19 OCT 2005 WD 03/001132 PCT/ US02/ 17223 " EVAPORATI VE COOLER' BACKGROUND OF
THE I NVENTION 5 The present invention generally relates to evapor&8i & 100
coolers and nore specifically to a heat exchange apparatus such as a

cl osed- 1 o0& Hg tower or an evaporative condenser. EvVRGBESANE3cool ers
are commonly enpl oyed which include indirect and direct heat exchange
sections. An evaporative liquid, generally water, is distributed across an
10 indirect heat exchange section. The indirect heat exchange section is
typically conprised of a serieSEYARGBALINEL OO FRdsed circuits or | oops
for conducting a fluid streamv\hlch is to be heat treated, that is, to be
cool ed. When t he evapor ati v 1413 : - ) $@ - Ioop cool i ng tower
or evaporative condenser, heat is indi rectIy transferred fromthe fluid
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over the 15 en e cur s thereb t he eva ative |i
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coils whi chevﬁpcyfab& &dndesear in cross section or which may have non-circul ar
cross sections, such as those disclosed in U S. Patent No. 4,755,331, the
di scl osure of WHPPROTAEVE FRYIPTS GFeatasmonly emAlol§d wifcbringleds \ndisest aa dseded by

t he evapor Vv digar I I 20
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conprise a y¥akheitirealedCHREE tdWeiconSd SWilen A% NApSIRRVSLMNS is ukank daaised netal
sheets, stacks of forned plastic sheets, etc, For exanple, a certain type 25
of fill is lapmercdigsdover aesapauaiverrondgnsershepd is, in@rectly ianefesed feurthe dpidahi ch

i's incorpor t rs, ovenent s
in the tech%rtt)3 oégl (Eq;{s%vg?p% Eglﬁ:(ﬂmﬁ]gve betee%b%trggéne' ggdu%&@\?% o fill has
evol ved 5 ntanclosghdiscu@t tHeedbgniarsiiveeths eodporanivt Iifjade tGftbnphs these ertdlma‘edl S nuch
nore efficient. than the o ng d splash fill @ bl e of | ow Rressure drops and
30 al | ows tHEVERHPESSHT tbtest%@sw%ws‘fq‘ & N'¢hTRY bF 84K rrgntcrresrrqtrﬂt%
approach wehifhRy hheORGH- a8 Srosk BediidBs, 8adH tseﬁosé@ys%rdaéd GOOIS ParchONBr  Wet
deck Fill devel opment, the best technology was sinply stacked wooden sl ats
that caused?¥e Matherdisclpsurs efsthighia inqermsuintad bereedyaiefereceoni ng t hr ough. The
8:21/ 88& 131‘2 ?/eg g%%ﬁé 6%43rbedsoy tRe %B%%véﬁqm%‘dl?efcu& %%né’@lrgd’ to alhrguaétreeaﬂtrxﬁaa WO
20 direct evaporative heat exchange section. In the direct evaporative heat exchange section

the evaporative liquid is directed onto a solid surface area, commonly referred to as wet
deck fill and a small portion of the liquid evaporates, thereby cooling the remaining
portion. This fill may comprise a variety of constructiohs such as wooden slats,
corrugated metal sheets, stacks of formed plastic sheets, etc. For example, a certain type

25  offill is disclosed in U.S. Patent No. 5,124,087, the disclosure of which is incorporated
herein by reference.

Over the past 50 years, improvements in the technology of wet deck fill have been
tremendous. Wet deck fill has evolved into highly efficient sheets of multifaceted plastic
that is much more efficient than the old splash fiil, capable of low pressure drops and

30 allows the temperature of the evaporative liquid leaving the fill to approach wet bulb
temperatures. _

In the earlier days of cooling tower wet deck fill development, the best technology
was simply stacked wooden slats that caused the water to splash and turbulate the air

flowing through. The object of wet deck fill is to expose as much of the water surface area



PCT/ US02/ 17223 as possible to as nuch air flow as possible for as long a
time period as possible with a mniml resistance to air flow. The early
cooling tower wet deck fills were very inefficient in this prOﬁgﬁ”ﬁg t hat

time it was common practice to place a heat transfer <coil int
wat er straegpybdiigut the use of any cooling tower wet deck pldfdsor €435 deck
fill had very little advantage over the geonetry of tubes in the air stream

with water aszwﬁgﬁﬁb't@gs QUEX il How t%oksr%’l@@dr'agnomah% QY84 » wegssﬂﬁ@w' d1s has

caused nore more 1 nventions Use conbi nations o and coil to
do this typeinbfmicr@mtnmg: tOAs ffoiw. ITlpeerarldrcnalrrmetdwapmvéchk filimwerstvers di scover ed
the benefi tl ce tF g lg t "% a co r P arhte tq 'msgér
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shows the coil with air flowng through it. The inventive efforts over the
years have %Fk fifded vanrlste é@ivatﬂéﬁﬁérod%f the ESRIPRS YoP T tuBesSN e HF SireAs BiihiRtEhe

fl ow of ai rsp;agﬁlgygbeg he heat transfer coil. Even with these inprovements in
coil design, the coils were limted in the anount of water that could be 15
sprayed over t helteontemint lodutprohakwetgdeok fills has ¢due<vd mbreaand mbre iseaeionngdtaances

the flow of air ,had to arra e ara ow of .wat e
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cool ers havgvdnisik sl ehdierhe 8k hef@bf EdiBbinmdithetlo heal exshaREekhe BSor ekds Of
the fill, either interspersed within the “fill in the direct heat exchange

sect i orl0as ezwhaa‘ﬂéﬂtbgeapwﬁnee sf aipfpwrfivenNgnd irgugh)Ahgcoibassemblyepbichie
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part, on signifticant air heret rou evaporative rect heat
exchange t chrooghiit. The othtieeeforonser degharahadi stbaseatirected b SardPategintds olNos .
5, 435,382, 4,683,101; 5,724,828 andg4%%b‘%2 027. The ey orati ve_ltel iquidis’
typical |y FéuPselimRreyng Ml of He MeougfoPalta dagdisl &' Sud Wissterar it

passes fromnpRfren@fshe6dil §aNH it SRS WepNihRed MahelhmBGht sTaRltéMBarsRald 0 and
back to the indirect cooling section in a continuous cycle w th makeup

| i qui d laddeerayed exsmplemenak withiant chelies pEghA Bowief ain asores/mpenessdbi flsumiary OF
THE | NVENTILON, Ty Q&fﬁpﬂfngg(? H pe{ég'lYegg} hqrer%hg&/%g a%eeﬁo Eh&\w? vabLages flw of air

devel opnments I n ose dvan ages 1 n unique ways to
achi eve sunmnughngcand unexpected results. Although all of the prior art
teaches the | ogi dea t hat irfl through .the coil will aid in
Lhe- cool i ng pr addaical aaRpilEneSotera bak Bt e Meo0 REHE, pfecl Py Fiuef” S na
putting ad@hkicenr fill, dichd i HBFsed Ghhinthe G tRUiCERIY BScHaRydReliease the
performance of the wet deck fill and burden the air nDV|ng systemw th

addi ti 3Ral dfspbwac} addiSr BeteritNo. 3,012,416, or in separate sections, with bot the direct and
indirect sections relying, at least in part, on significant air flow therethrough for

evaporative direct heat exchange to occur in both sections, such as disclosed in U.S. Patent
Nos. 5,435,382; 4,683,101; 5,724,828 and 4,112,027
The evaporative liquid is typically recircutated through the evaporative cooler such
25  that it passes from the indirect cooling section to the direct cooling section and back to the
indirect cooling section in a continuous cycle with makeup liquid added to compensate for
the liquid which has evaporated.
SUMMARY OF THE INVENTION

The present invention recognizes the advantages of developments in the art and
30 combines those advantages in unique ways to achieve surprising and unexpected results.
Although all of the prior art teaches the logical idea that putting airflow through
the coil will aid in the cooling process, Applicants have determined the surprising result
that putting additional arrflow through the coil only serves to decrease the performance of

the wet deck fill and burden the air moving system with additional flow requirements,
-2-



1 9 OCT 2005 WD 03/001132 PCT/US02/ 17223 costing extra air noving
horsepower. While it is not critical for Applicant's invention thag gCfheke

be no'air flow at all over the heat transfer coil, Applicants have
di scover ed"PAHP'}He overall performance of the evaporati RCTEYWRET22 s
enhanced if the air flow_over the heat . transfer coil is mnimzed or

avoi ded al tOgGRTr2 & mYving EoRERAEt W HIFdhE PBhCriticAloARpPIiedis 4nveaven that
maxi m zed tih&e @t hbGirgRGYail JRBE G kat (FHREHEr Edil hfppgcﬂtﬁa%ta%bwe& hﬁim@gt er to

be cooled over a relatively larger plan area o ‘ housing. T

maxi m zes tdveralpstfntmafce whtherevepariiaceecoatee & dnhamsedtiabe ainiflohv ovvettai et ow and
mnimzes the rk required, fromthe air vi ng devi ce. Applicants have nade
t he di scovet?aysteﬁ% L Ivs\/ﬁ@rr‘lmlnlszqdu?roavio'sotegéﬂstg%f@eegoover the heat 10 transfer coil of

the indisrect hedly ¥ phangehveation,@hy Appliganisohvenatientdiahedifididnowor aeaseti t has
surprisi ngldé hi ﬁh heat transfer coeffi ciesnt s or U-values. Applicants have
r ecogni zed 35T OY Idispaytingahe gientofecosred ioMer st gl vl aeen plgupgacdadil on t he

| ndirect Neghshi AR FRct 88 hbn TN SultBeliPedint Bnd € Gfh RS RS/ o{H NUL €

per square f oo_?' -- to 45.48 liters per mnute per square neter) while
avoi di ng t henithizel thadwanteggeedfroinribe aagionigytdaeict.i qui d 1 oad on the wet deck

fill, by providing,a | ler plan, area for the indirect heat transfer
section coil thfho%lhfiar“%gﬁaeveﬂ“l{#% t@%ﬁls%ogﬁ@éh?tr% AUt SrsCagsLover FPeas i t
noves fioometafigtef ¢dil ofttRe idRe&teht extRan@eitt tve@mighey Sh&aa¥RARHow Ratks fhexs
U-val ue can be increased in tw ways, by providing a-higher liquid | oad at

the heat t saipsis@alydugh heasgparferspeftiesneadiyaletle velocity of 20 Iiquid flow
onto or through z r i ki ' anthe ' I [ ed
The surpri sing FORIFHL tysrARREEs GRY hayBEf Hedantils AR Ao HyRRALR

ai r st r eam tohele indirect heaeransfehseghby (hycmmentsnagtte Stthd 6fehldavspeemidtie peoi | and to
position the coil rever, .t wanted without regard to the .gegnetry of the
B0t ow  AVGSE Fongy it 8 afidies Seh R R Aage moreo WeTs REPUBSER vel oci ty
of the fal ldisagvanedeof tiRreddink Whd RLd RABBAER: Wheicbeall, by aasfers £onfifd-giant of
the coil. In sunmary, in an enbodi nent, the applicants have separated and

nmade nore aERfpeiheidireathent amfer spaiescal thaadeq he il and sapgeneviery thelinyid

i nvent or h%vﬁé}ﬁ?ﬂn?\?& ffd?ﬁthez[ﬂ?fcjt%%oﬁ.o one degree or another in attenpts to
achi eve the nost eftficient device. The applicants' invention separates the
fill fromthe cdnbhddtgort they fiiskdovecaithipgheiFedivexan be snc@éhsediyi mormvafsf bei ency and

the coil can be used,to.it' xi,yum efficiency.,,Specificall i n_.
enbodi ment PriBs ABishat e It eI RS AR TR P r e vEREE Phs ent
i nvent 2on iigaldutesomo lof fHtbekhtthe hedt Ivahdler dotirseetiost ri buting an evaporative
liquid (sonetines referred to sinply as water) onto a gas and liquid
contact body (tH&e aelicavs kiscPyared IR AUPHEN & resUlts hekby et buedssing the cehethi qui d
and occupyi,REoithd difsiba? Y € Frel & hibRG RbNdeNGate the flow over the coil and to
position the coil wherever they wanted without regard to the geometry of the airflow,
Also, they were able to take advantage of the increased velocity of' the falling water to
25 further enhance the heat transfer coefficient of the coil.
In summary, in an embodiment, the applicants have separated and made more
efficient, each heat transfer section although every prior inventor had combined the
sections to one degree or another in attempts to achieve the most efficient device. The
applicants’ invention separates the fill from the coil so the fill can be used to it’s
30  maximum efficiency and the coil can be used to it’s maximum efficiency.
Specifically, in an embodiment, an evaporative cooler embodying the principles of
the present invention includes a liquid distributor for distributing an evaporative liquid

(sometimes referred to simply as water) onto a gas and liquid contact body (the wet deck

fill) having a surface for receiving the liquid and occupying a first plan area for receiving
. -3
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di stributor over the surface substantially throughout the first 1§ 867 108 ea.
An air moving device is arranged to generate a flow of air and the body

surface isyo@bapged in the flow of air, the flow of air cg |
portion of the I%UI d received by the body to evaporate, tﬁrﬁ%y COgFI ng
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concent r at oy ths bady angesbrafeeiherRen cbbithgaeyerrdthnt: Menheapotandiesn 6xht to
concentrate the cooled liquid fromthe first 10 plan area into the second
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fluid circulating insi e conduit, to cool wor K1 ng l'iquid
col | ect or rtegeihedsst p@ubseaant‘heeﬂehytratsferob:lthhaea ‘statfetceragﬂnuehietatrecb]trs qU| d from

the heat trapsfer,wo C uit iq |d recircul ati.n ani sm
returns the" %&tté‘&na[ (?lfjiﬂ% CtO(S’Fetdﬂ@” $gﬂmdh%€%4yri G CPB?e”éra?clrSS 8 of the
cycle. In apnesdaié BRIanfthd Rt traNEatdoANe chbRRnBNRRRE %dl&ﬁtuﬁﬂ@'ﬁ%ﬁt fiRMPEH Ses a
liquid_ di strl but or and.a body for receiving liquid fromt

di st ri B8t orpPlansgeqinto hevesapd ndrer The @oteétdgeeﬁ eé'tde%e@\eﬁféheswtaéw ofi‘theu r
over the b%?tﬁr&ng B Lbi f"*é sl 0{ ceSUARNg r%s§ drzﬂ% %r'lolf?]nthgfwc}rfgl?mlﬁugcy' d
e body coo

recei ved by _ 0 evaporate, ther e remal ni ng non 20
evapor at ed qtrouthtiogtimi‘detﬂltreadndqm,l td coél thea/torltm@ﬁefderA wouikliqofjedtbuiedeieendui t i s
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wor ki ng fl md?tﬁemwctuat:ﬁg &fe@ﬁdr@srnatau@s te Kpatediqari doythofiqiibeligonledfdriaqui d by
at Ieast 9,5 feet per second (2.9 neters per second) before contacting a

sur f acé’of Tensat algthe cydansf er working fl UI d conduit. The cooled liquid, 25 as
it falls over tﬁﬁaﬁ'éfn% fifikn 95f h@ﬁnﬂﬁ%ﬁ A {%Pgﬁm‘t\?tﬁ IQ'Q:m tis8s &ggﬂu I's

sensi bly heated as e Wwor circul ati n I nsi

condui t. Adistojuitar adal tmdy(for uesetpmgil'tqhohﬁedntthr hqued disuvdusabsimat meiving aI | of

t he heateddll uid fromthe surface of. the ga %‘7%&5@0 rk|n fl ui ‘g
condui t. AYFYHuFR8ET t&ﬁe&?rana R ﬁ'lré’Pﬁ’” b? U S haMReat ed
(or coll ectpeﬁl)onldqu i @rdcBRed byl tietbdliysb &l dpstAE, thetbhy éb(ﬂaﬁw%ﬁ)ﬁdtanﬁﬁg n6f- t he
invention, a method is provided OfCOO|yI ng.a working flui d conprising the

step ofOdi spaesitagpertipn gfithe leid A heditraaster Uprle"ébﬂw GRR¥IEISRrRRgehEdy
occupl es. A rddelviloBhaliafty & of HithoBldd I thrgere%ea/ogg A BEWORDY el GE f eCt an

evaporation of a por iqu ol ing the remaining
porti on. Tipesiriemsetwpnebobaty qndrthe bent transfer workmcr fluid conduit to accelerate a

flow velocity of the cooled liquid by at least 9.5 feet per second (2.9 meters per second)
before contacting a surface of the heat transter working fluid conduit. The cooled fiquid,

25 as it falls over the surfaces of the heat transfer working fluid conduit, is sensibly heated as
it cools the working fluid circulating inside the conduit. A liquid collector is positioned to
receive substantially all of the heated liquid from the surface ot the heat transfer working
fluid conduit. A liquid recirculating mechanism is provided to return the heated (or
collected) liquid to the liguid distributor.

