iy AL BREE IhEals PhIeY wHPIs IRl lP] 0
r ei nf or cethettpperedtpailingiedgeai | i ng edge during the extrusion fabrication

process so that the tapered trailing edge resists tearing while being

formed. 29, The, fan assenbl y_ of aim 26, wherein _each of th lurality of
fan bl ade§7' coﬁﬁ‘? ﬁ‘gé‘éseg}%tlﬁ’r?%gﬁim g@.w ref fheddur lf‘tyf"(g?arﬁ ﬂ@f%é afeafﬁrrg?‘i;de

conpr i si ngsing soéttasiondabricaBb@procemd forcing the netal into an extrusion die
usi ng an extrusion press such that a cooled netal fan blade is extruded out
of the extrusion die so as to have in uniformcross-section, a first air
foil sect$n, Zheifan assepdlvef Claim BY.rhessiythe flangerpindproys te taperpddrailingan end of
the first egde dukip theSk&lubion fabRidstich prédedd @ hhtiBe tabbrdd 8QilinD 3B geretiggds out war d

fromthe dir.ect qn af the tapered trailing edge so as to reinforce the
t aper ed t‘?PPgﬁélggagghﬂpFﬂg extrusion to inhibit tearing of the tapered
trailing edge. 31. The method of C aim 30, wherein softening the netal

cOMPr | 252001 L L Al as B Othird 3, INSeiELAR o ity Br3fh ilgr of 1 sof teni ng

|
the netal conprises soft y al um num at [east one of
copper, maMgBEEsaluminym.con  magnesi um and zinc. 33. The method of C aim
30, wherein the nethod further conprises formng an extrusion nold to

pr oduce t?ﬁ'fa [ﬁésqgap$th.a ?O|%ﬁ%/!nte&i0f region. 34. The nethod of Claim
30, whereih th # PR E AL BADT FEHESSr ni ng an  extrusion nold to
produce the fasofiEhage metelhaad solid interior region
forcing the metal into an extrusion die using an extrusion press such that a cooled

metal fan blade is extruded out of the extrusion die so as to have in

uniform cross-section, a first air foil section, and a tapered trailing edge

integrally attached to an end of the first air foil section, and a reinforcing

flange that extends outward from the direction of the tapered trailing edge

so as to reinforce the tapered trailing edge during extrusion to inhibit

tearing of the tapered trailing edge.

31.  The method of Claim 30, wherein softening the metal comprises softening

aluminum.

32 The method of Claim 30, wherein softening the metal comprises softening an
alloyed aluminum with at least one of copper, manganese, silicon, magnesium, and zinc.

33.  The method of Claim 30, wherein the method further comprises forming an
extrusion mold to produce the fan blade with a hollow interior region.

34.  The method of Claim 30, wherein the method further comprises forming an
extrusion mold to produce the fan blade with a solid interior region.
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-21 35. The nethod of O aim 30, wherein the joined fan bl ades are separated
to forma plurality of individual fan blades. 36. The nethod of C ai m 30,
wherein forcing the netal into the extrusion nold produces at |east one fan
bl ade with a uniform cross-section. 37. The nethod of C aim 36, wherein
forcing the netal into the extrusion nold produces the at |east one fan

bl ade having a first surface and a second surface that conbine to formthe
airfoil section, which enhances the columar properties of the airflow

produced fy t e%gttkcﬁaﬁtﬁiﬂ%%(i,%epéimﬁa igé%t %Egglggﬂrgg a?zft?ﬂo%m g7, wherein

forcing thhée netal in e extrusion ces the at least one fan
bl ade wi tHuralityofindividenl fan bladesyur f ace t hat conprises at |east one of the
tapered trailing edge and the reinforcing flange, which results in an

i mprov irfoil j -2 . . . .
nproved 36 " e meq]?t)scf HClaint gO, wherein forcing the metal into the extrusion mold
produces at least one fan blade with a uniform cross-section.

37.  The method of Claim 36, wherein forcing the metal into the extrusion mold
produces the at least one fan blade having a first surface and a second surface that
combine to form the airfoil section, which enhances the columnar properties of the
airflow produced by the at least one fan blade.

38.  The method of Claim 37, wherein forcing the metal into the extrusion mold
produces the at least one fan blade with an extended first surface that comprises at least
one of the tapered trailing edge and the reinforcing flange, which results in an improved
airfoil design.
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