30 In an embodiment of the invention, a method is provided of cooling a working
fluid comprising the step of dispensing a liquid onto a surface ot a body wherein the body
occupies a first plan area. The air is flowed over the body to effect an evaporation of a
portion of the liquid thereby cooling the remaining portion. The remaining cooled portion

of the liquid is dispensed and concentrated onto a surface of a heat transfer working fluid
- 4.



of the liquid is dispensed and concentrated onto a surface of a heat
transfer working fluid I -4 19 OCT 2005 WO 03/ 001132 PCT/ US02117223 gcpicipiit
wherein the heat transfer working fluid conduit occupies a second plan area
smal l er thaposhesi rst plan area and is nmaintained in an arepusithsizantially
free of an air flow The evaporatively cooled fluid is flowed over and
around t he dwatic twhanst e hagrtkingfgr whiinglfigidrdodiit d@upieansédnd bratardet ween t he
working fluid and the fva orati veéﬁ/ caoled 5 liquid. In this ggcess t he
evapor at i velRlEbBI8AN FrgUp!an P2 ARGISIRMERM S 2 WER SHfgtantei vy res PR t he
conduit is gOQ! ¢de e /BRI 2otk Gt HisifRwelohachadrdunanhd fe eXA8L Weriayr f ace
of the heat transfer working fluid conduit and recircul ated onto the body.
An advant ag@uigcenduded tiagstanhaahbrigtiepetie vorrking Bupsh asiahe eyapoemivilyreoplsdt hat when
the coid i aced. b h fiLide i ory.,built npdul e, the
center osf gl?qé@ﬂp‘t fy%ﬁg pt? %1%!% K}B%‘ﬁ%&tg’%%colog%lﬂg@, ig\?\%ﬁ%iﬂ%%”\%gmgﬁg%
t ranspor t abinkidé yheabndikieis wodlal e ThOnegedluphd 8 cobaséd fichithhettsridufhacss, the
whet her factory buyilt or hui]Jt on si e,,%ge | ower center of gravity
provi des aoﬁﬁéh%;%ﬂj waskigg dlyid ondiit apq eecirggiPh §nieshsPbUlr at i ons, steel | oading
consi derations R ihide bRARIAGHGHHAAIALY OPShe pHRRTRASMBEN SaOlinddife
present invention which have the“coil spaced fromthe wet 15 deck fill, all
si x sides ofoilithepaced belawaghe watdlecl fidlon edadtpty duilamodulouthel céraeredf gravhiycti thed | ows
for ease o cess for i ectjon 1.0@,.of .t he il ~.Ln_embodi ments
o the Bt eotnfiF ROGHERE IREFEPLRS @6 it FBRMIB R B R0 oPrt EuifRet el y
out si de of doaenaitibs iy iaphack] whéthg thdtoguakic bhigiile a0lsRs, thd lbesee cémter ESsavith a
chance for scale to formon the coil fromthe evaporative process. Such
scal e coul dP'BYiABYIMvaaLAy rRBGA LY vFic CORIR@HPS FERSPRINY FRSIHGFATIORE coi |
inthat it RQLANABBindeBhsildsdAIOr, reducing the heat transfer
effectiveness through'the coil walls., Also in enbodi nents of the present
i nventi on wher e lokkmbedimentssofdhbpiesant inentjoror hick bayst the ediy spged fram thé wehe
airstreamf -nNg [ h - [oad: Ly [0 t ed i nst i
cont am at 1 e Flow! 2 ot A SR SrapdBeRibie, & BRRIAELAC AR RIS orgi g
t hrough | owaes of ac2dss Gir iadpeetioropateangs. of Ahesail. i N sone situati ons,
uni ntenti onal hjat I_r&Prajlnsfer occurs at a conventi.onal .airst reg[n exposed coil,
{saee Y

whi ch woul d be MERLQICRF RAITETAIMEIY Wihrer Bhe ©Hds whsipnie!Y Yeat ed

substanti al doﬁg%tel? Rl RIS he AYErsdH Fobfind Mevuah tisd ERAM thBRERsPESCENaRTd ON OF

THE DRAWNGS FIG | is a side sectional view of an induced draft counter

f 1 ow evaporfat soak te efirepn GOl fotithicfyaRATI SIProRepp| Bushoale heul odhsemise

| nvent 19N, debfively nfpaft SFRGIRASerthBgP BRIbR NAhalh 8s 8L 4 HOR iAdAGSd draft
reducing the heat transfer effectiveness through the cotl walls.

Also in embodiments of the present invention where the coil is substantiafly or
completely outside of the airstream flowing through the cooler, the air is protected against
{ contamination from air borne dirt and debris, as well as sunlight passing through louvers
25 or other openings. .AIso, in some situations, unintentional heat transfer occurs at a
conventional airstream exposed coil, which would be avoided in such embodiments where
the coil is located substantially or completely outside of the airstream.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side sectional view of an induced draft counter flow evaporative cooler
30 embodying the principles of the present invention.
FIG. 2 is a schematic side sectional view of the induced draft counter tiow

evaporative cooler, rotated 90° and taken generally along line [1-11 of FIG. 1.



evaporative cooler, rotated 90 and taken generally along line 11-11 of FIG
1. -51 9 OCT 2 05 WD 03/001132 PCT/US02/17223 FIG 3 is a schematic side
sectional view of an induced draft cross-flow evaporative cool ey Sediolihi ng
the principles of the present invention and taken generally along |Iine
[1T-111 of EIC)-){‘E 4_FIG 4 is a schematic partial side sectiopal view ofan

i nduced driP{"M ¥ flow 5 cooling tower taken at 90 fromPERASIFARE2f FI G
3. FIG 5is as tic side sectignal, view.of .a forced draft counter flow
evaporati ve cooﬁ?qg%aﬁw"ﬁgctsﬁg SBYHIORR) BrELT 8F ‘ft%%&fé‘ e“ﬁ?ssl'tﬁu?/‘ﬁnti on. FIG
6 is a schesmboGtisd eviGasitodnal thé paaddfled bahé preed itaatibn GRURIRR sbhaw 1y
evaporative cooler, rotated 90 and taken generally along the line VI-VI of
FIG 5 10ledinedll-BIgfEikhénati ¢ side sectional view of a side- by- si de

arrangement of aiyg Q4UE eheRaft bafPARE &li¥ YRR BF 2 LBRLN MR AR RC! Pl es

of the present invention. IS a sectional view taken generally al ong
the |ine Vidobling tdwepfiakeh @ 9. froiti® viewiof FEGsect i onal vi ew taken general ly
along the line -1X.of FIG .2.. FIG.10 i.s a | t ernat.i ve enmbodi ment _as if

t aken al ong thelégné'??ﬁ%]eglét'%ﬁde Céong.we“igpb%’ﬁf{gﬂ DEERE PPN 2B M
PREFERRED E¥B(beMEDTBnd iR RineieditofithyeRidnbhvestiadl es to evaporative cool ers
and can be enployed in a wide variety of constructions and arrangenents.
Wi | e several ofF16uéns apshamgtinside secaosal vigw gEthedpregd HeafesauntariloMe " ar e
nunerous othe ' ANELHCRARSL ML L t\hey n{ invention
can be real%%zéﬂgn%gégog%te, althougeh%%hégglg)F g?@?r@ﬁ“@%di‘%ﬁf@i s .20

i | lustri@t ed her dily. @3s asahemstic side semiontiividw B a bidiebly-side ardngementygf anhe

present inventi ould also be realized in.a.fieldbuilt evaporative
Pooter . Fadtbig! dutchnpeate frde E et Pyttibhaling et i R0 fuo
pi ece nodul es, wher i 4 §lctlomitividw bh BERAI yNEAYndIBe SEPINALRIL 6OFERTENt S OF
units erected in_place and arranged not necessarily within a common

th

housi ng. O her diPaRdehinstianaliviaw kemgensradiytalons the hae E8dXaH HG Rl in the art
fromthe 25 7ol 1/ 9;ARSHcilivOBmBbaiae: & FlREA 8n8 BRAUMIRMNCS:s VLG, 9
evapor ati ve cool er enbo ying the principles of the Present invention is
shown Igeneral | PEXAQED DESCRIPTION QP TEEIPREFIRRED EMBOBIMFENDDnent
parts. There is i quid distriibtutgr shown gen rally at, 22 a]nd ‘f direct
heat iranster sedFiPGieny s RRIERE e RaeEcs® Sadler adeth iemPlodrd it Ml
recei ving |vagetyhrbayitutchiéns andWrenginsdntd. DWhOE sd2ral AP si@ihlari¥Bydhght3@redevi ce 28
is provided to generate a flow of air over the surface of the body 26

causi ng a dysaiafeddisrain Ghers Are HENGro A tBe IRt HES R halldes e uatieng v B the
thereby colldag bR T pk FEQlizeRPrfgerQamﬁ:& Liadh P &R bNEmBESHeANs! S

provi ded at 30 and typically 1 ncludes at |east

20 illustrated herein as a construction which is built in a factory, the present invention could

also be realized in a field built evaporative cooler. Factory assembled units are typically
constructed in one or two piece modules, where field built equipment may be separate
components or units erected in place and arranged not necessarily within a common
housing. Other arrangements will be apparent to a person of skill in the art from the

25  following description of the preferred embodiments.

An evaporative cooler embodying the principles of the present invention is shown
gen‘eraily at 20 in FIGS. 1 and 2 and comprises several componeﬁt parts. There is a liquid
distributor shown generally at 22 and a direct heat transfer section at 24 which includes a
body 26 with a surface for recetving liquid from the liquid distributor 22.  An air moving

30 device 28 is provided to generate a flow of air over the surface of the body 26 causing a
small portion of the liquid flowing thereover to evaporate, thereby cooling the remaining
portion. An indirect cocling section is provided at 30 and typically includes at least one,
and preferably a plurality of heat transfer working fluid conduits 32 in the form of loops or

cotls.
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and preferably a plurality of heat transfer working fluid conduits %% &gthe
formof loops or coils. 6 19 OCT 7005 WO 03/001132 PCT/ US02/ 172283 PEd 1

26 is sch t(’l3‘(6?1r11|3% Il'lustrated as conprising an el enent which has a Iarge
Surface aré plurality of air passageways extendi ngtt HEF®(HIDugh. The

body surface ca Kk differ n one for til coul d
cornprise a stacﬁhf&)sl ‘%%ga‘c?éﬂlegﬁg‘f?lﬁ’shg%tfatﬁatséf’mf‘ém g eled Y&ﬁffﬁ?g?\ﬂgt‘h t he
sheets ori ent@tkuvRts hieahlith asiherlidyhitairtgabsagbnBY RRAGL ViR réth gl TREbekbe
distributed onto tile surface of sheets to flow downwardly, while air

passages onHfEFCBéaff wRerEdnp Attleern fonms. dpapelrunbe bedy epudd compratel owiack 4l ow of
air over t hsshg§t rﬁzﬁg'la!ié G abnd el Mth%hgé/thmEﬁFd COUF?H@ subl cifa

specific an preferre enbodinent, the sheet nmateria be non-p anar
SO as t o prewapdetise Seuid egoudd becdiptvidhiet iootwsthe wrfancpéa‘@etstthﬂomduawr@lyea for
the liquid to. flow Sti r oV ra|t

f1 ow passagewa R']?@"lpﬁ%‘swdrw{%%debeo@ﬁvedLﬁ]a’e h\? S%“%ﬁ?&“‘*& I8 @6&6%%5{18 %trar'es of

spaced sl at svePlhedtests as BRMNiqeR i9flosRacear tHekrs:s PRSARS spkdifit adl prafehiee art
recogni ze such _body constructions b% the termwet deck fill and hereinafter
e

the body 26°TeRAIBENt: Beshpatdaterg! gauld RenomsplagucR 819 Progidegisapesyotfil . A
particul ar a%%‘lgglu(?t)ns\.’\%tm&g%t ééu'rrg\/é@hr%lﬂfmpé i féﬂo»bgvgr M%Héé%ﬂ roQ?dnY@iy

ef ficient effective is that disclosed ai .me at ent

5, 124, 087, plhelity stdioSow pashgantiys thrpggfi &h@b@%or'ﬁtednbdheoelﬂmlﬂowomﬁem @noEss The
i ndi rect heaft L L an: fer section | sccggn%tescg J, iLJIu trated as corrpr|hS| ng at
| east one MeRECTIIHE PR RErRIHS FPITE O dLT oSS WET i hHe AT 8 IeaEs St

recei ve t hebdyrcoastan®ioad Bdthe Iterhqwetctief:k @mahd Rerbiodftyr tB6body2® mepBelwittrremy t ake
several fornms |Including a Se“pﬁh\f]?l i ndi.vidual coils or _tubes 54 connected

by headers B@sths wFrcﬂﬂcgg‘“é’ﬁ sy of* PHEHar typs phstdgel A whiduppRlc@ Sr ea for

engagement W,etf&ﬁnmrbe%mawﬁnhle%btwe .éﬁﬁ@&;ké:b%xﬁﬁ@@fumg@tnm 3 paRgenent
is disclosed in U S. Patent No. 4,755,331 in which t ubes have

el liptital Beoki2&ext, ﬂmmscl@memfudhcfmsnw;mratcd bs:smé:ewctfeomweas described in
t hat . pat en.t nmay ”E%el mﬁ %cﬁ hlélzgtlt{aﬁszfgrd S‘»c—:cfle gﬂ %ﬁﬂé};}? %16281 Lftﬁgtg "?q c:rsn?ng)}nls%ﬂaat | fiast

configurations. e con =ho
plate with @mge&sfe@wmﬁng Iﬂerdeaomdm:oﬁz hhengy\msdfimg td }emelde tle dohawapdratdar ough

whi |l e presenti.n af.ea of the tefo t he neva or at dquuid
Fo fhow —oviauid Foarhe R 2. THestn iR wural oS HIGR SSrFae! of such

pl ates coul ddRgdudl EdiisR dubik 55 coddiereR |b§1h€§de95rf§69ﬂ6tpﬁ9vﬂ@£ﬁ MﬁJ émuwst h
appropriate connections and headers for distributing t wor ki ng fluid

t hr ough2& helnpileasing a spiéFceiarrgfipeenzpERMens y therr@nﬁvepormdknnn@ A sHedificonpript 32
may be ref eéo.leagbaﬁlglerﬂn%qtﬁs @8{1?4(:& 1298 VardieRb. £¥ENMOR A the R4 aNsTer

coil, or very
elliptical cross sections, aithough circular cross sections as described in that patent may

also be utilized, as well as other cross-sectional configurations. Further, the conduit may
be in the form of a hollow plate with passages formed therein for the working fluid to flow
25  through while presenting a surface area of the plate for the non-evaporated liquid to flow
over in an indirect heat transfer relationship. A series of such plates could be utilized with
the plates oriented vertically with appropriate connections and headers for distributing the
working fluid through the plates. Hereinafter the heat transfer working fluid conduit 32
may be referred to more simply as the heat exchanger coil, heat transfer coil, or very
30  simply cotl:
In the embodiment tllustrated in FIG. | and F1G 2, the fill 26 occupies
substz;ntially the fuil width W1 and depth D1 of a housing 34 enclosing various of the

components of the evaporative cooler 20. The heat transfer coil 32 occupies a width W2
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In the enbodinment illustrated in FIG | and FIG 2, the fill 26 occupies
substantially the full width W and depth DI of a housing 34 endl‘b@Eﬁ@%
various of the conponents of the evaporative cooler 20. The heat transfer
coil 32 ocwuRie§118; W dth W2 7 19, 0 C T 2405 WO 03/ 001132 Figq,b%g%/-,g.JZZB and
a depth D2, at |east one of which is smaller than the corresponding width W

| and dept&thﬂ—d@tﬁl@@E' Qc%iéhﬁélﬁ‘»@hll:}'n is&fhalldNisn the@r@Opdnddd: Wakh aveaRY | er

plan area than the fill 26. In preferred enbodi nent the pl'an area of the
coi | 32 (sedwtlDdlosprredhy thﬁé‘t"t%fe Thuanige cei 3abaut s@@l%rtpdarg@%dvantth@ﬁﬂil?em

area of the f111 i@Bodfkicd erBhamal fRual NePROUDSE 52 RLEDRS bRY SIROdiyent Lhe

second plan area iIs e range o ar ea.
anot her prehegeeﬂﬂmnbmﬁ%mmﬁ@%mﬂmhﬁﬁammdapfamfﬂrBhUwa;ﬂmnhhﬂ)r&ngeﬂﬁi 40@6to
ctional view take

70% of gthe frst are FI G illustr tesas

gener al | a?rSIFT' EFWE“’PHW&“F le 5%CQ0 AigEredpis in $Pf $ree &9 dS s éthaﬁ‘at
the fill 26308 CHirBehet Pn%fé’#e‘étéh%’dlmé’mlt@’beb&dtﬁ]ﬁn &aeh s M 6l Pardb of J;Q%t Re70%
housing 34 and the heat transfer coil 32 occupies a | esser width W2 and is

spaced awayoffthofirealsh asfa. t he sidewal I's of the housing. It can be seen that

the plan area of pieey i Lk@Ps oANSN Jal, bE: LELINAfoulie 8 1ELR o ERGOS o2

than the plan area PaAnster col e rlg hallf of
the FIG), swding) fifoaci topbasit, tauhd 81128 dcbhises the usdth av i mmcH R thd @l2width of
positio rbed t he heat transfer cai ui d

ween the fill 26 a S
concent at o[?‘ i‘@%‘“t”i‘@i t§8h9\ﬂ|t@H5fgb?fEle3r?t ?%E@SFﬁ@bq’l‘ﬂﬂflhwze%{\?l'ﬁépt}cﬁ%ﬂf‘*al” | 26
prior to i tﬁorﬁ'&ﬁ&ﬁ@ﬂﬁ@&:d%ﬁ[ﬁ dtfiRe H&i%tng tf @ma‘eesreemai th%%aarﬁarlaa emh@ mpid ector
38 is positioned to collect | dwi ng fromthe surface of the heat

transfer coihowadn thg Ipft Galf of ﬂ’éﬁqﬁc ula@atﬁghmf@h@#ﬂ@mM@ the heat signefiedceib32r et urn

the, heat ed i ayh h &1 DL NS oA R €2l SR8 135 BUADS, hisOHL bRt 1 BYsr 22

I n the enbodi nent rate In I'stributor
conpri ses aposmamscebctte&erofhelf'rhmd/arduab hew 2mhesr 4l 3@mwldmcﬂ tamckatgatbidsection

passageway ch as an array. o eadi. n froma header pipe 46. It

wi || belvfpp%ﬁe‘e’hﬁﬁéaﬂ%eﬁseteat il P @ed”f” 19 B do 1 PREe BTN QLG be

utilized i nradfl thien2t A ihel enRedi BB paafbasRtd ektMidulid %Mrartfe@ln ol

exanple, in lieu of having individual nozzles 42, the pipes Jqqnerel y be
Vi

per f or at ed. SUfﬁFFﬁaOﬂtiiqu tfﬂaggfa@%‘v\lia?y Andiguig| regrapiating ﬂleﬁéﬂﬂlﬁjﬂ ﬁ‘pd#‘ P%P dpe
perforated r e s introduced,
with the | %ﬁ‘?’gm%rf}egtgﬁn m?r om tﬁ% IF% pé(‘a!:)eﬁc‘)%rét&9 %H‘é 'QL{ahdrl%)ttlgH{D?%g perforations
onto the fill 2da tH&entmageMag&tMnlm@SbEanm7 tthehiduod mistrofuterd mmﬂnsps pes as
f .open t op channel s 06 trou

pr eci sar riELHaRLY ok HEE4SF 4G PEPNAEL MU SROTGIBE 44 6T B3P P20 TogeGs |t
provi des a Iézﬁﬂlr?g ir¥ @l ayheBN&DisH 4.1t QA bOBpREcikdedWat a QRO VERGy bF liduid6 and
allows for-a flowof air to exit 30 therethrough.
distributors could be utilized in addition to the embodiment schematically illustrated. For
example, in lieu of having individual nozzles 42, the pipes 44 may merely be perforated.
The liquid passageway may also be in the form of a single perforated pipe or perforated
25 channels to which the liquid is introduced, with the liquid dripping from the pipe or
channels through the perforations onto the fill 26. The passageways 44 may be in the form
of closed pipes as illustrated, or may be in the form of open top channels or troughs. The
precise arrangement of the liquid distributor is ndt critical, so long as it provides a
relatively even distribution ofliqui'd onto the fill 26 and allows for a flow of air 1o exit
30 therethfough.
The air moving device 28 is shown in FIGS. | and 2 as a bladed fan positioned
above the fill 26. A series of air inlet openings 48 are provided in the housing 34 below
the wet deck fill 26 such that air is drawn into the housing 34 and over and through the fill

26 and to exit at a top of the housing through a large opening 50 positioned above the fan.
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The air noving device 28 is shown in FIGS. | and 2 as a bl aded fan
positioned above the fill 26. A series of air inlet openings 48 ar®(LT 2008
provi ded in the housing 34 below the wet deck fill 26 such that air is
drawn i nt oWMMB/HbE3i ng 34 and over and through the fill 28CaABT/O2ekit at a
top of the housing through a | arge opening 50 positioned above the fan. -8 1
9 O C 2005 %Dh&@l@@omndntswﬁicPGTdefmﬁliﬂmm tbas adnitslueardrcan@emerﬂowmsmﬂ S
referred in,the a erflow system there is

i so Lypi callgF sboitRet mrvre LRmeRnisto-S3 1 b e PR T el ng
entrai ned hqmunddopllét@m 0k Siristtedrh @riaf o thé meamaﬁm@tﬁngmem@s'a% rMahy @iferei ting
the housing. Many different _types and constructions of drift elimnators
are known |FV(E’F%JH?W"§‘I”6§‘€P§/° 5?%‘&“%%%? areé“?)‘i"%lé‘ﬁ“@”lﬁdﬂﬁ%ﬁs@F%ﬁ @@ | ouvers
uhi ch pes M bio@id oLl SdHEEAbBIAYARich it BBkl A“q 16k whLOGNB e
droplets inthe air. earrange | ustrate e coll'ected water
droplets wih¢ Wdteopgoptetu:herthef ar.ch e agnr&tmeytlﬂostta(bed,Heqmﬁbctddewlatehdrdplaﬁ with

becone. appalGht Bo R s LR G PO PhabEE FHaPufH By st R e

constructions, nmaMabbhediydBéRGMoviARdAe By illi fecdiBe AENHrO 18lek€ 8811 toh no
nmoving parts, such as convectjon chimeys. The position of the air outlet

openi ng 50 HgprvasydianBiowsys ofearopntetiivions dieieRisl dianhases. abharait op wal |
| SPagE T RAVILRTRES MRS AiblingHafis Ol & GBI AN AOWIHBpEl Yo P Fihe NE
wet deck fill in a concurrer?t | 'ow arrangenent rather th e counter
flow arr anganenltletlobbmsg b@tred vary/gdimgy lndiecqmer@mlmdmﬂs‘auhucthama t@mdall(bﬁ:ati on
for the air_novin evice is not. critical, it 15 bei i nportant o t hat
the air |s SERSEATEERIRRT St Sl Sdratp apweeRr oy i BiPithe
liquid is dinsd¢dnburad floRefrsasemett raked thard te thghtér flowhiringereaginuzeatédat
different types of air noving devjces maﬁ be nore suitable in certain
si tuations O&YBNAFREFCHRA CEREMFERN A 0CHGAPTIAE 81 MAYBISdE VIR Y, CTkisde &
avai | aby{ i tuem%hﬁponznﬁo § At thel myhmea headebvdfiksieficl 8 FHBQLP.% Syothe
evaporati ve process I'n an ficient system approaches the anbient
wet bul b t ewpshakakqidis diftebwed. b@fscng o siatmn thmﬂot witlrecdymwrsi thy . différent fypes d
progressivel as it falls t h t eat tran In a
preferred af raa'lr mg“rffgﬁtdgwffffem%??w g Ha&g% certm S'tgatuonéc?a Per’lrfae"% e déﬁs"eg Rir
transfer cofldw raas &bls@-ldv@héesl’pa@@i\fahl@lﬁlllt}heﬂ’ceof and progresses upwardly .
therethrough to eX|t at a hi %3; ortion thereof so that the working fluid
I

will cool as it g lsguing egk 2 Feroolsd iy 1B ABRPrabNE PIOSRSSoPG | 'I'i'é‘”heat
t ransf efg Coidc ! dnthRi b 5‘&%‘ ding UBQd iyl d
com ng fronﬁiﬁlgmv}gs‘eeggé aJhleéJ{ .R\Mblr'ld‘é %h'gg\gvor il ?ﬁ&mb T Ee arlblne to be
cooled to athb(hmmmatTireehcalpbpmgtﬂwmjyawbnﬂenm amﬁalbuhd@pgh Hez ﬂe@mfﬂrenﬂ)erature
achi evabl e %) the orative C &kn a (pe (? t gl Cl_lel S Afas,4 0 be
condensed, ]Wlalqre 55 ALYy romé Upp rln °8 PR B A t8 | ower

end due to 3 @&idlager pRedh er@Nhsd p@Y¥@B8ses upwardly therethrough to exit at a higher

porﬁon thereof so that the working fluid will cool as it moves upwardly and at the

25  uppermost portion of the heat transfer coil, the working flurd will be the coolest, as will
the liquid coming from the wet deck fill 26. Thus, the working fluid will be able to be
cooled to a temperature approaching ambient wet bulb, the lowest temperature achievable
by the evaporative cooler. If the working fluid is a gas to be condensed, it will have to
flow from an upper end of the coil 32 to a lower end due to drainage requirements, even

30 though such a flow direction is a bit less efficient for heat transfer considerations.

Other arrangements and constructions for the heat transfer coil 32 will be apparent

to a person of skill in the art in that the precise construction is not critical, but rather it
being importani only that the conduit provide passage for the working fluid, provide a

surface for engagement by the cooled liquid, and the material for the coil being such so as
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30 though such a flow direction is a bit less efficient for heat transfer
considerations. Ot her arrangenents and constructions for the hegig 'ﬁ@aﬁﬁﬁfer
coil 32 will be apparent to a person of skill in the art in th

pr eci se onis not critical, but rather it bei ng, nt only

t hat thqu{é?%{’bjlﬁgipr ovi de passage for the working fluid, pr éiﬁqﬁg Zgﬁ *Burface
for engagenent by the cooled |iquid, and the materi al for the coil being
such so asto- P@”T’tgf@ﬂife*‘ro@%‘:ffmtb%ﬂe@ﬂ1‘?2"W/@S@Wi@%%%aaﬁeqfrﬁ”ﬂ*eathe
transfer of Atpaf; litdd he Iiquid, but preventing passage of

ei ther the u‘??’u?hé fql"am ﬁ‘hﬁj‘ a{e lraFough the material. The housing 34 is
illustrated as P mysmgridtis dlltcrmmted)ﬁs sitys tamstrizatet pff whstanoally ctttien! oukad | s
arranged gener al I er pendi cul ar. to _one anot her nerally
cubi cal gw‘ﬂﬁia%@” gfﬁ EB’Q Y PEERSPdiFuleh e aRR; hleés%?)%vgﬁf“éﬁtgeﬁﬁr&'éfgﬁ'{iﬁln cal to
manuf act urgapd. STROparieE@SHAPY, VHileCdonldfadt ah® et nli BN @O R0 facARE, 5 Bt shape of
the housing can vary widely, for exanple, the housing could have a circul ar
cross sectic6ersan Grhegal Q@GWEE'W”@&P, apH dpreshapel of the hopigiag cay wpivoviselyofonent s
coul d be | d i I l. of
the el erren%g%ﬁ?e Hg@gﬁ%hg ?%‘ﬂgthé‘?%? &ﬁoucsr&str?gsggtaljhl som\i\hrl"feb;gg@%al Mr%@% gﬁ(l(j'-:vmdent
10 especi dhity vardul comsprmnts dould beeloexrbd ch diffatent hdwsatgs at @dt baind=tr@ical thaai ch 1 s

di scussed hel oncent r at or on.js illustrate at 36 and is

Conpr 1 sed Bt Herens e otien F Aomelrute ind T P BrARh TR BT 1 and 9,

even tImougRpeuilyakith RSpétt Rtthe @mb@Hidat aNbtratel GBI & WRidh 6k &@cm@ﬂbeﬁ@wt)he

liquid concentrator. In the enbodinment illustrated in FIGS. | and 2, the

air inlets 48 phbgrideorcaniraior gectioncemuptaatedy Yamers spmprsedieftwaicternantyr awn

~in 15 thr f; 4 nd up
nto and gyer TRRhERN BRin GS OUH Dt f BG: A6 Bl Sipftfeld

stream | ietpmehtf eulld b@us‘ed@mheﬁmwdat:oncdawoﬁ ilnlthe sﬂm@mngeduttyltcm@ BliGS. st ream

and is cause nove dl er,t air _stream as

Shoun by a7k s T i Pbiae il falpep e Fon fn b Sndl gt |

wi || aencendoigh thetstivafls bhde BB0EIRE 30hs SBvINAUSIORE 47ahd lupasto 288 ovBome si des

where there are 20 air inlets 48. As schematically shown in FIG 9, the

heat transtedegofil 262 Aviic Bis s pavadowpidhaingl sjrepmo fQidd ¢H'iae foretheividwal | s of

t he housi @aﬂ: 4 of

t he si dewaralgflgﬁ“ vg%erd %M%onesggé%ﬁ%gtcﬁgﬁgqgﬁmvg %Armye& "%er glgslgqlg@g;gor

f easi bl e tof theednd $treamrasfshown by Iarrsmiés sugth dhait l:hesunihr @Iltngd‘mrom@ wettdeck ﬁﬂ)losm bl e

to 25 arrange the heat tr,ansfer cqil 32 direct devval
This is shOfRoRHERE oy e Ceiterdh i it ferLod MR Saes Mief st S houy
26' and a aheafetstagansfer coil 32' located in a housing 34", with air inlets

48" provi ded on onlythree sidewalls. Wile the wet deckflll 26" still
occupi es a ful IAssebgmatsally growmi FHEL S; Wﬁheaﬁﬁﬂmt’ﬁﬁéccﬁlgﬁ may $6$P&edwor ki ng coi |
32 inwardly from each of the sidewalls of the housing 34, and air may be admitted through

the inlets 48 in each of the sidewalls. However, in some applications, it may not be
possible or feasible to admit air from all sides, and in such situations, it is possible to

25 arrange the heat transfer coil 32 directly adjacent to a sidewall. This is shown in FIG. 10
where an evéporative cooler 20” includes a body 26’ and a heat transfer coil 327 located in
a housing 34’, with air inlets 48” provided on only three sidewalis, While the wet deck fill
26’ still occupies a full width W1~ of the housing, and the heat transfer workiny coil 32
occupies a lesser width W2’, the heat transfer coil is positioned directly adjacent to the

30 sidewall without the air inlet. This may be done since there will be no air flow to provide
a concentration of the falling liquid from the wet deck fill 26 along the wall without an air
inlet 48. Of course, the number and location of the air inlets can be vared so that the air
inlets are located in one or more sidewalls, and/or in a top wall if the air outlet opening 50

is moved to a sidewal| as described above.
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occupies a |lesser width W', the heat transfer coil is positioned directly
adj acent to the 30 sidewall without the air inlet. This may be dolnﬁ E
there'will bhe no air flowto provide a concentration of the fall Qj |qU|d
fromthe wit® WE&Fi11 26 along the wall without an air i KC&UAH]

course, the nunber and location of the air inlets can be varied so that the
air inlets are o9HicegossPIoFRNCEHIHESS nepbilstrated andCSr i haed P Spslowad i f

the air outl i i ve. i 10
WO 031 005155 s G0 EeRdng fron e BRI Al BB AR L B R e g -

el ement || wstupatddy the hewit @8nsfes call FhdTidisi anyslaopkl!lingstdns teOwexteehdiing from
the outer vvaII of t 4ad|nvvard“%d)oasace upi & by the

h
heat transfef I?als "@B%t'}?ﬁ%{ié‘)@%ﬁn 4L SR FraFR 9H7EPIRE 93’% !Fa?l 11 26

whi ch has natangfet cdiexrbycfp Grbhiind 6 strédindwil hige Gnetddey tné ABped RAlPETHNL by
the heat 5 transfer coil 32 by the incomng air strea F be diverted by
the sl oped W gl GOP'@‘E‘)MP@“C‘H?@C%r?ﬁP‘FeéFratﬁﬁaH‘ "élrcedoa?‘\@edt‘r@#@éo RNt r at ed.

In FIG 10, fd\f? R0 BB b ERsedak & s@‘esaQran nﬁﬁgﬁg@gn%ﬁﬁwixﬂ@%ﬁﬁego@sa @afol e

arrangenent ‘for concentrating the l'iqui ere ther€ s no air
i nl et. Thus where there iang angéﬂ:ter’ﬁhus lth Eisiaranngcjﬂqm l!l-'ﬂS(BatedGh BIG. hl@ugllthmJgértlwel S no

air inlet 48 int heto of. t he u

transfer coil"%3" ge? 4gullnﬁwagd§ ngﬁg? &hef Iﬁa{{guﬁal rfe I%ﬁgﬁ’”}i‘tf 083%2 wal |
60" coulld hawgdbegpacys eday &onpﬂhﬁwile ahdhe sl@pétmam 6at douH hdiRGleb®sedttot hat

| ocation. Ot her structures, and arrangenents for concent rat| ng the liquid
movi ng f r omPEdYaserthe EQ"Cﬁmtaﬁ‘“&rf@%P‘@Bé’ug]aél?CW”t [{&hen stuctigesiagd pHANSERFEGHET pl an

area occupi %slnclextrat(r)hg th@ﬂi uili TRV EhromQhd fidpith hiea @c@maaéﬁm 126 Bese skilled

in the art One pecific arrangerrent I's descri bed h respect to
FIG 7.) 15 smqed plaqured acolpied by thed®ai tankleGedi} 2 ivg! b¢ hmtqnatceﬂtossskadlesi ngl e

f I b f
TP houst ng s hdk uedap R AP ARy B PR RSPl 4800 T zea

i ncl udi ng channelTse ligss sagesor B 1ﬁ|F(DSG(ﬂP tsam@,t:@fedQ& A&mgicadpeangapentis: fheh
collecting the liquid. Wuat is of WF Eﬁance is that the I| Uld bl?
col | ect ed f 8Fan @R&1PaRAd  BHPetiacalTibin e R THPEHF hersing algwughgergy different

pur pose, t hﬁrrédoqmeﬁtsrc@elldrbfelutm&émcmammhmégags& eerpr&@ctambloe Bthefsormr i ses
an arrangenent Tor noving the liquid collect ed the | i quid | ector 38 to

the |iqui dadingemebistforcoPlcting Nﬁailﬂ@lﬂy %ﬁatmfsmpgcanccmsth@buhbéiqb@ hetilized for

the Iiquid C atin hani u ng a punp 62 with connected -
pi pi ng 64 I%%{? kgqu”gﬁ’lm@ﬁécmct ?hel ?IIS ”b Orq 8 up to the liquid distributor

22. Thezpunp it seblfthisthﬁb_sbahanqmdfrecarcaﬁnugrneemmsm 4K Bpevigedaichnel udi ng
di spl acenentcorre;lnjrrirsgg an grergr}grelmfeggglr nﬁ)ldfglpgsthe Pgﬂi'd chl?écttéd in the liquid collector 38 to the
liquid distributor 22. A variety of constructions could be utilized for the liquid
recirculating mechanism 40 including a pump 62 with connected piping 64 leading from
the liquid collector 38 up to the liquid distributor 22, The pump itself could be any of a
25  variety of known pumps including displacement pumps, centrifugal pumps, peristaltic
pumps, etc. Other arrangements for the liquid recirculating mechanism could also be
utilized such as water wheels, rotating screws, a liquid conveyor such as with chains and
buckets, and a variety of other constructions as would be apparent to a person of skilt in
the art, it being recognized that the fiquid recircufating mechanism should be effective for
30 moving liquid from the liquid collector 38 to the tiquid distributor 22.
In the embodiment illustrated in FIGS. | and 2, the heat transfer working coil 32 is
positioned substantially outside of the flow of air through the housing. That is, the air
flows in through air inlets 48 and up through the wet deck fill 26 to pass through the drift

eliminator 52 and past the air moving device 28 to exit through the opening 50.
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punps, etc. O her arrangenents for the liquid recirculating nechani sm coul d
al so be wutilized such as water wheels, rotating screws, a quwg @

such as with chains and buckets, and a variety of other constructions as
woul d be supeweeniz2to a person of skill in the art, it beipgrigeogibzed that
the liquid recircul ati ng mechani sm shoul d be effective for 30 novi ng liquid

fromthe liquid co|lector 38 to the liquid d strlbu In t enbodi nent
i |lustrat edﬂ1 C‘l"ﬂtfiL;avel eterginsd thay thevaporativs, éF"ﬁbP&FWQe%‘i"T’t %‘;’2[2%@' s
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That is, the air ows in through air inlets 48 and up through the wet deck

fill 26 tovakiagtyrberpduithel iprefpee, thelada¢dheneosy @guwatqoérgw addg ot aifipvi ng

device 28 i e InecDOUNe hAE RGO 08B0 auid Loda e £ evap()&u.fér%?tsog’dfr%ﬂi’réﬁaz

PCT/ US02/ 1 = Appl Tcants have ermn Ive efficiency of
noder n fvet gdaode afrifldw,ios an ambatseamrieahfeydrgp aadidrs it hagys telieci evapapattiviecooler

efficiency of .typical co ed for. t trans rkln flui.d conduits.
Ther ef or €, ftaﬁé%\aa’sat@ﬁé w)f t}.%‘c&wf‘ %ﬂﬁbaW%lIi‘?‘f‘Ei Hap! therfiov AF 8 figh the

coil's of thgoh@thelelARediRE WBKi Ng fluid conduit due to requirenents for
either a 5 greater air flow or an increased pressure drop, results in a

| ess efficient é\ﬁ&bgwaunt\heemb@ﬁment phEleS. 1l atﬂﬁé2 thergtis theanesdrainl fiair t8Meve

post 1 oned oS4RAL ALK Ul A% bR ddPe e 81 LS AANLAE LEYAROKAL T Ve

cool er. own In msnt 0 e potenti al
for ai ﬂOt o theove declv BH. frheretmavemmbﬁmme&noﬁl fbh@om@pd;mas afhurrmveek (br Bow) he air

inlet areas in and up dt 10 th deck fjil re .i1.s even some
potential {BY" B}r@‘%?i"ld&ﬁaiﬂweé%mf‘ﬁgl”égi\getﬂw% &ﬂblefiﬁ’\’ﬁéﬁsg‘a ﬁ“ﬁ}%é’%t“dﬁmd the
| ower houshsdribRhl hat tR&E OWnbha RAOLEL tNEhdad trefferAtinRUEN, plefdred NOt criti cal
that there be no air flow over the heat transfer coil 32, in a preferred"

arr angenen?rrarta@@eebﬂve aill willhe sybgiantiadlyi ifinpycompletstys ousidsiofths air Dowtisj de of
the air fl gme 9[%8 ernd lec[%%}egisﬁe ebfpoqchltwecgogmy of the evaporative cooler.

15 The air |n er's are shown” sc as a series of |ouvers pointed
downwatdly so tma¢ a:anrrlets SBQanSmdmtsohérhalwailylhm tdrees b6 Usivag foimted downwar dl y

cont i gur at PORE B b S FHER &5 B R b eI 8 S VA GRS OHRiMon,  or

ser pent i NeaRPSSARE Sipwi Ry Bivrarl Moty 48, MANeR@nfiRIaNb thedr tHe aRdaliPiret he
vertical walls of tﬁe housi n or less than all of the walls (as shown 20 in

FIG 10 ), kepwn imcldigisstreight etrnarprtsn@eetmq passages. c Ui &F sthete 4fmayie housi ng.
e Snop e R0 S0P el B 338 PSS o
transf@ coiFlG3209 orithongase leas fHaowhe srelrociréwmfefentdief thalhbusige.l i qui d bef ore
e Tauid congeLe, 8. sun! 58 oL hARGReL L Dt et £001n., LB, eppodment
~ positioned between the wet deck fili 26 and the heat transfer coil 32 to increase a flow
velocity of the failing liquid before that liquid contacts a surface of the heat transfer coil.
In the embodiment illustrated in FIGS. 1 and 2, this flow acceierator comprises a vertical
25  spacing of a sufficient magnitude to permit a significant acceleration of the liquid falling
from the wet deck fill 26 onto the heat transfer coil 32. Preferably a distance of
approximately 2 feet (.61 meters) and up to as much as 6 feet (1.8 meters) or more wili
provide an increase in the velocity of the liquid teaving the fill 126 of at least 9.5 feet per
second (2.9 meters per second) and up to 15 feet per second (4.6 meters per second) or
30 more.
Another embodiment of an evaporative cooler embodying the principles of the
present invention is shown schematically at 120 in FIGS. 3 and 4 and comprises several
component parts similar to these described above. Where elements are substantially

tdentical as those described above, a simtlar 100 series reference numeral is used to
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25 spacing of a sufficient nmagnitude to permt a significant acceleration of
the liquid falling fromthe wet deck fill 26 onto the heat transfer E“ﬂ
32. Preferably a distance of approximately 2 feet (.61 neters) and gué s

much as 6 8 neters) or nore will provide an incre
St‘?)%muz

Lnh the
velocity o e’Tiquid leaving the fill 126 of at |east 9.@81?3%%2/16@” second

(2.9 neters per second) and up to 15 feet per second (4.6 neters per second)
or 30 nor edesigAaiehis olempr dintin deserintipnd Ssoviennery end v fumetientbesti ng t he

principles af the, &rsa%&atbeiowmbeanéiaiysiata\é&r@s@s%iusial lex%e%i told@@ i n FIGS.

3 and 4 and conpri'ses several ~ conmponent parts simlar to these described
above. Werderatrenents are substantially identical as those described above,

a simlar 100 seyies. reference,.nuneral is ed |2 19 0 200~ WO
031001132 PCT/ USHSTi 225U GRHIOS Shchen &gl e g%da'idhae‘%ﬁeecég?‘ggf‘l‘%ﬁr of the
el ement sandetdicn 4tUnGtHAh mif indRide 1P eFdced S@I BodiRI Rl BRM MBI QIMPIySill) 126
substantially as_described above with resgect to that elenent. There is a
liquid di stiFbuttdn ssHawnfogesrevig jausd frapaheligrid digirisear IR@atln FHGaSedy the

section at ,g@ﬁg\é\ﬁ%qbsw, %EFJaﬁ}gEalté’?@anﬁ?gi%ﬁQO@lQaﬁéluggﬁ!s&%.ng\ﬁ\fetntigﬁq 1t oor

simply fill) 1 eac urface receiving liqui romthe liquid
di stri but orthd Aight. |AldiidBal Al oohly bt Ipeovidegdfan the to kRGINIsE smwmg sidets, w0, inypi cal

arrangenent, coul d i ncl ude, a ond id ical.fill oil .the right. Additional
T coul d Be i vieaton ThER BBEs el bt FE idsienmRgretiontn e ™ois, 5 four
si ded h@usi ng, AR &ir dachvidg debREiies icsrolidedss gusaviedadors Ahendiiepd ddvihg ON
warrants. 10 An air novi ng device, 128 is provided as described above, An
*indi rect S Pravatediap3y andyBirreigcldesddeashene gl eigfargbly Adluraiay okt

| east one, : ' Rth : I j
conduits '13@%58{5%%03@%5@ ldﬁgg%@kéofrmég?Iesfgﬁﬁbgtnog)ag?; ‘?"S}Qﬁ?g‘% ?r?ayblht)%]ﬁyspaced
| ocati ons cdspaspdndiiog dooresiverd mgrtb ¢e fmbsodf &sliesi n t he enbodi nent

illustrated in EILGS. nd 4,..the fi.l 6, occupi stanti al,l 15 the
Ul at hove arlh OF ssingeit gy s B ip 1S SRt RisR| PP RRPsh testirng®u b T ous
conponanst s thd fflneideVapandta poeticost £depiD3 of hRolsad | I4raeRkRl valblis 132
occt~pies a width W and a depth D4, at | east one of which is smaller than
the corres ORBPREHWIIHA cvaporiye caelst ROpThsdeptdradatenoit hi? esHPiEs poding il |

126. Thus, - j i 20 8 e fill
136, 20 A Heonrt peIpD ALl AL b A I BB Ul ior oA 483

(second pl asptrRapccupmy blyghe eorrespodangfd! 536 ablost thedestttang®@oswf 131 hkaspl an ar ea
of the body (ag'l rﬁt QI an artﬁa%l,1 gbout 25%to 80% of the first plan area or
about 40% t82760R'3% ARt A9 "area. Positioned between each fill 126
and an 28ssoci at egs eaibedradned eite flan hred 32thk Sedl thabsti €bil 132 (second plan area)

may be in the range of about 20% to 90% of the plan area of the body (first plan area),
about 25% to 80% of the first plan areé or about 40% to 70% of the first plan area.
Paositioned between each fill 126 and an associated heat transfer coil 132 is a liquid
concentrator section 136. A liquid collector 138 is positioned to collect liquid flowing
25  from the surface of the heat transfer coil 132, A liquid recirculating mechanism 140 is
provided to return the heated liquid from the liquid collector 138 to the liquid distributor
(22, |
The air moving device 128 is shown in FIGS. 3 and 4 as a bladed fan positioned
above the fill 126. A series of air inlet openings 148 are provided in the housing 134
30  adjacent to the fill 126 such that air is drawn into the housing 134 and over and through
the fill 126 in a cross-flow afrangement, substantially perpendicular to the flow of
evaporative liquid over the surface of the fill 126, and to exit at a top of the housing
through a largé opening 150 positioned above the fan. In this arrangement, which is

referred in the art to as an induced draft cross-flow system, there is also typically provided
<13 -



concentrator section 136. A liquid collector 138 is positioned to coll ect
liquid flowing 25 fromthe surface of the heat transfer coil 132] 94T} d
recirculating mechanism 140 is provided to return the heated liquid fromthe
l'iquid col 138 to the liquid distributor 122. The air_novi ng device
128 is sh‘tﬁﬁiﬁnﬁpcs 3 and 4 as a bl aded fan positioned 5530@“?H&’?i||

126. A series of air Inlet openings 148 are provided in the housing 134 30
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152 as descri bed above. In the arrangenent Fustrated, the collected water
dropl et s wilPdatign égr, theimid Erovingrdewicsfis petapvitical, ltPQ‘“Eh@?PP'if@[m(ml)C@ﬁt@ﬁtarraﬁ or

secti on 136, Wit obliS 0 RS, A YADRN 35.£0n bl e M QUGTnfupes of alt

novi ng devi ces an hel'r Foca Ions w | econe appar en ose skilled
in the art as déReriadied: l}mﬂaetramﬁalsyctloﬁug@mns sdhleeapcad i 1$lestmét$h3’¢mﬁprmhgimd
ce is nat critical, it bei i_mpor.t only

| ocation for the air I nQ. n
L he pe oiast e Rt ctmiar oo 2 bk 2 shidice i FeastBute taned b aia Fog Bl wni ol
the 1iqoidins @ §tsosPHERArradfandnnds IRGHaBERM FIGRNShEK, %%am?rﬂwé?:ﬂi bHies

schematically illustrated as conprising at |east one heat ftransfer coil 132
havi ng a surfaeétwoindoediheat tiansfes sratiens [ 30pre ardvidnd aitouzhlal sind@onoef each a

cross- f| OWcérlg%’é&b&?&‘eéi ‘:ilsscciulchH%H E%?‘E'w Nrid %tn&ns%‘rlcgg bﬁ%ﬁégf%\l}% éee\}(?% fil '(

bodi es 126 an irec eat rans er sec
al t hough a feimygdseleampedbb®ach coul d be prOV|ded as could nDre t han two.

The heat transfer _coil 132 ake.severa forms, as descr .above. A
e oncanty &8 B st B L sde g i oot | S5 B o sttt B T Ehi's

15 enbogli n%mbodmena o%@g,lgﬁ: @érﬁém%n@ﬁ@‘m%lsﬁipe@u@h@mﬁewd iy AOM @xbandi ng
fromthe outer wal t he housin and i nwardl é to a space occupi ed by

t he heat tmﬁspéthed@u$lng_3?24 andnhu@rdlaﬁya Bﬁaqap@pumaﬂdlhyrt eflmrtmmﬁér ¢4t 132126 wil |
be divert eq'hB a%??lamd%lﬁ % ﬁleﬁlolﬁom e dlxtlé}%dsorr%% 90?&* \lelsa{()%ato%

hence, concent FUCEUr 65 and “af ran concentrating
t he ||QUIdtMﬂNﬂﬂ@rﬁh@ﬁkﬁhﬁdﬂwh&icphamh@k&athﬁuﬂuﬁdmbyndh&mﬂmdmnmdothe 20

second, snmller plan a ea occu mgﬁ % eat transf E rklnq fluid
condui t wi FPTY5aLr 'éfbptg? fifrd Py t TSéB AN RrEARECHRE "9 o0 t hose

Er e;/l ?u@l yfs@séaewnmqf pnhﬁl aﬁeﬁ%carﬁpaﬂbm@thead thdaster 3oRAdnd ﬂulﬁlc@ﬁdw?’v\@l'ﬂge t he
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apparent to those skllled in the art in addition to those previously described.

In the embodiment illustrated in FIGS. 3 and 4, the heat transfer coil 132 i3
positioned substantially outside of the flow of air through the housing. That is, the air
flows in through air inlets 148 and across through the body 126 to pass through the drift

25 eliminator 152 and past the air moving device 128 to exit through the opening 150.

The arrangement illustrated in FIGS. 3 and 4 also includes a flow accelerator 170
positioned between the fill 126 and the heat transfer cotl 132 to accelerate a flow velocity
of the non-evaporated liquid before that liquid contacts a surface of the heat transfer coil
as described above.

30 In this embodiment, again, the heat transfer coefficient U-value can be increased in
at least one of two ways, by providing a higher liquid load at the indirect heat transfer 7
section 130 than at the direct heat transfer section 124 by concentration of the liquid
between the two sections, and by increasing the velocity of liquid flow through the indirect

heat transfer section.
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posi tioned substantially outside of the flow of air through the housing.

That is, the air flows in through air inlets 148 and across throughdtgre )08
body 126 to pass through the drift 25 elim nator 152 and past the air noving
devi ce 128Wt(g"3é'5!llt’2thr ough the opening 150. The arrangenmenPCTUSEELR2} ed i n
FIGS. 3 and 4 also includes a flow accelerator 170 positioned between the
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through t he dFsigRatede clemeat and thp dseriPuRrph (i elemequang ity fepearpnatin speically

03/ 001132 PGl{HBaPhdd @23 sieInfigly STRAL KRN0 &I wiR (EYARQL At YEmEROD! er

embodyi ng the principles of the " present invention Is shown schematically at
220 in FIGS. 5 aitie® iantquddptiimes sewaateralyorgdhend a daedtdest transier t o t hese

descri bed ahoye. e el enents ar u ni.d al l. i jcal, as t.ho
descri bed ag%cg'g? a}g‘%%h'ﬁgfn% > %gﬁﬁ%iw'gzjfg%rEé‘?\@%s’%ﬁ%fﬂg)lnﬂi%wﬁ]é%8”'”&3‘0633%
desi gnat e t heerimmenid a6 thbBqule sestipiorad22of the el enent and its function if

not spe(f' fically descri_beﬂ bel ow,. is s stgnti_sléo as descri bed e%,bove with
r espect i)o that ~ ENétfeReYIGHBYE 12 §PIAY S Pt F_é%odf’- ORI e AR y at
222 and a diggeh idsa ,dH mbeahd_tﬁﬁ@ﬂnqugaes%zigg%h@,mna!;59&9;%9'@,e@pxp.%ﬂyy et

deck fill or sinply %]I ) 226 with a surface receiving l'iquid fromthe
| i qui d di st hedsamansfe@orkineOlyihcenduitad¥? rgthe &rincef 10918 drsophy ovi ded as descri bed
iabove. An indirect  cooli an. | I;ovi d { and typi cal |

i ncl udes at |east" %‘ﬁgwbgﬁ%eﬂrgﬁéﬁrﬁgﬁl i}‘s’é‘%& éraréflg‘ttse gﬁ%‘ﬁéjgfu&'%géﬁg%‘g}tya\;\%r ki ng
fluid conduthesu 32dthr'w$ hed grirDsfofladopsn® 23 Laiclsinglvaribhieofdib ocinp®idnts of
illustrated in FIGS, 5 and_6 ihe fill 226 ggcupi es. substantially the full
wi dth W andiedeprarans wples 2Hbubhakpadgansis cpdgp ngesraias susddy Woredadieptinent s

of 15 the eyvapatat bYEoGRRbETs sedlfler thRetHReBlredpoAMAk Vidth AV adBde R EMPI €S a
width Wo and a depth D6, at |east one of which iS snaller than the

cor r espondi peFuniedtoly tgfidAao.dEmsh tipgheaicteansiee wopyng Rerdfcohduip2® haphsmmallehe heat
transfer worki fl ui it 232 has a smaller plan area than the
fil1l226. Asgggg%rait aé]dtq%g'g\r/%,g' the plan area of the heat transfer coil 232
(second pl an ar ea} deObedybdve, tha plahardaarigie leht abetdr c20261 (e win hee) pl an

oo o e bt s AR B0 o R M 2R SIS L5 5 P
about 25% to 80% of the first plan area, or about 40% to 70% of the first plan area.
Positioned between the fill 226 and the heat transfer coil 232 is a liquid concentrator
section 236 which concentrates the liquid leaving the fill 226 prior to engagement with the
heat transfer coil 232. A liquid collector 238 is positioned to collect liquid flowing from

25 the surface of the heat transfer coil 232. A liquid recirculating mechanism 40 is provided
to return the heated liquid from the hquid coliector 238 to the liquid distributor 222,
"The air moving device 228 is shown in FIGS. 5 and 6 as three blowers 249
positioned below the body 226. Three air inlet openings 248 are provided in the housing
234 below the fill 226 such that air is drawn into the housing 234 and over and through the
30 fill 226 to exit at a top of the housing fhrough a large opening 250 positioned above the
blower. In this arrangement, which 1s referred in the art to as a forced draft counterflow
system, there is also typically provided a drift eliminator 252, 1n the arrangement

illustrated, the collected water droplets will drop, under force of gravity, onto the body 226

with the other distributed liquid.
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Posi tioned between the fill 226 and the heat transfer coil 232 is q2
concentrator section 236 which concentrates the |iquid |eaving tﬂ]é &[ﬂ 0226
prior to engagenent with the heat transfer coil 232. A liquid collector 238
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wor ki ng f lhedtdransted udit asZB:Bcruha:d atoeel erate a flow velocity of the cool ed
I qui qobEf ore tlhﬁltls em uc'i%egtogéa?gttﬁe ﬁea%yrzrigs?'er coeI‘ﬁcuen‘?LJ value can be increased in
at least one of two ways, by providing a higher liquid load at the indirect heat transfer
section 230 than at the direct heat transfer section 224 by concentration of the liquid
between the two sections, and by increasing the velocity of liquid flow through the indirect ‘
heat transfer section. |
25 Another embodiment of an evaporative cooler embodying the principies of the
present invention is shown schematically at 320 in FIGS. 7 and 8 and comprises several
component parts stmilar to these described above. Where elements are substantially
identical as those described above, a similar 300 series reference numeral is used to
designate the element and the description of the element and its function if not specifically
30 described below, is substantially as described above with respect to that element.
There is a liquid distributor shown generally at 322 and a direct heat transfer

section at 324 which includes a body (wet deck fill or simply fill) 326 with a surface for

receiving liquid from the liquid distributor 322.
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heat transfer coil as described above, 20 In this enbodi nent, again, the
heat transfer coefficient U value can be increased in at |east ong ?UCEW®5
ways, by providing a higher liquid |oad at the indirect heat transf

section 230WOtRAAIEE the direct heat transfer section 224 bRCHUMATEIBati on of
the liquid between the two sections, and by increasing the velocity of

liquid flow throlghe eleodifh@ht Blastratlb@tFIGSaNSAEs, tBEN 308 ocdAlpicdRabhi@ttially
enbodi ment of an evaporatijve cooI er enhodyi ng t he pri.nciples of the pr esent

i nvention i $eSHbWALE et FsREt Py chft NSBBNG P IFFElDsing VAHAUBCOMRPIEHEHF Mes
sever al Comgaﬁme PM1&S3281 Mk %atttﬁn&ﬂafeéﬁl BeSLLhNed: RRAY Svs %1&%{ gept%l eFeRt S

are substantially i1dentical as those described above, a si 300 series
ref erence nigagoab of whighéusmaller d@mtwgﬂtfeestméﬂel \eidtnW 7amd depid I’ésmulprﬁﬂlbdn of

the el en;nt h%'?’c[ilj ées hu?% ﬁ)eab[rans? rcoﬁp’%glhﬂ gﬁﬂ%f}/erl%ﬁ da?%ctrgl bﬁ‘? HF’%%’Wr &is a

subst ant aI y as cri'bed a respec

| i quid di stddsbribearabshe e ;gernafealol'y]eaieat&%sﬁﬂdfoﬂﬂ@ ﬂ@ndtcohﬁﬁi 313’ @Etﬁfnel’plan
section at 324 whi ch i ncl udes ﬁ{ fill) 326 with
a surface fYFr2) PR Withiyrarsged abwa cttﬁe‘m% aﬁiha P&l“s"’tr?fl %Ub% ﬂ'éé@t planig 1 9

OCT 2005 VD), 3% bot of e \GTHLISAZE 1528314004 heropqrbod entpidd st at ed i
FIGS. 7 and 8, the fill 326 occupies substantially the full wdth W and

depth D7 ofP%lth‘mgébﬁgvae@meé'ﬂbnﬁsandgh@/matU@@fftrcm'ﬁdﬁémi:sllmjfdtChecenevraporat| ve

cool er 0. t a [.c aeIe el e

at |east off P%)rf?ﬁ(\?‘;1 %ﬁfq'il ﬁ%t?rohg'%gomt‘%e c%(r:?%ieegbvé“%ﬁeﬁd %*aa{?%ww’q CPEI dept h
67 occupi edthbyurfacke ¥ tHd Heht t3atlfer EHUS32. the«qhaa’emwum.s]f__,eﬁecﬁm:km332 ipSviied

smal l er plan area than the fill 326. escribed above, the plan area of

the heat trRi& e} thasrarmer)liqyidifomhadgryd @g%t%fs&édﬁahednw digf baTor P8y be i n

‘the range of abof az%vﬁr%f&%e@fzsnéﬁﬁmmnaﬂ F?Ge'ﬁa@ef bibd& fah bbsifibAddStooRt &
area), 25%to 80%of th irst plan area, or about 40%°¢t 870/oof the first

pl an area. (P3¢t Aoers deirwelenopanamgt BHE ﬂ@%maﬁ@ﬂ inhke hamingt Y3drbsfor thedill 332

pos 11 o 14 LoT Mk b e s s iPREar i o Reo G PR 326 D40 near

transfer coddic a332op 4f the Geiisthg@aiuch ullate ngermgcmo%moaé@a&cs/eph@kﬂndeﬁlth;i o
return the warned I|qU|d fromthe |liquid col Igwtor 338 to the | i quid
di st ri but or2gBgemeny, Which jarefenigd dothe et W28 a sidedyaiie arropprgntpf 28 influgehded fan

posi tioned gah@vSudibiBow s'thlem?’%@re le‘afs@rt}[ﬁ&ill fpr@\hﬂed DUk cPRERNFIS2348uRr e
provided in the housing 334 below the fil 6 such that air is drawn

i nto the housinggn@gd4llustrdted\ibe Cdﬂﬂtqu%ﬁngﬂmlhfé W!II Idr0r826dtarf@lf0t-‘@f gravity.aantet op
of the ibou 'hnﬁlﬁﬁ%'ﬁﬂhg th@fggtrﬂﬂg?'hggud%o positi oned above the fan. In this
'S

arr angemnent Pery@ art to as a side-by-side arrangenent
of an induced dviady otheruppeardflavvneysd dmices hed eheirdoaltisns wipbe@hleyappieui ded a
drift elim n toosg sklﬁed inltﬂe Eirtg%s described previously. Again, the precise construction and
location for the air moving device is not critical, it being important only that the air is
i caused to flow over the surface of the fill 326 onto which the liquid is distributed.
25 The indirect heat transfer section 330 is schematically illustrated as comprising at
least one heat transfer coil 332 having a surface to receive the cooled liquid from the fill
326. The flow of fluid through the coil 332 could be arranged as previously described.
In this embodiment, the direct heat transfer section 324 is located in one housing
part and the indirect cooling section 330 is located in a separate housing part, separated by
30 a wall 369 which, although illustrated as a common wall between the two housing parts,
need not be common, and the two housing parts could be located at a distance from one
another and at different elevations.

A quuid concentrator section 1s tllustrated at 336 and is comprised of a liquid

collecting area 372 for cooled liquid falling from the fill 326. This liquid is drawn into a
-17-



arrangenment illustrated, the collected water droplets will drop, under force
of gravity, onto 20 the fill 326 with the other distributed Iiquid.9 B&n0s

ot her types of air noving devices and their | ocations wll becorre appar ent
to those gk glhn the art as described previously. Agai n Byez? se
constructl on an | ocation for the air noving device is nof CI‘IP

being inportant only that the air is caused to fl ow over the surface of t he

fill 326 ompipe IMieaienting tlhnoqgh theivgalldi69} thidugthedpump 3Theug di‘rditlﬁﬁqilpdﬂm addr ansf er
section 330 is sche t| cal | g i Ilgzltrat eg as conpri si n? %tl one heat
transfer cditp adgsiddigrpgon & whicadat grzz Eé’F\?Ber{ RS tolBFars Eifel % he

fill 326. 1eEb@nfelcm/ehafton dmemoqylg@ort&;ﬁnﬁ@gbs@%yowéﬂac&fa%reqnaﬁ&tas

previously described. in this enbodi ment, the direct heat transfer section
324 is | oca’@eﬂeri \fvior&mvg thodsomdyit hyzr uthnient ameunhi perott td:géjnurdgtosa@cezlﬁr@rf: 330 is

| ocat ed Fde%?lpea{ aencre]%lflirar{'fg glr tde "%89,@5@’1395 ?%scr[g% ev1ous 36p, V\fh(L id”

al t houg ustra tween oS g paert need

not be commr;n alsard sph@edwdmmhcnglepafb@en@@,@l}@?bﬁdboﬁﬂfa@nﬁpre@suda stance from
one another and at dlffer nt. el evations. A liquid concentrator section is

i 11 ust rat eNSERRSSYE vaRaity §f ﬁ‘ﬁk‘ids"’eglesﬁ?d %{nPwauWh Bworra deptereeecsrd (3-8

cool ed | i quethcf prlstnghds BPEEbFehQ)rEt*ePa'bliﬁ%ﬁmeT&Bn%e&'oﬂHP fquig f%%ﬁ‘&lh'e%ts% alr 19
O CT 2005 WO 03 001132 PCT/ U502/ 172 pi pe 374 extendi ng through the wall

369, thr ougﬂvaelp)mfmnqsw&ollaptlwwéﬁ for pe ®PBddimid fratrotha hﬂh 6 ahddhstiquidut or
380 V\'hl le%ggao%%éo tha )P@;i@langﬁ 1n3§02w tl;. g@u?ltﬁeg%olgctnw '1r§a _)750 kﬁave the

dlstrlbutor es or ~open hove heat

transfer wnqLKumgliéd&lﬁsm@nduequdweca s:uéa‘ xmdimcmwptem&@bmrpmﬁpstahe i qui d
to accelerate 5 under the |nfluence of gravi tX a desired velocit
descri bed PrEvFlglg spmersreed. itysPEs erﬁ‘ﬂyt%%absé %fﬁcﬁg%‘éél“%f’“r&f’ at pahgly zI es or

openi ngS SRALNAR oI thELRA RGRPBUFERE RUBHEi MEF Ba3enNA KEliacl ty of the

liquid a deSired anount, such as up to 9. eet per second neters per
second) or cotEctnr 3BB af ramawltbf therwanmtee hgod rEelbngrfrom thei hgat rmifsfecnwopaw’rf't@xi sts

bet weeps the 1iq | ect i rea,3 ed liguid.tromthe fill
326 gs the i qﬁ] g 8‘%‘!'][}68@]8?“%‘% l‘zlc{shzta"g%yqvgﬁl aq?"gﬁericﬂ'I;FgN rates out
of the col p&siidriag swseaahuawoaﬂadetolﬂme ﬂdvqundr Qﬁb\h@'ﬁﬂlemo&?o& canatbe teguial i zed.
Since it apdlffICUH to oEerate reci sq%ry t he sape speed, it

at
i s prefer aBP¥s tothEeh airdnie é“‘ﬁ@EF‘PEGh‘ﬁPS:'?qg‘ 5'\31,1%,262&0 passthyQh t9e diftgher rate

so that thgisRaleds) aquet;&t fHe QP thbind ué\J.Cé’@ﬁ wém tHo%%eapehmaoﬁbhe liquid
collector 338 to mx w he warner |iqu from the Reat transfer

coi | surface. 1%hg érrratnlgementbbehtmﬂlmﬂlﬁﬁs? m &dlspnnqidl@a fb%n@eﬁratphymeat
(HansCaS SRk LSRR RANRL A P bl oty
up throughottthe nbm-kvapdefied quidssiotdihauigiuid bentaldts fi'fs,urf'lce of the heat transfer cotl
as described above. Here the flow accelerator 370 may comprise the pump 376, piptng
374, and nozzies 382 and/or the distance between the nozzles 382 and the coil 332
In this embodiment, again, the heat transfer coefficient U-value can be increased in
25 atleast one of two ways, by providing a higher liquid load at the indirect heat transfer
section 330 than at the direct heat transfer section 324 by concentration of the liquid
between the twé sections, and by increasing the velocity of liquid flow through the indirect
heat transfer section.
As is apparent from the foregoing specification, the invention is susceptible of
30 being embodied with various alterations and modifications which may differ particularly
from those that have been described tn the preceding specification and description. It
should be understood that we wish to embody within the scope of the patent warranted
hereon all such modifications as reasonably and properly come within the scope of our

contribution to the art.
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elimnator 352 and past the air noving device 328 to exit through the
openi ng 350. The arrangenent illustrated in FIGS. 7 and 8 al so i fhgljfddgdpha

fl ow accel erator 370 20 positioned between the fill 326 and the heat
transfer coil 332 to accelerate a flow velocity of-the«~ngneevaporaiwrd————
i quid before that liquid contacts a surface of the heat transfer .coil as

descri bed above. Here the flow accel erator 370 nmay conprise the punp 376,
pi'ping 374, and nozzles 382 and/or the distance between the nozzles 382 and
the coil 332. In this enbodi nent, again, the heat transfer coefficient

U-val ue can be increased in 25 at |east one of two ways, by providing a

hi gher |i gqui ¢ hgahPOURMRVERTIgCt heat transfer section 330 than at the

di rect heat transfer sectron by concentration of the liquid between the
two sections, and by increasing the velocity of liquid flow through the
indirect heatl.traANCESEED) on. As is apparent fromthe foregoing
specification, the invention is susceptible of 30 being enbodied with
various alterations and nodifications which nmay differ particularly from
those that havk beéncdegetivebederiarrording tprdnddi whyregpeid lifidid edlleder and

descri pti Qgy, r{sgsan%{;&kg be understood that we wish to enbody within the
scope of the pat en rranted hereon all such nodifications as reasonably
and properly come within the scope of our <contribution to the art. -18 1 9

OCT 2005 ,.v. 3.i , Aned@porative coolds adcording Vo MNaiMbia, GhivtieM s43 LGAIRCIIMENTZON: 1.
(CANCELLED% 5. 2. An evaporative cooler according to claim44, wherein said

liquid col"TRRPE® l‘i‘forrprl ses an open pan. 3. An evaporative cool er according
to clalidm 44, wherein said liquid collector conprises a pipe. 10 4. An

evaporative copler  ace Lrgéxvgg%otlerg\gco%n? 44.; %th%rgﬂilsmlhgcbl quid recirculating

- mechani sm conprises a orative cooler ‘accor di ng to cl aim 44,
~ wherein saﬁcacqlauqmmachunmmrrt»)umnpum conprises at |east one nozzle. b. An
evaporative cool er according to claim44, wherein said liquid distributor

conprises a perforated |iquid passagewa 20 7. An evaporative cool er
according to ctai nMﬂ“aPWFé?‘?’Fr§%P@‘“§&U§”%dﬁfﬁfﬁe’§é‘§a‘dé‘q%f““6@5% fill, 8. An

evaporat i ¢angheal aekashoeabgdeng to cl aim 44, wherein said body conpri ses

6. An evaporative cooler according to cfaim 44, wherein said liquid distiibutor

comprises a perforated liquid passageway.

20 7. An evaporative cooler according to claim 44, wherein said body comprises
a wet deck fill.

8. An evaporative cooler according to claim 44, wherein said body comprises
a stack of vertically oriented sheet materials.
25 |
9. An evaporative cooler according to claim 8, wherein said sheet materials

are non-planar.

10.  An evaporative cooler according to claim 44, wherein said air moving

30 device comprises a fan.

11.  Anevaporative cooler according to claim 44, wherein said air moving

device comprises a blower.

19
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a stack of vertically oriented sheet materials. 25 9. An evaporatb\ﬁ% g%)l er
according to claim8, wherein said sheet materials are non-planaF. i . An
evaporative cooler according to claim44, wherein said air noving 30 devicc
conprises a fan. 11, An evaporative cool er accor ding—to-wliai m-44, -where+-hr—
sai d-ai+ -oving “devic¢e conhprises a blower. 19 Received from< > at X110103
4:58: 04 PM (Eastern Dayiight Time] AVPN f)P+-~ WPPT 190CT2005 ,.JIl fI ;1
:V - 12. An evaporative cooler according to claim44, wherein said heat
transfer working fluid conduit conprises at |east one pipe coil. 13- An
evapor ati ve cool er according to claima44, wherein said heat transfer 5
working fluid ndyi t i osi tioned.c l.etely outside of said flow of air.
14. An evapor aﬁ? velA(I:'oe(")’ P é?e‘é“’ccg%)l?rcﬁc Cr?f;dufggg@flgi%% e ﬁéﬁﬁ%ﬁﬁ@éﬁ f1 ow

accel er at ovorkippiid ¢oodettolpptivtesieag apapipsedy. and sai d heat transfer working
fluid conduit to accelerate a flow velocity of said non-evaporated liquid

by at least 9.5 feet/second (2.9 10 neters/second) before contacting said
heat transfer WorkiARGVIPPRIYF Colpesordingpoclaimdevherds wid et weedirer according to
clai m 4%, wénaheiin St iDpaltichddanapi@ely ombddoragd fidwibfdizconduit is positioned
vertically below said body. 15 16. (CANCELLED) 17. An evaporative cool er
according to claim44, wherein said heat transfer working fluid conduit is
posi tioned | at & al |An efaporatieaioolerdnoayding0clhit, 47 ARclediggrofont dcudergool er accor di ng

to claim %ﬁﬁ&"r@ﬂe‘%&&ngﬁ& fhl, b b 3&8@&%&% ﬁhgﬁuﬁgaﬁﬁih%%&e%&g' L£d walls .
extending 1n a space between sai bo y and sald heat transter wor Ki ng fluid
condui t. 1w wloanCErditppn-ersomed Ligyid by rast 46] et/secord @ according to cl ai m 44,

wher ei [0 S ahdikrd/detitt fhefdRORRRRINE BliOkeaCRRIIwESngAkd @HdG. COl | ector arranged to
recei ve substantially all of the non- evaporated liquid fromsaid body and a

liquid distributor arranged to dispense substantially all of the
non- evapor at edld. i quan@vapbidvesasler ab@adingtts anigfda whvedikiaidthedtittanstbrcondui t 30 at

substant i &l d¥nd flfa RN if Ao vhricai§ bhi&F Gld138y.f  OM sai d body.
15 16. (CANCELLED)

17.  An evaporative cooler according to claim 44, wherein said heat transfer

working fluid conduit is positioned laterally from said body.

20 18.  An evaporative cooler according to claim 44, wherein said hiquid
concentrator comprises angled walls extending in a2 space between said body and said heat

transfer working fluid conduit,

19. (CANCELLED)
25
20.  Anevaporative cooler according to ¢laim 44, wherein said ligid
concentrator comptises a liquid collector arranged to receive substantially all of the non-
evaporated liquid from said body and a liquid distributor arranged to dispense
substantially all of the non-evaporated liquid onto said heat transfe.r working fluid conduit

30 at substantially the same rate as it is received from said body.

21, An evaporative cooler according to claim 44, wherein said air moving
device is arranged to generate said flow of air over said surface of said body in a direction

counter to a direction of 2 flow of said liquid over said surface of said body.
20
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21. An evaporative cooler according to claim44, wherein said air noving
device is arranged to generate said flow of air over said surfa¢g [@ff B@id
body in a direction counter to a direction of a flow of said Iiquid over
said surface of said body. 20 Received from< > at 9110103 4:58: 04 PM
(Eastern Daylight Tinme] 190CT7095 22. An evapor ati ve-cool~er accordifif“Yo—
claim44, wherein said air noving device is arranged to generate said flow
of air over said surface of said body in a direction substantially
perpendicular to a direction of a flow of said liquid over said surface of
said 5 body. 23. An evaporative cooler according to claim44, wherein said
second plan area is in the range of about 20%to 90% of said first plan
area. 10 24. An evaporative cool er according to claim44, wherein said
second plan 352 ahSvabdlath® Bodi RAGaRE 1AM b 3L LQuE Y4BT ga d 117 SL Pl an
area. 25. An _evaporative cooler according to claim 2" Wher ei n sai d second
pl an ar edeviceds amanged o senaniesaidiflowtnd air owDid surtare of said bedyi il adirgegion pl an area. 15
26. An evaRSdaly Jhef@otiA fo ARCRol bf\ndworSAidliqidisher $RGEEIDA1gd heat transfer
working fluid conduit conprises a coil assenmbly wth an inlet positioned
bel ow?an®™tlet such that a liquid working fluid can be directed into said
inlet to flow upwardly through said coil assenbly, exchangi ng heat energy
t hrough wal | s.,of said cqoil assenbly with id 20 coole iquid portion

f I owi ng dovnvar dlén PREVEI &PRF el '°s°2ﬁ“83‘?i“’ X0 SngW‘%d’l‘ﬁ“ﬂtﬁad, and said

| i qui d wernkibagogd afisebut?0%4 to@%et of s@d firspdanlareehr ough sai d outlet. 27. An
evaporative cooler according to claim44, wherein said heat .transfer
working fluid conduit conprises a coil assenbly with an inlet positioned
abovélan out 1%t 240 egeqmativh gaoles acgerding tpslajm Akiviereinlseifl secendrpldoaredi r ect ed into
said inl gtinm@mﬁémamy\m@b%ofgalmrfg“gﬁng@;_d coil assenbly, exchangi ng heat
energy through walls of said coil assenbly wth said cooled liquid portion
fl ow ng downwardly thereover to condense said gaseous working fluid to a
liquid, and gaid mosdiporgive basled adsbrding &>cldim 84 iwther@iishid bdabllith atedi d out | et 30
28. (CAN ED) 29.. A apps ati v opler according to claim54, wherein
sai d _heagEnJ{grh?iﬁs geor%abo\}\lgﬁog)‘f/tﬁg%loh?m cr%ﬁgﬁ?rtea'i s positioned substantially out of
sai d 1l ow of air. 21 Received from< > at 9110103 4:58: 04 ?M r Eastem

Day| ight Timek 1 8nEQapctatlOc1eY according to claim 44, wherein said heat transfer

working fluid conduit comprises a coil assembly with an inlet positioned below an outlet

such that a liquid working fluid can be directed into said inlet to flow upwardly through
said coil assembly, exchanging heat energy through walls of said coil assembly with said
20 cooled liquid portion flowing downwardly thereover to cool s2id liquid working fluid, and

said liquid working fluid will exit said coil through said outlet.

27, An évaporativc cooler according to claim 44, wherein said heat transfer
working fluid conduit comprises a coil assembly with an inlet positioned above an outlet
25  such that a gaseous working fluid can be directed into said inlet to flow downwardly
through said coil assembly, exchanging heat energy through walls of said coil assembly
with said cooled liquid portion flowing downwardly thereover to condense said gaseous

working fluid to a liquid, and said working fluid will exit said coil through said outlet

30 28. (CANCELLED)

29.  Anevaporative cooler according to claim 54, wherein said heat transfer

working fluid conduit is positioned substantially out of said flow of air.

21
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30. An evaporative cooler according to claim55, including a fl Qw (T 2000
accel erator positioned between said body and said heat transfer working
fluid conduit to accelerate a flow velocity of said cooled Iiquid portion
by at least 9.5 feet/second (2.9 neters/second) before contacting s&@@neat
transfer working fluid conduit. 5 31. An evaporative cooler conprising: a
liquid distributor; a body having a surface for receiving liquid from said
liquid distributor; an air noving device arranged to generate a flow of air
over said body surface, said 10 flow of air causing a small portion of said
liquid received by said body to evaporate thereby cooling a remaining
portion; a heap. tramshpiativecdolenaochbiding & otixh dfliidchaling a ligedcdsRratcecel ve

subst ant i ?115 nd terwRin &i&%o%a?ﬁka%jnehé tﬂHJfQ.w%%&gg AR5 Joh QRS A gm@@gy in a heat
transfer relationship to warmsaid renaining portion, T53 f | ow accel erat or
posi t i onefowetionti af ssuicaeltsJuyidaationy o leps 45 feetaerond@ Svmetkis/smgond) | ui d condui t
to accel em&r@camfckr%wamé@&méraérkiagnﬂdeaaa&i@d liquid portion by at least 9.5
feet per second (Z.9 neters per second) before contacting a surface of said
heat tPansfer worKi ng fluid conduit; a liquid collector positioned to
receive substanti akt apdritivetoolelony@iiiied | iquid 20 portion fromsaid surface
of said heat transfer working fluid conduit; a liquid recirculating

mechani sm and ¥H§ASEPYYs sageways connecting said |iquid reservoir, said
reci rcul at i ng anedHaning asurtardosedotvidgiliquid Gom isad Hquiddionbuti?td 32. An evaporati ve
cool er accordipg. Q.. I i I . I onprises an
open pl enum pé‘@?‘t’ %“g%‘g%&h’%% %@%ﬁc\gggéeﬁé%gggbgﬁﬁﬁﬁgﬁgﬁ%ﬁc&’#‘gr wor ki ng

f1 ui d 1€on8ew of ziryausing @ axeliportiom)of il lignid rosgived hyseid hedvifecdpstter according to

cl ai m 31, maIBy RbkhgRdbhhiliSAfordonansf er  working fluid conduit is positioned
substantially outside of said flow of air. 22 Received from< > at 9J10103
4:58: 04 PM pst“@Fﬁt%foefb’ﬂ’{‘““ﬂ“ﬂ\'\‘éF“’f“'@awdmw@??bsﬂﬁ@é{%&ﬁ?i ve cool er

accor di ngcdoted tilpad porfich, fronhs@id@bdy is ahéht b daGonship SUWam efd efdingcupi es a first
pl an area fnc])rn,recei ving liquid fromsaid liquid distributor over said
‘surface sBBsTant i al | y throughout said first plan area, said heat transfer
wor ki 4§ f 1 ui d a flow accelerator positioned between said body and said heat transfer working

fluid conduit to accelerate a flow velocity of said cooled liquid portion by at feast 9.5 feet
per second (2.9 meters per second) before contacting a surface of said heat transfer
working fluid conduit;

a liquid collector positioned to receive substantially ail of the warmed liquid

20 portion from said surface of said heat transfer working fluid conduit;

a liquid recirculating mechanism; and

liquid passageways connecting said liquid reservoir, said recirculating mechanism
and said liquid distributor.

25 32.  Anevaporative cooler according to claim 31, wherein said flow accelerator
comprises an open plenum positioned between said body and said heat transfer working
fluid conduit.

33.  (CANCELLED)

34.  Anevaporative cooler according to claim 31, wherein said heat transfer

working fluid conduit is positioned substantially outside of said flow of air.

22
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conduit has a second plan area di nensioned snaller than said fir§ﬂlﬁchﬂm%rea
and including 5 a liquid concentrator arranged between said body and said
heat transfer working fluid conduit to concentrate said non-evaporated
liquid fromsaid first plan area into said second plap-area. 367 "AFYIF—
evaporative cooler conprising: 10 a liquid distributor; a body for
receiving liquid fromsaid liquid distributor; an air noving device arranged
to generate a flow of air across said body, said flow of air causing a
smal| portion of said liquid received by said body to evaporate thereby
cooling a remaining portion; 15 a heat transer working fluid conduit
arranged in a domvmﬂ@hpbxﬂﬁa%drm&&hgﬁmlauﬁm %érvﬁ s4idbsRings Hbody to cause

d I t f I t d th
Force of grutsteih beoRit'a all ol 8L el PEIRB GRS e REFEUEHR “Derore
cont act i ngsaad snrfmzawam:fauysarcciglfwemdﬁ'mﬁm @&ea, el Hebmigndfdrmoekimgavitii t; a |iquid
g ol I ector do‘?;ﬁ&h{a???e@ontdgxm%?hlém%ns?o%?ﬁjnlﬂg&'nﬂh d s! le.‘ Q8 hhom sai d surface

20 sai ransfer wor con quid recrtcul ating
mechani §m 2 Hawil doperntizforaoanged h@wmﬂe@ﬂr mg S@&h@t tlranefm \dork:aséwl‘?m r, said

rect 1 oul at LadulTBeRmaELAR fon5Blofhc i) Hoff L4 FitinOhen R5ssdisoccl EVApOr at i ve

cooler according to claim 36, wherein said heat transfer working fluid
conduit isPPBEFXioned substantially out of said flow of air. 38. An
evaporative cooler according to claim36, wherein said body has a surface
and occupies a EI rs Pl an area . for receiving liquid fromsaid liquid

di stributor ov FRPP FORIRCBREE8int i al | y t hroughout said first plan
area, sédid heatalmnémsﬁibutow\orkl ng fluid conduit has a second plan area

di nensi oned smalbl) foxé@%ﬂ?n%gfggidﬁoﬁagixgﬁ@ﬁfh&éﬁ?o and including a liquid

~concentrator arr sdid heat tran.fer working fluid
‘ conduit to con@emrna'fla@mc@lmaﬁdédgemrefmac\pgfmaewsa‘smdrbp@aﬁaeﬁﬂq“r st plan area

into said §eGQRingR! ﬁmm £ 4 1I35RS ¥eé11 sQ8bod @oé a&}é%%b 58: 04 PM
| East em Dayl i g m%l f're 19 0 ¢ ZmBBQ T LLED ) A net ho)éIl according to

cl ai m 56, ﬁﬁ@?@‘ﬁmé‘ﬁ?‘ﬂpm transf er wor k| ng fl ui d '5 conduit is maintained
in an asea subathen rhmfel working @uid bordnir &tangel] lroydowdivardék spbdpditiaccor di ng to

claim 57, ¥¥ga% eetlogalél oty 'moc%{xseéa googahgilé:?o%o%qeablngﬁa § u??&%'t nis increased by
at least 9 er - secon 3 when it
accelerate undcr the force of gravity by at least 9.5 feet/second (2.9 meters/second)
before contacting a surface of said heat transfer working fluid conduit;
a liquid collector positioned 1o receive substantially all liquid from said surface of
20 said heat transfer working fluid conduit;
a liguid recirculating mechanism; and _
liquid conduits connecting said liquid reservoir, said recirculating mechanism and

said liquid distributor.

25 37.  Anevaporative cooler according to claim 36, wherein said heat transfer

working fluid conduit is positioned substantially out of said flow of air.

38.  Anevaporative cooler according to claim 36, wherein said body has a
surface and occupies a first plan area for receiving liquid from said liquid distributor over
30 said surface substantially throughout said first plan area, said heat transfer working fluid
conduit has a second plan area dimensioned smaller than said first plan area and including
a liquid concentrator arranged between satd body and said beat transfer working fluid
conduit to concentrate said cooled liquid portion from said first plan area into said second

plan area.
23
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| eaves the surface of said body until it contacts said heat transfer working
fluid conduit. 10 42. A nethod of cooling a working fluid conprﬂ@ﬂﬂﬁ'mﬁb
steps of. dispensing a liquid onto a surface of a body; flowing air over
sai d body surface to effect an evaporation of a small portion of said
liquid thereby cooling a remaining portion; 15 accel erating said cooled
portion of said liquid to a velocity of at least 9.5 feet per second (2.9
nmeters per second) and directing said liquid onto a surface of a heat
transfer working fluid conduit; flow ng the working fluid through said heat
transfer working fluid conduit to transfer heat fromsaid working fluid to
said cooled portion of said liquid to warmsaid 20 portion; collecting said
warmed liquid portion fromsaid exterior surface of said heat transfer
wor ki ng f 1 ui dygcongey Cgiﬂgmhecirculating said warned |iquid portion onto said
body. 25 43. A nmethod according to claim42, wherein said heat transfer
working fluid conduit is maintained in an area substantially free of an air

L | ow. 44. Anfwvapmrng&w&c&a;ag@,rcxamsmvith&bilagﬁdh@:&dngrbkivcbﬂdﬁgsmﬁ@ but f)_r; _38 ? body
aving a surface. and.pccupying a fiss an area for receiving liquid from
sai d 3iqﬁ? “ﬁFgPV?ﬂﬁ?BVmB@éﬁggﬁwﬂhga?ngé“gﬁﬁétantiaIIy t hr oughout said

first plan area; an air noving device arranged to generate a flow of air; 24

Recei ved from,< >,at 4:58: East.ern | i ght,. Time] 190CT2M %u. J
20 1 f . o Wy dA?sﬂ(%a@&%“S%'?’ﬁ%‘e‘“’%? %“@%{I"s‘f‘t“i“%‘%"e“a°?%’¥ds°§ug‘ﬁ‘} iy of air and sai d

flow of aprorciaingiersgd by at awP S fixs perisesnd(@ Iswdters pir qupedl) freeibeed by sai d body to
evapor at §qyd BR&bYe SRRk bl uiit iﬁcﬁm&hﬂaﬂea?i?&{s{ig&gr@% gﬁgk?ﬁhﬁi‘ﬁmf er working

fluid conduit positioned Substantially outsi ow 5 of air and
haviﬂﬁ a second plan area dinmensioned smaller than said first plan area;

said heat tramsf el meokbigdornk W indrki@ididicbmpraswtiz e s@pseil f ace arranged to
receive subﬁfantjalk¥.£Jl of the.coqgled liquid portion fromsaid body

t her eover i n SXPHENE 2 fiquifanoq surfacapfa Dod¥ship to warmsaid |iquid portion; a

fl ow accel er dootngpisidr sadiady hefavere sffeedntvipotitorrofd small gbrivaat tr ansfer wor ki ng

10 f'“ids&fﬂ@ﬁ%&m&@caﬁﬁfﬁ%Léﬁﬁg%m£&€“’Ve'°City of said non-evaporated |iquid

by at | eas
15 accelerating said cooled portion of said liquid to a velocity of at least 9.5 feet per

second (2.9 meters per second) and directing said liquid onto a surface of a heat transfer
working fluid conduit;

flowing the working fluid through said heat transfer working fluid conduit to
transfer heat from said working fluid to said cooled portion of said liquid to warm said

20 - portion;

collecting said warmed liquid portion from said exterior surface of said heat
transfer working fluid conduit and recirculating said warmed liquid portion onto said
body.

25 43, A method 2ccording to cluim 42, wherein said heat transfer working fluid

conduit is maintained in an area substantially free of an air flow.

44.  Anevaporative cooler comprising:
a liquid distributor;
30 a body having a surtace and occupying a first plan area for receiving hquid from
said liquid distributor over said surface substantially throughout said first plan area;

an air moving device arranged to gencrate a flow of air;

24
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feet/second (2.9 neters/second) before contacting said heat transfer working
fluid conduit, a |iquid concentrator arranged between sai d body1{dn@lk

heat transfer working fluid conduit to concentrate said non-evaporated
liquid fromsaid first plan area, substantially into said second plap area;,
15 a liquid collector arranged to receive substantFHTTV“aVY“UT“t%E”V%WTERF
liquid portion fromsaid heat transfer working fluid conduit; a liquid
recircul ati ng mechani smarranged to return said warned |iquid portion to
said liquid distributor. 45. An evaporative cooler according to claim 44,
wherein said fl ow accel erator 20 conprises a vertical space between said
heat transfer working fluid conduit and said body of at |east 24 inches

I(Q- G;I-d”Eters)éaiﬂ&;iyﬁﬁfa&\b@iﬁgb@doﬂﬂiﬁﬁﬂﬂﬂﬁvltﬁﬁEQ&dﬁaﬁglto{vaﬁi}@Juﬁh » ¥\hterei nfsaid
i qui congent.rator..conprises a vertical spac et ween sai eat transfer
wor ki ng f’l"ﬁﬁam%fﬂh‘lfﬁ?‘? ﬁq“gﬁaceé"f’&b’f W@Pé"‘?ﬁ”?ﬁ?nﬂe‘ﬁ? “fWEAg device arranged in
sai d spacemsibgywetonsai d body and said 25 heat transfer working fluid
condui t, such i . om.said.al r. 4 nl et .Ssald air noving
device w || c%h%%%ﬁ%‘%ﬁ@lﬁ%%@%tygggﬁgk ﬁall&{]%'%fd?’glrrn&sdzt?’ first plan area
subst aht i flair ynd haviog serehd pln emeldipbmsivncd sealla thag sdidifinstplnerapor ated 1iquid falls
bet ween sai d sMXttﬁﬁ@er%h%rghﬁﬁltcgﬁc{u?'ﬂui' rag}f‘@z{cgh@%g%drtb’hgeig@ndu't' 30 47. An

evaporative cooler conprising: qui d distri or ; body having a
surface aMbrtastallyglpfige woled Hawd portion figmaaid berdy thesroxenjn wpet ¥48fPd from sai d
|'iqui d diglfidobhip @FvaBl &id I@iddoesdidn;f ace substantially throughout said first
plan area; an gir vi ng devi arran to erate_a flow of air, 25
Recei ved fronf 22%24F" ?‘%@i’g?eﬁ:ggg?eﬁﬁalgﬁﬁ%( E‘éds%?:}ﬁat&vﬁr YRUOF el SHEET A
E ,4 E 1w @ofuivbacceeratgh Flow vadity of said now-avaporbedtijqusd yfeblewst H&i ng posi tioned in
sai d {1 OWeliccBld 0.8 BlieRbdnd) vl Qbnitlihe Rt wSHBl/nRAGRA,RN OF sal d

[ 0 oling a

| i quid received by sa y to evaporate, thereby c _ retraining
portion; a healiquidenespeytoramirigedietreensail hodnendistid pest franstsheerkisgbst anti al | y

out si de Ofuidcdhdlifth BhcenRat®faidrloh--AiporalR@ N D SRFRAGIARIRR, area di mensioned
smal ler than sajd first plan area; said beat transfer working fluid conduit

havi ng a WbHamEal mip faidgeond plan 8% ei ve  substantially all of the cooled Iiquid
porti oh from shfudd datietyor bip@p@Y Bteive Substangally all bEths #Ained iglidgortanshi p to warm

said lig ufltoctin &%r};[eét?rgﬂsfer working floid conduit;
a liquid recirculating mechanism arranged to return said warmed liquid portion to
said liquid distributor. '

45.  Anevaporative cooler according to claim 44, wherein said flow accelerator
20 comprises a vertical space between said heat transfer working fluid conduit and said body
of at least 24 inches (0.61 meters);

46.  Anevaporative cooler according to claim 44, wherein said liquid
congentrator comprises a vertical space between said heat transfer working fluid conduit
and air inlets for said air moving device arranged in said space between said body and said

25  heat transfer working flnid conduit, such that an air stream from said air inlets to said air
moving device will concentrate said non-evaporated liquid from said first plan arca
substantially into said second plan area as said non-¢vaporated liquid falls between said

body and said heat transfer working fluid conduit.

30 47.  Anevaporative cooler comprising;
a liquid distributor;
a body having a surface and occupying a first plan area for receiving liguid from
said liquid distributor over said surface substantially throughout said first plan area;

an air moving device aranged to generate a flow of air;
25
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a liquid concentrator arranged between said body and sai d heat trgp@@pam
working 10 fluid plan area, said liquid concentrator conprising I'ca
space between said heat transfer working fluid conduit and said body and
air inlets for said air noving device arranged in paiduspace bet'weEF7¥ai d
body and said heat transfer working fluid conduit, such that an air stream
fromsaid air inlets to said air noving device will concentrate said
non-evaporated liquid fromsaid first plan area, substantially into said
second plan area as 15 said non-evaporated liquid falls between said body
and sai d heat transfer working fluid conduit; a liquid collector arranged
to receive sulbsit bodyiserdoy berlglpogfiontdin saidiflowe of aliri aqdlsad! fror dfiapnausihg om sai d heat

transfer y\%ruwaggn%} aﬁg&gmetd, ﬁm«%l&;ﬂ#’%@d %;Jaglg: nechani sm arranged to

return sail portl Stributor. 48. An
evaporat i V@ﬁ@%ﬂ’@fﬂ%orrprl sing: aliquid di st ri but or, a body having a

surface and CQRERfiddsRPwdk Fﬁ&”xlﬂcSHcdeﬁ‘Jsinbﬁéﬁ'sﬁb\éta&fahﬁ&Itﬁﬂ othfehow> materials, \
wherein said sheet materjals are non- 5 aner occupying a first plan area

for récePiAnigd havinap secrndpianasa dimepgiqne sneﬁllsrtthnwa;flérstﬂvweasa. d surface
subst anti al | y siibs@bgdnerdt werkihglfluid Ednddit Hatiadla AFfeR andigeddolrecd®y i Ng devi ce

arranged t en flow of ai.r;_ sai sur bei ng positioned in
said fl ovvs“g’iit Yﬂg‘ﬁg%é?wdrvyﬁts\%i’?ﬁw%ﬂ’“ s(?gd’g%’n‘é“é‘wgtdﬁlﬂ eat W%ﬁrti on of said
| i qui d r ectivebip loywsaisgd boddpdatiprevapor at e, thereby cooling a remaining

porti on; a bogiglih ALEE oY RIKIR GeeLaiola 660 Ul hidhORebdsRRGucpgbst ant i al |y

out si de of sai ow O avli ng a secon p an area di nensi oned
smal | éP t Fud Plangree, p4i¢ liquidopnenteatas gomppisinge Featioplesgrace befiveqn 53id 52t 9110103 4: 58: 04

PM (East efhsfopWbrkiaf Huid baRhit and ssld 63d¢and &Qﬁlk@f&sal@mﬁﬂbﬁg%ﬁéc transfer working

fluid conduit having a surface arranged to receive substantially all of the

cool ed | i #iA&RdI4g SB?'Fe petypanssif Mdﬁ‘iﬁal‘iﬁéﬁ‘m& wprking fHidgpnditanst er

rel ati onskichthQn bR sifeamdioth said@id inllbt{ O Edid m«:»angdleﬂw \&ﬂ@&lca{tﬂfc@ﬁ:d posi ti oned
bet ween sai d bog‘% glat t ransf d conduit to

n
accel.er at 8 VHO d@‘@\“g?’?‘wmg s‘spa\‘fncf’eﬁ’osﬁgséﬂﬁﬁ%&”ﬁ? %&d 513'f°&5 ullﬂ“ TR qui d
concenfr asad noarerapnged lipad aksntveen didbodfyand sad eal winkfeatorkingisd er working fluid
conduit, Lo gpncentrate said non-evaporated liquid fromsaid first plan

area, subStanti al | y
a liquid collector arranged to receive substantially all of the warmed liquid portion

from said heat transfer working fluid conduit;
a liquid recirculating mechanism arranged to return said warmed liquid portion to
20 said lquid disteibutor.

48,  Anevaporative cooler comprising:
a liquid distributor;
a body having a surface and comprising a stack of vertically oriented sheet
25  matenals, wherein said sheet materials are non-planer, and occupying a first plan area for
teceiving liquid from said liquid distributer over said surface substantially throughout said
first plan area;
an air moving device arranged to generate a flow of air;
said body surface being positioned in said flow of air and said flow of air causing a small
30  portion of said liquid received by said body to evaporate, thereby cooling a remaining
portion;
a heat transfer working fluid conduit positioned substantially outside of said flow

of air and having 2 second plan area dimensioned smaller than said first plan area;

16
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into said second plan area; a liquid collector arranged to receive
substantially all of the warnmed liquid portion 10 from said hea é g fer
working fluid conduit; a liquid recirculating nechanlsn1arrangéh { urn
said warnmed |iquid portlon to said liquid distributor. 49. An evaporatjve
cool er according to claim48, wherein said flow accelerat’st'—t5 acceterates
.2 flow velocity of said non-evaporated liquid by at least 9.5 feet/second
(2.9 nmet er s/ second) before contacting said heat transfer working fluid
tonduit. 50. An evaporative cooler according to claim49, wherein said flow
accelerator conprises a vertical space between said heat transfer working
fluid conduit and said body 20 of at |east 24 inches (0.41 neters); 51. An

evaporative cam;ﬁﬁt@ﬁﬁ@mtmﬁuﬂc@h@hmﬂ@aswméﬁzlrﬁag&ﬂb@'ccbxwu' d concentrator
conpri ses ween sai d transfer working fluid conduit

verti c e
and said sﬂgcﬁ?u%\ll’{d # ?a\ gf’%““*‘%??“%ﬂ’ﬁ‘ sﬁ‘flg ‘?‘?ﬁe'd’é?/?e@é"sgfé“énged in said
space betie@nsiiplodvagibsaiilithyidpntiosai d heat transfer working fluid conduit,
such that an FeJu i I ; N ving device w |l
concent  at o <oy BEHEREpoked Bl pid) i i Al 10
subst aht |fhlllqcy*n@"eit%%ﬁf@eeaﬁuvmcam%w@amaswwweﬁlmm evaporated liquid falls

between Saud cm%ﬁaﬂpﬂrﬁ@d@cm&tsmﬁ B@d}ﬁﬁfhxd’REtma%erfwlo% fandui t. 30 52. An
evapor ati ve, cool er conpri sing id distributor; ody havi ng a surface

and conmprP¥utdo sonseniai 3%4 “‘\?é’i"%ﬂ“ﬁ‘&ﬂ‘?““bf‘?‘é?ﬂ‘%ﬁ“@%’é‘éf %?B%“"é‘F‘?h’l s, wherein said
sheet nahﬂﬁhﬂdﬁm@ﬂ@hﬂeﬁaplaner and occupying a first plan area for 27
Recei ved fron1 Tinme] 190CT2005
+V. '1) V liqu?d cc?e‘f‘:?rﬁ@ang‘%({ﬁfef“fe sB‘?ﬁag%ﬁg!Haﬁf’tg‘H% d’%‘fé? 4RFEP over said
sur f atke éhbgmummnamhﬂxthma@hdumMEald first plan area; an air noving device
arranged to ggpes Radyl L frangSth gy, @*ﬁé@ﬁﬁ (g posi tioned in
said fl ow of all%?1 ané(:i‘ms?z‘atlI 5%‘%&5‘“‘% al ér:dcheltj‘ls?]?ngd a ‘ﬂ)% portion of said
li quid r Stafiguddigpbueati d body to evaporate, thereby coollng a remaining
portion; a heat transfer working fluid conduit positioned substantially
outside of sajd flow of air and havin nd pl area di mensi oned
snmal | er than Asgau dAf’leY‘??wb’Teéﬂdﬂ'P&c&m%’@é‘? %”“’H‘e4 tclfefeé%%’fdg&wv@ﬁ? %“g g fluid conduit
havi ni a asaglcfeses e flaw velpaite df 4adl noec@purated liquid by at least 9.5 feet/second (2.9

meters/second) before contacting said heat transfer working fluid conduit.

50.  Anevaporative cooler according to claim 49, wherein said flow accelerator
comprises a vertical space between said heat transfer working fluid conduit and said body
20 of atleast 24 inches (0.61 meters);

51.  Anevaporative cooler according to claim 48, wherein said liquid
concentrator comprises a vertical space between said heat ttansfer working fluid conduit
and said body and air inlets for said air moving device arranged in said space between said

i 25  body and said heat ransfer working fluid conduit, such that an 2ir stream from said air
| inlets to said air moving device will concentrate said non-evaporated liquid from said first
plan area substantially to said second plan area as said non-evaporated liquid falls between

said body and said beat transfer working fluid conduit.

30 . 52. Anevaporative cooler comprising.
& liquid distributor;
a body having a surface and comprising a stack of vertically oriented sheet

materials, wherein said sheet materials are non-planer, and occupying a first plan area for

27
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10 substantially all of the cooled liquid portion fromsaid body thereover
in a heat transfer relationship to warmsaid liquid portion,; & @&wi0
accel erator positioned between said body and said heat transfer working
fluid conduit to accelerate a flow velocity of said non-evaporat ed 1+qurd—by
at least 9.5 feet/second (2.9 neters/second) before contacting said heat
transfer working fluid conduit 15 a liquid concentrator arranged between
said body and said heat transfer working fluid plan area, said liquid
concentrator conprising a vertical space between said heat transfer working
fluid conduit and air inlets for said air noving device arranged in said
space bet ygeegin ?ﬂhﬂdﬁ‘&ﬁh@mﬁx utaﬁarer&fa%ﬁcséumnknmo wh&aﬁondwt such
that an air reamfromsaid alr 1nlets to said air ng device w ||
concentrat@‘ﬁ%’i‘%on evaporated 20 liquid fromsaid f| rst plan area,
substantially dnmhen@ﬁgde\s@@n@ccpdo@ﬁeﬁfcaaoas;faal d non- evaporated liquid
falls between sai.d, bo nd sai.d heat. transfer working fluid conduit, a
liquid coll ect%% bﬁ?”r%’t‘%é"@%%“ﬁ'@B’éep\)‘esa‘gﬁ%gt gﬂ'ﬁ arngls?’élh‘é"f fc’lf BFEHE 2war med i qui d
port i org fsmdhms@dncbf keidilf quidrrevaédly smbdadymgevh]bqnatd tlmmhyiwotmgaa l'iquid

recircul a% p%gj smarranged to return said warnmed |liquid portion to 25
said li qU| utor. 53. An evaporative cooler according to claim52,
wherein said f#l@wtantfel“@rlau&ﬂuldtmmh\pmwwsedsme;tmeﬂdlvlostaﬂe sfissid 8owet ween said
heat trangfgy m\qmm%rﬁeéanmg4 S0k rsioR dmaRt Slan QRGN GREREY;SI Ng at | east 24

inches (0.61 neters An evaporative cooler conprising: a liquid

di stributor; asalﬁ‘d‘aift‘ﬁ&fﬂW@‘WEQHFF%%“M%MW%W‘PWE‘F plan area for

r ecei viong shﬁsqmmy &t Gfithe Mbcﬂhduid}mtdn fHorh bdid fudy tereOXein ahedtGaiei f ace

substanti a}gg% Z" out h'?“aildd |nr st plan area; 28 Received from< > at
9110103 4 5¥°H H‘?’E’ MRCBEYY P ght Time] | 190007006 an air noving devi ce
arranged to ge?@aﬁceclaatérlmw@ﬁdmeensaihwdbodyaiéhsafmdetbedrhgg positioned in
sai d f1owmfy saadmwcéegwa ﬁd@w;oef &Hiskid &ﬁmwam %ﬁﬁﬁé- L 1aQiols on of said

liquid recelve her e cooli1ng a _renaining

by s cabqo evapor ate
portion; Heedsernd(Z-? matpe/pecend)befer P@‘W?%lsﬂdbﬂﬁ%fﬁf‘p‘ﬁmﬂ‘%wd%rtl cal |y bel ow

sai d bady and a1hamnca@em&em@kdmbmcﬁmao@laﬁ@mmmdnmc}mfg than said first

pl an area,; beat. wor ki ng. f 1 ui ond havi a surface
ar r anged tﬂg% gm &°3 é'.ald lqmcs.I conccntrator comprising a ve ca?sPace etween saldqlgat

transfer working fluid conduit and air inlets for said air moving device arranged in said
space between said body and said heat transfer working fluid conduit, such that an air
stream from said air inlets to said air moving device will concentrate said non-evaporated
20 liquid from said first plan arca, substantially into said second plan area as said non-
evaporated liquid falls between said body and said heat transfer working fluid conduit;
a liquid collector amanged to receive substantially all of the warmed liquid portion
from said heat transfer working fluid conduit;
a liquid recirculating mechanism arranged to retumn said wanmed liquid portion to
25  said liquid distributor.

53.  Anevaporative cooler according to claim 52, wherein said flow accelerator
- comprises the vertical space between said heat transfer working fluid conduit and said
body comprising at least 24 inches (0.61 meters).
30
54. - An evaporative cooler comprising:
a liquid distributor;
a body having a surface and occupying 2 first plan area for receiving liquid from

said liquid distributor over said surface substantially throughout said first plan area;
28
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substantially all of the cooled liquid portion fromsaid body thereover in a
heat transfer relationship to warmsaid liquid portion, 10 a f1 9@CT 108

accel erator positioned between said body and said heat transfer working
fluid conduit to accelerate a flow velocity of said non-evaporated,l, quid by
at least 9.5 feet/second (2.9 neters/second}mbyﬂEfiﬁ%@mﬁﬁbtfﬂgwsai

transfer working fluid conduit, a liquid concentrator arranged between said
body and said heat transfer working fluid conduit to concentrate said
‘cooled liquid portion fromsaid first plan area into said 15 second pl an
area; a liquid collector arranged to receive substantially all of the warned
liquid portion fromsaid heat transfer working fluid conduit; and a liquid

re_cidrlc_ul at Lng?m@%mgsdmegz%ﬁg%gd, deferdt©d figwlora@l d warmed |iquid porti onI to |
sal 1 qul I Stributor. . evaporat|ve cool er conprising: a liqul
di stributor; 33‘%‘6"3(’/’5‘*{%%'??ﬁ‘gﬂwéW?&B?‘Cgﬁ%”%éEWﬂ oy of pF AR (1 " area for
recei vi ngsmailgoitidn sfrseidliqditeckived Gysatl Wipbrevdpodn| thamdcosmgd surface ‘
substanti%\rlngixin%g&rgunghout said that plan area, 25 an air noving device

r

arranged 10 ge até a flow of air; said body surface being positioned in
sai d f¥ow of aheat mndfeswdtking fhudcapfuitniositionad wdrirglinbelaynsmid bogwandi on of said

i qui 1 efigioy e thobil jiaiatbs BAYSidrRa SYABAANBe aENALARK, 00l I ng a  remi ning

portion; a heat transfer workin ui d condult positioned vertically bel ow
sai d body andsm%ah%mfﬁngfwgmn@wéﬁﬂwéaﬁmﬁ%m'?ddﬁé’dmgtiml |l er than said
first pl aqbdduialy aHaF fle BRAH liplidpafi@ronakivhg thdrabvet if OndtidnstBavi ng a surface
arranged t@.r cej ve sulglstaéﬁti ally all of the cooled liquid portion from
sai d body™PREFER PSP AR P ansfer relationship to warmsaid |iquid
porti ¢, 29 Reflewewdemwopnsifioneddetweintiid 8@ly4ndaidiatBivbsfEastkingn Dayl i ght Ti ne]
aliquid . r Q| ] eat transfer
wor ki ng @{?ﬁf“g%{%&gﬁ‘g‘%f@%?%ﬁ?éﬁ?ﬁ“gﬁ%@gﬁ" ?%?%‘?J\&f%%%i?gs'?ng a vertical
space bet fagtserordi @ metesy second )b Bfecnontogbink sapighedt|taisder coriengitiuidpaedugtai d body and

air-inlets foggad hndhkraclMhdped GheVdeR Qid By MAGRA nlabusRicfwaRage between said
body and said heat transfer working, flui % conduit, 5 such that an air stream
‘H’gb@ﬁ@“ Sl

from sai of%d onguth iR panceuiyate saidcogled ki SR B PP BB MY at e sai d

non- evaporanégaharegji d fromsaid first plan area, substantially into said
second plan af ﬂ%i@&lb&c&!&gzngﬁ% ?%89:%9%&9 ity'aflYt dle @& i8S WG sai d body and
sai d heat transter working ui con w?,
from said heat transfer workdng fluid conduit; and
a liquid recirculating mechanism arranged to return said warmed liquid portion to
said liquid distributor.
20
55.  An evaporative cooler comprsing:
a liquid distributor;
a body having a surface and occupying a first plan area for receiving liquid from
said liquid distributor over said surface substantially throughout said first plan area;
25 an air moving device arranged to generate a flow of air;
said body surface being positioned in said flow of air and said flow of air causing a
small portion of said liquid received by said body to evaporate, thereby cooling a
remaining portion;
a heat transfer working flnid conduit positioned vertically below said body and
30  having a second plan area dimensioned smaller than said first plan area;
said heat transfer working fluid conduit having a surface arranged to receive

substantially all of the cooled liquid portion from said body thereover in a heat transfer

relationship to warm said liquid portion,
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a liquid collector arranged to receive substantially all of the W& 0 005
liquid portion 10 fromsaid heat transfer working fluid conduit; and a
liquid recirculating mechanismarranged to return said warnmed |iquid portion
to said liquid distributor. 56. A nethod of cogif JWGNWFRQ4T%ﬁﬂﬁZu-~—
conprising the steps of 15 dispensing a liquid onto surface of a body
wherein said body occupies a first plan area, flowing air over said body
surface to effect an evaporation of a small portion of said liquid thereby
cooling a renaining portion; dispensing and concentrating said cool ed
portion of said liquid onto a surface of a 20 heat transfer working fluid

conduit at a flxawdymca%&ymaﬁ%@wémgd @&aéﬂ% gthtrgnsﬁrwt)% /second (2.9

net er s/ second)6 roma flow velocit cool ortion of said liquid
| eavi ng sHyAP bﬁfﬁa'éﬂiﬂ“&‘@émWFWl%‘&FWWé‘&P' *?%Wé@%lhf@i‘ng fluid conduit
occupi es fansBEREREg ﬂhaamame@dsamﬁddﬁandtaha:ne@m anfd:i’xﬁé |deWceal €a; fIOWI ng t he

wor ki ng fluid through said he apsfer wor duit to

transfer PERE° dﬁ?ﬁﬁ%ﬁ’ﬁ%"%ﬁ”ﬁ‘ﬁé" ?Jf d B“tgﬂ}sgft‘,’g‘ g’ 6?‘!$’(5‘n of sai d i qui d
t o war m sgichlthapairisieam fool shidalr inkgs t6 siidhivaovingdeticeouill dofpantiateasid f r om sai d
exterior surf f i tran [ | L and

recircul aﬁ TRy pog"w@ i &@ ﬁq?&lhmp m%’tsﬁg’tr?m%rl]?émsaldcf%%o ,ggal d steps all
occurri ngsazd rtomemaparaw hgll@fahﬁumemgsadﬁodmnémmmamig vmmbheﬁlmd 30 57. A nethod
of cool i ngyugyior king fluid conprising the steps of: dispensing a Iiquid onto
a surface of body wherein said body occupies a first plan_ area; 30 1 9 O
CT 2005 Recei ﬁé'amﬂfﬂﬁwwa%ﬁc@%mgwxww aBiof FE&@‘E“@F‘HQ%WW%t Time] 1 1-~=
14 J1dU frbmsa:dheaﬂﬁﬁnsfbrlworkmg\ﬂulcﬂcoﬁdtmwnag air over said body surface to effect

an evaporatlon of..a sl orti.on of UId .eby.cqoling a

r emai ni ng portlaid“ﬁlsp3ﬁ§8 é“ﬁﬁﬂ“@ﬁ%%gﬂ?vaﬁP 3m§§|§q%§8¥%%8%ortlon of said
| i qui d onsaid Igushdistriber.of a heat transfer working fluid conduit by dropping
said cool ed portion of said liquid through 5 a vertical space between said
heat transfer working fluid conduit and said body and by arranging air
inlets for saifé ait byl igoelioyk werking fluidicommising delsepadfen sai d body and said

15 dispensing a liquid onto a surface of a body wherein said body occupies a first plan

ares;
" flowing air over said body surface to effect an evaporation of a small portion of
said liquid thereby cooling a remaining portion;
dispensing and concentrating said cooled portion of said liquid onto a surface of a
20 heat wansfer working fluid conduit at a flow velooity accelerated by at least 9.5
feet/second (2.9 meters/sccond) from a flow velocity of said cooled portion of said liquid
leaving said body surface, wherein said heat transfer working fluid conduit occupies a
second plan area smaller than said first plan area;
flowing the working fluid through said heat transfer working fluid conduit to
25 transfer heat from said working fluid to satd cooled portion of said liquid to wamm said
portion;
collecting said warmed liquid portion from said exterior surface of said heat
transfer working fluid conduit and recirculating said warmed liquid portion onto said
body, said steps all occurring within a single housing of an evaporative cooler.
30
57. A method of cooling a working fluid comprising the steps of:
dispensing a liquid onto a surface of a body wherein said body occupies a first plan

area,
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heat transfer working fluid conduit, such that an air strean1fron1ﬁﬂgdmﬁir
inlets to said air noving device will concentrate said cool ed p&ﬁt of
said liquid and wherein said heat transfer working fluid conduit occupies a
second plan area smaller than said first plan 10 gsped wngREHe YiHHrg—
fluid throeugh said heat'ttdhsfer working fluid conduit/ to transfer heat
fromsaid working fluid to said cooled portion of said liquid to warmsaid
portion; collecting said warnmed liquid portion fromsaid exterior surface of
said heat 15 transfer working fluid conduit and recirculating said warned
liquid portion onto said body, said steps all occurring within a single

1915119 O 2, HPORE Bl BRER VA S i3 452104 P
said liquid thereby cooling a remaining portion;
dispensing and concentrating said cooled portion of said liquid onto a surface of a
heat trangfer working fluid conduit by dropping said cooled portion of said liquid through
5  avertical space between said heat transter working fluid conduit and said body and by
arranging air inlets for said air moving device in said space between said body and said
heat transfer working fluid conduit, such that an air stream from said air inlets to said air
moving device will concentrate said cooled portion of said liquid and wherein said heat
transfer working fluid conduit occupies a second plan area smaller than said first plan
10 area;
flowing the working fluid through said heat transfer working fluid conduit to
transfer heat from said working fluid to said cooled portion of said liquid to warm said
portion;
collecting said warmed liquid portion from said exterior surface of said heat

15 transfer working fluid conduit and recirculating said warmed liquid portion onto said
body, said steps all occurring within a single housing of an evaporative cooler.
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